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Course 1: Definition of general aspects of immune response
Immunology
Innate immunity
Adaptive (Acquired) Immunity
Clonal selection
Humoral and Cellular Immunity
Lymphocyte migration into lymphoid tissues
Germinal centers
Follicular dendritic cells
Mucosal immune system
Immunology
Immunology: that branch of  biomedical science concerned with the response of the organism to antigenic chalenge, the recognition of self and not self, and all the biological (in vivo), serological (in vitro) and physical  chemical aspects of immune phenomena. 
Immunology means the study of the structure and function of the immune system (basic immunology); immunization, organ transplantation, blood braking and immunopathology (clinical immunology); laboratory testing of cellular and humoral immune function (laboratory immunology); and the use of antigen-antibody reactions in older laboratory tests (serology and immunochemistry). 
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Electron micrograph of the hepatitis B virus

Hepatitis B virus

Hepatitis B virus (HBV) has a complicated structure
(Fig. 2b) and is the only human pathogen of the hepad-
navirus group. The double-stranded HBV DNA with
single-stranded sections and a HBV-specific DNA poly-
merase are surrounded by the hepatitis B core antigen
(HBcAg).HBeAg appears in the serum of HBV-infected
patients as a soluble protein which is not particle-
bound.

Fig. 2b
Diagram of the hepatitis B virus

HBcAg is surrounded by HBsAg (hepatitis B surface
antigen). HBsAg possesses various determinants. The
determinant HBsAga is common to all HBsAg particles.
In addition, two pairs of subtype-specific determinants
are found, which are referred to as HBsAgd/HBsAgy
and HBsAgw/HBsAgr.

Specific determinants are important from an epidemio-
logical point of view but apparently are not related to
virulence.

Unlike the HBcAg shell, the HBsAg shellis composed of
different sized polypeptides due to the transcription of
HBV DNA sections of different lengths.

Fig. 2¢
Map of hepatitis B virus genome
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Immunological memory

The innate and adaptive immune systems protect us from potentially infectious agents (viruses, bacteria, etc.) that have gained access to our body through the skin or the lining of our internal organs. Such systems have evolved to protect us from not only intracellular (viruses, some smaller parasites, some bacteria) and from extracellular (most bacteria, large parasites) pathogens and allergens (animal hair, pollen, chemicals) but also from ourselves in potentially uncontrolled growth such as malignancy or autoimmune diseases.
Innate immunity
Innate immunity is a nonspectific cellular and humoral response that operates as the first line of defense against pathogens. Extracellular pathogens are immediately taken up and degraded by neutrophils and mononuclear phagocytes. Large parasites are killed by eosinophils. Natural killer lymphocytes kill some tumor and virally infected cells. Preexisting soluble mediators of innate immunity are natural antibodies and complement components, which can also attach to the cell membranes of many pathogens.
[image: image2.png]Receptors Receptors produced
directly encoded by DNA rearrangement
in DNA in developing cells

Dendritic cells
Macrophages T lymphocytes

Cells Neutrophils B lymphocytes
Eosinophils
NK cells

Soluble

Complement ‘ Immunoglobulins ‘
molecules

s SR S NS S

Innate Adaptive
immune system immune system




The innate and adaptive systems
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Innate immunity also includes a cellular component. Pathology abstraction in the phagocytes phagolysosome.
The main characteristics and components of innate immunity occur in the inflammatory response discussed. If an organism enters the body by breaking through the barriers of the skin or mucosa lining the inner surfaces of the body, it comes in contact with phagocytic (neutrophils, eosinophils, monocytes/macrophages) and/or natural killer cells as well as the complement system. Complement consists of over 20 proteins, all of which interact in a cascade fashion to attract phagocytic cells (chemotaxis), coat bacteria (opsonize) so that phagocytic cells recognize and then engulf them, and interact with antibody to lyse the cell membrane of the invading organism. Thus, the main mediators of innate immunity are lysosomal enzymes and interferons as well as other cytokines, complement proteins, and acute phase proteins. 
It should be noted that innate host defenses are found in all multicellular organisms, most of which do not have an adaptive immune system. However, in multicellular organisms with an adaptive system, many of the mediators of innate immunity can recruit adaptive immune cells.
In order to handle certain pathogens, multicellular organisms have developed a group of largely circulating cells with very specific receptors for immunogenic peptide fragments of both intracellular and extracellular pathogens. When these receptors are activated, the cells can secrete various soluble mediators that attack pathogens directly (antibodies, perforin granules, etc.) or stimulate other cells (cytokines). Antigen-present​ing cells either process or present already processed antigenic peptides to surface immunoglobin receptors on B cells and immunoglobin-like receptors of T cells. While surface immunoglobin on B cells can directly respond to an immunogenic piece (epitope) of a pathogen, in order to develop into mature plasma cells, they usually require some help in the form of cytokines from T cells. 
Thus, T cells are central to an adaptive immune response. Helper T (Th) cells not only help B cells become plasma cells, they can also help cytotoxic T cells develop as well as increase macrophage activity. However, in contrast to B cells, the receptors on the surface of T cells can only recognize processed antigenic epitopes presented to them in the context of surface MHC. The ability of T cells to see only foreign antigen in the context of self MHC is called MHC restriction and is a critical safeguard for the adaptive immune system to only eliminate pathogens and not normal cells. 
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Interactions between the innate and adaptive immune systems
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The cells central to adaptive immune response
B cells develop with their appropriate receptors for a cognate antigen's epitope T and without ever seeing that antigen before, once encountering that antigen and generating a full immune response to it, they will remember such a first encounter.
 Thus, when these memory T and B cells encounter that same antigen again their response to that antigen is much faster and more robust.
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Activation of phagocytic cells through binding of PRRs. Binding of PRRs to PAMPs on microbial cells stimulate phagocytes to become activated, increasing their size, phagocytic activity, production of antimicrobial substances, and production of cytokines and chemokines to attract and activate other components of the immune system.
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Natural killer (NK) cells. (A) NK cells use a variety of receptors to identify target cells to be killed. These include Fc receptors, complement receptors, and receptors that assess the MHC I molecules present on target cells.
 In addition, NK cells can influence the development of T cells in the initiation of adaptive immune responses.
 (B) NK cells utilize killer activation receptors (KARs) to recognize cells undergoing stress. Once engaged, KARs activate the NK cell to kill the target. Killer inhibitory receptors (KIRs) "examine" the target for sufficient levels of "self" MHC I molecules. If KIRs are sufficiently engaged, the killing program is terminated. If not, killing of the target cell proceeds.
Clonal selection
When antigen binds to either surface immunoglobulin on B cells or its specific receptor on T cells, these cells are induced to proliferate rapidly. Thus, antigen selects and generates specific clones that bind and respond to it. 
This process is called clonal selection and is an extremely important part of the adaptive immune response. 
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Clonal selection
Humoral and cellular immunity
Humoral immunity is mediated by the antibody secreted by terminally differentiated B cells, the plasma cells. Cell-mediated immunity involves T cells that recognize antigen in an MHC-restricted fashion and either secrete cytokines (Th cells) or become cytotoxic cells (Tc cells), which kill virus-infected cells or abnormal host cells.
It should be realized that in many cases a normal humoral response will not proceed unless there is also a companion Th cell response; this is because Th cells secrete various cytokines that are necessary for full B cell maturation and antibody class switching. 
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Introduction to the interactions and functions of the major components of the immune system
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Overview of the process by which cell-mediated immunity and antibody-mediated immunity
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Induction of cell mediated immunity and antibody against a viral infection
Lymphocyte migration into lymphoid tissues
Lymphocyte migration into lymphoid tissues involves a family of adhesion molecules called selectins, integrins, and members of the immunoglobin superfamily.
Both naive and memory lymphocytes continue to recirculate between blood and secondary lymphoid tissue. However, once activated, memory cells tend to recirculate back to the tissue where they were activated. Lymphocytes respond to chemotactic signals from inflamed tissues or secondary lymphoid organs initially via surface glycoproteins called selectins. E-selectin (ELAM-1) on endothelial cells binds L-selectin (LAM-1) on lymphocytes, causing a loose association or tethering. Firm adhesion is mediated by lymphocyte integrin proteins such as VLA-4 or LFA-1 interacting with their respective ligand VCAM or ICAM (member of the immunoglobin superfamily) on the surface of endothelial cells. 
This adhesive interaction causes an activation of the lymphocyte to increase expression of integrin molecules, thus strengthening the adhesion. The endolhelial cell then directs the lymphocyte toward its basal lamina while simultaneously down-regulating ICAM expression. Migrating lymphocytes finally diapedese between endothelial cells into an organ or tissue by up-regulating production of proteinases.
Once a naive lymphocyte is activated, it displays a different density of adhesion molecules specific for the tissue in which it was initially activated, thus allowing it to repeatedly return to that tissue.
Germinal centers
Germinal centers (GCs) develop within primary follicles of lymph nodes and spleen during T cell-dependent immune responses. GCs are the sites of centroblast clonal expansion and VH region-directed somatic hypermutation, selection of high affinity antibody-producing centrocytes, deletion of low affinity centrocytes, Th1- and Th2-directed antibody class isotype production and eventual generation of plasmablasts or memory cells. 
B cells in lymph nodes and spleen first encounter Ag in the T cell-rich areas of the paracortex and periarterial lymphoid sheath (PALS), respectively. Ag is presented to them by dendritic cells (DCs), which express high levels of class II major histocompatibility complex (MHC), adhesion, and co-stimulatory molecules. After activation, and within 2 days, these B blasts produce low affinity unmutated lg, which is capable of forming Ag-Ig complexes on follicular dendritic cells within primary follicles. Many of these cells die within 10 to 12 clays. On the average, three B blasts colonize each primary follicle and are then called centroblasts. Centroblasts, which are found in the base or dark zone of the follicle, down-regulate their surface lg and undergo a clonal expansion phase, dividing every 6 to 7 h. During proliferation, they activate a site-specific hypermutation mechanism that introduces random point mutations into their lg VH region genes.
Centrocytes are the progeny of centroblasts that migrate apically into the basal light zone, where they up-regulate their somatically mutated surface lg (receptors). Here, they interact with follicular dendritic cells (FDCs), which can contain unprocessed Ag in the form of immune (Ag-Ab) complexes on their surface for months. The centrocytes that express somatically mutated surface lg receptors with high (    ) affinity for FDC-bound Ag up-regulate bcl-2 expression and are positively selected (which is opposite to positive selection of thymocytes). These centrocytes interact with Th2 cells and can become either plasmablasts or memory B cells, depending on the co-stimulatory signals they receive from FDC and Th1 or Th2 cells. However, they also have a high propensity to recycle back into centroblasts for further proliferation and even higher affinity maturation. Centrocytes with low affinity somatically mutated surface lg (receptors) for FDC-Ag do not up-regulate bcl-2 and die via apoptosis. Thus, there is extensive fine tuning of centrocytes before they are allowed to produce antibody for export.
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GC zones
The recombination-activating genes RAG1 and RAG2, which drive genomic V(D)J rearrangements are also induced to be reexpressed in preapoptotic centrocytes of the basal light zone. This induction of an immature state in GC centrocytes may be necessary for further light chain receptor editing in an effort to save these cells.
This editing of VL genes, along with the bcl-2-regulated apoptosis, provides an additional mechanism for removing potentially autoreactive antibody-producing cells. Thus, in GC, there is an opportunity for antigen-dependent secondary V(D)J rearrangements to occur in order to fine tune the specificity of the peripheral antibody repertoire.
Once centrocytes with high affinity surface Ig and high expression of bcl-2 have passed the discriminatory environment of the basal light zone, they migrate to the apical light zone. Here Ab class switching and maturation into plasmablast or memory cells occur. Plasmablasts migrate into the medullary cords of lymphnodes and red pulp cord of the spleen, where they terminally differentiate intomature plasma cells and secrete their antibodies into the circulation .
Some activated B cells or plasmablasts can leave the secondary lymphoid organs, return to the circulation, and reappear in the bone marrow and the gut. Memory B cells are found in the areas surrounding GCs (follicular mantles) a well as the marginal zone of the spleen. 
Initial proliferation of centroblasts gives rise to the first foci in primary folicles within 2 days, and the development of a full dark and light zone GC take 14 days. The development of GCs requires cluster formation between LFA-1 on B cells and ICAM-1 on FDCs as well as VLA-4 on activated B cells and VCAP on FDCs. 
In addition, interleukin-4, -5, and -10 must be elicited from Th1 or Th2 cells in order for antibody class switching and full centrocyte development to plasmablasts or memory cells to occur. GCs in spleen and lymph nodes peakat 2 weeks and begin to wane after 3 weeks; however, GCs remain constitutively in the gut.
Follicular dendritic cells
FDCs have long processes and Fc, C, TNF receptors, as well as ICAM-1, and VCAM-1 but no MHC-II. They contain Ag-Ab complexes on their surface for months to years.
Centrocytes that continue to maintain high levels of bcl-2 expression can receive membrane-bound immune complexes (iccosomes) from FDC and induce the expression of T cell-reactive surface molecules such as B7.2. This resultant interaction determines whether there is differentiation into a mature GC centrocyte  or centroblast recycling. However, the formation of FDC clusters is critical dependent on TNFα and LTα, since these cytokines are necessary for FDC cluster formation and consequent primary as well as secondary follicles indicating that they have TNF-R1s.
The fact that FDC can contain Ag for prolonged periods of time is the reason why we do not need to be frequently immunized with certain antigens, since FDCs provide a continuous depot of Ag even without an existing GC. It has recently been recognized that the human immunodeficiency virus, upon disappearing from the blood, can be sequestered on the dendritic arms of FDC for a number of years. Eventually, the FDC can no longer hold the virus in check, the virus is released into peripheral blood, and the patient enters the lethal stages of AIDS.
Mucosal immune system
The mucosal immune system (MIS) consists of lymphoid tissues within and directly beneath the epithelial lining of the respiratory, genitourinary, and gastrointestinal tracts as well as beneath the ductal system of the salivary, lacrimal, and mammary glands. The surface area of mucosal surfaces is over 100 times greater than that of skin, and the MIS contains up to 75% of all the B cells of the body. The primary product of the MIS is IgA.
Within the gastrointestinal tract, soluble antigen is taken up by villus epithelium and particulate antigens are primarily taken up in the ileal portion of the small intestine by specialized surface lining microfold (M) cells. M cells internalize Ag and transport it to underlying lamina propria macrophages, which process it and present it to surrounding collections of lymphoid cells forming ileal Peyer's patches (PPs).
PPs contain follicles, similar to lymph nodes and spleen, with high endothelial venules and significant collections of T cells in between. T and B blasts activated here go to the nearest mesenteric lymph node for further maturation, alpha H chain class switching, or J chain formation or deletion. They then enter the thoracic duct and bloodstream, homing back to the same or distant mucosal sites. Thus, even though much of the processing and reactivity to antigen occurs in the ileum, protection through IgA occurs at many mucosal surfaces.
Serum IgA is monmeric and represents only 11% of all serum immunoglobulin. Secretory IgA represents over 95% of all Ig found in secretions and is primarily dimeric with two monomerlic units covalently joined by a J chain. Dimeric IgA binds to a polymeric immunoglobulin receptor (pIGR) on the basal surface of mucosal epithelial cells. This IgA-pIGR complex is endocytosed and transported to the apical (luminal) surface of the epithelial cell. 
During this transport process, a small piece of the pIGR is cleaved with the remaining component now called the secretory component. Thus, IgA is secreted as dimeric IgA bound to a secretory component.
Secretory IgA does not activate the complement system but coats bacteria and some viruses (polio, coxsackie, rota, and herpes), thus preventing their adherence to mucosal lining epithelium. Also, some viruses within surface epithelia can be neutralized by pIGR-internalized IgA. However, it should be noted that oral immunization with soluble Ag does not always generate an immune response and can instead generate unresponsiveness.
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Ag and cell traffic in gut
Course 2: Origin, destination and structure of cells and tissues of the immune system
· Bone Marrow
· Stem Cells
· Erythropoiesis 
· Granulolcytopoiesis 
· Eosinophils 
· Basophils 
· Neutrophls 
· Lymphopoiesis 
· Natural Killer Cells
· Monocytes 
· Dendritic Cells
· Thymus
· Lymph Nodes
· Spleen
· Mucosal Associated Lymphoid Tissue (MALT)
· Circulation and Recirculation
Bone marrow
The bone marrow constitutes almost 5% of total body weight and is responsible for the formation of all blood  (hemopoiesis) in adults. 
It also provides a microenvironment necessary for B lymphocyte maturation and formation of pre-T cells (lymphopoiesis). 
Stem cells
All of these cells originate from undifferentiated pluripotential hemopoietic stem cells (PHSC), which can be found first in the mammalian embryo within the liver then spleen. 
SCs are pluripotential CD34+ and represent less than 0.1 % of all cells in adult marrow. SCs have limited proliferative capacity and exhibit the potential to differentiate into all cells of the myeloid (erythrocytes, granulocytes, monocytes, and platelets) or lymphoid (T and B cells) lineage. When SCs divide, the two daughter cells (DCs) can either continue as SCs or proceed into any of the differentiation pathways. 

[image: image18.png]Pleuripotent stem cell

[
Common lymphoid
progenitor cell

T cell B cell NK cell

Common myeloid
progenitor cell

J

[
Granulocyte/monocyte
progenitor cell

\
l ! !

Neutrophil Eosinophil Basophil Monocyte Dendritic
cell

Megakaryote/erythroid
progenitor cell

V—;\

Megakaryote

Platelets

Erythroblast
|
Erythrocyte




Cells of the immune system - hematopoiesis
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Cells and growth factors in hemopoiesis
If a DC (daughter cell) proceeds into the differentiation pathway, it becomes a dividing multipotential colony forming unit-spleen (CFU-S) or CFU (colony forming unit)-lymphoid (CFU-Ly) progenitor cell and then a progressively maturing unipotential precursor cell for any of the mature cells of peripheral blood. The precursor cell gradually loses its ability to self-renew and then divide as it approaches its mature phenotype. 
SCs not only depend on a specific microenvironment for their maturation, they also depend on numerous glycoprotein growth factors that act at different stages to control the cell type as well as rate of cell formation. Some of these growth factors such as stem cell factor (SCF) and interleukin (IL)-7 are secreted by marrow stromal cells, but most others are produced elsewhere and transported to the marrow by the blood stream (endocrine).
Erythropoiesis
Erythropoiesis occurs when a CFU-S cell gives rise to burst-forming unitserythrocyte (BFU-E) and then colony-forming units-erythrocyte (CFU-E) all under the influence of erythropoietin (EPO) from the kidney cortex as well as IL-3 and granulocyte-macrophage colony-stimulating factor (GM-CSF).
CFU-E form the precursor of erythrocytes, the proerythroblast. Under normal conditions, 2.5 X 1011 erythrocytes are produced each day. Proerythro​blast —► basophilic erythroblast —► polychromatophilic erythroblast —> ortho-chromatophilic erythroblast —» reticulocyte —» erythrocyte is the sequence of events in maturation. During this sequence, the nucleus is condensed and then lost as the cell becomes 6-7micro. 
These maturation events occur around macrophages, which phagocytose the extruded nuclei as well as provide some growth factors.
Granulocytopoiesis
Granulocytopoiesis is the generation of three types of granulocytes (neutrophils, eosinophils, basophils) from CFU-S. Mature cells are named because of staining of their specific granules. All derive from CFU-S (spleen) —> CFU-Eo, -BASO or CFU-NM -+ CFU-N -* myeloblast -* promyelocyte —> myelocyte -* metamyelocyte -h» Stab -* mature cell. 
Eosinophils
Eosinophils require GM-CSF, IL-3, and IL-5 for their maturation. They represent 2 to 4% of peripheral blood white cells. Their specific granules contain a number of factors including histaminase, acid phosphatase, and major basic protein. They are important in destroying parasites, phagocytosing antigen-antibody complexes, and combating histamine levels during allergic reactions.
Basophils
Basophils require GM-CSF. IL-3, and IL-4 for their maturation. They represent <1% of peripheral blood white cells. Their specific granules contain histamine, heparin, and chemotactic factors for eosinophils and neutrophils.
They are similar to mast cells in that they participate in IgE-mediated immediate hypersensi​tivity responses. 
Neutrophils
Neutrophils require GM-CSF, IL-3, and granulocyte colony-stimulating factor (G-CSF) for their maturation. Unlike eosinophils and basophils, the CFU-S gives rise to a CFU-NM cell, which, depending on the level of granulocyte or macrophage colony-stimulating factor in the environment, can differentiate into a CFU-Neut or CFU-M cell. 60% to 70% of all white cells are neutrophils. 
Their specific granules contain alkaline phosphatase, lysozyme, lactoferrin, phagocytic and type IV collagenase. They are the earliest phagocytic cells to appear in a bacterial infection and are a prominent constituent. 
Lymphopoiesis
Lymphopoiesis is the ability of CFU-Ly to form either CFU-LyB or CFU-LyT in the bone marrow.
CFU-LyB cells develop in the presence of IL-7 and IL-3 in the marrow to immunocompetent B cells with slgM.
Further maturation of these cells occurs in germinal centers of secondary lymphoid tissue. CFU-Ly T cells become pre-T cells, which leave the bone marrow and find their way to the subcapsular area of the thymic cortex where they proliferate and mature in the deeper thymic cortex into either CD3+4+ or CD3+8+ cells.
Thus, the bone marrow and thymus are considered primary lymphoid tissue, and lymph nodes, spleen, gut-associated lymphoid tissue, etc. are considered secondary lymphoid tissue.
Natural killer cells
Natural killer (NK) cells also develop within the marrow and then are found in peripheral blood, liver sinusoids (pit cells), and spleen sinusoids but not thoracic duct lymph.
NK cells appear early in bacterial infections, can secrete interferon-y, and spontaneously kill some viral infected cells and tumor cells.
They respond to IL-2 and develop independently of the thymus.
Monocytes
Monocytes develop from CFU-M progenitors under the influence of GM-CSF, IL-3, and G-CSF. They represent 3 to 8% of leukocytes in peripheral blood.
Monocytes have numerous azurophilic granules (lysosomes) in their cytoplasm and can readily leave the circulation to give rise to macrophages within almost every organ. They are thus the source of the mononuclear phagocytic system throughout the body. 
They are even more phagocytic than neutrophils or eosinophils in that they can degrade larger bacteria within phagosomes via the formation of hydrogen peroxide, hypochlorous acid, and superoxide. 
They can also fuse to form foreign body giant cells in response to a large antigenic load. Macrophages express class II major histocompatibility complex and can function as antigen-processing and -presenting cells. They secrete the proinflammatory cytokines IL-1, IL-6, and tumor necrosis factor a (TNFot) upon activation.
Dendritic cells
Dendritic cells are bone marrow-derived cells specialized for presenting antigens to either CD4+ or CD8+ T cells in order to initiate a primary immune response.
These cells appear to be generated from CD34+ cells and require GM-CSF, TNF alpha, and possibily TGF beta for full maturation. Dendritic cells are found in all lymphoid tissues where they have specific names. Because of their highly efficient function in antigen presentation, they have come to be called "nature's adjuvant“. 
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Thymus
The thymus is a primary lymphoid organ that is required for the generation of immunocompetent CD3+4+ and CD3*8+ cells necessary for an adap​tive immune response . 
The stroma of the thymus is composed of epithelial cells that originate from the third pharyngeal pouch in the embryo. The parenchyma is made up of thymocytes that are either positively and then negatively selected for maturation (<1%) or deleted (>99%) by apoptosis.
Most of the deletion of cells occurs in the cortex, with the medulla containing mainly mature cells.
After slg + B cells, pre-T cells, monocytes, NK cells, and dendritic cells have developed in the marrow and CD3+4+ and CD3+ 8+ cells have matured in the thymus, they leave these primary lymphoid organs and migrate into peripheral secondary lymphoid tissue: lymph nodes spleen and mucosal associated lymphoid tissue.
Lymph nodes
Lymph nodes (LNs) are encapsulated structures that are strategically placed throughout the body to receive and filter antigens and cells from peripheral interstitial fluid and lymph. All LNs eventually drain into the thoracic duct system and back to the peripheral blood.
There are approximately 550 kidney-shaped, 1-10 mm in diameter, lymph nodes in the body. Their indented hilus contains blood and lymphatic vessels. 
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Structure of a lymph  node
Thus, LNs have two circulations, lymph and blood, which permeate a stroma of largely type III and I collagen. The type III collagen is arranged in a chicken wire fashion, forming lymphatic sinuses supporting a parenchyma of immunocompetent T and B cells as well as macrophages and other antigen-presenting cells. These cells are localized into: 
SUPERFICIAL CORTEX: containing primary and secondary follicles with germinal centers containing dark and light zones; 
DEEP CORTEX: containing high endothelial post-capillary venules;
MEDULLA: with medullary cords.
Lymph enters a LN at its surface as numerous afferent lymphatics pierce its type I collagenous capsule and empty into the subcapsular sinus. It then perco​lates through the cortex into the medullary sinuses, where it leaves the hilus via efferent lymphatics. Any cells that enter through afferent lymphatics can also enter the parenchyma of the LN.
The hilar artery supplies the medulla and deep cortex but then empties into a capillary net on either side of the superficial cortical follicles. These capillaries then drain into post capillary venules (PCVs) with a very high cuboidal endothelium in the deep cortex. They then decrease their endothelial height, pass through the medulla, and leave the LN as hilar veins. It is at the PCVs (post capillary senules)  in the deep cortex where circulating T and B cells adhere to PCV endothelium and migrate between these cells (diapedesis) into the node. 
Most B cells migrate superficially into follicles, with most of the T cells remaining in the deep cortex. They can remain in the LN for an undetermined period or enter a lymph sinus and exit via an efferent lymphatic. We will develop further the structure of the LN during an immune response. 
Spleen
The spleen is an encapsulated organ with lymphoid tissue called white pulp (WP), which can respond to blood-borne antigens surrounded by red pulp (RP). More lymphocytes circulate through it each day than any other secondary lymphoid organ.
Similar to LN, the spleen has a stroma of type III and I (capsule and trabecular) collagen that supports the parenchyma of WP and a blood sinusoidal system with cords of hemopoietic and lymphoid tissue called RP separated from each other by a marginal zone. 
[image: image22.png]|__WHITE PULP |
|

Bridging Channel (BC)

cgbecnlur

Artery

Marginal
Sinus

RED PULP N




Structure of spleen white pulp with perarteriolar lymphoid sheath SPLEEN
The part of the WP around a central arteriole is called the periarteriolar lym​phoid sheath (PALS) and contains primarily T cells. It is thus analogous to the deep cortex of LN. The periphery of WP contains B cellrich lymphoid follicles just like the periphery of LN. Between the periphery of the WP and the marginal zone is a blood filled marginal sinus, which receives capillary branches from the central arteriole. T and B cells leave the splenic circulation here and then migrate to the PALS or follicles, respectively.
The marginal zone contains macrophages and some memory B cells. The marginal zone and sinus function as a part of B and T cell entry points into the WP similar to high endothelial venules of LN, but the marginal sinus has a low endothelium. B and T cells can migrate out of the WP into an RP cord through bridging channels (BCs) in the marginal zone.
The RP contains blood sinusoids with associated macrophages that line cellular cords. Some RP cords contain granulocytes, but others connect with WP follicles and contain plasma cells. The sinusoidal macrophages destroy old platelets and erythrocytes. The central arterioles empty directly into the RP cord or sinuses and then into trabecular veins.
Mucosal associated lymphoid tissue (MALT)
The epithelial lining, lamina propria, and suhmucosa of the gastrointestinal, respiratory, and genitourinary tracts contain wandering cells, diffuse aggregates, solitary primary nodules, or aggregates of secondary nodules that can hecome encapsulated. All of these are collectively called mucosal associated lymphoid tissue (MALT). 
While most of the diffuse and aggregated lymphoid tissue of the MALT is responsible for producing IgA, most intraepithelial lymphocytes (IEL) are CD8+ αβ (60%) or γδ(40%) T cells. It appears that the γδ cells may react to bacterial hsp65. The epithelial lining over Peyer's patches (PP) contains specialized antigen transporting cells called M cells, which transport luminal antigen to under lying antigen reactive lymphocytes. 
It should also be realized that most of the cells activated in the MALT stay in or return to the MALT. Thus, cells stimulated in PP (Peyper’s patches) or tonsils enter mesenteric or cervical lymph nodes for further maturation. After re-entering the circulation, they home back to the MALT.
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Circulation and recirculation
Both T and B cells continuously circulate and recirculate, blood —> lymph —> blood. Approximately 1-2% recirculate every hour. However, NK cells are only found in blood, spleen, and liver.
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Course 3: The Antigen
· Definition 
· Immunogenicity
· Specificity
· Antigen determinants
· Superantigens 
· Structure and functions
· Immunization
· Vaccination
Definition
Antigen: substance that can elicit an immune response and that can react specifically with the corresponding antibodies or T cell receptors. An antigen may contain determinants.
Antigenic determinant or epitope: portion of an antigen that marks contact with a particular antibody or T cell receptor.
A protein many have sequential and/or conformational determinants.
Antigenic drift: minor change in a surface antigen of a pathogenic microorganism.
Ex. Influenza A virus antigenic drift is the result of mutation in the hemagglobulin and/or neuraminidase genes.
The antigenic variants emerge by selection of mutants that are less susceptible to neutralization by the prevailing antibodies in the infected host.
Antigenic shift: abrupt major change in a surface antigen of a pathogenic microorganism.
Infection virus type A: the major antigenic variants are called subtypes antigenic variation.
Original antigenic sin: tendency to react to immunization by producing antibodies to a determinant on the stimulating antigen that resembles a determinant on an antigen encountered previously. Antibodies that cross-react with the original antigen are produced preferentially. The term was first used to describe the response to reinfection with influenza when the host markes a secondary immune response to the strain of influenza of a previous infection. In the interval between infections, the influenza virus has undergone antigenic change. See antigenic drift, antigenic shift.
Autoantigen: an antigen that, despite being a normal tissue constituent, it the target of a humoral or cell mediated immune response, as in autoimmune disease. Called also self antigen.
[image: image26.jpg]




ANTIGEN: An antigen is a molecule that binds to a specific protein
structure called antibody.
· An antigen binds to a specific antibody to provide a mechanism by which the antigen is recognized and inactivated. In this manner, an antigen complexes with a specific antibody so that the complex can attach itself to specialized immune cells that either internalize the complex to destroy it or release biologic mediators such as histamine to induce an allergic/inflammatory response.
· The binding process of antigen to specific antibody forms the basis of a test called an enzyme-linked immunosorbent assay (ELISA) that can be used to measure the amount of antigen in a biological fluid. 
· As shown in a sample of biological fluid such as blood serum is placed into a solid support vesicle that has been coated with an antibody that specifically recognizes a specific part of some antigen found in blood. This antigen binds to the coating antibody and is detected by the addition of another antibody that specifically recognizes another specific part of the antigen that is bound to the coating antibody. 
· This detecting antibody is linked to an enzyme that specifically reacts with a substrate that is then added to the reaction mixture to yield a colored solution. The color intensity of the solution is indicative of the amount of antigen in the fluid sample (the darker the color, the greater the amount of antigen present in the assayed sample). Thus, the binding of an antigen to a specific antibody provides the physician with a means to measure the concentration of a specific antigen in biological fluids.
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Schematic of the enzyme-linked immunosorbent assay (ELISA).
Immunogens, haptens, and tolerogens
There are three types of antigens: immunogens, haptens, and tolerogens.
Immunogens are molecules that can, by themselves, both stimulate an immune response and, in turn, be a target of an immune response Subsequent exposures to the same immunogen generally lead to heightened secondary responses by the adaptive immune system.
Haptens are small molecules that, by themselves  can   both  stimulate  immune   responses  and serve as targets of  those  responses.
 Unlike immunogens, subsequent exposure of the iminline  system   to   the   same   tolerogen   leads  to  diminished responsiveness against  it.
CLINICAL APPLICATION HAPTEN CONJUGATION
Coupling of haptens to a protein carrier improves the immunogenicity of the hapten. 
This approach is used successfully to prepare vaccine against Haemophilus influenzae type b. 

As a result, meningitis due to Haemophilus b, which was the most common cause of meningitis in children, has been virtually eliminated.

Specificity: ability of antibodies or lymphocytes to discriminate among different ligands.

Antigenemia – the presence of antigen in the blood.

Antigenemic – exhibiting antigenemia.

Antigenic – having the properties of an antigen

Antigenicity – the property of being able to induce a specific immune response or the degree to which a substance is able to stimulate an immune response. Called also immunogenicity.

SUPERANTIGENS
Superantigens are certain bacterial and viral glycoproteins that bind TCR and MHC class II antigens outside of the conventional groove for antigenic peptide binding, leading to nonspecific activation of multiple T cell clones.

While a single peptide antigen may be recognized by or is immunogenic for a small number of T cell clones, a special category of antigens, known as superantigens, have the capacity to stimulate multiple T cell clones. Superantigens, which have been identified thus far as bacterial and viral glycoproteins, are super-stimulators of T cells because they are capable of binding to a large number of T cell receptor Vβ sequences, as well as to MHC class II molecules outside of the peptide presentation groove. The binding of superantigens to relatively nonpolymorphic regions of MHC and TCR molecules promotes adherence of T cells to antigen-presenting cells, irrespective of TCR specificity. Such cross-linking of TCR with MHC molecules leads to the activation of multiple clones of T cells, especially CD4+ cells.
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Antigenic molecules. Invasive microbes express many antigenic molecules that can be individually identified by different antigen receptors (immunoglobulins). 
Therefore, the antibody response against a microbe can consist of many different immunoglobulins recognizing different specific sites on the microbe. An individual molecule can even consist of smaller parts that are specifically recognized by different immunoglobulins. 
The smallest individual entity that can be detected by a receptor is termed an epitope.
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Immunogenicity. Antigens that are more complex in structure tend to have more binding sites and express a greater variety of different epitopes.
 Antigens that can be recognized by the greatest range of available T and B cell receptors, and antibodies will generally stimulate the strongest overall immune responses (they have greater immunogenicity).
Antigenicity: ability of an antigen to: 1. induce an immune response
                                                         2. combine with specific antibodies and/or cell receptors.
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Immunogens, haptens and tolerogens. Immunogens and tolerogens, by themselves, can both stimulate and serve as targets of immune responses. Haptens cannot stimulate responses on their own, but can serve as targets of responses generated if the hapten is attached to an immunogen. Reexposure to immunogens and haptens usually generate heightened responses. Reexposures to tolerogens usually result in diminished responses.
IMMUNOGEN: An immunogen is an antigen that activates immune cells to generate an immune response against itself. Thus, an immunogen is an antigen, but an antigen is not necessarily an immunogen.
By itself, penicillin is an antigen that can bind to a specific antibody, but it is not immunogenic; it cannot activate immune cells to elicit an immune response to produce those specific antibodies. 

In order to be immunogenic, penicillin must first become a chemically reactive molecule, such as penicilloic acid, that is able to covalently attach itself to an endogenous carrier protein, such as serum albumin or other cell surface membrane proteins. In this manner, the penicilloic acid-protein molecule becomes an immunogen that is capable of activating both T and B lymphocytes to elicit the production of antibodies by B cells that are able to specifically bind to penicillin, the antigen. 

It should be pointed out that the terms antigen and immunogen are often used interchangeably in most textbooks and journal articles, but an understanding of the conceptual difference between the two terms is critical to understanding the mechanism by which immune responses are generated against antigens.
HAPTEN: A hapten is a small organic molecule that is not immunogenic by itself.
In order to study the specificity of antigen binding by antibody molecules, researchers have synthesized small organic molecules whose structures can be specifically modified at specific sites. 

For example, benzene rings with either nitroso or arsonate groups at different positions in the ring possess only one site for the binding of an antibody and are referred to as haptens. Using a specific hapten coupled to an immunogenic protein carrier, a specific antibody can be produced that either binds strongly to that specific hapten alone, and not to related haptens, or binds strongly to that specific hapten, and weakly to related haptens.

The latter finding provides a mechanistic basis for the ability of an antibody to bind other molecules that closely resemble a particular antigenic structure (a cross-reacting antibody). 

Other examples of haptens include nucleic acids, phospholipids, and small molecular weight molecules such as penicillin.
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Penicilloic acid-protein conjugate
Penicilloic acid groups can be readily conjugated to proteins. Conjugation usually takes place to the amino groups of lysine.
Outside of the laboratory, haptens pose a serious health risk to humans. This risk has increased dramatically in recent years, since humans are exposed to a ever increasing number of haptens in their environment. 

When these haptens gain entry into the host, they may complex with host proteins to create immunogemic haptenprotein molecules. In this manner, an environmental hapten, such as nickel, may initially complex with host proteins and elicit the initial production of antibodies against the hapten. However, upon reexposure to nickel, two separate reactions can occur.

 One reaction is protective and involves the production of antibodies that bind to the hapten and clear it from the circulation. The other reaction is pathological and involves the binding of antigen to specific IgE antibody that is attached to mast cells, precipitating histamine release and an allergic response. 

Thus, haptens are small nonimmunogenic antigens that can be made into immunogens that can elicit either clinical or pathological immune reactions.
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Binding affinity of antibody
Other factors that determine the degree of immunogenicity of antigen include the route of antigen administration, antigen dose, frequency of antigen administration, and use of adjuvant. For example, particulate anti as bacteria and viruses, are more immunogenic when they are administered intravenously. In contrast, soluble antigens, such as proteins, nucleic acids and carbohydrates, are more immunogenic when administered subcutaneously. 

Also, antigens given orally (parenterally) may elicit immune responses in the gut that allow for the production of antibodies that protect us from the antigen crossing the gut lining and entering the internal compartments of the body. 

However, parenterally administered antigens may also induce a state of tolerance to the antigen if it should gain entry to the internal environment a second time via another route in an appropriate dose. This latter phenomenon may be related to  the finding that very low or very high doses of antigen are not able to elicit a strong immune response and may actually induce a state of immune nonresponsiveness/tolerance in the host. 

 In contrast, intermediate  doses of antigen elicit strong immune responses that provide protection to the  host against the antigen.

The frequency of antigen administration also determines the magnitude of the immune response that is generated against an antigen. Most antigens require several administrations to achieve optimal immunogenicity. 

For ex. a primary administration of antigen elicits a primary immune response of a given magnitude. A second administration of the antigen elicits a secondary response  that is of a higher magnitude as compared with the primary response. A third administration of the antigen elicits an even greater immune and finally, the immunogenicity of soluble antigens can be augmented when they are administered in conjunction with compounds known as adjuvants.

 Adjuvants,  such as killed mycrobacteria or Bordetella pertussis, help to augment the immune response that is generated against a particular antigen. 

The mechanisms responsible for the action of adjuvants are not well understood at present,  but they probably involve the activation of antigen-presenting cells, such as macrophages, for efficient antigen uptake and processing for the presentation of degraded immunogenic peptides to T cells.
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Summary
The immune system must be able to distin​guish self—that which belongs within the body—from nonself. Nonself may enter the body from the outside or represent an unac​ceptable change within the body (e.g., a nor​mal cell becoming cancerous).

The human immune system is complex, 

com​posed of multiple organs, cell types, and mol​ecules that must work together.

Initial protection against infection is provided by mechanical barriers (such as the skin and mucous membranes) and by chemical barriers (such as microcidal molecules secreted by some skin cells) that can quite effectively bar the entry of microbes in the body.

We use two immune systems to combat inva​sion by infectious organisms. One is an ancient system of self-defense—the innate immune system (sometimes called the "nonspecific" immune system). The other is the antigen-specific adaptive immune system (sometimes called the "specific" immune system).

Using a variety of surface receptors, cells can sample not only the general characteristics of their environment, but also the nature of the cells and molecules with which they come into contact.

An antigen is a structure that can be recog​nized and bound by the specific receptors of T and B lymphocytes. Antigens may be proteins, carbohydrates, lipids, or combinations such as glycoproteins or glycolipids. 

A given antigen may provoke different responses in different individuals.

The smallest identifiable part of an antigenic molecule that can be recognized by a Tor B cell receptor is called an epitope or determinant.

Immunogens are antigenic molecules that can, by themselves, both stimulate an immune response and, in turn, be a target of an im​mune response. Subsequent exposures usually elicit heightened responses against that spe​cific immunogen.

Haptens are small molecules that, by themselves, cannot stimulate an immune response, but can be recognized by the immune system if bound to an immunogenic molecule.

Tolerogens are molecules that, like immunogens, can both stimulate immune responses and serve as targets of those responses, but subsequent exposures result in diminished response to that specific tolerogen.

The process in which a surface receptor transfers information into the cytoplasm and often to the nucleus is known as signal transduction. This process involves a series of steps that activate sequential sets of enzymes that can modify their substrate molecules to become biologically active.

The adaptive immune response is initially random and results in T and B cell receptors that (1) appropriately identify nonself

 (2) are potentially reactive against self

 (3) that will (in the case of T lymphocytes) be unable to function in the body.
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PREVENTION OF INFECTION: VACCINATION
Humans have known of vaccination, if not its mechanisms, for thousands of years. Vaccination is an inoculation of non-virulent or inactivated microbes as a means of inducing specific immunity. Those who survived diseases such as plague, smallpox, and other epidemic diseases were generally sale from the same diseases developing again, even as many others around  them might be dying. Not only was their survival a blessing to the survivors but also provided society with a set of individuals able to aid others and perform critical activities in the face of subsequent epidemics.

History of vaccination
The ancient Egyptians and Chinese performed forms of vaccination to attempt to protect themselves against diseases such as smallpox by exposing individuals to powders formed from the crusts and scales of pockmarks on infected individuals. Sometimes mild forms of the disease developed in individuals so treated, or sometimes no visible disease developed at all, but those individuals found themselves protected. 

In 1794, Edward Jenner demonstrated that intentional inoculation with cowpox     (a mild disease in humans caused by a form of vaccinia, a virus that normally infects cattle) conferred protection against smallpox, a potentially fatal human disease caused by a related but more virulent form of vaccinia. At the time, of course, there was no knowledge of the role of microbes in causing such diseases. Jenner called his procedure vaccination, and the word was later adapted to name the viral organism found lo be the causative agent. Later, the discovery by Robert Koch of the role of specific microbes in specific diseases stimulated activity in the field. Louis Pasteur advanced the science of vaccination by developing effective vaccines against epidemic diseases of agricultural animals and eventually performed a dramatic demonstration of a rabies vaccine that saved the life of a young boy bitten by a rabid dog. Since that time, vaccination has revolutionized human and animal health. Routine childhood vaccinations have eliminated much of the misery and occasional permanent crippling or fatal consequences of once commonplace diseases such as measles, diphtheria, and polio. 

Smallpox, a disease that once killed humans by the thousands, has in turn been practically eliminated and the smallpox virus now exists only in a few protected laboratories.

CLINICAL APPLICATION SMALLPOX
Smallpox is a highly contagious disease spreading from person to person, often by saliva droplets from the affected person's mouth. Early symptoms are similar to those of influenza and include high fever, headache, fatigue, muscle aches, and vomiting. Approximately 2 to 3 days after the onset of the symptoms, a rash appears. The rash is initially seen on the face and oropharynx; it then spreads to the upper arms, legs, and trunk. 

The mortality rate is approximately 30%, with death usually occurring during the second week of illness. Treatment for smallpox is mainly supportive, because there is no known effective treatment. Vaccination within 4 days of exposure to smallpox can prevent a fatal outcome and can reduce the severity of the illness.

Thomas Jefferson, in an 1806 letter to Edward Jenner, wrote that, "Future nations will know by history only that the loathsome smallpox has existed and by you has been extirpated." Because of a successful worldwide vaccination program, no case of small pox has been reported since 1977. In the United States, routine childhood vaccination for small pox ended in 1972. There is, however, current concern about the potential use of smallpox as a weapon of bioterrorism.

· The standard vaccination schedule in the United States is presented in:
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The beneficial impact of vaccination has been so widespread dial we now face the situation in which many people no longer recognize the dangers that have been overcome. A growing number of parents fail to recognize the need to vaccinate children, and some individuals advocate the elimination of vaccinations because they believe them to be responsible for several, although rare, side effects. As a result, the danger exists that a pool of unprotected individuals may be created that could once again be subject lo main of the infectious diseases dial once terrorized human populations. 

It is probably not necessary dial every individual in a population be vaccinated. So long as a sufficiently large population is vaccinated, the chances of an infectious agent "finding" an unprotected individual become very small, and the population as a whole remains essentially resistant. This concept is called herd immunity. The inherent risk is dial if an infectious organism infects a significant number of unprotected individuals, the infection could spread rapidly among them, and ensuing mutations unanticipated by the vaccine could endanger vaccinated individuals its well.

Essential characteristics of vaccines
For vaccinations to be effective in protection of intended populations, several characteristics must be present.

The vaccine must provide effective protection against the pathogen from which it is derived without significant danger of actually causing the disease or severe side effects.

The protection provided by the vaccine must be effective over a long period of time.

The vaccine must stimulate development of those immune responses that are most effective against the pathogen in question (protective T-cell responses).

It must stimulate the production of neutralizing antibodies to minimize reinfection.

It must be sufficiently stable for storage, transport, and use.

The vaccine must be economically feasible for widespread use.

Types of vaccines
Vaccines may be prepared from pathogenic organisms in a variety of ways.

Live vaccines are those that include organisms capable of normal infection and replication. These vaccines are not used against pathogens causing severe diseases.

Attenuated vaccines are those in which the organisms included are live, but their ability to replicate and cause disease has been damaged by treatment with heat, chemicals, or other means. These vaccines cause only subclinical or mild forms of the disease at worst.

Killed vaccines include organisms that have been killed by treatment with physical or chemical agents and may include inactivated toxins (toxoids). They should be incapable of replication or infection but still able to provoke immune responses.

Extracts are vaccines composed of materials derived of materials isolated from disrupted and lysed organisms. These vaccines would be most appropriate for protection against diseases in which the organisms are so virulent that even killed vaccines are not used because of the risk that a few organisms may have survived the treatments intended to kill them.

Modern techniques of molecular biology have permitted two additional forms of vaccines to lie generated.

Recombinant vaccines are those in which the organisms have been engineered in the laboratory by the removal of certain genes critical to their ability to actually cause the disease (the gene encoding a critical toxin) or  reproduce completely. These organisms are typically able to infect host cells and even proliferate but cannot induce the disease they are associated with.

DNA vaccines are those in which the naked genetic material of the organism is injected into the host. The DNA has usually been modified to remove some genes that are critical to causing disease but includes those whose products will stimulate immune responses. The intent is that host cells will pick up the DNA, incorporate it, and express the gene products from the pathogen. The antigenic stimulus remains intact longer than methods in which the vaccine is rapidly eliminated from the host and the stimulation of the immune system stops.

In general, live vaccines generate the most efficient immune responses, with attenuated vaccines less so, followed by killed vaccines and extracts. Paradoxically, the safer the vaccine, the less effective it may be. Living, replicating organisms may synthesize and express molecules that are highly stimulatory to the immune systems, but those molecules may be absent from vaccines containing only killed or attenuated organisms. The potency of vaccines can be elevated by administering them alter mixing diem with adjuvants.

Adjuvants
Adjuvants are substances or mixtures that are given together with vaccines lo heighten the effectiveness of the vaccination. 

Adjuvants prolong the period of time that a vaccine persists to stimulate the immune responses, and/or attracts phagocytic cells to the site of application and stimulates their activation so that their antigen presentation to lymphocytes is increased. Adjuvants are mixtures of bacterial components suspended in sonic medium such as oil to slow and prolong their dispersal into the tissues.

 The bacterial material provokes a mild inflammation, attracting phagocytic and other cells to the site. Some vaccine components themselves can serve as adjuvants. In DTP (diphtheria-tetanuspertussis) vaccine, the pertussis component (from Bordetella pertussis, the causative agent of whooping cough) is an effective adjuvant. Other adjuvants include alum and BCG (Bacillus Calmette Guerin). 

The latter is not used for human vaccinations in the United States and other countries because it uses material derived from Mycobacterium and can cause false-positive indications in persons being tested for tuberculosis.

Difficulties in vaccine development
The development of effective vaccines is not necessarily a straightforward one. Although main dangerous infectious diseases are now prevented or minimized by routine vaccination, many others such as malaria, schistosomiasis, and AIDS still lack effective vaccines. Often the difficulty in developing a vaccine is related to characteristics of the infectious organism. As mentioned earlier, the ability of cells to sequester themselves within certain types of host cells shelters them from the effects of antibodies. If the host is not generating sufficiently effective cellular responses, clearance of the pathogen is difficult. And, as described earlier, some pathogens such as Plasmodium enter erythrocytes that do not express MHC class 1 or 2 molecules and are essentially invisible to T cells.

In many cases, however, the difficulty lies with the ability of the pathogen to change its antigens so that immune responses generated to that point are ineffective. Perhaps the most dramatic example of this is HIV. The immune system can generate strong antibody responses against certain structures on the viral surface, but because the virus mutates so rapidly during replication, large numbers of new surface structures are constantly being generated that are new to the immune system. 

These escape mutants are free to continue replicating as the immune system tries to catch up. Unfortunately, if and when it does, new generations of new escape mutants have already been generated, and the immune response often plays a hopeless game of catch-up. 

Course 4: The Antibody
· Definition
· Antibodies or Immunoglobulins 
· Structure 
· Isotypes 
· Idiotypes 
· Allotypes 
· Papain 
· Pepsin
· Antibody production
· Functions
Definition
Antibody: protein that is produced in response to stimulation by antigen and that reacts  specifically with that antigen. 

Antibodies are IMMUNOGLOBULINS.

Antibodies are synthesized by B lymphocytes and plasma cells. 

ANTIBODIES OR IMMUNOGLOBULINS
Antibodies or immunoglobulins (Ig) are glycoproteins produced by plasma cells and are present in the γ globulin fraction of serum. Each Ig is composed of two 200-amino acid-long identical light (L) chains (each with a molecular mass of 24 kD) linked via disulfide bonds to two 400-amino acid-long polypeptide heavy (H) chains (each ranging from 55 to 70 kD). 

There are five classes or isotypes of Ig, which differ because of five potential variations in the amino acid sequences in the carboxyterminal portion of their H chains, thus producing IgM, IgG, IgE, IgA, and IgD isotypes.

 IgG has four subclasses (IgG 1-4) based on some further structural differences in their γ1-4 type of H chains. 

IgA has two subclasses, IgA 1 and IgA2, which are designated as 1 and 2 based on their serum concentration.
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Structure of IgG. The Y-shaped IgG molecule consists of two light chains and two heavy chains. Each light chain consists of a variable region and a constant region. Each heavy chain consists of a variable region and a constant region that is divided into three domains: CH1, CH2, and CH3.The CH2 domain contains the complement binding site, and the CH3 domain is the site of attachment of IgG to receptors on neutrophils and macrophages. 
The antigen binding site is formed by the variable regions of both the light and heavy chains. The specificity of the antigen binding site is a function of the amino acid sequence of the hypervariable regions. 
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Immunoglobulin molecule. The basic im​munoglobulin structural unit contains four polypeptides, two identical heavy chains, and two identical light chains. Heavy and light chains are linked by disulfide bonds (in red). The amino (NH2) terminus of each polypeptide con​tains a variable amino acid sequence. The combination of heavy and light chain variable regions forms an antigen-binding pocket and every immunoglobulin has at least two. This is the so-called antigen-binding portion of the molecule or Fab (for antigen-binding fragment). The constant portion of the heavy chain or Fc (for crystalizable or constant fragment) undergoes a conformational change when antigen is bound. Complement receptors and Fc receptors recognize and bind Fc immunoglobulin regions that have been altered in this way. 
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Basic immunoglobulin structure. The basic monomeric structures of immunoglobulin molecules contain two identical heavy and light polypeptide chains. Both heavy and light chains contain variable (VH and VL, respectively) and constant (e.g., CH1, CM2 or CL, respectively) region domains of approximately 110 amino acids each that contain an intradomain disulfide bond. Together, the variable portions of a single heavy and single light chain form an antigen-binding region. Light chains contain a single C region (CL) and heavy chains contain three or four C regions (CH1, CH2, CH3, and, in some cases, CH4). Some immunoglobulins are composed of dimers or pentamers of identical monomers.
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ISOTYPES
There are two isotypes of L chains (k or λ) based on structural differences, with each Ig molecule containing either two k or two λ but never a mixture. The L chain has two domains: one CL at the C-terminal part and one VL at the N-terminal end, which is part of the antigen binding site.

The five isotypes of H chains (µ,γ,ε,α,δ) each contain three or four CH domains at the C-terminal end and one VH at the N-terminal end. 

There may be a hinge region between the CH1 and CH2 regions. 

The C region also contains sites for binding complement (C), the Fc receptors on monocytes, macrophages, B cells, and mast cells as well as the sites that bind to and cross the placenta.

There can be from 1 to 15 interchain (H-L, H-H, L-L) disulfide (-S-S) bonds depending on the isotype or subclass of Ig molecule, but only one S-S bond connects H and L chains. L chains have two intrachain -S-S bonds. 

However, γ,α and δ H chains have four and µ and ε have five.

ANTIBODY ISOTYPES I
· The biological functions of antibodies are largely determined by the heavy chain. In humans there are five main heavy-chain types –α, δ, ε, γ and µ - and these results in five classes, or isotypes, of antibody - IgA, IgD, IgE, IgG and IgM, respectively. Of these classes, IgA and IgG are further divided into subclasses, each with subtly different heavy-chain C regions.
· Antibody molecules can be produced in secreted or membrane-bound forms, depending on the terminating sequence of the heavy-chain C regions. The membrane-bound form terminates with hydrophobic residues that anchor it in the plasma membrane, while the secreted form lacks these residues.
· In addition to the different heavy-chain classes, there are two different types of light chain, known as kappa (k) and lambda (λ) chains. Each antibody molecule contains light chains of one othese types, but not both. These chains differ in their C domains, but there are no known differences in the function of antibodies with K or λ, light chains.
ANTIBODY ISOTYPES II
· IgA is the most abundant class in the secretions of the body's mucosal surfaces. It is further divided into two subclasses, IgAl and IgA2, with subtly different heavy-chain C regions. The secreted form is found as a dimer of two antibody molecules linked by a polypeptide J-chain.
· IgD is almost exclusively found as a membrane-bound molecule on the surface of naive B cells in the periph​ery, where, along with IgM, it acts as the receptor for antigen recognition.
· IgE is a class of antibody found on the plasma membrane of mast cells, basophils and, at times, eosinophils, where it is bound by a receptor for its Fc portion. When cross-linked by antigen, it induces degranulation, causing release of inflammatory mediators. This process has a role in initiating acute inflammation and aller​gic reactions. The heavy chains of IgE antibodies consist of live domains (one variable anil four constant domains). Levels of IgE are elevated in asthma.
· IgG is the most abundant class of antibody in the blood and extramucosal tissues of the body. In addition to its role in the mature immune system, it is the only class of antibody to cross the human placenta into the leial circulation. It is divided into four subclasses: IgGl, lgG2, lgG3 and IgG4.
· IgM is the first type of antibody produced in an immune response. It is found primarily in the blood as a pentamer of five identical antibody molecules, each of which has heavy chains composed of five domains. It is also found as single antibody molecules on the surface of naive B cells, where it acts as an antigen receptor (Bcell receptor; BCR).
HYPERVARIABLE REGION
· Both H and L chains have a V region, but there are particular areas in this region where the amino acid sequences are highly variable. 
· These hypervariable areas in the V regions are called complementary determining regions (CDRs) because they are important in determining the structure of the antigen-binding site (paratope).
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The antigen-binding site is formed by the hypervariable regions. A: Hypervariable regions on IgG.B: Magnified view of antigen-binding site.
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Ig isotype structure
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The CDRs are short polypeptide segments close to amino acid positions 30 (CDR 1), 50 (CDR2), and 95 (CDR3) for both H and L chains. CDR3 is the most variable. 
Between the CDRs are framework regions, which are relatively constant in amino acid sequence. When the V region is folded in three dimensions, the CDRs loop out toward the apex of the molecule but lie in close proximity to form the antigen-binding surface with CDR1 lying between CDR3 and CDR2.

ALLOTYPES
While there are five Ig H chain isotypes within the same individual, allelic variants by a few amino acids exist between individuals of the same species, which are inherited in a Mendelian manner. 

The different forms of a gene for a particular locus determining the amino acid composition of Ig H and L chains in each individual are called allotypes.
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There are allotype-specific antibodies, which can detect these differences in H and L chains between individuals. H chain allotypic markers are designated gamma markers (Gm) and alpha markers (Am) for the γH and αH chains. γ H has four different isotypes, γ 1-4, and each has a series of distinct allotypic markers designated Glm (1, 2, 3, 4, 17), G2m23, G3m (5, 6, 11, 13, 14, 15, 16, 21), and G4m (4a, 4b). α H has only two alleles at its locus, designated A1m and A2m. 

There are three alleles at the kL locus, designated Km1, Km2, Km3. These three vary only in single amino acids at positions 153 and 191 from the N-terminal end. Allotypic markers have been used to help resolve some medicolegal issues such as paternity typing and blood stain origins. 

They also can help verify B cell engraftment after bone marrow transplantation.

IDIOTYPES
Idiotypes are unique antigenic determinants (epitopes) present in or close to the antigen combining site of H and L chains. 

Thus, the hypervariable CDRI-3 regions that actually make contact with the epitope of the antigen may themselves act as antigenic determinants (idiotopes), and the idiotype of an Ig is the idiotope.

Thus, it is possible to induce the production of anti idiotypie (a-ID) antibodies that structurally resemble the original epitope in that they actually resemble an internal image of the epitope. 

These a-ID antibodies could be used to induce production of the original antibodies in an unimmunized recipient.

PAPAIN
Papain is a proteolytic enzyme that splits IgG molecules into three fragments just proximal to the hinge region. Two identical fragments contain an intact L chain attached to the VHC-γ1 part of the H chain. 

Because they can still bind Ag, they are called Fab (fragment Ag-binding). The third piece contains identical fragments of the Cγ2 and Cγ3 domains joined at the hinge region. 

This piece can readily crystallize and is called the Fc (fragment crystallizable). The Fc piece of the antibody is what binds to Fc receptors on certain cells and activates complement.

PEPSIN
Pepsin is also a proteolytic enzyme that cleaves IgG molecules at the carboxyl terminus of the hinge region near the Cγ2 domain. 

Thus, the hinge region and interchain disulfide bonds are retained in an F(ab')2 molecule, but the Fc fragment is degraded.
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Schematic of Ig molecule with papain and pepsin proteolytic sites

GENERATION OF ANTIBODY DIVERSITY I
The enormous diversity of antibody molecules is achieved primarily by rearrangement of the germline DNA. This DNA is found in three loci of the genome, one encoding the heavy chain (on chromosome 14), and two encoding the different types of light chains, K and A. (chromosomes 2 and 22, respectively).

The light-chain variable domain (VL) is the product of two gene segments: a V (variable) segment and a J (joining) segment. 

The germline DNA contains a number of potential gene segments for each of these (40 V and 5 J segments in the case of the K chain locus). Early in B cell development, one of each of these gene segments are randomly selected and brought together through the action of a recombinase enzyme complex to produce the DNA encoding a V, domain. This process is known as somatic recombination.

 The recombined DNA encoding the entire light chain is then transcribed to produce a primary transcript mRNA. The VJ region of this transcript is then joined to the C segment encoding the constant domains, in a process known as splicing. This resultant VJC mRNA strand is translated to produce the light chain. 

The random joining of the V and J segments ensures considerable light-chain diversity, as there are a large number of potential combinations.
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The process is similar for the heavy-chain locus. However, as well as V and J segments, there are also D (diversity) segments in the germline DNA. The recombinase joins a D segment to a J segment, and the resultant DJ segment to a V segment. The heavy-chain locus contains 51 V, 27 D and 6 J segments, ensuring enormous diversity in the heavy chains produced. 

The rearranged DNA is then transcribed to produce a primary transcript mRNA. The VDJ section of this transcript is then joined to the C segment that encodes the constant domains. This mRNA is then translated into the heavy-chain product. This method of generating antibody diversity is known as combinatorial diversity.

GENERATION OF ANTIBODY DIVERSITY II
Another type or combinatorial diversity that contributes to the vast array of antibody specificities in an indi​vidual stems from the tact that both the heavy and light chains contribute to the specificity, but their genes are rearranged independently. Consequently, any heavy chain can potentially be combined with any light chain. This means that more than one B cell can, for instance, make the same heavy chain but combine it with a different light chain, producing an antibody with a different specificity.

Another method in place to maximize antibody diversity is through imprecision in the joining of the V, D and J segments, and is known as junctional diversity. The recombinase enzyme complex, responsible for breaking, realigning and joining the DNA, is inaccurate and can include or exclude nucleotides on either side of the intended join. This can result in changes in the amino-acid sequence of the resultant variable domain and, consequently, a different antibody specificity.

Finally, still more antibody diversity is achieved in mature B cells. During an immune response there is a ten​dency for somatic mutations to occur in the DNA encoding the hypervariable regions of antibody molecules in activated, dividing B cells. The resultant changes in the amino acid sequences of the CDRs alter the anti​body's affinity for antigen, effectively producing a slightly different antibody molecule. Some of these B cells will produce antibody with increased affinity for the antigen that the immune response is directed against. These cells are positively selected, resulting in an overall increase in the affinity of antibody for antigen as an immune response progresses. This process is known as affinity maturation. 

ALLELIC EXCLUSION
Each B cell is able to produce antibody of one specificity. However, there are three areas of the genome that encode parts of an antibody molecule, and we have a diploid genome with two alleles of each gene. Each B cell, therefore, possesses the DNA to carry out somatic recombination enough times to produce two different heavy chains and four different light chains (two K and two λ). This is of potential benefit because not all gene rearrangements are successful and result in formation of a viable gene product. The presence of more than one allele for each type of chain, therefore, increases the likelihood of a developing B cell successfully being able to produce a viable heavy chain and light chain. In reality, however, each B cell is only ever able to produce one heavy chain and one light chain, ensuring its single specificity. This is ensured by the ordered rearrangement of the genes, in a process known as allelic exclusion.

The rearrangement of a B cell's germline DNA begins with one of its heavy-chain alleles. If this is successful and results in a viable product, heavy-chain gene rearrangement stops and the other allele is not used. If it is unsuccessful, gene rearrangement starts on the other allele. If this too is unsuccessful, then the B cell will not go on to produce a viable antibody molecule and is induced to die by apoptosis. However, if a heavy chain is successfully produced, gene rearrangement starts on the light-chain loci, initially on one K allele. If this is successful, then gene rearrangement stops and the B cell produces its antibody. However, if it is unsuccessful, gene rearrangement begins on the other K allele, followed in turn by each of the X alleles, if required. Consequently, only one heavy chain and one light chain are produced, ensuring a single antibody specificity.
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Landmarks of the immunoglobulin molecule. The basic structure of an immunoglobulin monomer is defined by the fragments formed following enzymatic cleavage or by interchain disulfide bond reduction. 

Pepsin cleavage re suits in the production of two fragments with antigen-binding or Fab activity, each of which contains an intact light chain (VL, CL,) and a partial heavy chain (VH, CH1). Papain also produces a crystallizable or constant fragment called Fc containing two heavy chain fragments (CH2, CH3, and, sometimes, CH4) linked by a disulfide bond. Reduction of the Fab interchain disulfide bonds results in an intact light chain (VL, CL) and a so-called Fd fragment (VH, CH1). Pepsin cleaves the immunoglobulin monomer heavy chains below the disulfide bonds to create an F(ab')2 fragment, sonamed because it has an antigen-binding valence of two and each Fab fragment has several extra amino acids, denoted by the prime mark (Fab', for something extra) linked by disulfide bonds. Pepsin digests a large portion of CH2 and, sometimes, CH3 and CM4. Further reduction of F(ab')2 interchain disulfide bonds produces intact light chains and an Fd' fragment (an Fd with extra amino acids).

ANTIBODY PRODUCTION I
Antibody production follows a consistent pattern, with four distinct phases. Initially, there is a lag phase during which the levels of antibody (or titre) in the serum are undetectable while the processes required for antibody production get under way. 

This is followed by a log phase in which there is a rapid rise in the antibody titre. There is then a plateau phase, during which the titre remains fairly constant. Finally, there is a decline phase during which the antibody response is down regulated and antigen-antibody complexes are removed from the serum.

Initial antibody production: Production of antibody (or secretion requires a R cell to be activated through binding of its surface immunoglobulin (Ig) by antigen. For most antigens there is also the requirement for another signal, supplied by an activated T-helper cell responding to the same antigen. Ibis is known as linked recognition.

ANTIBODY PRODUCTION I
Antibody production follows a consistent pattern, with four distinct phases. Initially, there is a lag phase during which the levels of antibody (or titre) in the serum are undetectable while the processes required for antibody production get under way. 

This is followed by a log phase in which there is a rapid rise in the antibody titre. There is then a plateau phase, during which the titre remains fairly constant. Finally, there is a decline phase during which the antibody response is down regulated and antigen-antibody complexes are removed from the serum.

Initial antibody production: Production of antibody (or secretion requires a R cell to be activated through binding of its surface immunoglobulin (Ig) by antigen. For most antigens there is also the requirement for another signal, supplied by an activated T-helper cell responding to the same antigen. Ibis is known as linked recognition.
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Surface antibody cross-linked by antigen
Directed IL-4 release
When a B cell encounters its antigen, some of its ligated surface Ig is internalized, allowing the antigen to be processed and presented on the cell surface by MHC class II molecules. II these are then bound by an activated T-helper cell, the B cell is provided with the additional help signals required for activation. One such signal is the ligation of CD40 molecules on the B cell surface by CD40L, which is expressed by activated T-helper cells. (For simplicity, in the diagram, only one of each molecule is shown. In reality, there are many of each.)

The T cell also releases cytokines, including interleukin-4 (IL-4), which cause the B cell to proliferate and form plasma cells. These plasma cells produce secreted antibody, initially of the lgM class. The initial interaction between B and T cells occurs at the edge of the T-cell zone in secondary lymphoid tissues, where the proliferating cells form an area of clonal expansion known as a primary focus.

ANTIBODY PRODUCTION II
· Following the initial phase of B cell proliferation and formation of plasma cells, some or the B cells in the primary focus migrate into a primary lymphoid follicle, where they set up another zone of proliferation known as a germinal centre. Here they interact with specialized cells known as follicular dendritic cells, and undergo the processes of affinity maturation and class switching.
· Class switching: The various antibody classes have different heavy-chain constant domains, each encoded by separate genes within the heavy-chain locus. 
· B cells in the germinal centres are able to rearrange their DNA in order to produce heavy chains of these types. 
· This involves positioning the desired C gene next to the genes encoding the variable domain and removal of the intervening DNA. 
· As the intervening genes are removed, class switching cannot be reversed but can continue until the final C gene (that encoding IgA2 constant domains) is used. 
· The C gene selected during class switching is determined by the cytokines to which the cell is exposed.
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Affinity maturation: Throughout an immune response, the average affinity of antibodies for antigen increases over time. This is because the dividing B cells in the germinal centre undergo a high rate of point mutations in the DNA encoding the antibody CDRs. 

This can result in progeny whose antibody has altered affinity for antigen. If antibody affinity is increased, the cells become better able to bind and internalize antigen and present it to T cells. 

As a result, they are better able to compete with other B cells for the survival signals provided by T cell help. Consequently, B cells with desirable mutations are positively selected and go on to proliferate further.

 This occurs with each generation of B cells, resulting in a progressive increase in affinity of antibody for antigen.

MONOCLONAL ANTIBODIES
When an animal is immunized with an antigen, it produces a variety of antibodies specific for all possible epitopes within the antigen. It is, therefore, impossible to obtain a pure sample of a specific antibody from the serum. However, it can be useful for immunologists to produce a large number of identical antibody molecules with a known specificity. These are known as monoclonal antibodies and a technique has been developed for producing these.

The process involves taking B cells from the spleen of a mouse immunized with the desired antigen. These cells cannot be cultured indefinitely, as normal B cells are programmed to die after a certain number of divisions. Consequently, the normal B cells have to be fused with myeloma cells, which do not produce any antibody themselves but, as they are cancer cells, have lost the control mechanisms that prevent them from proliferating indefinitely. The resultant fused cells are known as hybridomas and produce antibody while being able to divide indefinitely. The cells are cultured in a medium (known as HAT medium) in which the unfused myeloma cells are unable to survive. Given the tendency for the normal B cells to die within a small number of cell divisions, after a few cycles, only the hybridoina cells remain. These cells are then cultured individually in wells, so that each well contains the progeny of a single cell. The supernatant from each well is tested for the presence of the desired antibody. The cells from a well yielding a positive result are cultured indefinitely and the antibody produced collected. This antibody is known to be monoclonal (as it is produced by the progeny of a single hybridoina cell) and has the desired specificity.

Monoclonal antibodies have a wide range of uses both clinically and in research. They can be used for the identification and classification of cell types based on the surface molecules they express, as well as in blood typing. They are also useful in analysing the function of biological molecules, for instance, cell surface receptors, by blocking or stimulating them. In addition, they can be helpful in the diagnosis of disease through the detection of antigens or antibodies. They are also being used increasingly, and with some success, in attempts to treat or prevent disease.
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Hapten-carrier conjugate induces antibody against the hapten. A hapten covalently bound to a carier protein can induce antibody to a hapten by the mechanism depicted in the figure. A hapten alone cannot induce antibody, because the helper T cells are not activated by the hapten. Although the hapten alone (without the carrier protein) can bind to the IgM receptor on the B-cell surface, the interleukins essential for the  B cell to become a plasma cell are not made. Note that a secondary response is induced by the carrier protein, not by the hapten.
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Production of monoclonal antibodies
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Structure of IgG. The Y-shaped IgG molecule consists of two light chains and two heavy chains. Each light chain consists of a variable region and a constant region. Each heavy chain consists of a variable region and a constant region that is divided into three domains: CH1, CH2, and CH3.The CH2 domain contains the complement binding site, and the CH3 domain is the site of attachment of IgG to receptors on neutrophils and macrophages. 

The antigen binding site is formed by the variable regions of both the light and heavy chains. The specificity of the antigen binding site is a function of the amino acid sequence of the hypervariable regions. 
ANTIBODY EFFECTOR FUNCTIONS
Once an antibody has bound to its antigen, it can perform a number of functions that assist in the removal or inactivation of the antigen.

Neutralization: This involves the antibody binding to biologically important parts of the antigen and preventing it carrying out its function. If antibody binds to an important residue on a bacterial toxin, for instance, the toxin can be neutralized, preventing damage to the host. Furthermore, many viruses and bacteria are dependent on molecules on their surface to allow them to adhere to host cells. Antibodies that bind these molecules will prevent the pathogen from being able to infect host cells.

Complement activation: The complement component C1q is able to bind to the Fc portion of IgG or IgM when they are bound to antigen. When C1q is cross-linked by two Fc portions, it becomes activated, setting off the classical complement cascade. This has several effects, including inducing an inflammatory response, bringing phagocytes to the area and causing lysis of microorganisms through the formation of the membraneattack complex.

Opsonization: Antibodies can act as opsonins, meaning that they can greatly increase the ability of phagocytes to ingest and kill pathogens. A variety of phagocytes express surface receptors for antibody Fc portions. Importantly, these receptors only signal to the cell when they are cross-linked, therefore limiting this to occasions when they bind multiple antibodies bound to the surface of a pathogen, rather than free antibody. The resultant signal induces the phagocyte to ingest and kill the microorganism. Furthermore, some components of the classical complement cascade (such as C3b), which can be initiated by antibody, also act as opsonins.

Antibody-dependent cell-mediated cytotoxicity (ADCC): This involves the use of antibody to induce the killing of infected host cells or pathogens too large for phagocytosis. This occurs when Fc receptors on the surface of some immune cells, such as natural killer (NK) cells or macrophages, are cross-linked by antibody bound to antigen. The immune cell is induced to release toxic substances into the space between the two cells, killing the target cell.
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Important function of immunoglobulins

Course 5: B cell development

· B Cell Develop in the Bone Marrow
· Rearrangement of Immunoglobulin genes
· Recombination Enzymes RAG-1 and RAG-2
· The Pre-B Cell Receptor: an Ig Expressed by Early B Cells
· Selection of Immature B Cells
· Immunoglobulin Genes are fully rearranged only in B cells
· Sources of antibody diversity

B lymphocytes are formed in the hematopoietic tissues of mammals, first in the fetal liver and finally the bone marrow. B cells originate from the multipotent hematopoietic stem cells that give rise to all blood cell types.

B lymphopoiesis is generally defined as the generation of a pool of mature B cells with a large diversity of receptors for many different antigens.

 Each B cell's antigen receptor (immunoglobulin, Ig) must display monospecificity, so that each B cell can produce antibody of only one specificity. Cells that are committed to the B cell lineage in the bone marrow express cell surface glycoproteins CD45RA (B220) and CD 19.

Two events hallmark the formation of B lymphocytes in the marrow before their exit to peripheral lymphoid tissues: sequential somatic gene rearrangement of the heavy and light chain genes for immunoglobulin and expression of a characteristic pattern of cell surface and intracellular molecules that regulate differentiation.

The expression of cell surface molecules has allowed the recognition of distinct stages of B cell differentiation. However, it should be realized that the process is a continuous one so that division into stages is somewhat arbitrary. 
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B lymphopoiesis occurs throughout the lifetime of humans and rodents. 

Proliferation of the precursor stages is a key element in regulation of B cell production. Nonhematopoietic fibroblastic-like cells, called stromal cells, make up the microenvironment that controls commitment of stem cells into the B cell lineage and numbers of lymphocytes produced per day. 

Stromal cells form a reticular network of cell processes that contact millions of hematopoietic precursors of all lineages. At early stages, the B cell precursors (pre-pro-B cells) must interact physically with the stromal cells in order for proliferation and maturation to occur. Later stages (late pro-B cells) merely need the soluble growth factors produced by stromal cells. 

Stromal cells produce several necessary growth factors and cell-cell adhesion molecules. One key growth factor for B lymphopoiesis is interleukin-7. Mice that lack either interleukin-7 or its receptor are vastly deficient in B cells and serum antibodies.

REARRANGEMENT OF IMMUNOGLOBULIN GENES
The process of immunoglobulin gene rearrangement has been studied extensively. Ig rearrangement is a highly ordered process that is similar to T cells  but ensures that only B lymphocytes will produce immunoglobulin.

The earliest identifiable stage of B cell differentiation is the pre-pro-B cell. In this stage, the process of Ig gene rearrangement begins. 

The first rearrangement entails the joining of the D segment to the J segment of the Ig heavy chain gene (lgH). Subsequent rearrangements bring the V region juxtaposed to the DJ portion. 

A productive rearrangement of the IgH gene must occur before rearrangement of the Ig light chain gene (IgL) will begin.

The pro-B cell stage is highlighted by continued IgH rearrangement, joining the V region with the already joined DJ segments. While the DJ rearrangements take place on both chromosomes, VDJ rearrangement usually occurs only on one chromosome. If the rearrangement is not productive, for example due to introduction of a new stop codon or frame shift, rearrangement then proceeds to the second chromosome. By the end of the pro-B stage, IgH rearrangement is complete.

By the time the cells reach the pre-B cell stage, IgM, protein can be observed in the cytoplasm, and rearrangement of one of the two immunoglobulin light chain (IgL) genes initiates. 

The method of rearrangement is similar, but only one joining is needed to bring the V region sequence to the J segment. 

The rearrangement begins first on the kappa gene, and if this is unproductive, then the lambda genes are rearranged.

RECOMBINATION ENZYMES RAG-1 AND RAG-2
Two proteins necessary for the rearrangement process, RAG-1 and RAG-2 (recombinase-activating genes I and 2), appear at the pre-pro-B cell stage. RAG-1 and RAG-2 genes are active during all phases of Ig gene rearrangement, but these genes are not expressed in mature B cells that have completed rearrangement. However, Ag-activated B cells in the germinal center reexpress RAG genes as the cells undergo affinity maturation.

Terminal deoxynucleotidal transferase (TdT) is another enzyme that is involved in IgH rearrangement and is expressed early in the formation of B cells, but it is not necessary for rearrangement to take place. 

When TdT is present, random nucleotides are added to open N regions during the rearrangement of D and J segments, thus increasing the diversity of the sequences. 

The expression of TdT diminishes by the late pro-B cell stage, prior to light chain rearrangement. TdT is a marker of leukemic cells of early B and T lineage origin. TdT is expressed by normal B cell precursors only during the stage of IgH gene rearrangement. Consequently, IgH but not IgL shows N region diversity.
THE PRE-B CELL RECEPTOR: AN Ig EXPRESSED BY EARLY B CELLS
Two transiently expressed proteins were discovered recently that form a light chain-like molecule termed the surrogate light chain. The surrogate light chain is composed of two gene products, lambda 5 and V-pre-B, which respectively are homologous with the lambda IgL and V region genes. Surrogate light chains can combine with the µ heavy chain protein in pro- and pre-B cells, forming a structure referred to as the pre-B cell receptor. 

The combination of the IgH protein and the surrogate light chains may be involved in stimulating proliferation of cells in the late pro-B cell stage of differentiation. Few B cells form in the absence of the pre-B cell receptor. After kappa or lambda light chain proteins are synthesized, the IgL displaces the surrogate light chain from interaction with the IgH protein so that the intact immunoglobulin can be formed and delivered to the cell surface.

SELECTION OF IMMATURE B CELLS
A newly formed B cell displays IgM on the cell surface. At this stage, the B cell is still immature and responds to antigen differently from a mature B cell. Immature B cells can be functionally removed by interaction with self antigen, either by undergoing programmed cell death (apoptosis) or by anergy, in which the cell is rendered nonresponsive in the presence of the antigen. Thus, similar to T cells, immature B lymphocytes undergo a process of "negative selection" to delete cells that are reactive to "self" antigens.

Immature B cells that are not removed by the processes of negative selection leave the bone marrow and migrate to peripheral or secondary lymphoid tissues such as the spleen and lymph nodes. Here further maturation takes place and the newly formed B cells express IgD, in addition to IgM, on the cell surface. The mature B cells are now fully responsive to antigens and interaction with T cells. When they interact with antigen in secondary lymphoid tissue, they, as well as some Th cells, help form germinal centers, whereupon somatic hypermutation, selection of cells producing high affinity antibody, class switching, and production of plasmablasts as well as memory cells occurs.

The tissue-specific regulation of Ig gene rearrangement occurs on several levels. First, the Ig gene chromatin "opens" and becomes accessible for transcription. The accessibility of the chromatin is necessary for recombination and is controlled by tissue-specific transcription factors. Second, recombination signal sequences, conserved monomer/heptamer sequences, Flank the V, D, and J segments of the heavy chain gene and V and J segments of the light chain genes. The juxtaposition of these sequences brings the two recombining segments into close proximity and makes the intervening DNA into a loop that can be cleaved by recombination specific enzymes. 

The limited tissue expression of two of the enzymes necessary for recombination, RAG-1 and RAG-2, is a third level of regulation. Thus, only in B cells are fully rearranged Ig heavy or light chain genes observed.

[image: image55.jpg]D1-15

J 1234

s { s B B

J1 2345 |—c—|




Organization of Ig genes
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VDJ joining
IMMUNOGLOBULIN GENES ARE FULLY REARRANGED ONLY IN B CELLS
Tissue-specific transcription factors regulate accessibility of the Ig gene chromatin.

Ig gene segments are flanked by unique recombination signal sequences.

 Expression of recombination enzymes is highly regulated in lymphoid cells.

The monospecificity of each newly formed B cell is achieved by the sum processes of cellular differentiation. This phenomenon is called allelic exclusion, referring to the fact only the Ig genes on one allele (chromosome) are transcribed and translated into protein. This assures that one B cell will react with only one antigenic determinant and will produce antibody to only that antigen

The somatic recombination of Ig heavy and light chain gene segments accounts for the extreme diversity of the B cell antigen repertoire. In the heavy chain gene, any of four J region segments may combine with any of 15 D segments, and the VD product may combine with any of more than 200 V genes. 

Diversity is expanded by the imprecise joining of the DNA or even the addition of random nucleotides by TdT during rearrangement. Even more diversity is added by the order of rearrangements. The heavy chain genes rearrange prior to the light chain genes. Once a productive heavy chain rearrangement is achieved, a phase of rapid cellular division occurs, which produces several daughter cells expressing identical Ig heavy chains.

 The daughter cells each produce different light chain gene rearrangements and, subsequently, proteins that combine with the heavy chain proteins to yield many unique antigen-binding specificities. In this manner, as many as 1011 different antibody specificities can be generated in the primary repertoire from newly formed B cells. However, it should be realized that further selection for high affinity antibody-producing cells will occur in the germinal centers of secondary lymphoid tissue.

SOURCES OF ANTIBODY DIVERSITY
· Multiple D and J genes can combine into many different patterns with up to 200 V genes.

· Rejoining of the DNA cleavage sites may yield codons for new amino acid sequences.

· TdT adds nucleotides to the N regions of the DNA that are cleaved during recombination. Combining of identical IgH proteins with different IgL chains yields multiple specificities.
Course 6: T cell development

· Thymic tissue architecture
· T cell developmental stages in the thymus
· Physical structures of T cell receptor (TCR) genes
· T cell selection in the thymus
· Major histocompatibility complex (MHC) restriction
· Transgenic mice
The immune cells that synthesize and secrete Ig are termed B cells. The identification of B cells comes from the observation that removing the bursa (bursectomy) of Fabricius, a secondary lymphoid organ in birds, totally ablates the ability to produce antibody. In contrast, the ability to reject a foreign skin graft is intact in bursectomized birds. However, removing the thymus gland (thymectomy) in newborn mice subsequently prolongs skin graft survival and reduces an antibody response to specific antigens. 

From these results, it is clear that there are at least two types of immune cells: B cells, which produce Ig and participate in the antibody or humoral immune response, and T cells, which develop in the thymus and are responsible for skin graft rejection and other cell-mediated immune responses. Furthermore, a reduction in antibody responses in thymectomized animals indicates that B cells do not function independently but rather require the cooperation of T cells (T cell help). 

THYMIC TISSUE ARCHITECTURE
The thymus is made up of various cell types derived from various origins. Histologically, the thymus has three distinct components: the subcapsular cortex, the cortex, and the medulla. Developing T cells or thymocytes are found embedded in an epithelial network known as the thymic stroma. Abnormal development of thymic stroma results in severe depletion of mature T cells and immunodeficiency diseases.

In both mice and humans, the thymus is a bilobed organ that is located just above the heart, anterior to all the great blood vessels, but its location in other vertebrates varies. For example, in birds, the thymus is located along the neck area. Histologically, this organ is compartmentalized into incomplete lobules; each is delineated by an outer layer of connective tissue, or capsule, and interlobular connective tissue, or septum. Within each lobule, one can clearly identify the outer dense thymic cortex, packed with T cells of the thymus, or thymocytes, and the inner thymic medulla with fewer thymocytes and Hassall's corpuscles, a specialized group of medullary epithelial cells. The epithelial cell layer that is proximal to the capsule and septum is known as the subcapsular cortex, and the area between the deep thymic cortex and the medulla is referred to as the cortical-medullary junction. The cortical-medullary junction is where precursor cells enter and migrate toward the subcapsular cortical region. 

T cells mature in the cortex and then migrate toward the medulla. Mature T cells then exit from the medulla to the peripheral circulation via postcapillary venules and lymphatics. The developing thymocytes within the cortex and the mature T cells in the medulla are embedded in an epithelial network known as the thymic stroma that makes up a unique thymic microenvironment necessary for T cell development. The thymic epithelial cell network can be visualized by staining with antibodies that detect keratin, a group of cytoskelel al proteins specific for epithelial cells. During embryonic development, the thymic epithelium forms a rudimentary thymus, or thymic anlage, which attracts hematopoietic cells first from the yolk sac, then from fetal liver, and later from the bone marrow. The cells that colonize the thymic anlage include precursor T cells, dendritic cells or intercligitating cells, and macrophages .
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Abnormal development of the thymic anlage results in failure of support for development of T cells and can be found in both mice and humans. In mice, the mutation in the nude locus results in an athymic mouse that also has no hair, the nude mouse. It is now known that mutation in the whn gene, located on the mouse chromosome 11, is responsible for abnormal development of the thymic anlage. In the DiGeorge syndrome in humans, an individual is born with a congenital thymic aplasia. In both conditions, only T cell development is affected as B cells develop normally. 

The two above conditions are also different from the severe combined immunodeficiency syndrome (scid), in which the development of the thymic anlage is normal, but defects are found in the T and B cell compartments themselves.

T CELL DEVELOPMENTAL STAGES IN THE THYMUS
The thymic anlage provides an inductive microenvironment that allows precursor T cells to undergo rapid expansion as well as successive and distinct stages of development that can be identified by the expression of cell surface molecules. The three main differentiation cell surface molecules are CD3, CD4, CD8. and the T cell receptors (TCRs). Developing thymocytes at a specific stage of their maturation are found at a precise location within the thymus.

Precursor T cells begin to colonize the thymic anlage early during embryonic development. This begins at day 14 of embryonic age in mice and at the 7th to 8th week of gestation in humans. The rate of development of T cells within the thymus is greatest before puberty and declines sharply thereafter, although the number of mature T cells in the periphery does not show a similar reduction. 

The decline in the production of T cells also correlates with atrophy of the thymic stroma, a normal physiological condition known as thymic involution. Agerelated thymic involution is known as chronic involution and is distinct from involution caused by acute infection, stress, pregnancy, and lactation. In the aging involuted thymus, one can detect changes in tissue architecture, first with increases in the volume of connective tissue and perivascular spaces and later with the replacement of the above tissues with adipose tissue. However, even in the aged individual, a small thymic rudiment composed of epithelium and thymocytes remains identifiable.

The development of monoclonal antibodies that recognize one specific epitope of a molecule greatly facilitates the characterization and identification of cells at various stages of their differentiation. Monoclonal antibodies that recognize different epitopes of the same differentiation molecule are clustered together and designated as the cluster of differentiation (CD) 
The earliest precursor cells that arrive in the thymus lack most of the cell surface molecules that are readily detectable on mature T cells. When they arrive in the thymus, the precursor cells physically interact with thymic stromal cells, which then provide stimuli to selectively induce the expression of a group of specific cell surface molecules. In humans, the first T cell-specific molecule expressed in the thymus is CD1; in mice, CD2 and Thy-1 are expressed by the most immature T cells. 

These immature T cells do not express either CD4 or CD8 surface molecules and are commonly referred to as the double negative thymocytes. The double negative cells also do not express CD3 and thus are occasionally called the triple negative thymocytes. It was found recently that the earliesi precursor T cells express a very low level of cell surface CD4. Thus, the most immature thymocytes in the thymus are CD3- CD4LoCD8- that precede the double negative stage. The CD3- CD4Lo CD8- and the double negative thymocytes are found in the subcapsular cortex, where they undergo vigorous proliferation. In the next distinct stage of thymocyte maturation, thymocytes express both cell surface molecules CD4 and CD8 and are referred to as the double positive thymocytes; these thymocytes also begin to express the cell surface CD3 and TCR molecules. 

The double positive thymocyte population is the largest thymocyte population and is responsible for the dense cellularity of the thymic cortex. In contrast to the double negative cells, the double positive cells do not proliferate and are inactive. In the next stage of T cell development, the double positive cells completely cease to express either CD4 or CD8, and they mature into single positive cells that are either CD4+ or CD8+. 
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The mature CD4 T cells, the T-helper (Th) cells, provide helper functions and cooperate with B cells in the humoral immune response, while the CD8 cells, the cytotoxic Tcells or CTLs, are responsible for recognizing foreign cells, as in foreign grafts as well as virus-infected cells and are responsible for killing these cells. Thus, as the precursor cells traverse through the subcapsular cortex, the cortex, the corticomedullary junction, and the medulla, they interact with thymic stroma and are induced to develop and mature.
PHYSICAL STRUCTURES OF T CELL RECEPTOR (TCR) GENES
At the gene level, the TCR genes α,β,γ, and δ are organized into separate gene segments designated variable (V), diversified (D), joining (J), and constant (C) regions. The α and γ genes only have the V, J, and C segments, while the β and δ genes have all four segments. There are more than one V, D, J, and C within each gene locus, with the V and J segments having the highest number; the numbers of each gene segment are different in mice and humans.

As in the case of B cells, a unique feature in T cell development is the generation of T cells, each with a specific TCR that recognizes a specific peptide antigen. 

While B cells recognize conformational epitopes, the TCR expressed on T cells recognizes antigenic peptides that are associated with the major histocompatibility complex (MHC) that are presented by antigen-presenting cells (APC). 

The generation of a large population of T cells, each cell with a unique TCR specificity, is achieved by cutting and joining regions of various gene segments encoding the TCR. The process is known as gene rearrangement and is executed by the products of two separate genes, the recombination-activating genes 1 and 2 (RAG-1, RAG-2). The end result is a collection of all specificities of TCR expressed on T cells that is termed the T cell repertoire. 

The cell surface TCR is a heterodimer consisting of gene products from four distinct genes: α, β, γ and δ.
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The α chain of the TCR only pairs with the β chain, while the γ chain only pairs with the δ chain. 

This specific pairing generates two distinct subpopulations of T cells with two distinct TCRs: the most abundant population of αβ TCR T cells and the minor population of γδ TCR T cells.

 In mice, the appearance of γδ T cells precedes αβ T cells, and the γδ T cells and αβ T cells develop separately from the uncommitted T cell precursors. The development of αβ T cells in humans is not well characterized.

Within the αβ T cell population, the order of gene rearrangement and expression of the rearranged α and β chains on the cell surface occurs in a strictly regulated fashion, paralleling the maturation of T cells from the double negative to the double positive stage.

 The β chain rearranges first in the double negative cells. Since the D and J genes of the β chain are organized into two clusters of D, J, and C, there are two chances for a Vβ gene to join to a DJ segment in each chromosome (total of four chances to rearrange a Vβ gene in a pair of chromosomes).

 If a cell fails all four chances to rearrange the Vβ genes productively, it will die. Successful rearrangement of a Vβ on one chromosome also prevents the cell from continuing to rearrange a second Vβ gene; this is known as allelic exclusion. The successful rearrangement of the β chain with productive and functional β chain protein will ensure the expression of the single β chain on the cell surface of the double negative cells. It has been found that the β chain is expressed on the cell surface in association with a novel protein termed pre-TCR. It is possible that the B-pre-TCR complex functions as a receptor for an unknown ligand that induces expression of CD4 and CD8 and triggers the rearrangement of the TCR a chain gene. In contrast with the B chain rearrangement that complies with allelic exclusion, the V segments of the a chain (Vα) are rearranged on both chromosomes 14. 

In addition, the high number of the J segments (70 in humans and 50 in mice) allows more chances for a productive rearrangement of the TCR Vα genes. Because the δ locus is located within the α locus, rearrangement of the Vα genes results in deletion of the δ gene locus.

 After successful rearrangement of both α and β chains, the double positive cells now express the TCR αβ chains. At this stage, although TCR αβ are expressed on the cell surface, RAG-1 and RAG-2 genes continue to be expressed, allowing other Vα genes to rearrange. 

The TCR αβ is expressed in association with the CD3 molecule, which forms the functional signal transduction unit of the TCR.

The cell surface CD3 molecules consist of five chains: γ, δ, ε (epsilon), £ (zeta), and η (eta). The £ can either form ££ homodimers or £η heterodimers. However, the majority of TCR is associated with the ££ homodimers. The γ and δ chains of the CD3 are different from the TCR γ and δ chains, which are only expressed on a minor population of T cells.
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T CELL SELECTION IN THE THYMUS
In addition to providing an inductive microenvironment for precursor T cells to develop into mature T cells, the thymus executes two critical screening processes to select for useful, protective T cells (positive selection) and to eliminate irrelevant or potentially harmful autoreactive T cells (negative selection). Both selective processes take place at the double positive stage.

As we have just discussed, the generation of the T cell repertoire by the process of gene rearrangement and recombination is random. Since TCRs can only recognize antigenic peptide associated with MHC and presented by an antigen-presenting cell (APC), the selection for functional TCRs is dependent on the type of MHC expressed on APC. These arguments lay the foundation for the concept of MHC restriction. 

MAJOR HISTOCOMPATIBILITY COMPLEX (MHC) RESTRICTION
It has been proven that when T cells from strain A mice are given a choice to react with foreign antigen presented on APC of strain A or B, they will preferentially react with strain A APC and therefore are restricted by MHC type A. The concept of MHC restriction further separates the antigen recognition specificity of TCR expressed on T cells from the Ig expressed by B cells, whose ability to bind antigen does not require MHC restriction. In general, mature CD4 T cells are selected by MHC class II, while mature CD8 T cells are selected by MHC class I on the cortical thymic epithelium. Thus, MHC expressed by cortical thymic epithelium dictates the specificity of the positively selected TCR.

To prove that the TCRs are selected by their ability to interact with a certain MHC type, one needs to do two things: first, to construct an individual in which the precursor T cells and the microenvironment in which they develop, the thymic anlage, express different MHC types; and second, to develop an assay to demonstrate that the inductive environment only allows T cells with TCR specific for MHC of that thymic environment to develop. 

The first task is achieved by constructing murine bone marrow chimeras, and the second task is achieved by the successful development of the CTL cytotoxic assay. 
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In the murine bone marrow chimeras, the precursor cells from the AXB mice are harvested from the bone marrow and are infused into either the A or B mice; each expresses the corresponding type A or B MHC. Before the cell infusion, the recipient mice are lethally irradiated (approximately 850 rad) to kill all radiationsensitive cells, including all bone marrow-derived cells. This treatment ensures that all the bone marrow-derived cells are derived from the AXB MHC type, and this includes T cells and B cells as well as APCs. 

The T cells developed in the type A or B thymic environment are from the AXB precursor cells that genetically have the ability to recognize both MHC type A and MHC type B; the APCs express both MHC type A and MHC type B and are capable of presenting antigens to the T cells of either type A or type B MHC. 

Surprisingly, the MHC type of the thymic microenvironment where the T cells developed, but not the MHC type of the bone marrow precursor cells, determines the type of MHC on APC that a T cell can recognize and respond to. This means that when T cells of type AXB MHC develop in the MHC type A thymus, only the T cells with TCR that can recognize antigens presented by the MHC of the thymic stroma are selected to mature. 
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T cells with TCR that cannot recognize the MHC of the thymic stroma fail to develop and die. The thymic stroma, therefore, positively selects T cells with TCRs for MHC specificity of its own and ignores T cells with irrelevant TCR specificities. The positive selected T cells are then induced to terminate both RAG-1 and RAG-2 gene expression and to stop rearranging the TCR Vα genes. The selected T cells are committed to express the selected TCR specificity.

The developing T cells at the double positive stage also must pass a second selection process on their way to maturation. In contrast to the positive selection process in which the selected cells are supported for development, the negative selection process selectively eliminates T cells with certain TCR specificity. The negative selection process ensures that the mature T cells do not react with self-antigen presented by self-MHC. The negative selection process is best demonstrated in TCR transgenic mice with specificity for male specific antigen.

TRANSGENIC MICE
Transgenic animals have permanently incorporated exogenous genes, the transgenes, that are not a part of their normal genetic makeup, into their own DNA. Transgenic mice are constructed by injecting the linearized DNA containing the transgene into the male pronucleus of the fertilized eggs and subsequently implanting the fertilized eggs into pseudopregnant mice. After birth, some offspring will have incorporated the transgene and will be able to pass it on to their progeny.

 TCR transgenic mice are generated by injecting both the rearranged TCR α and β chain genes into fertilized eggs and screening for offspring that express the TCR transgenes. In this experiment, the TCR genes come from a CD8 T cell that reacts with the male specific antigen known as H-Y.

 In the female anti-H-Y TCR transgenic mice, the β chain of the transgene is expressed on all T cells, and the endogenous β chain genes do not occur as allelic exclusion would have predicted. Since the TCR is from a CDS clone, a higher percentage of CDS cells mature in these transgenic mice in comparison to normal mice. In the male anti-H-Y TCR transgenic mice, all T cells with anti-H-Y TCR are deleted, and the double positive cell number is greatly reduced. 
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Both processes of positive and negative selection effectively eliminate most T cells developed in the thymus such that greater than 90% of the developing double positive thymocytes die in the thymus. However, the intrathymic massive cell death does not induce any chronic inflammation since these cells die by a process known as apoptosis.
 In the thymus, the non-selected cells or the sell-reactive T cells are instructed to die by fragmenting their own DNA. With this characteristic cell death, one can detect double positive thymocytes in the thymic cortex and corticalmedullary junction that die by apoptosis due to lack of positive selection or negative selection, respectively.
Both processes of positive and negative selection effectively eliminate most T cells developed in the thymus such that greater than 90% of the developing double positive thymocytes die in the thymus. However, the intrathymic massive cell death does not induce any chronic inllammation since these cells die by a process known as apoptosis. In the thymus, the non-selected cells or the selfreactive T cells are instructed to die by fragmenting their own DNA. With this characteristic cell death, one can detect double positive thymocytes in the thymic cortex and cortical-medullary junction that die by apoptosis due to lack of positive selection or negative selection, respectively.
Course 7: Structure and role of the major histocompatibility complex (MHC)

· Major Histocompatibility Complex (MHC) and Danger 
· Genetic organization of the MHC
· Structure of MHC class I
· Structure of MHC class II
· Immunoglobulin supergene family
· Distribution of MHC antigens
· Tissue typing
· HLA diseases associations
· Function of the MHC
· MHC restriction
MAJOR HISTOCOMPATIBILITY COMPLEX (MHC)  AND DANGER

The major histocompatibility complex (MHC) is a group of genes located on a single chromosome in all mammalian species studied so far. 

The MHC permits an individual who is capable of generating an immune response to distinguish self from what is foreign, or non-self. 

The MHC has fundamentally evolved to provide protection from invading pathogens and virtually all substances bearing non-self antigens. 

An individual acquires the ability to distinguish self from non-self early, during T cell development and selection in the thymus. Thus, the ability to discriminate self from non-self is a T cell-dependent process. It is during T cell maturation in the thymus that T cells learn what self MHC is and are educated or selected to respond only to antigenic peptides presented by self MHC. Somewhat ironically, the mammalian immune system has developed to respond to danger to self by recognizing foreign pathogens only in the context of self MHC. In this way, the immune system is focused on eliminating pathogens that have become cell-associated and, therefore, pose imminent danger.
GENETIC ORGANIZATION OF THE MHC

The human leukocyte antigen (HLA) gene complex is the human MHC located on chromosome 6 that potentially encodes several hundred genes and is organized into three major genetic regions or loci designated class I, II, and III. 
Class III genes primarily encode components of the serum complement system, which tend to be relatively conserved (nonpolymorphic) among members of the same or similar species. This group of proteins, therefore, is considered separately from MHC class I and II proteins. 
Class I and II loci, on the other hand, each encode a number of highly polymorphic cell surface proteins, these proteins contain highly variable amino acid sequences that differ between members of the same species.
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The HLA class I locus is subdivided into HLA-A, HLA-B and HLA-C sub-regions, each encoding class I α chain genes. The HLA class II locus, HLA-D, is subdivided into at least six sub-regions (HLA-DR, -DQ, -DP, -DX, -DO, and -DZ), encoding variable numbers of α and ft chain genes or pseudogenes (HLA-DO and -DZ). 
Despite considerable MHC polymorphism, a single individual expresses a finite number of MHC antigens and in outbred populations is usually heterozygous for each MHC gene. This means that no single individual is capable of responding vigorously to each and every pathogen requiring a T cell response for elimination.
The ability of mammals to discriminate self from non-self was first recognized in mice that rejected tumors from mice belonging to a different strain. The ability of mice to reject foreign tissue was mapped to a region of chromosome 17 termed H-2, the mouse equivalent of the MHC. 
The arrangement of the various genetic regions of the MHC differs between species. Despite different chromosomal locations, the functions of the products encoded by certain MHC loci appear to be similar, permitting class I, II, and III designations to be made when comparing MHC from different species.
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STRUCTURE OF MHC CLASS I

· MHC class I is a heterodimeric molecule expressed at the cell surface that consists of two nonidentical (and therefore heterodimeric) subunits: an α chain and β2 microglobulin.
· The MHC class I molecule is a cell surface glycoprotein heterodimer composed of a variable α heavy chain (45 kd) and a nonvariable or nonpolymorphic β2 microglobulin light chain (12-kd) 
· The MHC class I α chain consists of three extracellular globular domains, α1, α2 and α3, with the third domain, α3 associating noncovalently with the nonpolymorphic β2 microglobulin light chain (12 kd). 
· β2 microglobulin is encoded outside the MHC on chromosome 15 in the human and chromosome 2 in the mouse. Further understanding of class 1 structure has come from x-ray crystallographic studies, where molecules are crystallized in their purest form. These studies have indicated that α1 and α2 domains of the class I α heavy chain associate into a structure characterized as a groove. The MHC class I molecule groove consists of "sides" formed by α1 and α2 domain helices, as well as an interdomain "floor" consisting of a β-pleated sheet structure. 
· Co-crystallization studies have shown that short peptide fragments of approximately nine amino acids fit into this groove. This three-dimensional MHC class I molecular conformation of α1 and α2 sides with a β-pleated sheet floor, therefore, represents a peptide antigen binding site, where the antigenic peptide fits the MHC molecule groove much like a baseball in a catcher's glove.
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STRUCTURE OF MHC CLASS II

· MHC class II is a heterodimeric molecule expressed at the cell surface that consists of two nonidentical subunits: an α chain and a β chain.
· The structure of MHC class II molecules, is remarkably similar to class I. Although also a cell-surface glycoprotein heterodimer, the MHC class II molecule is composed of a variable α heavy chain (30 to 34 kd) and variable β light chain (26 to 29 kd). 
· These two variable extracellular globular domains, α1, and β2, associate noncovalently. 
· Recent crystallographic studies have indicated that, like MHC class I, class II molecules are characterized by a groove composed of helical regions of the α1 and β1 extracellular domains, believed to form a peptide binding site. 
· The peptide found in the MHC class II groove is approximately 12 to 24 amino acids in length, such that the class II-antigenic peptide complex has been likened to a large peptide "frankfurter" in a smaller class II  “bun”. 
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IMMUNOGLOBULIN SUPERGENE FAMILY

· This family consists of molecules such as MHC class I and II that possess immumoglobulin-like domains.
· A striking characteristic of many of the cell-surface molecules that participate in the immune response is that they share remarkable structural homology. 
· MHC molecules as well as the immunoglobulin molecule and the α and β chains of the T cell receptor all share a structural motif, namely one or more extracellular domains containing approximately 70 amino acids each. Each domain is characterized by cytosine residues, which provide a disulfide-linked closure of each domain into a globular structural unit. The immunoglobulin molecule, whose globular domain structure was first described, has lent its name to a group of molecules participating in various phases of the immune response, where each molecule is encoded by distinct and physically distant genes. This group of molecules is termed the immunoglobulin supergene family. 
· MHC class I and II molecules belong to this family, whose members all possess extracellular immunoglobulin-like disulfide-linked globular domains.
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DISTRIBUTION OF MHC ANTIGENS

MHC molecules possess distinct patterns of tissue and cell type distribution. In general, MHC class I molecules are found on the surface of all nucleated cells. 
MHC class II molecules, on the other hand, are far more restricted in their distribution. B cells, macrophages, dendritic cells, and, in the human, activated T cells are among the most strongly positive for class II. 
Certain other cell types, notably epithelial cells, may be induced to express MHC class II during inflammatory events or in the presence of the cytokine γ interferon. 
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TISSUE TYPING

Tissue typing is the identification of MHC alleles expressed on the cell surface for the purpose of matching potential tissue transplant donors and recipients.
The importance of the MHC for the success of organ transplantation became clear with early studies of tissue transplants in mice. The more MHC-identical the transplant donor and recipient, the less likely the donor transplant would be rejected and the more favorable the expected transplant outcome. 
Therefore, in order to optimize identity between the transplant donor and recipient, leukocytes from potential donor and recipient blood samples are examined for the identity of their MHC determinants or typed using a cytotoxicity assay and/or a mixed lymphocyte reaction. 
In the cytotoxicity assay, antibodies recognizing different MHC determinant specificities are applied individually to leukocytes together with complement. If the leukocyte bears an MHC molecule recognized by an anti-MHC antibody, then complement will be activated by antibody bound to the leukocyte and lysis of the cell will occur. Alternatively, in the mixed lymphocyte reaction, T cells to be tested for MHC identity are placed in culture individually with cells of known MHC identities that do not divide under the culture conditions. T lymphocytes are stimulated to proliferate in the presence of cells bearing foreign MHC determinants but usually do not proliferate in the presence of self MHC. These early studies conducted with mice were later confirmed in human studies.
HLA DISEASE ASSOCIATIONS

With the advent of human MHC or HLA typing, certain disease associations have emerged that correlate with certain HLA types. 
These diseases are generally autoimmune (anti-self) in nature.
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FUNCTION OF THE MHC

To ensure that antigen is presented by cell surface MHC molecules so that free antigen alone does not saturate T cell receptor (TCR) molecules, thus preventing elimination of danger to cells.
To ensure, by diversifying MHC across a species (MHC polymorphism), that the species as a whole may respond to antigen and survive danger, since a single MHC molecule is incapable of binding to and presenting all antigens.
Insight into the function of MHC molecules was obtained with the demonstration that cytotoxic or killer T cells isolated from a mouse that had been immunized with a virus could only recognize and destroy virally infected cells from the same or MHC-identical mouse strain (MHC-restriction). 
These cytotoxic cells could not recognize and destroy cells from an MHC nonidentical mouse strain infected with the same virus.
 Thus, the immune response has come to be known as being self MHC-restricted. Not only does the MHC appear to function in the context of defining what is self, but the immune response is restricted to participation within an environment defined as self. Such commitment to sell occurs early during development and requires the thymus to create and monitor the MHC-restricted environment of the adaptive immune system. In this way, the MHC is absolutely required for self-recognition and the induction of an effective T cell-dependent immune response during antigen processing and presentation. 
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MHC RESTRICTION

· MHC class I - located on the surface of all nucleated cells.  Presents peptides derived from endogenous antigens Recognized by CD8+ cells
· MHC class II - Located on B cells, macrophages, dendritic cells, and activated T cells Presents peptides derived from exogenous antigens Recognized by CD4 + T cells. 
· CD8+ T cells, which are usually cytotoxic cells when appropriately activated, recognize endogenous or intracellular peptide antigen only in association with or loaded into the groove of MHC class I molecules on target cells.
·  CD4+ T cells, which are referred to as T helper cells, are restricted to the recognition of exogenous or extracellular peptide antigen associated with MHC class II molecules on antigen-presenting cells. 
· The MHC has been defined as a cluster or complex of genes encoding, among other products, highly polymorphic cell surface glycoproteins. These molecules appear to be required for an effective mammalian immune response. These features may appear puzzling at first but might be explained by the following considerations. First, the high degree of polymorphism of MHC class I and II molecules concentrated at the peptide-binding region ensures that an entire species has the potential to effectively respond to and eliminate any antigen it encounters. Second, the need for an associated recognition system by the TCR in order to produce an immune response, namely antigenic peptides in association with MHC molecules, may effectively prevent saturation of the TCR with free antigen. Such a situation might otherwise prevent effective T cell help and/or killing of antigen-expressing target cells.
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Course 8: The magic of antigen processing and presentation

· Antigen processing 
· Binding and Uptake of antigen
· Low levels of particulate or soluble antigens
· High levels of particulate or soluble antigens
· Viral proteins or tumor proteins that are produced intracellularly 
· Antigen processing
· MHC class I processing pathway
· TAP (transporter with antigen processing)
· MHC class II processing pathway
· Invariant chain
· Antigenic peptide-MHC interaction
· Antigen presentation 
· Antigen presentation to T cells
· Associated recognition of antigenic peptide and MHC
· Superantigens 
· Antigen-presenting cells
To maintain survival of the organism, cells of the immune system must be able to recognize and eliminate antigens that enter the body. Antigens that do not easily enter the cell, such as bacteria or large proteins, are recognized by cells called antigen-presenting cells, such as macrophages or B lymphocytes. 
These cells are called antigen-presenting cells (APCs) because they internalize antigen and process it for presentation to specific receptors associated with CD4+ T lymphocytes. In contrast, antigens that gain entry into the cell to reside within the cell, such as viruses, are processed by the host cell for presentation to specific receptors associated with CD8 + T lymphocytes.
 The antigen is presented as a short peptide sequence in association with a cell surface protein encoded within the major histocompatibility complex (MHC) of the antigen-presenting cell. Thus, MHC molecules provide for the extracellular presentation of antigenic peptides that have been internalized and processed within the intracellular environment.
BINDING AND UPTAKE OF ANTIGEN
Binding and uptake of antigen into the cell depends on the physical state of the antigen and the cell type involved.
LOW LEVELS OF PARTICULATE OR SOLUBLE ANTIGENS
Low levels of antigen bind to a specific immunoglobulin receptor expressed on B cells and are internalized by a process known as endocytosis.
Also, antigens may bind to their specific receptor on an immunoglobulin that is attached to a macrophage by receptors for the Fc portion of that immunoglobulin. In this manner, the Fc receptor-bound immunoglobulin captures the antigen, and the antigen-immunoglobulin-Fc receptor complex is endocytosed. These antigens will associate with MHC class II molecules after processing.
HIGH LEVELS OF PARTICULATE OR SOLUBLE ANTIGENS
High levels of antigen are nonspecifically engulfed by macrophages by a process known as phagocytosis. These antigens will associate with MHC class II molecules after processing.
VIRAL PROTEINS OR TUMOR PROTEINS THAT ARE PRODUCED INTRACELLULARLY
These antigens escape binding and uptake by B cells and macrophages. The large proteins produced by viruses or tumors will be degraded by any somatic cell intracytoplasmically into smaller peptides and will associate with MHC class I molecules. Extracellular antigens taken up by phagocytosis or endocytosis go directly to endosomes and/or lysosomes for antigen degradation and loading onto MHC class II molecules. Endosomal and/or lysosomal enzymes break down the protein into peptide fragments containing a short amino acid sequence. 
Newly synthesized MHC class II molecules will eventually be transported from the endoplasmic reticulum (ER) to the endosome/lysosome compartment, where they will associate with peptide fragments derived from extracellular antigens. On the other hand, intracellular antigenic proteins are processed into small peptides in proteosomes that contain proteases. 
     These peptides will complex with transporter proteins that will move them to   the ER to interact with newly synthesized MHC Class I molecules.

[image: image75.png]‘@ 8. Presentation

on cell surface
of peptide

in association

with Class |

7. Secretory
vesicle

Intracellular
Antigenic protein in cytosol

~

At %
« Processing

h in = 4. TAP

' proteosome < Associates with in Golai
B o N - lgi
i, e Antigenic Peptide apparatus

ER

2. Calnexin binds 5. Peptide fragment
R“’°s°"‘°$/ « chain u is released by TAP and
binds to Class | groove.

ad Calnexin releases
o chain

J.Newly - synthesized nascent
Class | alpha chain and beta -2
microglobin transport to ER
for translation

Nucleus

MHC class I processing pathway.




ANTIGEN PROCESSING
Antigen processing involves the degradation of externally or internally-derived antigen into short peptide sequences and the association of the peptide with MHC molecules. Two distinct classes of MHC molecules, MHC class I and MHC class II, regulate the presentation of antigens to either CD8+ or CD4+ cells, respectively.
The location of antigen, extracellular or intracellular, determines which MHC molecule will bind the peptide. Peptides derived from antigenic proteins that reside within the cell, such as viral proteins, bind to MHC class I molecules, while peptides derived from antigenic proteins that initially reside outside of the cell, such as either bacterial proteins or large proteins attached to small haptens, bind to MHC class II molecules.
MHC CLASS I PROCESSING PATHWAY
Antigenic protein —> proteosome —> peptide fragment released into cytosol —> binds to TAP protein —> moves to ER
Newly synthesized Class I α chain and β2 microglobulin —> move to ER —> calnexin binds to α chain —> peptide fragment and β2 microglobulin bind to alpha chain —> release of a chain from calnexin —> complex moves to Golgi apparatus —> glycosylation in Golgi apparatus —> secretory vesicle —> plasma membrane.
As shown in  newly synthesized nascent alpha chain and beta-2-microglobulin of the Class I MHC molecule are synthesized and translocated by ribosomes to the endoplasmic reticulum (ER) where they interact with not only each other, but also with processed antigenic peptide fragments released from proteosomes.
TAP TRANSPORTER ASSOCIATED WITH ANTIGEN PROCESSING 
TAP is a protein that transports small peptides in the cytosol to the ER so that they can be loaded onto MHC class I molecules.
In order for small antigenic peptides located in the cytosol to become attached to class I molecules, they must be transported from the cytosol to the ER by a transporter protein, TAP, which is specific for peptide size and amino acid sequence.
 In this manner, TAP binding of small antigenic peptides excludes the possibility of class I molecules binding to large unprocessed proteins. From the ER, the class I molecule-antigenic peptide complex passes through the Golgi, where glycosylation occurs before export of the complex to the cell surface.
CALNEXIN - Calnexin is an 88-kd integral ER membrane chaperone protein that binds to a nascent MHC class I α chain after release from a ribosome into the ER lumen so that the α chain will not leave the ER until it binds both a short peptide sequence and β2 microglobulin.
Class I molecules in the ER that are waiting to bind peptides are retained in the ER by the binding of calnexin to the α chain. 
In order for class I molecules to move from the ER to the Golgi, calnexin must dissociate from the α chain. This dissociation of calnexin from the α chain requires that both the short peptide sequence and β2 microglobulin bind to the α chain. Upon dissociation from calnexin, the α chain-β2 microglobulin-peptide complex is transported to and through the Golgi apparatus for glycosylation and then into a secretory vesicle that moves to the outside of the plasma membrane. The result of this process of checks and balances is that no free MHC class I is present on the cell surface to bind exogenous antigens. 
In this manner, the T cell receptor of a CD8+ cell focuses on cells that are actively infected and, thus, express an antigenic peptide of that infectious intracellular agent in the groove of their MHC class I.
BREFELDIN A

Brefeldin A is a drug that specifically blocks the passage of the MHC class I antigenic peptide complex through the Golgi apparatus, resulting in no MHC class I-peptide complex expressed on the cell surface.
If this drug is present, MHC class I-antigenic peptide complexes will accumulate intracellularly and will not be detected on the cell surface. 
This will show that movement of the complexes through, and the glycosylation of the complexes within, the Golgi complex are essential for the packaging of the complexes into secretory vesicles for delivery to the cell surface.
MHC CLASS II PROCESSING PATHWAY

Antigenic protein —> endosome/lysosome —> peptide fragment Newly synthesized class II molecules —> move to ER and associate with invariant chain protein molecule —> move to Golgi apparatus —> move to endosomes/lysosomes —> release of invariant chain from class II molecule —> class II binds antigenic peptide fragment —> transport to cell surface.
In contrast to class I molecules, MHC class II molecules associate with antigenic peptide fragments that are derived from exogenous antigens that have been endocytosed into endosomes/lysosomes that reside within the cytosol. Newly synthesized class II molecules are transported to the ER and then directly to the Golgi apparatus. From the Golgi, class II molecules move into either endosomes or lysosomes, where they bind peptide fragments, as opposed to binding peptide fragments in the ER as occurs for class I molecules. A molecule that helps in the orchestration of this specific transport of class II molecules to the endosomes/lysosomes for binding of the peptide fragment is called the invariant chain. 
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INVARIANT CHAIN

The invariant chain directs the movement of newly synthesized class II molecules into the Golgi and then the late endocytic compartment of the cell.
Invariant chain also prevents the binding of antigenic peptides to class II molecules, at least until the class II molecule reaches the late endocytic compartment, a location where antigenic peptides and class II molecules bind together for the first time.
It is still a point of debate as to the exact location of peptide loading onto class II molecules, but most data show that loading occurs within either a late endosome or a lysosome where the environment becomes increasingly more acidic. 
Thus, a combination of acidic pH and proteases within the endosome/lysosome cleaves the invariant chain from the class II molecule and exposes the peptide binding site. 
The MHC class II molecule-antigenic peptide complex then moves to the cell surface.
CHLOROQUINE

Chloroquine is a drug that effectively raises the pH of early endosomes and lysosomes, thus making the environment more basic.
A basic environment within these compartments prevents the degradation of proteins into small antigenic peptides. Use of this drug prevents antigen processing and, consequently, prevents the production of antigenic peptides that would complex MHC class II molecules in the late endosome. This is an experimental tool that is used to show that antigen processing is required in order to obtain an MHC class II-restricted immune response.
Analysis of these molecules by X-ray crystallography shows that each HLA gene encodes regions of the intact molecule that provide a peptide binding groove for short peptide sequences of the antigen. The variable nature of the MHC molecule is localized primarily to these peptide binding grooves, allowing the host to present a multitude of invading antigens. All MHC molecules on the surface of a particular antigen-presenting cell bind the same linear sequence of amino acids from the processed antigen. In this manner, all of the peptide-MHC complexes on the surface of one APC are only able to associate with a single T cell receptor specificity.
The length of the peptide sequence in association with MHC molecules is critical, since the shorter the peptide length of antigen, the more likely it is that proteins normally present within the cell will also contain the same sequence of amino acids. This possibility means that immune cells might recognize self proteins and react against them. Therefore, antigenic peptides must be of a length that ensures their recognition by the T cell receptor as antigenic but not as self. 
ANTIGENIC PEPTIDE-MHC INTERACTION

Peptides that bind to MHC class I grooves are usually between 8 and 10 amino acids in length, while peptides that bind to MHC class II grooves are usually between 12 and 24 amino acids. 
The peptide sequence binds tightly to the MHC molecule at several points so that recognition by the T cell receptor can occur before the peptide dissociates from the MHC molecule.
The requirement for a short peptide sequence to bind to MHC molecules means that most protein antigens must be broken down into smaller peptides to destroy the secondary and tertiary structure of large protein antigens. Some protein antigens, such as foreign insulin, require limited breakdown to expose the antigenic epitope needed to bind to the MHC molecule, while others, such as foreign fibrinogen, require no breakdown.
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Antigen processing and presentation
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Antigen processing and presentation
ANTIGEN PRESENTATION

Antigen presentation to t cells
Antigen presentation is, strictly speaking, the activation of T cells via T cell receptors, which specifically recognize antigenic peptide in association with either MHC class I or II molecules on the surface of antigen-presenting cells (APCs).
It is worth noting that B cells are capable of recognizing and binding certain antigens without MHC restriction by virtue of their cell surface antigen receptor, the immunoglobulin or antibody molecule.
For the purposes of this discussion, we will concentrate on the T cell as the primary cell responding to antigen presentation. T cells recognize antigen only in the context of appropriate MHC molecules. Self MHC is therefore required for effective antigen presentation to T cells, which are activated to offer T cell help or cytotoxic activity. 
CD8+ T cells, usually cytotoxic, recognize antigen only in association with MHC class I molecules. CD4+ T cells, usually T-helper cells, are restricted to recognizing antigen only in association with MHC class II molecules.
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ASSOCIATED RECOGNITION OF ANTIGENIC PEPTIDE AND MHC

Two theories may explain the requirement that a T cell-dependent antigen be presented together with MHC antigens in order to generate an effective immune response.
 According to the dual recognition theory, a T cell might bear two distinct receptors, one receptor binding to antigenic peptide and the other binding to MHC molecules. 
The other theory, that of associated recognition, requires that the T cell bear one receptor capable of binding both antigenic peptide and MHC molecules.
The two theories of recognition, have been tested. T cell resulting from the fusion of one parental T cell of a defined antigen (A) and MHC (k) specificities with a T cell bearing different antigen (B) and MHC (1) specificities. The associated recognition theory argues that such a T cell hybrid would only respond to or proliferate in response to the original parental antigen-MHC specificities. (Ak or B1) but not A1 or Bk.
If, on the other hand, dual recognition of antigen and MHC molecules by two distinct receptors on T cells were operative, such a hybrid T cell should respond to all four antigen-MHC specificities: Ak, B1, A1, and Bk, due to independent association of T cell antigen and MHC receptors. Such responses were not found when T cell hybrids were tested. All experimental evidence has thus far supported the associated recognition theory of antigen and MHC by T cells. We now know that a single T cell receptor recognizes both MHC and antigen specificities. More recently, detailed knowledge of both the structure of the MHC molecule and its own capacity to bind peptide antigen, has refined our understanding of T cell antigen recognition. Depicted is a more accurate interpretation of TCR binding to both antigen and MHC molecules, class I in the case of CD8+T cells and class II in the case of CD4+T cells. As the T cell receptor (TCR) engages with the antigenic peptide-MHC molecule complex, T cell CD4 molecules bind to a conserved region of the MHC class II molecule, and CD8 molecules bind a conserved region of the MHC class I molecule.
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Antigen recognition by T cells

SUPERANTIGENS

Superantigens are certain bacterial and viral glycoproteins that bind TCR and MHC class II antigens outside of the conventional groove for antigenic peptide binding, leading to nonspecific activation of multiple T cell clones.
While a single peptide antigen may be recognized by or is immunogenic for a small number of T cell clones, a special category of antigens, known as superantigens, have the capacity to stimulate multiple T cell clones. Superantigens, which have been identified thus far as bacterial and viral glycoproteins, are super-stimulators of T cells because they are capable of binding to a large number of T cell receptor Vβ sequences, as well as to MHC class II molecules outside of the peptide presentation groove. The binding of superantigens to relatively nonpolymorphic regions of MHC and TCR molecules promotes adherence of T cells to antigen-presenting cells, irrespective of TCR specificity. Such cross-linking of TCR with MHC molecules leads to the activation of multiple clones of T cells, especially CD4+ cells.
[image: image82.png]Fig 7B-4 Superantigen Recogpnition of MHC and TCR

MHC
Class Il @
APC B
Superantigen

T cell

0 Antigenic Peptide

Superantigen recognition of MHC and TCR.




ANTIGEN-PRESENTING CELLS

Macrophages, dendritic cells, B cells, and virtually any other cell type capable of expressing MHC class II molecules may function as antigen-presenting cells (APCs). Recall that CD4+ T-helper cells recognize and respond to antigen in the context of MHC class II.
Macrophages are phagocytic cells of the monocytic lineage residing within tissues and are particularly well equipped for effective antigen presentation. They generally express MHC class II molecules and along with their phagocytic properties are extremely efficient at engulfing macromolecular or particulate material, digesting it, processing it with an extensive lysosomal system to antigenic peptide form, and expressing it on the cell surface for recognition by T lymphocytes.
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Dendritic cells, so named for their highly branched morphology, are found in many organs throughout the body, are bone marrow-derived and usually express high levels of MHC class II antigen. Dendritic cells are actively motile and can recirculate between the bloodstream and tissues. Unlike macrophages, dendritic cells possess a limited capacity for antigen processing and may present antigen previously processed and released from other cells. In this way, they too are considered important APCs. Langerhans cells are an example of dendritic cells that are located in the skin.
B lymphocytes, while not actively phagocytic, are class II-positive and possess cell surface antigen-specific receptors, immunoglobulin, or antibody molecules. Due to their potential for high affinity antigen binding, B cells are uniquely endowed with the capacity to concentrate low concentrations of antigen on their surface, endocytose it, process it, and present it in the context of antigenic peptide in association with MHC antigen on their surface. In this manner, B cells become extremely effective APCs.
While not considered classic APCs, T-helper cells deserve mention for their capacity to act as such under certain conditions of T-helper cell activation. In humans and other mammalian species, with the exception of the mouse, activated T cells are induced to express MHC class II molecules and also to upregulate MHC class I. 
Such activation events may serve to recruit additional CD4+ T cell help for B cells as well as to offer effective T cell help to the CD8+ T cytotoxic cell.
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Summary

· Adaptive immune responses require that specific T cells, initially present in low frequency, identify and bind to relatively small numbers of specific peptides bound to MHC (pMHC) complexes found on antigen-presenting cells (APCs).
· Antigen presentation is the process in which proteolytic fragments of antigens are loaded into MHC molecules (pMHC) and displayed on the cell surface. APCs efficiently present pMHC leading to T-cell activation and reactivation. In general, cells that display pMHC class II molecules are known as professional APCs, and these are primarily dendritic cells, macrophages, and B cells.
· Proteolytic fragments of exogenous proteins, those that originate outside of the cell such as bacteria and proteins found in the extracellular tissues and fluids, are loaded into MHC class II molecules. Proteolytic fragments of proteins originating within the cell's cytoplasm, such as viral proteins, are loaded into MHC class I molecules.
· Immature dendritic cells capture microbes, infected cells, dead cells, or their molecules either by receptor-mediated phagocytosis or by macropinocytosis.
· By applying both positive and negative selection of thymocytes, the adaptive immune system is assured of a population of naive T cells that have TCRs that can respond to nonself peptides presented by self MHC molecules. Self-reactive T cells are eliminated.
· Naive CD4 T cells activated through the immunologic synapse begin to express a variety of cytokines and cell-surface cytokine receptors.
· Humoral immune responses are those that involve the actions of immunoglobulins, antibodies, or complement. Only B cells and their fully differentiated form, plasma cells, synthesize immunoglobulins. Mature B cells, coexpressing IgD and IgM, are ready for activation.
· T and B cells amplify in number in response to antigenic stimuli to produce mature, activated T and B cells.
· Delayed (-type) hypersensitivity (DTH) reactions are localized to the immediate area surrounding the site of injection of antigen.
·  The reaction is characterized by localized induration (swelling), may lead to localized necrosis and ulceration, and is followed by a decrease in the swelling and/or healing of the lesion.
· Eosinophils and NK cells recognize alteration in the Fc portion of the bound antibody. These cells kill antibody-"tagged" cells by a process known as antibody-dependent cell-mediated cytotoxicity (ADCC). 
· Mast cells and basophils contain cytoplasmic granules composed of a variety of chemical mediators (histamine, serotonin, platelet-activating factor) involved in the generation of inflammation.
The adaptive immune system of the mother provides passive protection to the fetus. This is accomplished by the passive transfer of IgG across the placenta.
· Specialized epithelial cells in the salivary and lacrimal glands, respiratory tract, small intestine, and breast tissue transport dimeric IgA (either IgA, or lgA2) from their internal surfaces to their external surfaces using a specialized receptor that is proteolytically shortened to become secretory component. 
Course 9: T cell receptor: structures and functions in T cell activation
· Anatomical structure of the T cell receptor (TCR)
· Superantigens 
· CD3 molecules as a component of the TCR complex
· Signal + transducing  components of the CD3-TCR complex
· CD4 and CD8 co-receptors
· T cell activation
· T cells and cytokines
· Vaccination
As in B cells that synthesize immunoglobulins (Igs) with specificity for antigens, T cells express receptors (T cell receptors, TCRs) that specifically bind to antigenic peptides. Each mature T cell expresses approximately 30,000 TCRs. Although both B cell-derived Igs and TCRs can recognize and bind to antigens, there are several important salient features that distinguish TCRs from Igs. 
First, the TCR is an integral cell membrane molecule and is not a secretory product like certain Igs. Second, the secreted bivalent IgG binds to soluble antigens; TCR is monovalent and can only recognize and bind to antigenic peptides when these peptides are incorporated into the groove of the MHC class I or class II and the antigen-MHC complexes presented by an antigen-presenting cell (APC). 
The TCR complex has two distinct molecules: the TCR which binds antigen-MHC, and the CD3 molecules, which function as the signal-transducing components. Expression of both CD3 and TCR is required for activating T cells and generating effector T cells. 
In this chapter we will discuss the anatomical structures of the TCR-CD3 receptor complex, how TCR binds to the antigen-MHC complex, how T cells are activated because of this binding, and the cellular and molecular events following the activation of T cells.
ANATOMICAL STRUCTURE OF THE T CELL RECEPTOR (TCR)

TCR is a heterodimer comprising αβ chains or δγ chains. Most peripheral T cells in secondary lymphoid organs such as spleen and lymph nodes express the TCR αβ chains. The antigen binding site of the TCR is encoded by the recombined VDJ segments of the β, δ and VJ of the α, γ TCR genes. 
The regions of the TCR molecule that form the complementary surface with the antigen are termed complementary determining regions, or CDRs. 
Thus, the three CDRs of TCR, CDR1, CDR2 and CDR3, form the antigen binding site. 
CDR3 is in the center, displays most diversity, and directly interacts with the antigens, while CDR1 and CDR2 are in the periphery and interact with the α helices of the MHC molecules. 
The diversity of the TCR as with immunoglobulins is generated by gene rearrangement. For the TCR α and γ chains, the CDRs are the final products of VJ rearrangement, and for TCR β and δ, the CDRs are generated by the recombination of the VDJ segments.
 In the gene rearrangement process, the additions of nucleotides at each junction of each segment further increase TCR diversity and expand the TCR repertoire. The addition of nucleotides is catalyzed by the enzyme terminal deoxynucleotidyltransferase (TdT) and does not require DNA template. 
Thus, these nucleotides are termed N-region nucleotides (Non-template nucleotides). Once rearranged, the coding sequence of each TCR remains unchanged and does not display somatic hypermutation as with B cell-derived immunoglobulins.
At the cell surface level of T cells, TCRs are expressed as heterodimers of either αβ or γδ. No other combinations or single chain TCR has ever been found expressed by T cells. All the four TCR chains are integral cell membrane molecules displaying an extracellular domain, a transmembrane domain, and a short cytoplasmic tail. The extracellular domains consist of variable, constant, and hinge regions. 
The three CDRs reside within the variable region. The CDR3 displays the highest diversity generated by the joining of D and J segments and the addition of N-region nucleotides to each junction. In contrast, the CDR1 and CDR2 are encoded by the Vα and Vβ genes. 
The CDR3 forms the center of the antigen binding site, while the CDR1 and CDR2 form the periphery of the antigen binding site and display relatively less diversity. When a TCR engages antigen-MHC complexes on an APC, the CDR3 binds directly to the antigenic peptide, and the CDR1 and CDR2 contact the α helices of the two outer MHC domains. It has been suggested that the limited numbers of the V gene segments generate diversity needed for recognition of MHC molecules and the great diversity generated at the junctional regions, ensuring recognition of most antigenic peptides.
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The outline structure showing the horizontal cross section of the TCR CDR1, CDR2 and CDR3 when the TCR hinds to an antigenic peptide in the groove of MHC I or MHC II.
 The CDR3 which displays most diversity binds to the antigenic peptide, while the CDR1 and CDR2 bind to the α helices of the two outer MHC domains.
SUPERANTIGENS

Superantigens are a unique class of antigen from bacteria and viruses that have the ability to bind to the TCR-MHC complex in a less stringent fashion and to activate large numbers of T cells, resulting in various severe illnesses such as food poisoning and toxic shock syndrome.
Although most antigenic peptides are presented to the TCR by inserting between two helices of the MHC molecules, the superantigens bind to the lateral surfaces of either MHC I or MHC II. 
Furthermore, they bind directly to the portion of the TCR encoded by the Vβ genes that are not part of the antigen binding sites (CDR3). It is important to note that binding of superantigen to TCR αβ is independent of the α chain and the DJ segments of the Vβ chains, the segment that encodes the CDR3.
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Activation of helper T cells by superantigen.
Top: The helper T cell is activated by the presentation of processed antigen in association with class II MHC protein to the antigen-specific portion of the T-cell receptor. Note that superantigen is not involved and that only one or a small number of helper T cells specific for the antigen are activated. 
Bottom: The helper T cell is activated by the binding of superantigen to the Vβ portion of the T-cell receptor outside of its antigen-specific site without being processed by the antigen-presenting cell. Because it bypasses the antigen-specific site, superantigen can activate many helper T cells. 
CD3 MOLECULES AS A COMPONENT OF THE TCR COMPLEX - The TCR molecules are not expressed by themselves hut are associated with the signal-transducing CD3 complexes. The CD3 has five chains that combine to form four distinct dimers: γε, δε and ξη heterodimers and ξξ homodimers.
The four TCR glycoproteins have a short cytoplasmic tail with no ability to transduce an activation signal. The heterodimers TCRαβ and TCRγδ are expressed on the cell surface of T cells in association with the signaling complex CD3. Expression of the CD3 complex also functions in stabilizing cell surface expression of TCR; T cells do not effectively express TCR on the cell surface without the CD3 molecules.
The five CD3 chains and TCR α, β, δ and γ are members of the immunoglobulin superfamily. All members of the TCR have two immunoglohulin-like extracellular domains. In contrast, the CD3 γ, δ and ε chains have only one extracellular domain. The TCR extracellular domains are followed by a transmembrane and a short cytoplasmic tail. One unique feature of the transmembrane domain of the TCR is the presence of positively charge amino acids that bind to the negatively charged transmembrane domains of ft CD3 γ, δ, and e chains and stabilize the TCR-CD3 complex. 
The CD3ξ and η, chains are products of the same genes and are generated by alternate splicing, resulting in different carboxyl termini. The CD3 ξ and η chains are not members of the immunoglobulin superfamily and have only a short extracellular domain. In 80 to 90% of TCR-CD3 complexes, the ξ, chains are present as ξξ homodimers; the ξη heterodimers are only found on the remaining 10 to 20% of the T cells.
SIGNAL-TRANSDUCING COMPONENTS OF THE CD3-TCR COMPLEX

Two receptor-associated protein-tyrosine kinases have been found associated with the TCR-CD3 complex. Fyn has been found associated with the CD3ε and a protein of 70 kD termed ξ-associated protein-70 (ZAP-70) bound to the ξξ homodimers. When activated, these protein-tyrosine kinases phosphorylate a series of target molecules including CD3 molcules as well as ZAP-70.
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Structure of the CD4 co-receptor-CD3-TCR complex expressed on the cell surface of the CD4 positive T cells. The CD4 molecule with four immunoglobulin-like domains (D1-D4) hinds simultaneously to the β2 domain of the MCII II when TCR engages an antigenic peptide presented by antigen presenting cells (APC). The CD3 cytoplasmic tails of ε,δ,γ and ξ display ITAM domains: there is more ITAM in the ξ chain than in the other CD3 chains.
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Structure of the CD8 co-receptor-CD3-TCR complex expressed on the cell surface of the CD8 positive T cells. Both of the CD8 α, β chains bind to the α3 domain of the MHC I molecules when TCR engages an antigenic peptide presented by APC.
All five chains of the CD3 molecules contain a conserved region in the cytoplasmic tail that functions in signal transduction.
 The conserved domain is termed the immune receptor tyrosine-based activation motif (ITAM) and contains a pair of tyrosine and leucine residues. The tyrosine residues are substrates for the protein-tyrosine kinases during activation of T cells. The CD3 γ, δ, ε chains have only one ITAM in their cytoplasmic tail, while the ξ and η have three copies of ITAM. When phosphorylated, these regions lead to the recruitment of more ZAP-70 to the TCR-CD3 complex and also to activation of ZAP-70.
CD4 AND CD8 CO-RECEPTORS

Although the TCR-CD3 is directly responsible for binding to the antigen-MHC complex and delivering signals into the cells, optimal binding and activation of T cells requires co-receptors and accessory cell surface molecules. CD4 and CD8 are important co-receptors for TCR binding to MHC II and MHC I, respectively, as well as activation of T cells. Both CD4 and CD8 are associated with the protein-tyrosine kinase Ick.
Through the process of positive selection, T cells matured in the thymus are selected according to the ability of their TCR to bind to MHC I and II molecules. The ability to bind MHC I or II is dictated by the CD8 and CD4, respectively. Thus, CD4 binds to the invariable domain of the MHC II, while CD8 binds to the invariable domain of the MHC I. For this reason, the CD4 and CD8 molecules are named the TCR co-receptors. 
Both CD4 and CD8 are also members of the immunoglobulin superfamily. The CD4 molecule contains four immunoglobulin-like domains (D1 to D4); the first two domains are separated from D3 and D4 by a hinge region. The CD4 is expressed as a single chain membrane protein. In contrast, CD8 is expressed as αβ heterodimers or as αα homodimers. Furthermore, the extracellular portion of the CD8 molecules has only one immunoglobulin-like domain. The cytoplasmic tails of both CD4 and CD8 are associated with lck.
When TCR-CD3 of a CD4+ T cell engages MHC II molecules on APC, the D1 domain of the CD4 molecules simultaneously binds to the β2 domain of the MHC II. Similarly, the αβ portion of the CD8 molecules binds to the MHC I α3 domain when CD8+ T cells recognize antigen presented by APC. Both the binding of CD4 to MHC I and CD8 to MHC I stabilizes T cell-APC cognate interaction and facilitates activation of T cells. The activation of T cells is mediated by a receptor-associated protein-tyrosine kinase, lck, that is associated with the cytoplasmic tails of CD4 and CD8 molecules.
In addition to the CD4 and CD8 co-receptors, there are other accessory molecules expressed on T cells and APC that participate in the activation of T cells. The accessory molecules function as ligand-receptor pairs that participate in both cell-cell adhesion and signal transduction. 
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List of well documented accessory molecules

T CELL ACTIVATION

To carry out effector functions such as CD4 T cell helper activity or CD8 cytotoxic activity, T cells need to be activated. T cell activation is initiated by aggregation of TCR-CD3 complexes caused by antigen binding. 
This aggregation activates a cell surface protein phosphatase (CD45), a series of receptor-associated protein-tyrosine kinases, and protein kinase C (PKC). 
These intracellular events subsequently activate a series of transcription factors that translocate to the nucleus and initiate transcription of important cytokines and cytokine receptors.
Mature T cells, when they leave the thymus, remain inactive in the G0 phase of the cell cycle. These T cells that have not yet encountered any foreign antigens are naive T cells. The naive T cells, when they recognize an antigen-MHC complex on an appropriate APC, will be activated, initiating a primary response. 
As a consequence of the primary response, effector or activated T cells and memory T cells are generated. Activated T cells have a short life and will die by apoptosis 2 to 3 days after the primary response. On the contrary, memory cells have a longer life span (months to years) and respond vigorously with the same antigen in the subsequent antigenic challenging, the secondary response. When sufficient numbers of TCR-CD3 molecules engage with antigen MHC complexes, aggregation of TCR-CD3 complexes at the cell surface level occurs and results in the recruitment of additional co-receptors, like CD4 or CD8 and accessory molecule CD45 to the receptor complexes. It was estimated that aggregation of approximately 100 TCR-CD3 molecules is sufficient to initial cell activation.
Within the close proximity of the receptor aggregate, CD45, which functions as a protein phosphatase, activates the protein-tyrosine kinases Ick and fyn. 
The targets of the two protein-tyrosine kinases are the ITAM domains presented in the CD3 γ, δ, ε, and γ chains. When ξ chains are phosphorylated, they recruit and activate ZAP-70, itself also a protein-tyrosine kinase. The next enzyme activated by ZAP-70 is the phospholipase Oγ -1 (PLC-γ1). PLC- γ generates two active molecules from the phosphatidylinositol biphosphate (PIP2): inositol triphos​phate (IP3) and diacylglycerol (DAG). DAG in turn activates PKC, while IP3 induces release of Ca2+ from the endoplasmic reticulum, raising the intracellular levels of Ca2+. 
The last cytoplasmic event in this cascade reaction is the activation of two important transcription factors, the NF-kB (nuclear factor that binds the k light chain regulatory region) and NF-AT (nuclear factor of activated T cells). Activation of NF-kB is dependent on PKC, while NF-AT activation is dependent on calcineurin, a calmodulin-dependent phosphatase. The two most potent inhibitors of calcineurin are cyclosporin-A and FK-506. The two drugs can effectively inhibit T cell activation and are widely used as immunosuppressive drugs. Activated transcription factors then translocate to the nucleus.
The final phase of T cell activation takes place in the nucleus, where activated transcription factors bind to regulator regions of various cytokines and cytokine receptors and initiate new transcription. One of the most important cytokine and cytokine receptor is IL2 and IL2 receptor that function to maintain survival of the activated T cells. 
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Activation of T cells.
 Left: An antigen-presenting cell (APC) presents processed antigen in association with a class II MHC protein. The antigen is recognized by the T-cell receptor (TCR) specific for that antigen, and the helper T cell is activated to produce interleukin-2 (IL-2). IL-2 binds to its receptor on the helper T cell and further activates it. Note that CD4 protein on the helper T cell binds to the MHC class II protein on the APC, which stabilizes the interaction between the two cells, and that B7 on the APC must interact with CD28 on the helper T cell for full activation of helper T cells to occur.
 Right: A virus-infected cell presents viral antigen in association with class I MHC protein. The viral antigen is recognized by the TCR specific for that antigen and, in conjunction with IL-2 produced by the helper T cell, the cytotoxic T cell is activated to kill the virus-infected cell. The CD8 protein on the cytotoxic T cell binds to the class I protein on the virus-infected cell, which stabilizes the interaction between the two cells. Note that the class II MHC protein consists of two polypeptides, both of which are encoded by genes in the HLA locus. The class I protein, in contrast, consists of one polypeptide encoded by the HLA locus and β2-microglobulin (β2 MG), which is encoded elsewhere. 
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Memory T Cells

Memory T (and B) cells, as the name implies, endow our host defenses with the ability to respond rapidly and vigorously for many years after the initial exposure to a microbe or other foreign material.
 This memory response to a specific antigen is due to several features: (1) many memory cells are produced, so that the secondary response is greater than the primary response, in which very few cells respond; (2) memory cells live for many years or have the capacity to reproduce themselves; 
(3) memory cells are activated by smaller amounts of antigen and require less co-stimulation than do naive, unactivated  T cells;
 (4) activated memory cells produce greater amounts of interleukins than do naive T cells when they are first activated.
T-Cell Receptor
The T-cell receptor (TCR) for antigen consists of two polypeptides, alpha and beta, which are associated with CD3 proteins.
TCR polypeptides are similar to immunoglobulin heavy chains in that 
(1) the genes that code for them are Formed by rearrangement of multiple regions of DNA;
 (2) there are V (variable), D (diversity), J (joining), and C (constant) segments that rearrange to provide diversity, giving rise to an estimated number of more than 107 different receptor proteins;
 (3) the variable regions have hypervariable domains; 
(4) the two genes (RAC-1 and RAG-2) that encode the recombinase enzymes that catalyze these gene rearrangements are similar in T cells and B cells.
Note that each T cell has a unique T-cell receptor on its surface, which means that hundreds of millions of different T cells exist in each person. Activated T cells, like activated B cells, clonally expand to yield large numbers of cells specific for that antigen.
Although TCRs and immunoglobulins are analogous in that they both interact with antigen in a highly specific manner, the T-cell receptor is different in two important ways: 
(1) it has two chains rather than four;
(2) it recognizes antigen only in conjunction with MHC proteins, whereas immunoglobulins recognize free antigen. Also TCR proteins are always anchored into the outer membrane of T cells. There is no circulating form as there is with certain antibodies (monomeric IgM is in the B-cell membrane, but pentameric IgM circulates in the plasma).
Features of T Cells

T cells constitute 65-80% of the recirculating pool of small lymphocytes. Within lymph nodes, they are located in the inner, subcortical region, not in the germinal centers. (B cells make up most of the remainder of the pool of small lymphocytes and are found primarily in the germinal centers of lymph nodes.) The life span of T cells is long: months or years. They can he stimulated to divide when exposed to certain mitogens, eg, phytohemagglutinin or concanavalin A (endotoxin, a lipopolvsaccharide found on the surface of gram-negative bacteria, is a mitogen for B cells but not T cells). Most human T cells have receptors for sheep erythrocytes on their surface and can form "rosettes" with them; this finding serves as a means of identifying T cells in a mixed population of cells.
Effector  Functions of T Cells 
There are two important components of host defenses mediated by T cells: delayed hypersensitivity and cytotoxicity.
PREVENTION OF INFECTION: VACCINATION

Humans have known of vaccination, if not its mechanisms, for thousands of years. Vaccination
is an inoculation of non-virulent or inactivated microbes as a means of inducing specific immunity. Those who survived diseases such as plague, smallpox, and other epidemic diseases were generally sale from the same diseases developing again, even as many others around  them might be dying. Not only was their survival a blessing to the survivors but also provided society with a set of individuals able to aid others and perform critical activities in the face of subsequent epidemics.
History of vaccination

The ancient Egyptians and Chinese performed forms of vaccination to attempt to protect themselves against diseases such as smallpox by exposing individuals to powders formed from the crusts and scales of pockmarks on infected individuals. Sometimes mild forms of the disease developed in individuals so treated, or sometimes no visible disease developed at all, but those individuals found themselves protected. 
In 1794, Edward Jenner demonstrated that intentional inoculation with cowpox     (a mild disease in humans caused by a form of vaccinia, a virus that normally infects cattle) conferred protection against smallpox, a potentially fatal human disease caused by a related but more virulent form of vaccinia. At the time, of course, there was no knowledge of the role of microbes in causing such diseases. Jenner called his procedure vaccination, and the word was later adapted to name the viral organism found lo be the causative agent. Later, the discovery by Robert Koch of the role of specific microbes in specific diseases stimulated activity in the field. Louis Pasteur advanced the science of vaccination by developing effective vaccines against epidemic diseases of agricultural animals and eventually performed a dramatic demonstration of a rabies vaccine that saved the life of a young boy bitten by a rabid dog. Since that time, vaccination has revolutionized human and animal health. Routine childhood vaccinations have eliminated much of the misery and occasional permanent crippling or fatal consequences of once commonplace diseases such as measles, diphtheria, and polio. 
Smallpox, a disease that once killed humans by the thousands, has in turn been practically eliminated and the smallpox  virus now exists only in a few protected laboratories.
CLINICAL APPLICATION SMALLPOX

Smallpox is a highly contagious disease spreading from person to person, often by saliva droplets from the affected person's mouth. Early symptoms are similar to those of influenza and include high fever, headache, fatigue, muscle aches, and vomiting. Approximately 2 to 3 days after the onset of the symptoms, a rash appears. The rash is initially seen on the face and oropharynx; it then spreads to the upper arms, legs, and trunk. 
The mortality rate is approximately 30%, with death usually occurring during the second week of illness. Treatment for smallpox is mainly supportive, because there is no known effective treatment. Vaccination within 4 days of exposure to smallpox can prevent a fatal outcome and can reduce the severity of the illness.
Thomas Jefferson, in an 1806 letter to Edward Jenner, wrote that, "Future nations will know by history only that the loathsome smallpox has existed and by you has been extirpated." Because of a successful worldwide vaccination program, no case of small pox has been reported since 1977. In the United States, routine childhood vaccination for small pox ended in 1972. There is, however, current concern about the potential use of smallpox as a weapon of bioterrorism.
· The standard vaccination schedule in the United States is presented in:
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The beneficial impact of vaccination has been so widespread dial we now face the situation in which many people no longer recognize the dangers that have been overcome. A growing number of parents fail to recognize the need to vaccinate children, and some individuals advocate the elimination of vaccinations because they believe them to be responsible for several, although rare, side effects. As a result, the danger exists that a pool of unprotected individuals may be created that could once again be subject lo main of the infectious diseases dial once terrorized human populations. 
It is probably not necessary dial every individual in a population be vaccinated. So long as a sufficiently large population is vaccinated, the chances of an infectious agent "finding" an unprotected individual become very small, and the population as a whole remains essentially resistant. This concept is called herd immunity. The inherent risk is dial if an infectious organism infects a significant number of unprotected individuals, the infection could spread rapidly among them, and ensuing mutations unanticipated by the vaccine could endanger vaccinated individuals its well.
Essential characteristics of vaccines

For vaccinations to be effective in protection of intended populations, several characteristics must be present.
The vaccine must provide effective protection against the pathogen from which it is derived without significant danger of actually causing the disease or severe side effects.
The protection provided by the vaccine must be effective over a long period of time.
The vaccine must stimulate development of those immune responses that are most effective against the pathogen in question (protective T-cell responses).
It must stimulate the production of neutralizing antibodies to minimize reinfection. It must be sufficiently stable for storage, transport, and use.
The vaccine must be economically feasible for widespread use.
Types of vaccines

Vaccines may be prepared from pathogenic organisms in a variety of ways.
Live vaccines are those that include organisms capable of normal infection and replication. These vaccines are not used against pathogens causing severe diseases.
Attenuated vaccines are those in which the organisms included are live, but their ability to replicate and cause disease has been damaged by treatment with heat, chemicals, or other means. These vaccines cause only subclinical or mild forms of the disease at worst.
Killed vaccines include organisms that have been killed by treatment with physical or chemical agents and may include inactivated toxins (toxoids). They should be incapable of replication or infection but still able to provoke immune responses.
Extracts are vaccines composed of materials derived of materials isolated from disrupted and lysed organisms. These vaccines would be most appropriate for protection against diseases in which the organisms are so virulent that even killed vaccines are not used because of the risk that a few organisms may have survived the treatments intended to kill them.
Modern techniques of molecular biology have permitted two additional forms of vaccines to lie generated.
Recombinant vaccines are those in which the organisms have been engineered in the laboratory by the removal of certain genes critical to their ability to actually cause the disease (the gene encoding a critical toxin) or  reproduce completely. These organisms are typically able to infect host cells and even proliferate but cannot induce the disease they are associated with.
DNA vaccines are those in which the naked genetic material of the organism is injected into the host. The DNA has usually been modified to remove some genes that are critical to causing disease but includes those whose products will stimulate immune responses. The intent is that host cells will pick up the DNA, incorporate it, and express the gene products from the pathogen. The antigenic stimulus remains intact longer than methods in which the vaccine is rapidly eliminated from the host and the stimulation of the immune system stops.
In general, live vaccines generate the most efficient immune responses, with attenuated vaccines less so, followed by killed vaccines and extracts. Paradoxically, the safer the vaccine, the less effective it may be. Living, replicating organisms may synthesize and express molecules that are highly stimulatory to the immune systems, but those molecules may be absent from vaccines containing only killed or attenuated organisms. The potency of vaccines can be elevated by administering them alter mixing diem with adjuvants.
Adjuvants

Adjuvants are substances or mixtures that are given together with vaccines lo heighten the effectiveness of the vaccination. 
Adjuvants prolong the period of time that a vaccine persists to stimulate the immune responses, and/or attracts phagocytic cells to the site of application and stimulates their activation so that their antigen presentation to lymphocytes is increased. Adjuvants are mixtures of bacterial components suspended in sonic medium such as oil to slow and prolong their dispersal into the tissues.
 The bacterial material provokes a mild inflammation, attracting phagocytic and other cells to the site. Some vaccine components themselves can serve as adjuvants. In DTP (diphtheria-tetanuspertussis) vaccine, the pertussis component (from Bordetella pertussis, the causative agent of whooping cough) is an effective adjuvant. Other adjuvants include alum and BCG (Bacillus Calmette Guerin). 
The latter is not used for human vaccinations in the United States and other countries because it uses material derived from Mycobacterium and can cause false-positive indications in persons being tested for tuberculosis.
Difficulties in vaccine development

The development of effective vaccines is not necessarily a straightforward one. Although main dangerous infectious diseases are now prevented or minimized by routine vaccination, many others such as malaria, schistosomiasis, and AIDS still lack effective vaccines. Often the difficulty in developing a vaccine is related to characteristics of the infectious organism. As mentioned earlier, the ability of cells to sequester themselves within certain types of host cells shelters them from the effects of antibodies. If the host is not generating sufficiently effective cellular responses, clearance of the pathogen is difficult. And, as described earlier, some pathogens such as Plasmodium enter erythrocytes that do not express MHC class 1 or 2 molecules and are essentially invisible to T cells.
In many cases, however, the difficulty lies with the ability of the pathogen to change its antigens so that immune responses generated to that point are ineffective. Perhaps the most dramatic example of this is HIV. The immune system can generate strong antibody responses against certain structures on the viral surface, but because the virus mutates so rapidly during replication, large numbers of new surface structures are constantly being generated that are new to the immune system. 
These escape mutants are free to continue replicating as the immune system tries to catch up. Unfortunately, if and when it does, new generations of new escape mutants have already been generated, and the immune response often plays a hopeless game of catch-up. 
Course 10: Humoral immunity

· Humoral immunity
· Mechanisms by which antibodies provide immunity
· Opsonization 
· Primary and secondary antibody responses
· T cell-independent and –dependent antigens
· Theories of how antigen-specific antibodies are made
· Antigen –specific T-dependent antibody formation
· T cell-B cell interaction molecules that are important for T cell-dependent antibody production
· Cytokine profiles and antibody isotype production
HUMORAL IMMUNITY

Humoral immunity involves the production by an immunized donor of soluble proteins called antibodies that can be transferred in the donor serum to an unimmunized recipient to confer immediate specific immunity within the recipient. This is in contrast to cellular immunity, which involves the transfer of whole cells from the donor to confer immunity in the recipient.
The antibodies produced against an antigen during a humoral immune response in an immunized donor can provide immediate protection to an unimmunized recipient against a specific antigen. 
For example, a person bitten by a snake can receive immediate protection from the serum of a donor that had previously mounted a humoral immune response against the snake bite venom. 
The advantage to this passive transfer of immunity to the snake bile victim is that the victim himself does not have to wait the 5 to 6 days required for optimal antibody production to occur against this specific antigen. However, for most antigens entering the body, the initial production of antibody does occur within the host. Therefore, an understanding of how antibody production occurs is essential to our understanding of one basic protective mechanism that we have for neutralizing antigens.
MECHANISMS BY WHICH ANTIBODIES PROVIDE IMMUNITY

· Neutralization of antigen
· Fc receptor-mediated phagocytosis 
· Complement-mediated  lysis 
There are three primary mechanisms by which antibodies confer immunity. First, antibodies can bind to soluble or cell-associated antigens to prevent their inducing any detrimental effects. 
For example, the HIV expresses a number of antigens that stimulate the production of specific antibodies. The antibodies produced are then able to bind to the cell surface antigens, present on an intact virus, that initially stimulated their production. Since some of these HIV-associated antigens are important for the virus to gain entry into a host CD4+ T cell, the binding of a specific antibody to these antigens will neutralize the ability of the virus to enter a T cell.
OPSONIZATION

Opsonization is the process of coating an antigen with specific antibody to promote phagocytosis of the antigen.
Second, antibodies can bind to soluble and cell-associated antigens and, subsequently, bind to phagocytic cells via the Fc portion of the antibody to the Fc receptor expressed on phagocytic cells. 
In this manner, the antibody coating the antigen delivers the antigen to the phagocyte and thereby enhances both the phagocytosis and the ultimate destruction of the antigen by these cells. Third, antibodies can bind to cell-associated antigens and, subsequently, activate complement proteins that form pores in the cell to destroy the cell through lysis. The process of coating an antigen with specific antibody to promote phagocytosis is known as opsonization. 
PRIMARY AND SECONDARY ANTIBODY RESPONSES

PRIMARY
· Response to first antigen exposure
· Lag time in response IgM 
· Low affinity antibody 
SECONDARY

· Response to second antigen exposure
· Immediate response IgM 
· High affinity antibody
Antigen exposure for the first time induces an antibody response that can be measured in the serum after a lag period of about 6 to 12 days. The antibody isotype produced during a primary response is mostly IgM, the level of antibody produced decreases shortly after peak levels have been obtained, and the generation of memory B cells occurs.
 In contrast, exposure to the same antigen a second time induces an antibody response that can be measured in the serum within a few days of antigen exposure. The antibody isotype produced is primarily IgG, the level of antibody in the serum persists from weeks to months after antigen exposure, and the affinity of the antibody for antigen is greatly increased. 
The process of antibody formation is a complex and intricate phenomenon. The B cell is the cell ultimately responsible for making antibody. However, the production of antibody by B cells can occur in either a T cell-independent or a T cell-dependent manner, depending on the nature of the antigen eliciting the response. The classification of these antigens depends on whether or not an antibody response can be generated in a thymus-deficient host. 
Since the thymus is responsible for generating all the mature T cells that are used to elicit immune responses in the body, an antigen that generates an antibody response in a host lacking a thymus is classified as a T cell-independent antigen, as opposed to an antigen that is T cell-dependent and requires the presence of a thymus to generate an antibody response.
T CELL-INDEPENDENT AND -DEPENDENT ANTIGENS

T cell-independent antigens are antigens that activate B cells in a polyclonal manner in the absence of CD4+ T-helper cells. 
T-cell dependent antigens are antigens that activate B cells only in the presence of CD4+T-helper cells.
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Primary and secondary antibody response
T cell-independent antigens activate B cells in a polyclonal manner; they activate many different B cells regardless of their epitope specificity and do not necessarily activate B cells through interaction with the immunoglobulin receptor. In this manner, T cell-independent antigens induce B cells to produce antibodies that will bind to many different antigenic determinants, even those to which the B cell was not exposed. 
T cell-independent antigens include the lipopolysaccharides of Gram-negative bacteria and other antigens in which an immunodominant epitope is repeated many limes, such as polymeric proteins. T cell-independent antigens induce primarily lgM production and do not induce B cell memory.
In contrast, a B cell response to low concentrations of T cell-dependent antigens requires the presence of CD4+ T-helper cells. In this manner, either a hapten or a particular epitope of a soluble protein antigen is recognized by the antigen binding site of the immunoglobulin molecule on the cell surface of a B cell, and, therefore. B cells are selected in an antigen-specific manner. However, this selected B cell cannot make antibody until a T cell recognizes a unique epitope of either the soluble protein antigen or the carrier protein attached to the hapten, both of which must first undergo extensive degradation. 
This process of degradation occurs only after antigens enter the cell through B cell-mediated endocytosis. Once inside the B cell, the antigen is processed and reexpressed on the surface of the B cell in association with gene products of the MHC class II. The selective recognition of different epitopes on the same immunogen by T and B lymphocytes forces these two different lymphocytes to physically interact with each other to activate each other to induce clonal expansion: single antigen-specific T and B cells will proliferate to produce clones of themselves, all of which produce the same type of cytokine and antibody. 
T cell-dependent antigens induce both primary and memory B cell antibody responses leading to the production of IgM, IgG, IgA, and IgE antibodies. More importantly, these different classes of antibodies bind only to the specific antigen that originally bound to the immunoglobulin molecule expressed on the cell surface of the antibody-producing B cell.
THEORIES OF HOW ANTIGEN-SPECIFIC ANTIBODIES ARE MADE
These previous theories have been disproved.
Selective theory: multiple immunoglobulin specificities expressed by one B cell.
Instructive theory: antigen molds the specificity of the immunoglobulin molecule.
These current theories are accepted.
Clonal selection theory: immunoglobulin diversity is generated before antigen enters the system.
Network theory: involves a process of idiotype-anti-idiotype antibody interactions.
Before discussing the detailed mechanism by which B cells become activated to produce antigen-specific antibody against a T cell-dependent antigen, the different theories that have been proposed to be responsible for antibody formation must be fully understood. 
The selective theory proposed that an antigen combined with one out of several molecules on the surface of immune cells stimulates the generation and release of that one particular molecule more than others. This theory became invalid when it was realized that each cell would be required to express a vast number of different molecules to recognize a vast number of structurally different natural and synthetic antigens. 
In contrast, the instructive theory proposed that antigen acted as a template for instructing a nonspecific antibody on the cell surface to fold itself around the antigen to make a specific antibody against that antigen. This theory was challenged when it was determined that antibody specificity lies in the primary amino acid sequence of the antibody protein molecule.
The most accepted theory to date is known as the clonal selection theory. 
This theory proposes that antigen receptor diversity is generated before antigen enters the system and that the role of antigen is to selectively stimulate specific receptors on a specific clone of cells to induce these cells to proliferate and produce specific antibody against the antigen.
 This theory implies that all secreted antibody produced by cells from the expanded clone will have antigen-combining sites identical to the antibody receptors on the surface of the original clone. Thus, all of the antibody produced against a single antigen is the result of the selection, activation, and expansion of cells expressing a restricted antigen receptor specificity.
Clonal selection can also be induced by a mechanism that does not involve external antigen but instead involves a process of idiotype-anti-idiotype antibody interactions. 
This mechanism of antibody production is known as the network theory. This theory proposes that each immunoglobulin molecule expresses its own unique set of determinants within the variable domain, each of which is called an idiotope. Collectively, all of the individual idiotopes make up the antibody idiotype. 
The idiotype is recognized as foreign by immunoglobulin molecules expressed on other cells, and these antibodies are known as anti-idiotypic antibody molecules. 
The idiotopes of the anti-idiotype antibodies are, in turn, recognized by other immunoglobulin molecules expressed on other cells: thus, a network of interacting cells is established. In this manner, idiotype-anti-idiotype interaction limits the clonal expansion of B cells and, thus, keeps these cells in a state of equilibrium. Since the idiotope mimics the image of an external foreign antigen, the idiotype-anti-idiotype interaction can be broken by the entry of external antigen into the system. 
The specific antigen breaks the state of equilibrium established by the idiotype-anti-idiotype interactions and induces a specific set of B cells to clonally expand.

ANTIGEN-SPECIFIC T CELL-DEPENDENT ANTIBODY FORMATION
This is the production of antibody against a specific antigen by a specific B cell and only in the presence of T cells that recognize a processed form of the same antigen.
The clonal selection theory laid the foundation for studies establishing that B cells express immunoglobulin molecules that bind antigens and then proceed through a sequence of activation, proliferation, and differentiation events that culminate in the production of antibodies that neutralize and/or eliminate the antigens that initially triggered their activation. However, the B cell requires "help" to proceed through this sequence of activation events. 
CD4+ T cells provide this help. The B cell functions independently of CD4+ T cells to bind, endocytose, and process antigen into small fragments. These small antigenic fragments are then reexpressed on the B cell surface in association with MHC class II. After these events, B cell function is dependent on the presence of CD4+ T cells. The CD4+ T cell receptor recognizes the processed antigen-MHC complex on the B cell surface and lightly interacts with the B cell.
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The intimate cell-cell interaction that occurs allows for the transduction of signals across the membrane of both the CD4+ T cell and B cell to induce lymphokine release by the CD4+ T cell and a state of lymphokine responsiveness in the B cell. In this manner, only antigen-specific B cells become activated to respond to the cytokines that are released in their immediate environment. At this point, the B cells respond to the T cell-derived cytokines by clonally expanding and, days later, secreting antigen-specific antibody.
T CELL-B CELL INTERACTION MOLECULES THAT ARE IMPORTANT FOR T CELL-DEPENDENT ANTIBODY PRODUCTION
· T CELL 
· T Cell Receptor/CD4
· CD2
· CD54(ICAM-1)
· CD11/CD18(LFA-1 α/β)
· CD28
· CD40L
· B CELL 
· Antigen/MHC Class II
· CD58 (LFA-3)
· CDII/CD18(LFA-1 α/β)
· CD54(ICAM-1)
· CD80(B7.1)/CD86(B7.2)
· CD40
More specifically, the contact-mediated signals to activate the T cell and B cell commence when B cells interact with CD4+ T cells as they present processed antigenic  fragments in association with MHC class II molecules to the T cell receptor. The binding of CD4 to MHC class II and of CD2 to CD58 (formerly called LFA-3) promote the initiation of the signaling process through the T cell receptor complex. 
This initial interaction is further strengthened by a number of other adhesion molecules, such as CD54 (formerly called ICAM-1) and CD11/18 (formerly called LFA-1 α/β) present on the cell surface of both cells. Other molecules, called co-stimulatory molecules, are required or optimal activation of both the T cell and B cell. 
These co-stimulatory molecules include both the T cell- associated CD28 that is stimulated by the B cell-associated CD80 (formerly called B7.1) or CD86 (formerly called B7.2) and the B cell-associated CD40 molecule that is stimulated by the T cell-associated CD40L molecule.
 Interestingly, it is the CD28-CD86 co-stimulatory signal that appears to be responsible for activation of the T cell to express the CD40L molecule that is critical to B cell activation via stimulation of the CD40 molecule. The lack of CD40L expression on immune cells leads to the development of a disease in humans known as X-linked hyper-IgM syndrome. As part of the clinical symptoms associated with this syndrome, the host is unable to generate high affinity IgG antibodies to combat extracellular bacteria and, thus, succumbs to severe bacterial infections. Diseases such as this one have helped us to understand the physiological significance of the CD40L-CD40 interaction between a T cell and B cell that was initially characterized in a test tube.
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Interaction between APC, B cell, and Th cell in generating an antibody-secreting plasma cell.

CYTOKINE PROFILES AND ANTIBODY ISO  TYPE PRODUCTION
· Th1 cell -> IL-2 and IFN-γ -> IgM and IgG2a
· Th2 cell -> IL-4, IL-5, IL-6, IL-10 -> IgM and IgG4 (IgG1 in the mouse)
Moreover, CD4+ T-helper (Th) cells not only activate the B cell during cell-cell interaction, but they also provide the cytokines necessary for B cell growth and differentiation into antibody-secreting cells. 
Two CD4+ Th cell subsets have been identified and are characterized by the cytokines they secrete. Th1 cells secrete interleukin (IL)-2 and interferon (IFN)-γ, while Th2 cells secrete IL-4, IL-5, IL-6, and IL-10. Both CD4 + T cell subsets provide help for B cell IgM production, albeit to different degrees, while their distinctive cytokines influence the production of particular antibody isotypes. 
For example, in vivo, mice that produce high amounts of IFN-γ and little IL-4 produce large amounts of IgG2a, while mice that produce high amounts of IL-4 and little IFN-γ produce large amounts of IgG1. In vitro, IFN-y-producing Th1 cells induce B cells to produce IgG2a ,while IL-4-producing Th2 cells induce B cells to produce IgG1. However, maximal T cell-dependent antibody production is induced by a combination of cytokines released from both CD4+ T cell subsets.
The important point to remember is that as a result of the above-described scenario, a specific B cell will be activated to produce antibody only against the antigen that bound to the B cell immunoglobulin molecule initially. It is also important to note that the T cell and B cell become activated as a consequence of recognizing the same antigen, albeit as a consequence of recognizing different epitopes on that same antigen.
Course 11: Inflammation
· The inflammatory process
· Acute inflammation
· Chemotaxis 
· Adhesion molecules
· Inflammatory mediators
· Chronic inflammation
THE INFLAMMATORY PROCESS

The inflammatory process is the body’s response to injury, triggered by invasion of bacteria or other infections agents.
The inflammatory reaction occurs independent of the immune system after physical injury. It is characterized by:
1)  increased blood flow to the affected area, to dilute potentially toxic agents;
2) increased capillary permeability, to facilitate transmission of larger molecules across the endothelium;
3) the migration of leukocytes (primarily neutrophils and to a lesser extent macrophages) out of the circulatory system between endothelial cells by diapedesis into the surrounding tissue. These processes are initiated within minutes but the consequences can linger for weeks to months. The goal of the leukocytes is to remove debris and restore normal tissue structure and function. A subset of these cells are capable of phagocytosis, and they perform this function by internalizing and digesting necrotic tissue as well as foreign material. The duration and magnitude of the inflammatory response dictates the ultimate outcome. If the tissue is more severely damaged and the inflammatory response is prolonged, then it will be more difficult to restore normal tissue architecture.
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Acute inflammatory response
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Timing of the cascade of inflammatory events
ACUTE INFLAMMATION

Acute inflammation is the early phase of the inflammatory process, characterized by: 
· Rubor (redness)
· Calor (heat)
· Tumor (swelling, edema)
· Dolor (pain)
Leukocytes, which normally constitute 1% of the circulating cells, with the remaining being primarily RBCs, are active in the repair process that follows tissue injury and in fighting infection. The first cell type to appear at an inflammatory site is the neutrophil, a subset of polymorphonuclear leukocytes (PMNs) or "polys".
[image: image98.jpg]CHARACTERISTICS OF INFLAMMATORY CELLS

FREQUENCY NUCLEAR
CELL TYPE DIAMETER IN BLOOD MORPHOLOGY GRANULES
o
Neutrophil 9-12 pm 60-70 Multilobed Neutral staining
Mast cells 10-30 wm Large, round, Large
centrally metachromatic
located staining
Eosinophils 10-14 um 2-4 Bi/multilobed ~ Red-Orange
staining
Basophils 8-10 wm 0.5-1 Bilobed or Large
U-shaped metachromatic
or basophilic
Monocytes 12-15 pm 3-8 Oval or kidney  None
bean-shaped
Lymphocytes ~ 8-10 wm 20-35 Dense, round,  None

eccentrically
located





At sites of inflammation, neutrophils adhere to the walls of postcapillary venules and diapedese between the endothelial cells into the connective tissue matrix below. Once at their target site, neutrophils exert their effects by releasing the contents of their cytoplasmic granules, which contain hydrolylic enzymes and reactive oxygen metabolites. In addition, neutrophils are avid phagocytic cells especially effective against bacteria. The contents of their phagocytic vacuoles fuse with lysosomes containing hydrolytic enzymes to digest the contents.
Mast cells, located in perivascular connective tissue throughout the body, are most commonly known for their role in Type 1 hypersensitivity reactions or immediate hypersensitivity . Since they have high affinity cell surface receptors for the Fc portion of the immunoglobulin molecules, mast cells are capable of fixation of IgE and antigen. This causes mast cells to degranulate, thus releasing their chemical mediators.
[image: image99.jpg]Fc Receptor

‘

Mast Cell

T w

IgE antigen  Fc Receptor

Mast Cell Degranulation



Mast cell degranulation
Functions triggered by mast cell activation include the following.
· Histamine: increase in the blood flow and capillary permeability
·  Heparin: decrease in blood coagulability 
· Slow releasing factors of anaphylaxis (SRS-A): increase in muscle tone 
· Prostaglandins: pain, contraction of smooth muscle cells 
· Chemotactic factors: recruitment of neutrophil and eosinophil 
Eosinophils are involved in allergic responses and aid in the resistance to parasitic infection. They are commonly found in the connective tissue of the digestive and respiratory systems, as well as in the circulation during allergic responses (asthma and hay fever) and following parasitic infection. In addition to their role in acute inflammatory processes, eosinophils are also present in chronic inflammation, although the numbers of cells may be quite low. They do not directly phagocytose bacteria or other particulate antigens directly, but they do take up antigen-antibody complexes. Furthermore, they release pharmacologically active mediators that increase vascular permeability, including serotonin and prostaglandins. Finally, eosinophils play a critical role in the response to parasitic infection. Major basic protein, which is contained in the granules of eosinophils, is released upon degranulation. The protein coats the cell surface of the parasites and facilitates antibody-dependent killing of the organisms. It also acts on mast cells to cause their degeneration.
Basophils resemble the connective tissue mast cell in both structure and function, yet they arise from different lineages. Both are involved in increasing the permeability of the vascular system during inflammation and bind immunoglobulin, primarily IgE. Degranulation occurs in allergic reactions following the binding of antigen-bound immunoglobulin to the cell surface. The granules contain agents that are chemotactic for leukocytes, as well as histamine, which causes vasodilation and promotes the migration of those cells from the circulatory system to the connective tissue. This can cause local swelling and in extreme cases anaphylactic shock. 
In addition to leukocytes, epithelial and connective tissue cells, such as fibroblasts, once thought of as passive bystanders in inflammatory events, are now known to play critical roles in both acute and chronic inflammation. These roles include the expression of cell surface adhesion molecules (which mediate the adherence between the leukocytes and the endothelial cells) and the production of cytokines, which recruit leukocytes and activate them to better perform their functions.
The Capillary Endothelium acts as the following.
· A selectively permeable barrier
· A synthetic and metabolic system
· A nonthrombogenic container for blood
Capillary endothelial cells, a subclass of epithelial cells that surround the lumen of blood vessels, provide the barrier between the connective tissue and the vascular system. Under abnormal conditions, such as inflammation, capillary and post capillary venular permeability is greatly increased. This is achieved by altering the state of the junctional complexes between adjacent endothelial cells, thus allowing leukocytes to leave the blood stream by passing between endothelial cells and entering the underlying tissue by a process called diapedesis. The local release of mediators, including histamine and bradykinin, facilitates diapedesis by increasing the permeability across the endothelial cell layer.
Upon activation, capillary endothelial cells can produce cell adhesion molecules and a variely of cytokines that allow for the marginatum of leukocytes prior to their migration from the blood vessel to the site of inflammation.
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Acute inflammatory response
CHEMOTAXIS

Chemotaxis is the directed migration along a concentration gradient, as opposed to chemokinesis or cytokinesis, which involve random cell movement.
A key element in the inflammatory process is chemotaxis. Cells are diverted from the vascular system to sites of tissue damage by chemotactic factors, which are generated at the site of inflammation and diffuse laterally. By design they are small molecules with short half-lives to readily permit their diffusion and the termination of their effects.
The first such factor to be described was C5a, a reactive glycopeptide produced in both the classical and alternative pathways of the complement cascade.
C5a is chemotactic for neutrophils and macrophages at nanomolar concentrations. Other chemotactic mediators include formyl peptides (f-Met-Leu-Phe), leukotriene B4 thrombin, transforming growth factor β (TGFβ), inlerleukin-8 (IL-8), monocyte chemotactic peptide (MCP-1), and platelet-activating factor (PAF) and the connective tissue proteins, fibronectin, collagen, laminin, and fragments of elastin. 
      Thus, both blood-borne agents and components of disrupted basement membranes can serve to attract cells to the extravascular space.
ADHESION MOLECULES

Adhesion molecules are cell surface molecules that are present on both leukocytes and endothelial cells and are thought to mediate adhesive interactions between those cell populations.
In order for cells to migrate to and through endothelial cell monolayers, adhesion must take place. While endothelial cells attach to one another by means of junctional complexes, leukocytes do not. They utilize a set of cell surface molecules called cell adhesion molecules or CAMs. In response to chemotactic signals, selectins on the surface of circulating leukocytes interact with selectins on the luminal surface of endothelial cells. 
This loose association is called tethering. The leukocytes then roll along the endothelial cell surface and either fall off of the cell due to the shear force of blood flow or firmly adhere to the endothelial cell. Firm adhesion is mediated by integrins. This is then followed by emigration of leukocytes between the endothelial cells by diapedesis. Cytokines and bacterial products up-regulate the expression of CAMs on the surfaces of both leukocytes and endothelial cells; hence, they can act to trigger or prolong the adhesion and emigration process.
The families of cell adhesion molecules are as follows:
· Selectins: bind carbohydrates, initiate leukocyte-endothelial cell interactions 
· Integrins: bind to CAMs and extracellular matrix proteins, form strong adhesion 
· Immunoglobulin superfamily: members play various roles in cell adhesion
INFLAMMATORY MEDIATORS

Inflammatory mediators are secretory molecules produced by one cell that affect some function (chemotaxis, activation, or proliferation) of that same cell or an adjacent cell.
In addition to the cell contact-mediated stimulation of leukocytes, the state of activation of cells can be triggered by secretory products. These include cytokines, arachidonic acid metabolites (prostaglandins, leukotrienes, and thromboxanes), reactive nitrogen intermediates (nitric oxide), reactive oxygen intermediates (superoxide, hydroxyl radical, and hydrogen peroxide), histamine, and complement components.
Histamine is the major preformed mediator of mast cells. Formed from the amino acid histidine by an enzyme found in the cytoplasm of mast cells and basophils, its effects are mediated by two distinct classes of receptors, designated H1 and H2. Acute vascular inflammatory effects are transduced through H1 receptors on the surfaces of smooth muscle cells, and the anti-inflammatory effects involve H2 receptors.
The synthesis of nitric oxide takes place as follows:
Arginine
                                  > Citrulline + Nitric oxide
               Nitric oxide synthase 
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Nitric oxide and reactive oxygen intermediates could be thought of as secretory mediators, because they are made by one cell and exhibit their effects on another. The production of reactive nitrogen intermediates by mammalian cells is a recent observation, while the generation of reactive metabolites of oxygen has been known for some time. The oxygen intermediates include superoxide, hydroxyl radical, and hydrogen peroxide.
 Nitric oxide, which is synthesized from L-arginine in macrophages, appears to play a critical role in the antimicrobial activity. Nitric oxide synthase, the enzyme responsible for the production of the reactive intermediate, is activated by both cytokines and microbial products.
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Arachidonic acid metabolism
CHRONIC INFLAMMATION

This is an inflammatory process that continues past the first few days.
When the infiltration of neutrophils is not sufficient to clear an inflamed area, then additional support is provided by non-granular leukocytes, lymphocytes, and macrophages. This marks the entry into chronic inflammation, which is of longer duration and involves several different types of cells that reside in the blood and the connective tissue.
Following are some cells of the monocyte/macrophage lineage:
· Blood:  monocytes 
· Connective tissue: macrophages 
· Lung: pulmonary or alveolar macrophages
· Liver: Kupffer cells
· Skin: Langerhans cells
· Monocytes, the circulating precursor of tissue macrophages, remain in the circulation for 1 to 2 days prior to differentiation into macrophages. Macrophages are long-lived, highly motile, phagocytic cells that serve to protect tissue from foreign materials by internalizing (phagocytosis) and digesting it. Their cytoplasm contains large numbers of lysosomes and endocylic vacuoles and intracellular vesicles containing undigeslible material. Under certain conditions, such as the invasion of foreign material, macrophages can form multinucleated giant cells, which result from the fusion of several macrophages. In addition to directed and random movement of the entire cell, macrophages can extend pseudopods in an ameboid fashion to reach out and explore their environment. Macrophages are also highly secretory cells that produce a variety of mediators, which range from cytokines and prostaglandins to connective tissue elements.
The return to normal tissue structure and function following a local inflammatory event depends on the degree of damage to the tissue and the ability of cells within the tissue to regenerate. Since at many inflammatory sites the epithelium is damaged, the resolution can be thought of as a "competition"' between reepithelialization, which leads to a return to normal tissue structure and function, and fibrosis, the replacement of normal tissue with connective tissue containing fibroblasts and collagen. Evidence suggests that macrophages, as well as lymphocytes, play critical roles in both processes by elaborating cytokines, which enhance replication of epithelial cells and stimulate the proliferation of fibro​blasts (PDGF and IL-1) and the synthesis of extracellular matrix proteins, primarily type 1 collagen (TGFβ). In the absence of inhibitory signals, the aberrant production of these fibrogenic mediators sustains the connective tissue accumulation, resulting in permanent alteration in tissue architecture. 
While anti-inflammatory and immunosuppressive agents, including glucocorticoids, have been used clinically to turn off the inflammatory cascade of events, these treatments cannot reverse the fibrotic process once it has been initiated.
Course 12: Immediate hypersensitivity
· Lymphocyte migration into lymphoid tissues
· Germinal centers
· Follicular dendritic cells
· Mucosal immune system
· Allergic response
· Allergic response types
· Group I allergic responses
· Clinical syndromes induced by IgE mediated allergic reactions
· Group II allergic responses
· Group III allergic responses
· Group IV allergic responses
 LYMPHOCYTE MIGRATION INTO LYMPHOID TISSUES

Lymphocyte migration into lymphoid tissues involves a family of adhesion molecules called selectins, integrins, and members of the immunoglobin superfamily.
Both naive and memory lymphocytes continue to recirculate between blood and secondary lymphoid tissue. However, once activated, memory cells tend to recirculate back to the tissue where they were activated. Lymphocytes respond to chemotactic signals from inflamed tissues or secondary lymphoid organs initially via surface glycoproteins called selectins. E-selectin (ELAM-1) on endothelial cells binds L-selectin (LAM-1) on lymphocytes, causing a loose association or tethering. Firm adhesion is mediated by lymphocyte integrin proteins such as VLA-4 or LFA-1 interacting with their respective ligand VCAM or ICAM (member of the immunoglobin superfamily) on the surface of endothelial cells. 
This adhesive interaction causes an activation of the lymphocyte to increase expression of integrin molecules, thus strengthening the adhesion. The endolhelial cell then directs the lymphocyte toward its basal lamina while simultaneously down-regulating ICAM expression. Migrating lymphocytes finally diapedese between endothelial cells into an organ or tissue by up-regulating production of proteinases.
Once a naive lymphocyte is activated, it displays a different density of adhesion molecules specific for the tissue in which it was initially activated, thus allowing it to repeatedly return to that tissue.
GERMINAL CENTERS

Germinal centers (GCs) develop within primary follicles of lymph nodes and spleen during T cell-dependent immune responses. GCs are the sites of centroblast clonal expansion and VH region-directed somatic hypermutation, selection of high affinity antibody-producing centrocytes, deletion of low affinity centrocytes, Th1- and Th2-directed antibody class isotype production and eventual generation of plasmablasts or memory cells. 
B cells in lymph nodes and spleen first encounter Ag in the T cell-rich areas of the paracortex and periarterial lymphoid sheath (PALS), respectively. Ag is presenled to them by dendritic cells (DCs), which express high levels of class II major histocompatibility complex (MHC), adhesion, and co-stimulatory molecules. After activation, and within 2 days, these B blasts produce low affinity unmutated lg, which is capable of forming Ag-Ig complexes on follicular dendritic cells within primary follicles. Many of these cells die within 10 to 12 clays. On the average, three B blasts colonize each primary follicle and are then called centroblasts. Centroblasts, which are found in the base or dark zone of the follicle, down-regulate their surface lg and undergo a clonal expansion phase, dividing every 6 to 7 h. During proliferation, they activate a site-specific hypermutation mechanism that introduces random point mutations into their lg VH region genes.
 Centrocytes are the progeny of centroblasts that migrate apically into the basal light zone, where they up-regulate their somatically mutated surface lg (receptors). Here, they interact with follicular dendritic cells (FDCs), which can contain unprocessed Ag in the form of immune (Ag-Ab) complexes on their surface for months. The centrocytes that express somatically mutated surface lg receptors with high (  [image: image103.png]


  ) affinity for FDC-bound Ag up-regulate bcl-2 expression and are positively selected (which is opposite to positive selection of thymocytes). These centrocytes interact with Th2 cells and can become either plasmablasts or memory B cells, depending on the co-stimulatory signals they receive from FDC and Th1 or Th2 cells. However, they also have a high propensity to recycle back into centroblasts for further proliferation and even higher affinity I maturation. Centrocytes with low affinity somatically mutated surface lg (recep-1 tors) for FDC-Ag do not up-regulate bcl-2 and die via apoptosis. Thus, there is extensive fine tuning of centrocytes before they are allowed to produce antibody for export.
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GC zones
The recombination-activating genes RAG1 and RAG2, which drive genomic V(D)J rearrangements are also induced to he reexpressed in preapoptotic centrocytes of the basal light zone. This induction of an immature state in GC centrocytes may be necessary for further light chain receptor editing in an effort to save these cells.
This editing of VL genes, along with the bcl-2-regulated apoptosis, provides an additional mechanism for removing potentially autoreactive antibody-producing cells. Thus, in GC, there is an opportunity for antigen-dependent secondary V(D)J rearrangements to occur in order to fine tune the specificity of the peripheral antibody repertoire.
Once centrocytes with high affinity surface Ig and high expression of bc1-2 have passed the discriminatory environment of the basal light zone, they migrat to the apical light zone. Here Ab class switching and maturation into plasmablast or memory cells occur. Plasmablasts migrate into the medullary cords of lymp nodes and red pulp cord of the spleen, where they terminally differentiate int mature plasma cells and secrete their antibodies into the circulation .
 Some activated B cells or plasmablasts can leave the secondary lymphoi organs, return to the circulation, and reappear in the bone marrow and the gut. Memory B cells are found in the areas surrounding GCs (follicular mantles) a well as the marginal zone of the spleen. 
Initial proliferation of centroblasts gives rise to the first foci in primary to licles within 2 days, and the development of a full dark and light zone GC take 14 days. The development of GCs requires cluster formation between LFA-1 o B cells and ICAM-1 on FDCs as well as VLA-4 on activated B cells and VCAP on FDCs. 
In addition, interleukin-4, -5, and -10 must be elicited from Th1 or Th2 cells in order for antibody class switching and full centrocyte development to plasmablasts or memory cells to occur. GCs in spleen and lymph nodes peakat 2 weeks and begin to wane after 3 weeks; however, GCs remain constitutively in the gut.
FOLLICULAR DENDRITIC CELLS

FDCs have long processes and Fc, C, TNF receptors, as well as ICAM-1, and VCAM-1 but no MHC-II. They contain Ag-Ab complexes on their surface for months to years.
Centrocytes that continue to maintain high levels of bc1-2 expression can receive membrane-bound immune complexes (iccosomes) from FDC and induce the expression of T cell-reactive surface molecules such as B7.2. This resultant interaction determines whether there is differentiation into a mature GC centrocyte  or centroblast recycling. However, the formation of FDC clusters is critical dependent on TNFα and LTα, since these cytokines are necessary for FDC cluster formation and consequent primary as well as secondary follicles indicating that they have TNF-R1s.
The fact that FDC can contain Ag for prolonged periods of time is the reason why we do not need to be frequently immunized with certain antigens, since FDCs provide a continuous depot of Ag even without an existing GC. It has recently been recognized that the human immunodeficiency virus, upon disappearing from the blood, can be sequestered on the dendritic arms of FDC for a number of years. Eventually, the FDC can no longer hold the virus in check, the virus is released into peripheral blood, and the patient enters the lethal stages of AIDS.
MUCOSAL IMMUNE SYSTEM

The mucosal immune system (MIS) consists of lymphoid tissues within and directly beneath the epithelial lining of the respiratory, genitourinary, and gastrointestinal tracts as well as beneath the ductal system of the salivary, lacrimal, and mammary glands. The surface area of mucosal surfaces is over 100 times greater than that of skin, and the MIS contains up to 75% of all the B cells of the body. The primary product of the MIS is IgA.
Within the gastrointestinal tract, soluble antigen is taken up by villus epithelium and particulate antigens are primarily taken up in the ileal portion of the small intestine by specialized surface lining microfold (M) cells. M cells internalize Ag and transport it to underlying lamina propria macrophages, which process it and present it to surrounding collections of lymphoid cells forming ileal Peyer's patches (PPs).
 PPs contain follicles, similar to lymph nodes and spleen, with high endothelial venules and significant collections of T cells in between. T and B blasts activated here go to the nearest mesenteric lymph node for further maturation, alpha H chain class switching, or J chain formation or deletion. They then enter the thoracic duct and bloodstream, homing back to the same or distant mucosal sites. Thus, even though much of the processing and reactivity to antigen occurs in the ileum, protection through IgA occurs at many mucosal surfaces.
Serum IgA is monmeric and represents only 11% of all serum immunoglobulin. Secretory IgA represents over 95% of all Ig found in secretions and is primarily dimeric with two monomelic units covalently joined by a J chain. Dimeric IgA binds to a polymeric immunoglobulin receptor (pIGR) on the basal surface of mucosal epithelial cells. This IgA-pIGR complex is endocytosed and transported to the apical (luminal) surface of the epithelial cell. During this transport process, a small piece of the pIGR is cleaved with the remaining component now called the secretory component. Thus, IgA is secreted as dimeric IgA bound to a secretory component.
Secretory IgA does not activate the complement system but coats bacteria and some viruses (polio, coxsackie, rota, and herpes), thus preventing their adherence to mucosal lining epithelium. Also, some viruses within surface epithelia can be neutralized by pIGR-internalized IgA. However, it should be noted that oral immunization with soluble Ag does not always generate an immune response and can instead generate unresponsiveness.
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Ag and cell traffic in gut
Introduction

Hypersensitivity is the term applied to pathologies involving immune-mediated damage to host tissues. There are four major categories of hypersensitivity reactions: Types I, II, III, and IV. 
In most cases, they involve an inflammatory process, although the mechanisms may vary from one type to another.
 Most hypersensitivity reactions result in tissue injury mediated by the release of various chemical substances that attract and activate other cells and molecules responsible for inflammation. 
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Generation of inflammatory responses. Tissue injury causes release of molecules that promote infiltration of the damaged tissue and initiation of inflammation. 
Upon destruction of the agent initiating injury, inflammation ceases and healing ensues. If the injury continues, inflammation becomes chronic and tissue damage accumulates.
· Inflammation is a highly effective method for clearance of microbes or other intruding substances. 
· However, in some eases, inflammation can become so intense or chronic that it inflicts permanent damage to body tissues. Hypersensitivity reactions also differ in the rate at which they can occur. 
· Type I hypersensitivity reactions are the most rapid, sometimes occurring within minutes after exposure to an antigen, while Type IV hypersensitivity reactions generally require 2 to 4 days. Types II and III have even greater intervals. None of these occur during primary exposure; all are secondary (or subsequent) responses.
Type I hypersensitivity reactions result from crosslinking of IgE molecules bound to the surfaces of mast cells, basophils, and eosinophils that causes the release of cytoplasmic granules from these cells. The cytoplasmic granules contain vasoactive amines and other substances that cause inflammation. 
Type II hypersensitivity reactions are those generated by the actions of antibodies (usually IgG, but sometimes also IgM) recognizing and binding antigens associated with host cell membranes or extracellular matrix. The antibodies may be directed against sell (autoantibodies) or against neoantigens created by the binding of reactive substances to cell or matrix molecules. The damage occurs primarily through the activation of complement (via the classical pathway) or by antibody-dependent cell-mediated cytotoxicity (ADCC) mediated by NK cells or eosinophils. In some cases, the targeted surface molecules may be receptors whose function is interfered with by antibodies binding to them.
Type III hypersensitivity reactions are those generated by the accumulation and sedimentation of large conglomerations of soluble antigen and antibodies called immune complexes. The antibodies may sometimes be autoreactive antibodies, but the target self antigen is a soluble one. Either IgG or IgM may be involved and activate complement via the classical pathway.
Type IV hypersensitivity reactions arc those generated by cell-mediated immune processes. For the most part, these reactions are delayed (-type) hypersensitivity (DTH) responses, but under some circumstances, may also include damage inflicted by cytotoxic T cells.
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Hypersensitivity responses
Immediate hypersensitivity

ALLERGIC RESPONSE - An allergic response occurs when the host is reexposed to an antigen that it has encountered previously.
Any allergic symptoms that occur within the exposed individual are not caused by the antigen but are caused by the immune products that are released from immune cells that recognize and react against the invading antigen. 
The mechanism most responsible for immediate allergic reactions involves the production of antibodies by B cells and of cytokines by T cells. Antibodies are made against any hapten carrier protein complex (inhaled particulates, such as ragweed pollen). 
The subsequent antibody response that develops against this antigen is specific for the hapten, even though the carrier protein is important for the stimulation of cytokine production by CD4+ T cells that will help B cells make the antibody. Also, local presentation of antigen (in the skin) induces the release of inflammatory cytokines from T cells that precipitate a local inflammatory response.

ALLERGIC RESPONSE TYPES

Allergic responses have been categorized into four groups, depending on the nature of the immunologic reaction. 
Group I responses involve the production of IgE antibodies that trigger the release of substances from mast cells that trigger anaphylaxis and allergic rhinitis.
Group II responses involve primarily IgG antibodies that attach to a cell surface, react with complement, and cause cell lysis.
Group III responses involve primarily IgG antibodies that form complexes with antigen and complement to recruit phagocytic cells such as neutrophils to a site where they can release inflammatory cytokines, which will result in local inflammation.
Group IV responses involve sensitized T cells that release inflammatory cytokines that induce allergic contact dermatitis.
Group I allergic responses induce the most prevalent chronic discomfort symptoms for many individuals. Hay fever is included in this group. Pollen grains enter an individual's respiratory tract, they are transported to a local lymph node that makes up the bronchiole-associated lymphoid tissue. The antigen is then recognized by a B cell immunoglobulin receptor. The B cell processes this antigen and presents it to Th cells, an event that activates the Th cell to make cytokines. If a Th2 cell type is activated, the cell will produce interleukin-4. lnterleukin-4 is required for the B cell to produce IgE antibodies, which then bind to a special Fc receptor located on mast cells residing within the respiratory epithelium of the nasal and bronchiolar cavities. When pollen reenters the respiratory tract, it binds to the immunoglobulin receptor of the IgE antibody attached to the mast cell, resulting in the release of histamine from the mast cell.
 Histamine induces the classical symptoms of hay fever, namely bronchial constriction, edema of the nasal mucosa, increased mucus production, and inflammation of the respiratory tract itself. 
Antihistamines relieve these symptoms.
Clinical syndromes induced by IgE-mediated allergic reactions
· allergic rhinitis: inhaled antigen (pollen) - edema and irritation of nasal mucosa
· bronchial asthma: inhaled antigen (pollen) — bronchial constriction, increased mucus
· systemic anaphylaxis: intravenous antigen (drugs or venom) — vasodilation, edema, tracheal occlusion, death
· wheal and flare: skin antigen (insect bite) — localized vasodilation and swelling
· food allergy: ingested antigen (milk) — vomiting and diarrhea
The clinical syndromes that exemplify the above example of an allergic reaction mediated by IgE antibodies are allergic rhinitis and bronchial asthma. Systemic anaphylaxis is another clinical syndrome that involves an IgE-mediated allergic response. In contrast to allergic rhinitis and bronchial asthma that involve a localized reaction to antigen, systemic anaphylaxis involves a reaction to antigen that has disseminated throughout the body via the bloodstream. In this case, the antigen binds to IgE bound to mast cells located in the connective tissue of all blood vessels in the body. The symptoms resulting from the disseminated release of histamine include vasodilation, edema, occlusion of the trachea, and death. Two other clinical syndromes that involve an allergic reaction mediated by IgE antibodies include the wheal and flare syndrome, which is induced by allergen skin testing and insect bites lo produce a local vasodilation and edema, and the food allergy syndrome, which is induced by food products to induce a severe response by mast cells residing within the connective tissue of the gut that results in transepithelial fluid loss and smooth muscle contraction, resulting in vomiting and diarrhea.
Group II and III allergic responses involve primarily IgG antibody but do not involve the release of histamine from mast cells. Thus, in contrast to IgE-mediated allergic responses that occur in a matter of seconds, IgG-mediated allergic responses occur within a few hours of antigen exposure. Group II allergic responses involve the binding of IgG antibodies to antigens that are expressed on the surface of cells residing in the body.
 For example, some drugs affix to cells in the body, such as red blood cells. Circulating IgG antibodies that recognize the drug bind to the antigen bound to the cell. The cell-bound IgG activates complement and Fcγ receptor-bearing cells, such as macrophages and neutrophils, as it would in the defense reaction against microorganisms. In this manner, healthy cells of the body are lysed and destroyed.
Group III allergic responses involve primarily IgG antibody that binds to soluble antigens found in either the circulation or extracellular fluid. In the skin, the IgG antibody and antigen form insoluble complexes that activate complement to produce inflammatory mediators  that increase vascular permeability and attract neutrophils to the site of the immune complexes The neutrophils then phagocylose the complexes and eliminate them from the site. However, some antibody-antigen complexes circulate and deposit themselves on FC7 receptor-bearing cells of the vasculature, kidney, lungs, and joints. 
The IgG portion of the complexes activates complement and phagocytes, resulting in considerable tissue damage that results in clinical diseases such as vasculitis, nephritis and arthritis.
Group IV allergic responses are primarily mediated by soluble molecules that are released by specifically activated T cells. 
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IgE-mediated allergic response (Group allergic response)
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IgG-mediated allergic response to insoluble antigens (Group II allergic responses)
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IgG-mediated allergic response to soluble antigens (Group III allergic responses)
Course 13: Delayed type hypersensitivity (DTH)
· Cell mediated immunity (CMI)
· T cell subsets
· Cytokines and CMI
· Cytokines and Th cubsets 
· Interferon-gama 
· Induction of DTH
· Proinflammatory component of DTH
· Antigen specific component of DTH
· Regulation of DTH
CELL-MEDIATED IMMUNITY

Cell-mediated immunity is the ability of T cells to recognize major histocompatibility complex (MHC)-presented antigens, become activated, and produce and react to cytokines. Depending upon the type of T cell activated, either antigen-specific or macrophage-medialed cytotoxicity ensues.
As you have learned from previous chapters, T cells are the primary orchestrators and mediators of immune responses. The escalating complexity of external threats to host survival exemplified by viruses and pathogenic bacteria, coupled with the parallel need for intensified internal surveillance mechanisms of diversified body and cell structure, forced T cells to devise new, specific, and focused host defense strategies. 
Cell-mediated immunity has developed along two pathways, both of which are dependent upon precise recognition of altered host cells by the constant surveillance and sampling of peptides nestled in the MHC complex on nucleated cell surfaces by T cells. Host cells that display altered MHC class I peptide complexes arising after viral infection or by generation of neoproteins by tumor genes provide a highly specific alerting mechanism that initiates the differentiation of CD3+8+ T cells to highly effective cytolytic or killer T cells (CTLs). 
The other major form of antigen-specific T cell-mediated immunity is delayed type hypersensitivity (DTH). Although a better description of this defensive reaction might be T cell-mediated monocyte/macrophage (M/M) activation, the term DTH is firmly entrenched in both the experimental and clinical literature. In reality, DTH is delayed only in the sense that a time lag occurs between antigen-specific T lymphocyte stimulation and its subsequent recruitment and activation of a critical mass of effector macrophages to cope with the pathogen. 
A fundamental difference between DTH and CTL responses is that DTH reactions are set in motion by T cell recognition of peptide antigens displayed in the binding site of an MHC class II, not class I molecule. 
Although crude in vivo and in vitro assays of DTH have been available to researchers for years, the milestone discovery of T helper (Th) cell subsets provided the theoretical basis for our understanding of the dynamics of a DTH reaction.

T CELL SUBSETS

Thymocytes that successfully emigrate from the thymus as mature T cells can be phenotypically divided into two major subgroups, CD3+ 8+ CTL cytolytic precursors and CD3+ CD4+ helper cells. 
There are 2 times more CD4+ T cells circulating in the peripheral blood under normal conditions than CD8+ T cells.
The first inkling that CD3+ CD4+ cells had disparate, indeed competing or polarized, functions arose during studies with well characterized mouse T helpe cell lymphocyte clones. Similar functional differences in human CD4 lympho cytes were initially difficult to document and strongly contested, but now the presence of CD4 subsets in humans is universally accepted.
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Cell-mediated immunity

CYTOKINES AND CMI

Cytokines are the mediators of cellular communications that provide the critical signals for effective humoral (antibody-mediated) and CMI responses. CD4+ T cells have antigen-specific amplifying and regulatory functions that are critical to the maintenance of immunologic homeostasis. CD4 T cells are subdivided into Th1 helper cells and Th2 helper cells on the basis of their production of and responses to specific cytokines, not by standard phenotypic differences.
In general, most cytokines have two polypeptide chains encoded by separate genes. Homology studies strongly suggest that most "new" cytokine genes and the genes for their receptors have evolved from primordial hemoproliferative growth factors and immunoglobulin gene clusters by duplication events. This concept is supported by the overlapping of many of their biologic effects. Evolutionary pressures have driven most cytokine systems to develop pleiotropism and redundancy. For example, fish and even worms produce some of the same cytokines that humans do during immune responses. Cytokines act at concentrations similar to endocrine hormones, are homo- or heterodimer polypeptides with a 70-190-amino acid composition, and are usually produced only after appropriate cell stimuli. 
They are not in themselves antigen-specific but can and do arise after T and/or B cell antigen-specific activation. That is, antigen-specific immune effector cells, T cells and B cells, and their nonantigen-specific counterparts, especially monocytes and macrophages, "talk" to each other via cytokine production, release, and cytokine receptor display. Both lymphocytes and macrophages produce multiple cytokines and use them to either dampen or accentuate the level of intensity of an immune response (regulate the response). 
Most cell-cytokine systems have agonist/antagonist (yin-yang) dynamics in order to prevent runaway reactions, and immune effector cells use cytokines to "fine tune" their responses, not only by varying the type and amount of cytokine production but also by regulating the density and affinity of cytokine receptors. Even if excess cytokines are released during an exuberant immune response, down-regulation of their receptors on their target cell surfaces will prevent a self-destructive immune reaction. 
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Development of Th1 and Th2 functions
CYTOKINES AND Th SUBSETS

CD4+ T cells migrate from the thymus armed with antigen-specific T cell receptors (TCRs) but no commitment to either the CD4+ Th1 or Th2 subset. These precursor or naive CD4 lymphocytes are designated Th0 cells. They have a genetic pedigree for a broad spectrum of cytokines that includes interleukin (IL)-2, IL-3, IL-4,IL-5, IL-6, IL-9, IL-I0, IL-13, interferon (IFN)-γ, tumor necrosis factor (TNF-β), and granulocyte/ macrophage growth factors. Th0 cells can be provoked into further functional differentiation by specific cytokine profiles that have been evoked by the nature of the infecting organism or inflammatory stimulus.
The signature cytokine in the local microenvironment of an inflammatory reaction that will initiate the development of Th1 cells from precursor Th0 is IL-12.
 IL-I2 is the critical early activating (initiation) cytokine of DTH. This M/M cytokine is also a vigorous stimulator of natural killer (NK) cell proliferation and subsequent production of IFN-y. The latter cytokine initiates amplifying immune and inflammatory reactions by activating additional NK cells and M/Ms, which then release more IL-12. 
The end result is commitment of Th0 cells to the Th1 subset.
 IFN-y, a strong promoter of Th1 cell development, is also the major inhibitor of Th0 cells becoming Th2 cells.
INTERFERON-γ
IFN-γ has a central and pivotal role in all phases of immune and inflammatory responses. It is produced only by CD4 subset (Th1) lymphocytes and NK cells.
Once committed, Th1 cells can then be identified by their production of IL-2, IFN-γ and TNF-β, also known as lymphotoxin (LTα).
 Conversely, if the cytokine milieu encountered by Th0 precursors is characterized predominately by IL-4 and IL-13, Th0 cells become committed to Th2 cell differentiation. 
IL-4 is the major agonist/growth factor for the Th2 lymphocyte subset and a major promoter of humoral antibody responses. It is a major antagonist of Th1 subset development. IL-4 has potent effects on the growth and differentiation characteristics of B lymphocytes and is an isotype switch promoter that induces IgM-producing B cells to further differentiation and synthesis of IgG. 
It is an absolute requirement for an IgE response to parasites and other antigen-specific IgE (allergic) responses or immediate hypersensitivity (IH). 
IL-4 and -13 have a very similar ancestry and structural homologies that are reflected in their redundant and overlapping biologic activities. 
IL-I0 is an especially important counter regulatory cytokine. IL-I0 is a member of the fourot-helix cytokine family and an 18-kD polypeptide thai is produced relatively "late" in an ongoing immune response by activated Th2 cells and M/M. Like IL-4, it is another major antagonist of DTH responses generated by Th1, NK cells, and M/M. Th2 cells can therefore also be characterized by their reaction to and production of a specific group of cytokines, IL-4, -5, -10 and -13 .
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The functions of the two Th subsets and their cytokine counterparts are polarized and can be visualized as functioning in counter regulatory relationships .
 Th1 responses, while highly effective in most instances against many forms of intracellular infections, can cause wide spread tissue damage if allowed to run rampant. Th2 responses have developed strategies to attenuate ongoing DTH reactions as they simultaneously promote specific antibody responses important for the prevention of disseminated infection. This is important, since certain infections require Th1 cytokines for their resolution (tuberculosis, leprosy, and others) but other infections (parasitic infections) require Th2 cytokines for resolution and the presence of Th1 cytokines may be extremely detrimental in terminating them. Thus, interference with or defects in the delicate balance between CD4 Th1 and Th2 subsets or their cytokine production and receptor display have important implications for the manifestations of many diseases. 
INDUCTION OF DTH

Antigen-specific DTH responses develop in response to specific types of infection.
The complex interactions of cytokines and effector cells that culminate in DTH begin when polysaccharide cell wall components of a pathogen are recognized in a innate or nonantigen-specific manner by macrophages. Certain pathogens, even though internalized, successfully evade killing by macrophage lytic and oxidative mechanisms. When macrophages are unable to resist infection with their innate defense mechanisms, they must invoke more effective cell-mediated immunity.
 They do so by driving Th0 differentiation of cells to Th1 and thereby initiating DTH. After intercellular infection with a DTH-evoking pathogen. M/M turn on their antigen-presenting function to modify and process microbial antigens in their cytoplasm, link them on site to the MHC class II molecules, and then transport the MHC-antigen complex to the cell surface, where their antigenic peptides are displayed in the class II MHC antigen binding site.
 Once specific CD4/TCR antigen binding and appropriate co-activation signals such as CD40/CD40L and CD28/B7 occur, a DTH reaction begins.
PROINFLAMMATORY COMPONENT OF DTH

Macrophages, in a nonspecific and early response to the intracellular infection, produce and release the proinflammatory cytokines IL-1, IL-6, and TNF-α. Proinflammatory cytokines have broad anti-inflammatory properties and stimulate generalized stress adaptations by organ systems such as liver and central nervous system: however, these are frontline, temporizing defenses that act to slow down the pace of an infection while more specific immune defenses are mobilized.
IL-1 has an extraordinarily large range of biological effects, many of which are not restricted to the immune system. IL-1 can be viewed as a primordial cytokine with broad spectrum effects that facilitate host reaction to stress and infection.
 IL-1 is produced by a wide range of cell types, especially M/M and keratinocytes, that respond to other cytokine stimuli and a wide diversity of microbial and environmental stimuli, including silica crystals and even certain UV wavelengths. It is a cardinal proinflammatory mediator that can elevate body temperature by its effects on the hypothalamus, stimulate synthesis (in concert with IL-6) of acute phase host protective proteins by the liver, mobilize neutrophils from the bone marrow, and induce colonystimulating factors that accelerate the production of neutrophils and increase their mobilization. IL-1 also has neuroendocrine effects that act via the pituitary axis to release adrenocoriicotrophic hormone, which increases the production of adrenal corticosteroids as a stress response. 
Critical in the early portion of immunologic reactions, IL-1 facilitates the activation of peripheral mature activated T cells and supports their proliferation by increasing IL-2 receptor display. IL-1, in autocrine fashion, also stimulates antigen-presenting cells to be more efficient antigen presenters.
IL-1 ra is the naturally occurring antagonist of IL-1 and competes for IL-1 receptors. Clearly, it is synthesized to prevent the severe morbidity of an unbridled IL-1-driven inflammatory response. 
IL-6 can be discussed in the same context as IL-1 in that IL-6 has many redundant, broad spectrum biologic effects characteristic of IL-1, IL-6 is also produced by a broad spectrum of cells, including T cells, monocytes, and fibroblasts.
 IL-6, in concert with IL-1, also induces IL-2 responsiveness in T cells and is a major requirement for T cell activation. Similar to almost all other cytokines, it is not produced until its cell source is pro​voked by initialing cytokines. A major distinguishing function from IL-1 is its effects on B cell growth and increased resistance to apoptosis. This B cell-nurturing quality has evoked clinical interest in the use of anti-IL-6 agents for the treatment of plasma cell proliferative disorders. Very recently, IL-6 has also been shown to have a strong influence on the development of mucosal immunity.
Another major mediator of defensive cellular responses is TNF-α, a cytokine polypeptide produced mainly by activated M/M (and other cells), with very broad and predominantly proinflammatory effects.
 IL-1 and TNF-α are almost indistinguishable in their biologic effects during an immunological reaction. The primordial significance of TNF-α is reflected by its gene location within the MHC complex. 
This cytokine is an extraordinarily potent M/M activator that confers the ability to kill antibody-coated target cells and increases M/M lytic and oxidative capabilities for killing bacteria viruses and parasites. TNF-β (also called lymphotoxin α), released by activated Th1 cells, is very closely related to the TNF-α in structure and function. One apparent unique feature of TNF-β is its influence on the development of lymph nodes and spleen. Mice that have the TNF-β gene deleted develop normal T and B cells and have a normal thymus but have abnormal peripheral lymphoid tissue, especially germinal centers.

ANTIGEN-SPECIFIC COMPONENT OF DTH
The antigen-specific DTH reaction begins when macrophage-derived IL-12, in concert with antigen presentation by M/M MHC class II, promotes Th0 commitment to the Th1 subset. 
A cardinal characteristic of DTH is that an activated antigen-specific Th1-helper cell can recruit massive numbers of non-antigen-specific but highly effective activated killer macrophages to the site of inflammation.
After Th0 commitment to the Th1 subset, the activated cell Th0 (soon to become a Th1 cell) rapidly increases IL-2 production, which stimulates, in the presence of IL-1, Th1 clonal expansion. 
IL-2 is a major initiation cytokine and a pivotal growth hormone in the immune response. It is produced by activated Th cells, acts in an autocrine and paracrine fashion, and also enhances NK and B cell growth. IL-2 is a 15-kD glycoprotein, and its functional activities are dependent on an intact tertiary structure. The high affinity IL-2 receptor consists of three polypeptide chains in heterodimer form that are only expressed as a functional unit after specific antigen TCR interactions. One of the three IL-2 receptor chains is also an integral part of several other cytokines, especially IL-4 and IL-7. This is another example of cytokine redundancy that provides a fail-safe means of T cell growth. The pivotal role of IL-2 in an effective immune response makes it obvious that abnormalities or manipulations of this cytokine or its receptors should have clinical implications. Thus, genetic defects in the assembly of the IL-2 receptor have been shown to result in a severe immunodeficiency state.
IFN-y, already present in increasing amounts from NK cells, but now also resulting from antigen-specific Th1 activation and proliferation, amplifies the DTH reaction by stimulating the display of endothelial adhesion molecules, which divert circulating macrophages, lymphocytes, and neutrophils to the area of inflammation. 
Exits and entries into and from the vascular distribution system are governed by a complex set of interacting recognition structures termed adhesion molecules or selectinos. 
The surveillance migration of T cells through peripheral lymph nodes is guided by adhesion/homing molecules on high endothelial venules. Efficient diversion and exit into areas of inflammation depends on the activation of a second set of adhesion/homing molecules on endothelium and local increased blood How. L-selectins are expressed on leukocytes, P-selectins are found in the alpha granules of platelets, and E-selectins are found on endothelium. 
E-selectins provide a highly efficient mechanism for diverting immune effector cells to the site of an ongoing immunologic/inflammatory response, since they are displayed on endothelial cells only after cytokine activation. 
The sorting/diverting mechanism begins when activated adhesion molecules on the endothelium attract effector cells from the capillary mainstream and facilitate a rolling motion along endothelium cells. Once rolling on the endothelium occurs, there is increasingly frequent contact of lymphocyte receptors with these activated endothelial cell surface determinants.
 The effector cell is coaxed across the endothelial cell by a second set of adhesion molecules termed ICAM-1 (CD54), VCAM-1, and ECAM-1. These adhesion molecules are genetic descendants of the immunoglobulin supergene family; are widely distributed on endothelium, epithelium, and fibroblast surfaces; and are capable of rapid up-regulation by cytokines during an immune response and promote firm adhesion and transendothelial migration of immune effector cells to the site of the inflammatory stimulus.
A mandatory participant for a fully developed DTH reaction is IFN-γ. In an evolutionary sense, IFN-γ developed early in the need for a more sophisticated immune response. 
IFN-γ receptors can be found on almost all cell types. This cytokine is the critical driver of a DTH response because of its ability to activate endothelial adhesion molecules and promote increased display of MHC class II markers on macrophages that promote maximal antigen presentation to Th1 cells.
In concert with its ability to amplify cellular inflammatory responses in general, INF-γ from antigen-activated Th1 cells also promotes antigen-specific B cell differentiation to plasma cells that produce phagocytosis-promoting IgG isotypes. The best tribute to the critical importance of IFN-γ to adequate antiviral DTH defenses is that viruses have encoded specific anti-IFN-γ strategies. 
Epstein-Ban virus, the virus that causes infectious mononucleosis and several lymphoproliferative diseases, hijacks the cytokine genes for IL-10. This provides Epstein-Ban virus with a cytokine-like action that strongly inhibits IFN-γ synthesis. Other viruses have evolved methods to produce soluble IFN-γ receptors that will blindfold the actual cytokine and inhibit its antiviral defenses.
The histologic appearance of a DTH reaction site is one of aggregated, activated, "angry" macrophages with lesser numbers of lymphocytes, neutrophils, and rare eosinophils. Depending on the vigor of the DTH response, macrophages can even fuse into the giant epithelioid cells, which produces the characteristic granulomatous appearance of many DTH reactions.
REGULATION OF DTH

The immune system must have counlerregulatory strategies in place to dampen and finally turn off aggressive DTH responses. This crucial antagonist reaction is mobilized by activation of Th2 CD4 lymphocytes. 
DTH can be a two-edged sword. Activated macrophages cause indiscriminate, innocent bystander tissue damage as they kill pathogens. If a DTH-promoting infection develops in vital organ sites, for example, tuberculosis in pulmonary tissue or certain viruses like Coxsackie virus in the endocrine portion of the pancreas, vital host tissue and organ functions can be lost during the cell-mediated response. It is not yet completely clear what factors are critical for initiating the shutdown of DTH, but several possibilities seem obvious. 
The successful suppression or eradication of an infection by DTH decreases or eliminates microbial antigen available for Th1 activation, and the genetically driven tempo and vigor of the immune response (possibly driven by the manner and efficiency of antigen presentation to the TCR) unique to the host are paramount. In any event, several critical changes in the cytokine milieu begin to occur as the intensity of DTH lessens. As microbial antigen load decreases, macrophage production of IL-12 decreases, and there is less promotion of Th1 differentiation.
 Simultaneously, in response to decreased IL-12 levels and further Th1 differentiation, IFN-γ levels decrease. The implications of decreased IFN-γ in the inflammatory site are significant. There is less macrophage activation, less endothelial display of adhesion ligands, and normalized display of MHC class II markers.
 IL-4 released from mast cells, basophils, and previously activated Th2 cells now becomes the dominant cytokine. IL-4 is not only the primary driver of Th2 differentiation but also a strong antagonist to IFN-γ.
 IL-10 production from both macrophages and the Th2 subset also increases. IL-10 is a key Th1 shutdown cytokine and the most potent antagonist oh Th1 reactions. Once IL-10 prevails, there is usually dampening and ultimately shutdown of DTH. Histologically, fibrosis ensues, and the remaining intracellular pathogenic survivors are held in check by a delicate balance between antigen-specific, clonally expanded Th1 and Th2 CD4 subsets. 
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DTH reactions can be exploited clinically for assessment of whether a patient has been infected previously with organisms that typically elicit DTH reactions. Common examples include tuberculosis, leprosy, many types of fungi, protozoans, and viruses. 
Key clinical data on whether the patient has been previously exposed to the organism and successfully mounted an antigen-specific DTH response can be gained by simply placing the antigen in question underneath the patient's epidermis and then assessing whether a micro-DTH response develops over the next 24 to 48 h (hence the derivation of the term DTH). Measurement of the inflammatory papule caused by the influx of macrophages and Th1 cells to the site of the antigen deposition confirms whether the patient has had a previous immunologic encounter with the organism and this information can be helpful in diagnosis and therapy.
 An additional benefit is that a positive DTH skin reaction suggests that the patient has general competence in Th1 host responses. Since effective promotion of DTH can exert a highly effective defense against an exposure to tuberculosis and leprosy, DTH can also be exploited for constructing vaccines to prevent diseases caused by DTH-evoking pathogens. 
The most common use of this strategy is to infect the patient with a live attenuated form of an organism to be protected against (BCG for tuberculosis). This method is successfully used in countries where tuberculous infection is rampant. A more contemporary strategy is to insert into vaccine preparations the genetic machinery for the production of cytokines that will drive a Th0 response to a Th1 response.
The need for a dynamic balance between Th subsets becomes evident when additional factors are superimposed on the host that can tilt the balance toward complete dominance of the Th2 subset or ineffective Th1 function. 
Suddenly, a few surviving intracellular pathogens, previously held in abeyance by macrophages and Th1 cells, thrive once again and threaten host survival. Destruction of an effective CD4 Th1 response by HIV or by the immunosuppressive therapy required in patients after organ transplantation are examples of acquired immunologic bankruptcy that leave the patient at risk for infection with usually innocuous organisms or reactivation of previously suppressed infections like tuberculosis.
 The implication of deficient DTH responses is evident in animal models. Genetic alteration of immune responses in mice that causes deficient Th1 responses (knock-out of IFN-7 or IL-12 genes) or an exogenous supply of IL-I0 early after infection with DTH-inciting intracellular pathogens can lead to lack of containment by Th1 reactions and severe disseminated disease.
 Knockout mice with no IFN-γ or IL-12 genes universally die after tuberculosis or Leishmania infection but survive if exogenous IFN-γ or IL-12 is provided at the time of infection. Conversely, the dark side of exuberant DTH reactions and severe tissue damage and organ failure becomes evident if the reactions are unchecked by the normal counlerdynamics of IL-4 and IL-I0 suppression. 
Finally, unraveling the intricacies of cytokine-effector cell communications that dictate the dominance of one subset over others will land ultimately to the ability to control and modulate cytokine expression. Therapeutic possibilities made feasible by this knowledge are limited only by the imagination. Already, genes for IL-12 production have been vectored into tumors to promote their own suicide by eliciting local intratumor DTH responses. 
Poorly controlled DTH autodirected (autoimmune) diseases such as rheumatoid arthritis and systemic lupus may be clinically modulated by up-regulating IL-10, and allergic diseases, like asthma, that are mediated by dominant Th2 responses to allergens may be suppressed by encouraging dominant Th1 responses.
Course 14: Complement versus cell mediated lysis

· Complement 
· Classical complement
· Alternative complement
· Cell mediated cytotoxicity 
· Necrosis
· Apoptosis
The immune system can kill cells via antibody utilizing the complement system or by direct cell-mediated cytotoxicity. 
COMPLEMENT
Complement describes a group of approximately 20 heat-labile 24- to 550-kD normal serum proteins that together with antigen-bound antibodies act in an orderly sequence and in concert to produce various biological effects on cell membranes, one of which is lysis of cells or microorganisms. 
The complement system is the initiator of the inflammatory response and consists of two pathways: classical and alternative. 
Classical complement 
The classical complement pathway contains 11 different proenzyme proteins (C1-9) activated in sequence. C1 is the first component activated. C1 is composed of three subunits named C1q, C1r and C1s. When a component is cleaved into a physiologic fragment(s), it is then designated by small letters (C3a, C3b).
When a single component enzyme or complex is active, it is so designated with a bar over the active component (active C4 is C4). 
It   should   be   realized   that   the  C  components  were   named in  the order of their discovery   before  their  function  was  known;  thus, their  names do not reflect their reaction sequence. 
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The classical pathway is initiated after the C1 complex binds to an Ag-Ab complex deposited on a cell surface. This recognition is possible because Ag binding to IgG1, lgG2, IgG3, or IgM exposes a binding site on the CH2 domain of the antibody's Fc portion. C1 in serum is a 750-kD macromolecular Ca2+ dependent complex consisting of a C1q and two molecules each of C1r and C1s (C1qr2s2). C1q consists of 18 polypeptide chains, which form six collagen-like triplehelical arms with a globular head similar to a bunch of six tulips. When the tips of the C1q tulip bind the CH2 domain of two IgG molecules within 30 to 40 nm of each other or bind only one molecule of IgM, they activate the enzymatic activity in C1r2. Active C1r2 cleaves and activates the associated serine protease C1s2; thus, an active C1 (C1qr2s2) is produced. The C1s2 splits C4 into two fragments, C4a and C4b. C4b covalently binds to cell surface antigen and in the presence of Mg2+ binds and activates C2, generating C2a and C2b. C2 can also be activated by C1s to generate C2a and C2b.
 C2b acts as a kinin and increases vascular permeability, causing swelling, edema, and pain. C2a then joins the C4b on the cell surface, forming C4b2a (convertase), which acts as a powerful C3 convertase as it splits numerous C3 molecules into C3b and C3a, thus causing pathway amplification.
C3a is an anaphylatoxin that causes mast cell degranulation, smooth muscle contraction, and increased capillary permeability. C3b binds to a nearby membrane component and joins C42 on the cell surface, forming a new enzyme complex, C423, which can cleave many C5 peptides into C5a and C5b. 
C5a also acts as an anaphylatoxin as well as a chemotactic factor attracting leukocytes to an inflammatory site. The unstable C5b joins one molecule of C6, forming the stable C56 complex: this complex binds in turn one molecule of C7, leading to formation of the C567, which inserts into the lipid  bilayers of cell membranes.
 C8 can join this complex, forming C5678. The C5678 is responsible for slow membrane leakage. However, C5678 can subsequently bind up to six molecules of C9, forming a transmembrane channel, which can result in cellular osmotic leakage. This C5b6789 complex is thus called the membrane attack complex (MAC).
Alternative complement

The alternative complement pathway is antibody-independent but dependent on the ability of certain microbial surface antigens to activate C3. Factor B (similar to C2), factor D (active serine protease similar to C1qr2s2) and properdin play important roles in the alternative pathway.
The pathway begins with the hydrolysis of C3 into C3a and C3b by microbial products such as lipopolysaccharide.
 C3b binds to microorganism cell membranes, and in the presence of Mg2+, it binds serum factor B, which is a substrate for active factor D.
 Factor D is a plasma serine proteinase and circulates in the blood in an active form. Factor D cleaves B, releasing Ba and generating C3bBb, which acts as a C3 convertase similar to C4b2a of the classical pathway. Properdin binds to C3bBb, stabilizing it and allowing it to activate more unhydrolyzed C3, thus amplifying the process and producing many C3bBb3b complexes on the cell surface. This complex acts as C5 convertasc, since it binds C5 and hydrolyzes it to C5a (chemotactic) and C5b. 
C5b then initiates formation of the membrane attack complex as in the classical pathway.
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CELL-MEDIATED CYTOTOXICITY

Cell-mediated cytotoxicity is the ability of armed effector cells to recognize some receptor(s) on the target cells, bind to them, and initiate their demise by either secretory (perforin, granzymes, TNFα) or non-secretory (Fas/Fas ligand) mechanisms. Despite differences in initiation, both the secretory and nonsecretory pathways can initiate very similar downstream events that eventually culminate in target cell apoptosis. However, it is only perforin in the granule exocytosis secretory pathway that can cause lysis of target cells leading to necrosis.
Necrosis
There are specific and nonspecific cytotoxic cells. Specific cytotoxic cells are mostly CD8 + (a few are CD4 + ) that recognize their target cell that is presenting a 6- to 9-amino acid cognate peptide via its major histocompatibility complex (MHC) class I molecule. Such MHC-restricted recognition causes the CD8+ cell to either exocytose granules containing perforin and granzymes (A and B) or to secrete cytotoxic cytokines such as TNFα/β. 
When the monomelic protein perforin is released in the presence of Ca, there is enzymic polymerization of the perforin, forming polyperforin channels on the target cell similar to those formed by the C9 component of complement system. If enough of these channels are formed, the cell will undergo lysis contributing lo necrosis. Granzymes, also present in the CD8+ cell granules, are released into the target cell through polyperforin channels. If perforin does not cause lysis, these serine proteases can take part in the apoptotic pathway by activating caspase 3.
 CD8+ cells can also secrete TNFα/β, which, upon binding to the TNF receptor type 1 (p55) (TNFR1), can also activate caspase 8 and the subsequent caspase cascade. 
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Cell-mediated cytotoxicity CD8+ cytotoxic T cell
Nonspecific cytotoxicity is mainly carried out by natural killer (NK) cells, but macrophages may also contribute; however, there may be a specific component to their initial activation. 
While the CD3/TCR receptor complexes on CD8+ T cells look for self MHC I and non-self peptide in order to function. CD3-/TCR- CD16+CD56+ NK cells look for lack of self MHC I on target cells. Since some tumor cells and viral infected cells do not express, or express low levels of cell surface MHC I, these cells are susceptible lo NX-mediated killing.
 NK cell killing can be enhanced by interleukin-2 (IL-2). When NK cells are incubated in vitro with IL-2 for 1 to 2 days, these activated cells are then called lymphokine-activated killer (LAK) cells.
 Also, NK and LAK cells as well as macrophages can also kill target cells coated with noncomplement-fixing antibodies by binding to the Fc piece of the antibody via their Fc receptor. Once their Fc receptor is activated, they release perforin/granzyme granules similar to CD8+ T cells. This method of  killing is called antibody-dependent cell-mediated cytotoxicity, or ADCC. However, it should be realized that NK-, LAK-, and ADCC-mediated killing occur in the same manner as CTL, with perforin and granzyme containing granules released by all three cell types.
Apoptosis

Apoptosis is a form of cell death in which the cell activates an internal lethal enzyme cascade leading to proteolysis of death substrates, membrane changes, nuclear damage, and internucleosome DNA fragmentation.
Apoptosis not only can be caused by CTL, NK, LAK, and ADCC cells, it also occurs normally during development of T cells in the subcortical area of the thymus among CD4+8+ cells  as well as in the basal light zone of germinal centers during centrocyte maturation. 
It is important to realize that while a number of different external stimuli and molecules can activate apoptotic mechanisms in other cells, only FAS ligand (FAS-D/FAS (CD95L/CD95), TNFα/TNFR1, and perforin/granzyme B granule exocytosis are activated after T cell receptor (TCR) engagement of foreign peptide-MHC on target cells. 
After TCR engagement, signals are transduced into the T cell to activate transcription and expression of the homotrimer FAS-L on its surface, FAS-L binds to target cells expressing FAS in a Ca2+ -independent manner, inducing the trimerization of FAS and activating a sequence of events that leads to downstream activation of the caspase system, leading to apoptosis of target cells. The cytoplasmic tail of FAS contains a unique 80-amino acid sequence, which is conserved among receptor-mediated apoptie pathways and is thus referred to as the death domain (DD). When FAS engages FAS-L, DDs are activated and trimerized, leading to recruitment of several intracellular proteins. One of these is FADD (FAS-associated protein with a death domain), which has a DD at the N-terminal end and a death effector domain (MORT1) at the C-terminal end.
 MORT1 is responsible for downstream signal transduction. Caspase-8, which has two deatheffactor domains, is the next protein to be recruited to this complex via MORT/MORT interaction. When appropriate FAS/FAS-L interaction occurs with consequent FADD/MORT1 activation, there is a cleavage of caspase-8 proenzyme. Active caspase-8 is then formed, whieh activates caspase-1  and then caspase-3. Caspase-3 then cleaves a number of nuclear and cytoplasmic proenzymes. One group of proenzymes that caspase-3 causes proteolysis of is a group of death substrates (poly ADP-ribose polymerases (PARPS), lamins, actin) that cause morphological changes in the nuclear membrane. Another proenzyme is DNA fragmentation factor, which caspase-3 cleaves into three fragments, one of which causes DNA fragmentation.

Caspase-8, -I, and -3 referred to above are just three in a series of specific cellular serine proteases important in execution of the apoptotic pathway. All caspases share three key features: they all have cysteine at their active site, they require an aspartic acid at the cleavage site, and they are all synthesized as proenzymes that are activated by cleavage at aspartate residues at sites resembling their own targets. Thus, some transactivalion and consequent autoprocessing among caspases can occur. 
Also, as mentioned above, the serine protease granzyme B released from granules can also activate caspase-3. In addition, the release of TNFα from a cytotoxic cell that binds to the TNFR1 on the target activates a TRADD (TNF receptor-associated protein with a death domain), which can also activate caspase-8. Finally, it should be appreciated that a protein found in high concentration on the outer mitochondrial membrane, Bcl-2 (B cell leukemia factor 2) blocks the caspase pathway at the caspase-1 level, not allowing active caspase-3 to form.
Thus, cytotoxic cells can kill targets in two ways: necrosis and apoptosis. Necrosis is mainly caused by a high concentration of 70-kD glycoprotein perforin monomers, which in the presence of Ca2+ insert themselves into target cell membrane similar to C9 and subsequently aggregate to form homopolymeric 5- to 20-nm pore structures. 
Thus, water and low molecular weight solutes freely enter target cells, causing colloidosmotic lysis or bursting of cells leading to cell lysis and possibly necrosis. Apoptosis can be caused by FAS/FAS-L, TNFα/TNFRl, or granzyme B activation of the caspase system cascade, which leads to membrane damage and DNA fragmentation. The result is membrane-bound cell cleavage products called apoptotic bodies, which are easily phagocytosed by surrounding macrophages with no tissue necrosis. However, unlike perforin, which causes irreversible cell lysis similar to the final products of the complement cascade, the cell surface signals that activate the caspase cascade can be blocked by the mitochondrial protein Bcl-2. Thus, there is an internal brake for apoptosis.
Recent studies in tumor immunology indicate that some tumor cells can actually produce FAS-L, which can complex with FAS on some potential effector T cells, thus eliminating them. 
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Induction of FAS-L
Course 15: Microbial immunity and immunoparasitology
· Nonspecific (Innate) immunity
· Specific (Adaptive) immunity
· Bacterial infection
· Viral infection
· Parasitic infection
NONSPECIFIC (INNATE) IMMUNITY

Nonspecific immunity refers to mechanisms of protection that do not require specific recognition of antigen, but that increase the protection afforded by specific immune mechanisms.
 Nonspecific immune mechanisms include phagocytosis, acute inflammatory responses, type I interferons, and TNF.
Our ability to combat the many microorganisms that gain entry into our bodies daily depends on both nonspecific and specific mechanisms. Some nonspecific mechanisms include those that either kill or prevent the spread of microorganisms at their point of entry into the host. 
For example, bacteria are either killed on the skin by the low pH conditions that are created on the skin by the release of lactic acid in sweat gland secretions or are killed by mucous secretions, such as tears and saliva, that contain lysozyme, an enzyme that disrupts the cell wall of Gram-positive bacteria to cause their death.
Once the microorganism gains entry into the body, other nonspecific mechanisms take over. Phagocytosis is a mechanism used by neutrophils and macrophages to engulf microorganisms that adhere to their surface and then degrade them in intracellular lysosomal compartments. Within the cell, the engulfed microorganism is destroyed by superoxide anions, hydrogen peroxide, or the low pH environment of a lysosomal compartment that contains numerous enzymes to degrade the microorganism. Some individuals are especially vulnerable to chronic infections, such as patients with chronic granulomatous disease, because they have phagocytic cells that cannot produce superoxide anions. In addition, the entry of microorganisms into the body induces an acute inflammatory response against the microorganisms that involves the production of a number of plasma proteins to help combat the infection. These plasma proteins include C-reactive protein and complement, both of which nonspecifically coat bacteria to enhance their phagocytosis by neutrophils and macrophages.
A number of cytokines also provide a nonspecific mechanism to control the expansion of invading microorganisms in the body. 
Type I interferons (IFNs), IFN-α and IFN-β, are produced by macrophages and fibroblasts, respectively, in response to viral infections. Type I interferons inhibit viral replication, increase MHC class I expression, and decrease MHC class II expression, thus preferentially slanting the immune response toward a CD8+ cell-mediated response  and increase natural killer cell activity to kill virally-infected cells. Also,  TNFα is produced by endotoxin (active component of Gram-negative bacteria) activated macrophages to induce neutrophils to adhere to the vascular endothelium. This attachment of neutrophils to the vascular endothelium increases the number of cells that accumulate at the site of inflammation and thus, increases the synthesis of plasma proteins by the neutrophils that are associated with the acute inflammatory response. InterIcukin (IL)-1 is another cytokine that controls the expansion of microorganisms in the body by its ability to induce fever and, in a manner similar to TNFα, increases the synthesis of plasma proteins by the neutrophils and macrophages that are associated with the acute inflammatory response.
SPECIFIC (ADAPTIVE) IMMUNITY

· Specific immunity consists of mechanisms of protection that require specific recognition of antigen. Specific immune mechanisms include the processes involved in humoral and cell-mediated immunity 
Bacterial infection
ROLE OF HUMORAL IMMUNITY    
The most efficient mechanism for eliminating extracellular bacteria from the host is through phagocytosis. This is a process by which phagocytic cells such as macrophages, monocytes, and neutrophils engulf bacteria that adhere to their surface and then degrade them in intracellular lysosomal compartments. However, a number of deadly organisms, such as encapsulated pneumococci, do not nonspecifically adhere well to phagocytic cells.
Specific immune mechanisms need to be used to promote the adherence of extracellular bacteria to phagocytic cells. These mechanisms involve the production of IgM and IgG antibodies and the activation of complement.
The cell wall and capsule of most bacteria are polysaccharides and, thus, act as T cell-independent antigens for antibody production. This particular mechanism for inducing antibody production is good for the host because it provides means by which bacteria can directly activate B cells to produce IgM antibody. In addition, it is possible to induce IgG antibody production through this mechanism, but only when T cell-derived cytokines, such as IL-4 and IFN-γ, are present. 
These cytokines are produced by T cells that have been activated through either exposure to a superantigen or interaction with APCs presenting processed bacterial antigen in association with class II MHC. As depicted the IgM and IgG antibodies bind to either cell surface bacterial antigens or secreted bacterial toxins, thus, activating the C3 components of complement. It is then the complement component that binds to complement receptors on phagocytic cells to promote the phagocytosis of the antibody-coated bacteria or toxin. In addition, IgG antibodies that bind to both cell surface bacterial antigens and secreted toxins bind to special receptors on phagocytic cells that bind to the Fc portion of IgG antibodies called Fey receptors. The binding of antigen-bound IgG to Fcγ receptors also promotes efficient phagocytosis. 
This mechanism of specific immunity applies to persons receiving tetanus toxin vaccine. In these cases, the toxin released by the tetanus bacteria is bound by the IgG that has been produced against it. The tetanus toxin-IgG complex then binds to phagocytes via the FCγ receptor and promotes the destruction of the toxin.
ROLE OF CELL-MEDIATED IMMUNITY
IFN-γ plays a critical role in protection against intracellular bacteria. The activation of macrophages by IFN-γ produced by T cells is the critical stage of protection against intracellular bacterial organisms. In this manner, IFN-γ stimulates many macrophages to phagocytose and destroy the microorganism.
Some bacteria, including Listeria monocytogenes, Mycobacterium tuberculosis, and Mycobacterium leprae, are engulfed by phagocytes but are essentially resistant to degradation by lysosomal enzymes due to the lack of fusion between lysosomal vesicles and the vesicles in which the microorganisms grow. As a consequence, these organisms survive within the cell and, therefore, cannot be recognized by any antibody that may be circulating in the serum. Instead, cell-mediated immune mechanisms are activated to protect the host. 
Although these microorganisms are essentially resistant to lysosomal enzymes within macrophages, a few macrophages do become activated, inducing the fusion between lysosomal vesicles and vesicles containing the microorganism and allowing for the production of peptide fragments that can effectively associate with MHC class I and II. The T cells involved in the cell-mediated immune response include the CD8+ and CD4+ T cells that become activated upon T cell receptor recognition of bacterial antigens presented by macrophages in association with MHC class I or class II molecules, respectively. T cell activation induces the production of IFN-γ, which, in turn, leads to the further activation of macrophages, including those macrophages that are not infected.
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Humoral mechanisms of specific immunity against bacteria
This mechanism for developing immunity against one particular intracellular organism explains why the host not only is immune to subsequent challenge with the original intracellular organism but also is immune to subsequent challenge with other intracellular microorganisms given at the same time. 
As shown, the original microorganism my cobactcrium tuberculosis which produces a tubercle) stimulates the expansion of the few tubercle specific T cells that may be present in the host. Upon subsequent exposure to tubercle and another unrelated microorganism, the expanded population of tubercle specific T cells becomes activated to secrete IFN-γ, which, in turn, acts on macrophages to activate phagocytosis. Since macrophage functions are antigen-nonspecific, any microorganism within the environment of an activated macrophage will be effectively eliminated. Therefore, the specificity of this immune response lies in the activation of the expanded clone of T cells specific for recognition of the original organism.
Granulomas result from a collection of activated macrophages that accumulate in an area due to the chronic antigenic stimulation that results from the chronic presence of highly resistant intracellular bacteria.
One clinical outcome from cell-mediated immune responses against intra​cellular bacteria is the development of granulomas. The presence of these granulomas is diagnostic of chronic my cobacterial infections.
It is also clear that CD4+ subsets may be differentially involved in cell-mediated immune responses against different types of leprosy. In lepromatous leprosy, which is characterized by a marked accumulation of an intracellular microorganism, IL-4 production by CD4+ T cells is dominant. On the other hand, in tuberculoid leprosy, which is characterized by the presence of few intra​cellular microorganisms, IFN-y production by CD4+ T cells is dominant.
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Specific immune reactions can induce nonspecific immune mechanisms
Viral infection
ROLE OF HUMORAL IMMUNITY 
A virus enters a host cell by binding to molecules that are normally expressed on the host cell surface for use in normal cell functions. For example, the CD4 molecule on T cells is a critical cell surface molecule that is used for the recognition of antigen presented by an APC. However, the HIV-1 gains entry into a host cell by binding to the CD4 molecule expressed by T-helper lymphocytes. 
Therefore, it is essential that a mechanism exist to neutralize and clear the virus before it
attaches to a host cell surface molecule. This mechanism involves antibody directed against the virus. The specific antibodies can either bind to the virus site that binds to the host cell surface molecule to prevent its attachment or bind to the virus and enhance the probability of the virus being phagocytosed and destroyed, or they can activate complement that will either enhance phagocytosis or direct lysis of the virus.
Antibody-mediated immunity against viruses is effective primarily during the early stages of a viral infection before virus entry into the host cell. Since antibodies are unable to penetrate cells to bind to intracellular microorganisms, their effectiveness is limited to the times when the virus is outside the cell, which is during either early infection or viral release from the host cell. Also, it is difficult to establish long-term protection against a virus, since the surface antigenic structure of the virus can change to create a different viral strain. This is particularly relevant in the case of the common cold, which is caused by a rhinovirus thai is usually serotypically distinct during each infection. However, secretory IgA may offer some protection at the sites of rhinovirus entry, namely the nose and lungs.
ROLE OF CELL-MEDIATED IMMUNITY 
The most important cellular mechanism for protection against viruses is provided for by the CD8+ T lymphocyte. The CD8+ T cell recognizes viral antigens that have been processed and associated with MHC class I molecules for expression on the cell surface.
The complex of viral antigen and MHC class I on the cell surface is recognized by receptors on specific CD8+ T cells. To fully differentiate into cytolytic T cells, the CD8+ T cell requires cytokine "help" from CD4+ T cells that are activated by viral antigen in association with MHC class II molecules on the surface of specialized APC, such as macrophages, that have phagocytolized antibody-coated extracellular virus.
The cytokine "help" provided by CD4+ T cells, which includes the cytokines IL-2 and IFN-γ, induces the differentiation and expansion of virus-specific CD8+ T cells. Therefore, the ability of CD8+ T cells to lyse and destroy a vitally infected cell is critically dependent on the early action of cytokines derived from CD4+ T cells.
 The mechanism of cell-mediated immune protection against viral infections is a good example of how concurrent class I- and class II-mediated T cell activation of CD8+ and CD4+ T cells, respectively, works to protect the host against viruses.
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Pathway of class I MHC-restricted presentation of an  endogenously synthesized viral antigen
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Cytokines allow for the differentiation of CD8+ cytolytic T cells into effector cells

Parasitic infection

ROLE OF HUMORAL IMMUNITY
 Parasites include the helminths, suchas schistisomes, and protozoa, such as the malaria organism Plasmodium. Parasites are infectious organisms that go through part of their life cycle in the human host and part of their life cycle in an intermediate host, such as a fly, tick, snail, or mosquito.
 For example, malaria is transmitted to humans from mosquito bites, while schistosomiasis is transmitted by the water from areas in which reside infected snails.
A major mechanism of defense against parasites is the production of IgE. The production of IgE is very much dependent on the production of IL-4 by CD4+ Th2 cells. As a consequence of the action of IL-4 on parasite-activated B cells, parasite specific IgE antibodies are produced that opsonize the parasitic organism. 
The opsonized parasite then binds to eosinophils through the Fc portion of the IgE to induce the release of proteins that lyse the parasite. 
Eosinophils are primarily involved in this type of protection because parasites seem to be more susceptible to destruction by toxic proteins released by eosinophils as compared with the toxic proteins and reactive oxygen species released by macrophages and neutrophils.
Persistent parasite infections lead to the formation of many parasite-antibody complexes that not only attach to eosinophils but also attach to blood vessels and the glomerulus of the kidney. 
The latter attachments produce detrimental consequences, such as the development of vasculitis and nephritis. These are major complications in persons with malaria.
ROLE OF CELL-MEDIATED IMMUNITY 
As described above for viruses, the most important cellular mechanism for protection against parasites is the CD8+ T lymphocyte. The CD8+ T cell recognizes endogenously produced parasite antigens that have been processed and associated with MHC class I molecules. The complex of parasite antigen and MHC class I is recognized by specific T cells expressing the T cell receptor and CD8. 
Also, as discussed above, the CD4+ T cell is intimately involved in effective CD8+ T cell function by providing cytokines needed for CD8+ T cell differentiation and expansion.
However, parasites are very clever microorganisms when it comes to evading immune defense mechanisms. Two of the more important evasion strategies used by parasites include:
1) the ability of parasites to acquire an outer coat of host proteins so that these proteins, as opposed to the parasite outer membrane proteins, will not be recognized as antigens and, therefore, not attach antigen-specific IgE; 
2) the ability of parasites to shed their cell surface membranes after specific IgE antibodies have attached in order to prevent IgE-mediated attachment of the parasite to eosinophils.

Course 16: Autoimmunity
· B cell tolerance
· Clonal deletion
· Clonal anergy 
· Immunogen vs. tolerogen 
· B cell associated autoimmune diseases
· Mechanisms for breaking B cell tolerance
· Molecular mimicry
· Polyclonal B cell activation
· Polyclonal T cell activation
· Superantigens 
· Exposure of Hidden self antigens
B cell tolerance

A basic premise of the B cell response to antigen is that the B cell will secrete antibodies against anything that is not normally present in the body. These antibodies will eliminate the antigen before it causes damage to the host. 
The B cell recognizes antigens via the immunoglobulin receptor that is expressed on its cell surface. 
The immunoglobulin receptor is formed by a series of gene deletions and recombinations during the process of B cell maturation in the bone marrow. 
Therefore, millions of different immunoglobulin variable regions are produced during B cell maturation. This results in the production of millions of B cells that are able to recognize millions of different antigens, including those "antigens" that normally do exist in the body.
Unlike T cell maturation and selection in the thymus, no well characterized mechanism exists in the bone marrow to delete B cells that recognize molecules that normally exist in the body. If left unchecked, B cells would produce antibodies against all of the proteins in the body.
 This situation would lead to massive destruction of cells through either cell destruction by antibody/complement-mediated cell lysis mechanisms or the removal of critical protein molecules, such as serum albumin, by antibody-dependent elimination mechanisms. 
Needless to say, this does not normally occur. Therefore, some mechanism must exist that makes B cells unresponsive to antigens normally considered "self." This mechanism is called tolerance. 
B cell tolerance is a process that involves the failure of a B cell to respond to foreign or self antigen.
There are two basic mechanisms of B cell tolerance. 
One mechanism involves the elimination of reactive B cells through the process of clonal deletion. The other mechanism involves the process of clonal anergy.
CLONAL DELETION

This process involves the elimination of immature B cells after antigen binds to their immunoglobulin receptor.
 An immature B cell that is just leaving the bone marrow expresses predominantly IgM on its surface. This is in contrast to a mature B cell, which expresses both IgM and IgD on its surface. It seems that when antigen binds to IgM only, a lethal signal is delivered to the B cell. This is in contrast to the stimulatory signal that is delivered to the B cell if antigen binds to both IgM and IgD. 
 However, this mechanism of B cell tolerance is not well supported by scientific data and, therefore, probably does not represent the major mechanism of B cell tolerance.
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Mechanism for B cell clonal deletion
CLONAL ANERGY

This process involves the inability of mature B cells to respond to antigen even after it binds to its immunoglobulin receptor.
IMMUNOGEN VS. TOLEROGEN

If an antigen induces activation of a B cell, it is called an immunogen. If an antigen does not activate a B cell, it is called a tolerogen. Tolerogens induce B cell clonal anergy.
A B cell recognizes an antigen via the antigen-specific immunoglobulin molecule. Both immunogens and tolerogens bind to the immunoglobulin receptor. Immunogens and tolerogens are endocytosed and processed to specific antigenic peptides. 
These peptides are then presented on the B cell surface in association with its MHC class II molecules. Immunogens in association with class II molecules will be specifically recognized by a specific T cell receptor to initiate an interaction between the T cell and B cells. This initial interaction involves the participation of a number of adhesion molecules (LFA-1/ICAM-l) and costimulatory molecules (B7-2/CD28 and CD40/ CD40L). The function of the costimulatory molecules is to activate the B cell to grow and differentiate.
Tolerogens are peptides that induce a block in the activation, growth, and development of B cells into antibody-secreting cells. Therefore, tolerogens induce a state of B cell clonal anergy. Development of a state of B cell anergy can occur for a number of reasons, but it primarily involves a lack of co-stimulatory signals being delivered to the B cell during T cell-B cell interaction.
 For example, as if a B cell does not express enough  CD40 on its surface or cannot find a Th cell to interact with to provide co-stimulation, it does not become activated, even though antigen bound to its immunoglobulin receptor and was endocytosed and processed to a peptide fragment for presentation to a Th cell. 
Expression of co-stimulatory signals on the B cell becomes the rate limiting step in determining whether or not a B cell will become activated to receive signals from the cytokines released by activated Th cells. If the B cell does not receive the co-stimulatory signals, it becomes quiescent and thus, anergic.
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Lack of co-stimilatory signals produces a tolerogenic response in a B cell
B CELL-ASSOCIATED AUTOIMMUNE DISEASES

These diseases are caused by either the deposition of soluble immune complexes composed of antibody and antigen on blood vessel walls in the body or damage to critical organ tissues by the binding of antibody to tissue associated molecules and followed by complement-mediated cell lysis.
If the B cell does become activated after binding molecules normally present in the body, it will secrete antibodies against these "self" molecules, with subsequent development of a B cell-associated autoimmune disease.
MECHANISMS FOR BREAKING B CELL TOLERANCE

· Molecular mimicry 
· Polyclonal B cell activation
·  Polyclonal T cell activation
·  Exposure of "hidden" self antigens
MOLECULAR MIMICRY

This occurs when antibodies produced against a foreign antigen crossreact with "self" antigens.
Some "self antigens may crossreact with immunoglobulin produced by a B cell that belongs to a clone of B cells that initially responded to a foreign antigen. These B cells react against the foreign antigen, produce antibodies that are able to capture foreign antigen, and also crossreact with self antigens.
 This form of tolerance breaking is called molecular mimicry. 
For example, antibodies that are made against streptococcus may crossreact with molecules expressed on the surface of cells of the heart. The resulting heart cell damage that occurs produces the clinical condition known as rheumatic fever. 
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Molecular mimicry
POLYCLONAL B CELL ACTIVATION

This process activates an anergic B cell via a mechanism that does not involve the specific activation of the B cell by the binding of antigen to the immunoglobulin receptor but involves the nonspecific activation of the B cell by nonspecific multivalent antigens containing multiple repeating structural units, such as bacterial cell wall products (lipopolysaccharide).
Polyclonal B cell activation does not require Th cell cytokines and is thus, T cell-independent.
 Therefore, an infection with a bacteria whose cell wall can act as a polyclonal stimulant will induce an anergic B cell to clonally expand because the cell no longer requires co-stimulation in order to become an antibody-producing cell.
 The polyclonally activated cell will produce antibodies against the self antigen that anergized it originally. Now that antibodies are being produced against the "self" antigen, the antibody will bind to the self antigen and cause damage. 
Because many different anergic B cells will be activated due to the lack of antigen specificity associated with polyclonal activation, autoantibodies will be produced against the cells of many different organ systems, producing a systemic autoimmune disease as opposed to an organ-specific autoimmune disease. 
For example, systemic lupus erythematosus may be initially caused by a bacterial infection with the subsequent activation of many different anergic B cells that become activated to produce antibodies that recognize many different self antigens.
Polyclonal B cell activation may also induce the expression of co-stimulatory molecules on anergic B cells to enable them to successfully interact with Th cells. In this manner, upregulated CD40 will make these cells more likely to activate interacting Th cells and also receive Th cell contact-mediated and cytokine-mediated help.
[image: image127.jpg]Anergized \ 2/

B cell e Anergized
(Lung) N\ B cell
(Kidney)

Anergized
B cell

Immunoglobulin Receptor Specific
,J\ for "Self Antigens"
Anergized

B cell
(Insulin)

+ Polyclonal Stimulant,
e.g., Lipopolysaccharide

—
Y. \ ANTI-HEART ANTIBODY
=

ANTI-LUNG ANTIBODY 7

/| ANTIINSULIN ANTIBODY
P
/ ANTI-KIDNEY ANTIBODY




Polyclonal B cell activation breaks B cell tolerance
POLYCLONAL T CELL ACTIVATION

· This is a process whereby T cells become activated by a polyclonal activator, such as a superantigen. 
· Activated T cells clonally expand and provide cell contact and cytokine-mediated signals to B cells.
SUPERANTIGENS

Superantigens are molecules derived from bacteria and other pathogens that bind to class II MHC on antigen-presenting cells at sites that are different from the "groove" sites where processed antigenic peptides bind. Thus, superantigens are presented to T cells in an MHC-unrestricted manner and are only presented to T cells expressing a T cell receptor possessing a specific variable  gene product. Thus, many T cells are activated in an antigen-nonspecific and MHC-unrestricted manner.
B cell anergy is partially due to the selection of Th cells in the thymus that do not react against self proteins. However, some T cells escape thymic selection and become anergized in the periphery. These T cells cannot be activated in an antigen-specific manner but can be activated non-specifically by superantigens. The activated Th cells will express an increased level of CD40L, a molecule that is critical for providing a co-stimulatory activation signal to the B cell through its interaction with CD40 on the B cell. Activated Th cells will also produce cytokines. In this manner, many different anergic B cells can be nonspecifically activated by the interaction of CD40 on the B cell with CD40L on an activated Th cell. The secreted cytokines provide the necessary second signal to drive the B cells to clonally expand and differentiate into antibody-secreting cells.
EXPOSURE OF "HIDDEN" SELF ANTIGENS

This is a process whereby self antigens that are not normally exposed on the exterior of cells are exposed and act as "foreign" antigens, since they have never been seen by immune cells (either B or T) and, therefore, act as immunogens.
Self antigens that do not normally expose themselves to the outside of the cell may actually act as "foreign" antigens if they are ever exposed to the cell's exterior. Remember that some B cells and Th cells have never encountered these molecules before and, therefore, have not been deleted in the thymus, deleted in peripheral germinal centers, or anergized. 
For example, myelin basic proteins are a major component of Schwann cells and oligodendrocytes but are not normally expressed on the cell surface. In a nerve injury, however, myelin basic proteins are exposed to the cell's exterior and are then recognized as "non-self because they have never been seen by the immune system before. 
Thus, non-self‘ is a misleading term, since myelin basic proteins are indeed a part of "self." Nonetheless, it is a term that is often used to describe immunogens vs. nonimmunogens. Thus, both B cells and Th cells can be activated upon exposure to myelin basic proteins, and B cells can differentiate into antibody-producing cells.
 The antibody produced can then bind to myelin basic proteins exposed on injured nerve cells, which activates a number of mechanisms for cell destruction. As a consequence, the nerve may either never repair or be denuded of its protective covering that allows for the fast conductance of nerve impulses. If the latter happens, multiple sclerosis can develop.
Course 17: Transplantation

· Transplant rejection
· Tissue compatibility
· Laws of transplantation
· Histocompatibility antigens
· Graft vs. host disease
· Mediators of rejection
· Influences on transplant success
· Immunological tolerance
TRANSPLANT REJECTION

Transplant rejection is graft failure resulting from recipient antibodies and cells directed against donor cells.
Transplantation, for the purpose of replacing a diseased organ with a healthy donor organ, represents an increasingly active field in modern medical practice, as our understanding of the immunological aspects of transplantation continues to grow. 
Transplantation, together with autoimmunity and hypersensitivity reactions discussed earlier, represent situations that involve or have the potential to involve, in the case of transplantation, adverse side effects of an immune system that has evolved to recognize and protect us from harmful pathogens. With regard to transplantation, those adverse side effects sometimes result in graft failure due to an immunologically mediated event termed rejection. 
TISSUE COMPATIBILITY
The concept of tissue compatibility (the need for donor and recipient tissues to be "compatible" in order for a transplant to be accepted) was appreciated as early as the beginning of the 20th century. In a series of studies involving the transplantation of tumors and later skin grafts between mice, it became apparent that successful tissue transplantation depended upon genetic similarity of donor and recipient.
 Tissues transplanted between genetically identical animals, also known as syngeneic transplants or isografts, are virtually always accepted. 
In contrast, transplants performed between two subjects belonging to the same species who are genetically nonidentical, termed allogeneic transplants or allografts, invariably undergo rejection. Transplants performed between donor and recipient who belong to different species are known as xenogeneic transplants or xenografts and are promptly rejected.
 Allogeneic transplants or allografts bear allogeneic or foreign major and minor histocompatibility antigens; whereas syngeneic transplants or isografts bear genetically identical or self major and minor histocompatibility antigens.
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LAWS OF TRANSPLANTATION

The laws of transplantation are as follows:
· Transplants are accepted between members of a highly inbred genetic strain (haplotype) or animals that are genetically identical (identical twins).
· Transplants are rejected between members of different haplotype or animals that are genetically nonidentical.
· Transplants are accepted from parental haplotype A or B to an F, (AXB) progeny, but transplants in the reverse direction are rejected.
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Transplant outcome
HISTOCOMPATIBILITY ANTIGENS

Regarding the issue of genetic similarity between transplant donor and recipient (histocompatibility), early observations on transplant outcome led to the identification of a set of genes whose codominant expression elicits vigorous rejection responses in the case of allogeneic transplants. That set of genes has come to be characterized as the major histocompatibility complex or MHC. 
It is important to realize that many target antigens exist in cases of graft rejection. The MHC represents the most critical set of genes encoding such cell surface antigens; however, several genetic loci or areas of the MHC have yet to be mapped and defined. Furthermore, another set of genes, encoding the minor histocompatibility antigens, may play a very important role in transplant outcome as well. These genes have been less well characterized compared with those encoded by the MHC and generally are believed to play a weaker role in graft rejection events.
In order for a graft to be accepted, the recipient must share an identical complement of donor genes. For example, donor strain A or B into a strain AXB recipient would result in graft acceptance, since both strain A and B genes would be shared by the AXB recipient. In the case of donor tissue from strain AXB transplanted into either strain A or B recipient, the outcome would be graft rejection, since recipient A has donor A genes but not B genes and recipient B has donor B but not A genes.

GRAFT VS. HOST DISEASE

This disease occurs when an immunologically competent foreign graft containing T cells reacts against the MHC antigens of an immunologically compromised host.
In general, concerns regarding the outcome of transplantation represent a one-way street, namely the potential of the immune system of a transplant recipient or host to reject a transplant. An interesting reversal of the direction of the immune response occurs, however, when immunocompetent cells (spleen cells) are transplanted into a host whose immune system is not functioning properly (irradiated) and is, therefore, immunosuppressed.
In this case, a phenomenon known as graft vs. host disease ensues, where the immunocompetent graft directs an immunological assault against the host, sometimes with fatal consequences.
Graft vs. host disease is, therefore, of particular concern in cases of bone marrow transplantation, where immunocompetent T cells in the graft tissue can direct a graft rejection response against the cell surface MHC antigens of a frequently immunocompromised recipient or host.
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Graft vs. host disease
MEDIATORS OF REJECTION

Several components of the immune system are known to mediate graft rejection. 
First, we will consider antibody-mediated graft cell destruction, where antibodies specific for graft cell MHC antigens may be elicited with CD4+ T cell help generated in response to foreign graft MHC class II molecules.
 In the presence of complement, these antigraft antibodies would be capable of lysing (killing) graft target cells. 
In the case of cell-mediated graft destruction, at least two scenarios may be considered.
In the first, foreign graft MHC class II molecules stimulate host T-helper cells to provide "help" to host CD8+ T cytotoxic cells, which then may exert lytic action directly via recognition of foreign graft MHC class I molecules. Alternatively, stimulated host T helper cells may aid macrophages in an MHC-independent fashion to produce molecules capable of destroying graft cells.
Graft rejection has come to be regarded as being largely cell-mediated, with the T lymphocyte the primary effector cell. This fact is not surprising if one considers again and observes the central role occupied by the T cell. 
In addition to the cytotoxic T cell, both antibody-mediated and macrophage mediated graft destruction rely upon T cell help. Antibody-mediated graft destruction, a feature of hyperacute rejection events, also plays an important role in a special situation termed second set rejection.
 In this case, a transplant recipient is retransplanted due to primary graft failure, and upon encounter with the graft's foreign antigens or alloantigens to which the host was previously exposed, the host's immune system generates a hyperacute rejection response. This response consists of preformed cytotoxic antibodies formed during the host's first encounter with graft antigens.
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Mediators of rejection
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INFLUENCES ON TRANSPLANT SUCCESS

Several factors affect the outcome of tissue transplantation, notably the degree of histocompatibility between donor and recipient.
· Fortunately, the availability of reagents specific for cell surface proteins encoded by the MHC has permitted a high degree of cross-matching of donor and recipient where possible prior to transplantation. 
· Tissue typing/cross-matching is the identification of the MHC type of transplant donor and recipient to optimize genetic similarity or match prior to transplant. 
· This method and consequently transplant outcome will continue to improve as more MHC loci are characterized and reagents recognizing the products of these gene loci are prepared. Equally important in cross-matching transplant donor and recipient is the knowledge of prior sensitization or foreign antigen encounter by a prospective transplant recipient. Events such as blood transfusion and pregnancy prior to transplant, as well as previous transplants, all may jeopardize transplant success and result in responses similar to hyperacute or second set rejection, a rapid and vigorous reaction.
· Of critical importance to transplant success and viability is the degree of tissue or organ preservation prior to grafting. Ischemia time, defined as the time during which the donor organ has been deprived of its proper blood supply, drastically affects transplant outcome and should be kept to a minimum. Ischemia time is particularly important for the proper functioning of kidney, heart, and liver transplants, where organ preservation is an issue. Indeed, considerations of organ preservation in the case of kidney transplants are compounded by the availability of cadaveric kidney donors, where ischemia time and longer term organ preservation affect transplant viability.
· Interestingly, there exist a few sites in the body (central nervous system, reproductive tract) that are considered relatively "immune privileged' in terms of their vulnerability to an immune response. These sites generally lack lymphatic drainage and express few MHC antigens and are therefore weakly immunogenic.
IMMUNOSUPPRESSION

The consideration of the various factors affecting transplant outcome now turns to a discussion of a subject of tremendous importance not only to recipient selection but also to longterm transplant recipient care and management, namely the issue of often associated immunosuppression. 
Since graft rejection is provoked by an undesirable but healthy immune response on the part of the host, it is imperative for favorable transplant outcome that the transplant recipient be in some way immunosuppressed.
Immunosuppression of the transplant recipient falls into one of two categories, either suppression targeted specifically toward donor antigen or targeted nonspecifically, resulting in broader immunocompromise of the transplant recipient. Means of achieving both antigen-nonspecific and specific immunosuppression.
Total lymphoid irradiation, while infrequently used today, effectively eliminates the host immune response, resulting in graft survival, albeit profound immunosuppression.
[image: image133.jpg]TYPES OF IMMUNOSUPPRESSION

ANTIGEN-NONSPECIFIC

ANTIGEN-SPECIFIC

Lymphoid irradiation
Antilymphocyte globulins
Antimetabolite drugs—azathioprine
Steroids—prednisone

Immunosuppressive agents—
cyclosporine A

Anti-graft antibodies
Anti-TCR antibodies
Tolerance
Central: in utero/neonatal by clonal
deletion
Peripheral: in adult by
Anergy
Suppression
Deletion





More frequent approaches to cripple the transplant recipient's immune system have included the use of anti-lymphocyte globulins, such as OKT-3, directed against the CD3 component of the human T cell receptor, which serves to inhibit T cell-mediated responses. Antimetabolite drugs, such as azathioprine, inhibit nucleotide synthesis and result in suppressing the proliferative capacity of rapidly dividing cells, such as lymphocytes recently recruited to participate in an immune response. 
Such drugs are frequently used in combination with steroids, such as prednisone, which is broadly immunosuppressive by inhibiting lymphocyte function, as well as a drugs called Cyclosporine A or Tacrolimus (FK506) which more specifically inhibits T cell expression of cytokine effector molecules. A triple regimen consisting of azathioprine, prednisone, and cyclosporine A is commonly used post-transplant to manage heart and kidney transplant recipients.
Such effective immunosuppressive measures, due to their broad impact on the host's immune system, as well as frequent adverse side effects, have raised the issue of identifying means of suppressing the transplant rejection response in a more antigen-specific way. It is hoped that such antigen-specific means of immunosuppression, though still in their infancy, will impact less on the host's immune system and result in fewer side effects associated with multiple drug use. 
One strategy considered in antigen-specific immunosuppression is to employ antibodies directed against graft antigens, such as MHC alloantigens, which results in a prolongation of graft survival known as enhancement. The mechanism by which anti-graft antibodies promote transplant survival is currently under investigation. Another donor antigen-specific approach to immunsuppression, still in an experimental phase of study, is the use of anti-T cell receptor (TCR) antibodies lo block host T cells specific for allogeneic MHC. 

This kind of therapy implies a detailed knowledge not only of which MHC alloantigens are expressed on each graft, but also which antigen epitopes are critical for generating host T cell help during the alloimmune response.
Antibody therapy, whether donor antigen-specific or nonspecific, due to its passive nature, usually requires chronic administration. Associated with long-term antibody therapy is the adverse sensitization of the individual receiving these antibodies, which are usually raised in nonhuman species. These antibodies, therefore, act as alloantigens due to foreign isotope sequences and as such have the potential to provoke anti-antibody responses in the recipient. Clearly, such a situation renders antibody therapy of limited longterm value.
In the face of these therapeutic difficulties, an appealing strategy aimed at inducing donor antigen specific immunosuppression is the concept of tolerance, defined here as specific, acquired, long lasting immunological unresponsiveness. Tolerance to self antigens occurs very early in life, during fetal and neonatal development. Self-tolerance or central tolerance is principally acquired by negative selection or elimination of potentially self-reactive T cell clones during thymic development. Negative selection in the thymus is characterized by programmed cell death in a process referred to as clonal deletion.
Tolerance to prospective donor alloantigens, however, raises the issue of how to achieve tolerance in the adult transplant recipient long after central or self-tolerance has been achieved. Issues surrounding how to establish peripheral (nonthymic) tolerance form the basis of many experimental studies in the fields of transplantation and autoimmunity today. While still at their inception, these studies aim to elucidate how prior oral or intravenous administration of donor allo MHC antigens, in the case of transplantation, sometimes achieves a tolerant state in the transplant recipient. Also under investigation are the doses of antigen required to induce tolerance, described as either low zone or high zone, depending upon the relative doses of antigen needed to achieve it. Route of administration and antigen dose aside, experimental observations published to date have indicated that tolerance to donor allo MHC antigens may be established by a combination of active suppression of the recipient immune response and/or failure to respond to foreign antigen mediated by either T cell clonal deletion or anergy. 
Anergy may be defined as the absence of an immune response due to loss of cell function or "immune paralysis" and may be reversible. Future transplant therapy awaits clarification of these issues.
Course 18: Immunopathology: the immune system gone wrong
· Immunopathology 
· Allergies
· Autoimmune diseases
· Primary immunodeficiencies 
Both the innate and adaptive systems are able to remember past invaders. The innate immune system's memory is hardwired, and depends on pattern-recognition receptors that have evolved over millions of years to identify common invaders. These receptors recognize signatures which are shared by classes of invaders (all bacteria that have LPS as a cell wall component), and focus on molecular structures that are not easily mutated. All humans have the same innate memory. In contrast, B and T cells of the adaptive immune system have "updatable" memories which can remember the individual invaders (both common and rare) we have encountered during our lifetimes. Adaptive memory is "personal" in the sense that every person has a different adaptive memory.
T and B cell memories both require that central memory cells persist in the secondary lymphoid organs following an attack. Central memory T cells react quickly to a second attack by proliferating and maturing into effector T cells, which can travel to the site of the invasion and destroy the enemy. Between attacks, central memory T cells proliferate slowly to replenish their numbers.
Central memory B cells also are produced during an attack. If we are invaded again by the same pathogen, central memory B cells quickly activate, proliferate, and most of them mature into plasma B cells - cells which can produce large quantities of pathogen-specific antibodies. Also remaining after a first attack are long-lived plasma B cells which reside in the bone marrow. These cells continuously produce moderate amounts of pathogen-specific antibodies, which give us immediate protection if we are attacked again. This pool of long-lived plasma cells is continually replenished by central memory cells, which proliferate slowly between invasions.
Memory B and T cells are better able to deal with a second attack because they are much more numerous than before the first invasion, and because they are more easily activated than are virgin B and T cells. Moreover, memory B cells have receptors that have been fine-tuned by somatic hypermutation, and these B cells usually have class-switched to produce the type of antibody molecule which is most appropriate for the invader they remember. As a result of these upgrades, memory B cells are more efficient at dealing with repeat offenders than were their virgin ancestors.
Vaccinations take advantage of the ability of B and T cells to remember recent invaders. By introducing the immune system to a "safe" version of a microbe, a vaccination prepares these adaptable weapons to respond more rapidly and more powerfully if a real attack occurs at some future time. The production of memory B and Th cells does not require that an antigen presenting cell be infected, so a "noninfectious" vaccine made from a dead virus or even a single viral protein can be used to produce a vaccine that will elicit protective antibodies.
Designing a vaccine that will produce memory killer T cells is more difficult, because, so far, the only way to do this efficiently is with a vaccine that can infect antigen presenting cells. Most immunologists believe that to protect against HIV-1, a vaccine will need to elicit a strong CTL memory. However, an AIDS vaccine intended for use by the general public must have no possibility of causing the disease, and this places severe constraints on the types of HIV-1 vaccines that would be safe to use. It is possible that a carrier virus vaccine or a DNA vaccine might produce a robust killer T cell memory, yet be safe for general use. Nevertheless, these novel approaches have not yet yielded a useful AIDS vaccine.
IMMUNOPATHOLOGY
So far, we have focused on the good that the immune system does in protecting us from infection. Occasionally, however, the immune system "goes wrong" - sometimes with devastating consequences. In this lecture we will examine four categories of diseases in which the immune system plays a major role in producing the damaging effects (the pathology) of the disease.
 First, we will discuss examples of diseases in which the normal functioning of the immune system results in pathological consequences. 
Next, we will focus on allergies - diseases that result when the systems that regulate the immune response don't function properly. 
Then we will discuss autoimmune diseases, which are caused by a breakdown in the mechanisms that normally insure tolerance of self. Finally, we will examine several diseases that stem from immunodeficiencies, both genetic and acquired.
PATHOLOGICAL CONDITIONS CAUSED BY A NORMAL IMMUNE RESPONSE

Unfortunately, in the case of the tuberculosis bacterium, the macrophage bites off more than it can chew, because the devious TB bacterium is able to modify the surface of the phagosome so that it does not fuse with the lysosome.
 Within the phagosome, the bacterium is safe, and it has easy access to all the nutrients it needs to grow and multiply Indeed, it is ironic that a TB bacterium happily spends most of its life inside a macrophage a defender that is supposed to deal harshly with bacterial attackers.
Eventually, many newly minted TB bacteria burst out of the macrophage, killing it. These bacteria then go on to infect other macrophages in the area. As a macrophage dies by necrosis, the contents of its lysosomes are released into the tissues of the lungs. This damages the lungs, and initiates an inflammatory reaction which recruits other immune system cells to the battle site, causing even more tissue damage. 
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The struggle between macrophages and TB bacteria results in the production of battle cytokines that can hyperactivate macrophages in the lungs. Once hyperactivated, the killing power of its weapons increases, so a macrophage can better deal with TB bacteria. Unfortunately, some of the chemicals given off by hyperactivated macrophages cause additional damage to the tissues of the lungs.
Activated macrophages and the cells they recruit sometimes win this battle and eliminate the invading bacteria. In other cases, it's a fight to a draw, and a state of chronic inflammation results in which the bacteria are kept in check, but macrophages continue to be killed, and the lungs continue to be damaged by the inflammatory reaction. 
So, in a TB infection, the pathology of the disease results from macrophages doing exactly what they are supposed to do - engulf invaders and summon additional immune system cells to help fight the battle.
Every year, about 250,000 Americans die of sepsis, another disease that is caused by the immune system trying to do the right thing. One important feature of the immune response is that it usually is "local." Under normal conditions, our bodies must be defended against numerous small attacks which can come at any point along the boundaries that separate our bodies from the outside world. For this reason, our defense system is set up to provide rapid and vigorous responses to these attacks. The aim of this potent local defense is to subdue the enemy quickly before it has a chance to "dig in" and establish its own base of operations. There can be a downside, however, to such a powerful defense: If there is an invasion which is not local, one that affects the whole body, the summation of the potent local immune defenses can actually be life-threatening. 

Sepsis is a rather generic term that describes the symptoms which can result from such a systemic infection.
Sepsis usually is caused by bacteria that enter the blood​stream when the physical barriers which are our first line of defense are breached. For sepsis to occur in a healthy individual, a large number of bacteria must be introduced. This can occur, for example, as a result of bacterial escape from an abscess or other formerly localized infection.
 In patients with a suppressed immune system (during chemotherapy for cancer), much smaller quantities of bacteria are required.
Although both Gram-negative and Gram-positive bacteria can cause sepsis, the classic culprits are Gram-negative bacteria like E. coli that have lipopolysaccharide (LPS) as a component of their cell walls, and which also shed this molecule into their surroundings. LPS is a potent danger signal that can activate macrophages and NK cells. These two cells then cooperate in a positive feedback loop that increases their activation states.
Under normal conditions, the function of this positive feedback loop is to amplify the immune response, so that the innate system can respond quickly and strongly to a localized infection. However, in a "full-body" infection in which bacteria carried by the blood enter tissues everywhere, this amplified response can get out of hand. TNF secreted by activated macrophages can cause blood vessels to become "leaky“, so that fluid escapes from the vessels into the surrounding tissues. 
In extreme cases, the decrease in blood volume due to system-wide leakage can cause a drop in blood pressure that results in shock (septic shock) and heart failure. So, sepsis and septic shock can result when positive feedback loops, which normally allow the innate immune system to react strongly and quickly, cause an overreaction to a system-wide infection.
Diseases caused by defects in immune regulation allergies

Roughly a quarter of the U.S. population suffers from allergies to common environmental antigens (allergens) that either are inhaled or ingested. Hay fever and asthma are the two most common allergic diseases of the respiratory tract. Hay fever is caused by proteins that are derived from mold spores or plant pollens. These allergens are present in the outside air, usually at certain times of the year. In contrast, the allergens that cause asthma are mostly found indoors. Dust mites, cockroaches, rodents, and household pets are major sources of these allergy-causing proteins. In addition to allergies caused by allergens in the air we breathe, the food we eat can also cause allergies.
The immune systems of nonallergic people respond weakly to these allergens, and produce mainly antibodies of the IgG class. In striking contrast, allergic individuals (called "atopic" individuals) produce large quantities of IgE antibodies. Indeed, the concentration of IgE antibodies in the blood of those with allergies can be 1,000- to 10,000-fold higher than in the blood of non-atopic people!
 It is the overproduction of IgE antibodies in response to otherwise innocuous environmental antigens that causes allergies.
We discussed the interaction of IgE antibodies with white blood cells called mast cells. Because mast cell degranulation is a central event in many allergic reactions, let's take a moment to review this concept. When atopic individuals first are exposed to an allergen ( pollen) they produce large amounts of IgE antibodies which recognize that allergen. Mast cells have receptors on their surface that can bind to the Fc region of IgE antibodies, so that after the initial exposure, mast cells will have large numbers of these allergen-specific IgE molecules attached to their surface. Allergens are small proteins with a repeating structure to which many IgE antibodies can bind close together. So on,1 second or subsequent exposure, an allergen can cross-link the IgE molecules on the mast cell surface, dragging the Fc receptors together. 
This clustering of Fc receptors tells mast cells to "degranulate" - to release their granules, which normally are stored safely inside the mast cells, into the tissues in which they reside. Mast cell granules contain histamine and other powerful chemicals and enzymes that can cause the symptoms with which atopic individuals are intimately familiar. Interestingly, although IgE antibodies only live for about a day in the blood, once they are attached to mast cells, they have a half-life of several weeks. 
This means that mast cells can stay "armed" and ready to degranulate for an extended period after exposure to an allergen.
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Allergic reactions generally have two phases: immediate and delayed. The immediate reaction to an allergen is the work of mast cells, which are stationed out in the tissues, and basophils, another granule-containing white blood cell, which can be recruited from the blood by signals given off by mast cells responding to an allergen. Like mast cells, basophils have receptors for IgE antibodies, and cross-linking of these receptors can lead to basophil degranulation.
Although mast cells and basophils are responsible for the immediate reaction to an allergen, a third, granule-containing white blood cell, the eosinophil, is the prominent player in chronic allergic reactions (in asthma). Before an "attack" by an allergen, there are relatively few eosinophils present in the tissues or circulating in the blood. However, once an allergic reaction has begun, helper T cells secrete cytokines such as IL-5 which can recruit many more eosinophils from the bone marrow. These eosinophils can then add their "weight" to the allergic reaction. Because eosinophils must be mobilized from the marrow, their contribution is delayed relative to that of mast cells and basophils, which can respond almost immediately.
Of course, mast cells, basophils, and eosinophils were not invented by Mother Nature just to annoy allergic people. These cells, with their ability to degranulate "on command," provide a defense against parasites (worms) that are too large to be phagocytosed by professional phagocytes. In a sense, IgE antibodies act as a "guidance system" for these cells, targeting their weapons to the enemy. 
For example, by discharging their destructive chemicals directly onto the skin (tegument) of a parasite to which IgE antibodies have bound, eosinophils can destroy these massive creatures.
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What makes this defense so elegant is that in response to a parasitic infection, parasite-specific IgE antibodies are made and mast cells, basophils, and eosinophils are armed - but nothing happens unless these armed cells come in contact with a parasite that can cluster their IgE receptors. Consequently, you don't get uncontrolled degranulation, wreaking havoc throughout your body. Rather, the IgE guidance system allows these cells to zero in on parasites, causing relatively little collateral damage to our tissues.
Why do some people have allergies? 
It is clear that IgE antibodies are the bad guys in allergic reactions, but what determines whether a person will make IgE or IgG antibodies in response to an allergen? Helper T cells can be influenced by the environment in which they are stimulated to secrete various cytokines, and that their cytokine profiles can be polarized toward the production of a Th1 or Th2 subset of cytokines.
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In turn, B cells undergoing class switching are influenced to switch to production of IgA, IgG, or IgE antibodies, depending on the cytokines secreted by helper T cells in the germinal centers where class switching takes place. 
For example, a germinal center that is populated with Th1 cells usually will produce B cells that make IgG antibodies, because Th1 cells secrete IFN-γ, which drives the IgG class switch. In contrast, B cells tend to change to IgE production if they class-switch in germinal centers that contain Th2 cells, which secrete IL-4 and IL-5. 
So the decision to produce either IgG or IgE antibodies in response to an allergen will depend heavily on the type of helper T cells present in the secondary lymphoid organ which happens to intercept the allergen. Indeed, helper T cells from allergic individuals show a much stronger bias toward the Th2 tvpe than do Th cells from nonatopic people.
So atopic individuals produce IgE antibodies because their allergen-specific Th cells tend to be of the Th2 type. But how do they get that way? The answer to this question is not known for certain, but many immunologists believe that a bias toward either Th1- or Th2-type helper T cells can be established early in childhood, and in some cases, even before birth. Here's how this is thought to work.
A fetus inherits roughly half its genetic material from its mother and half from its father. As a result, the fetus is really a "transplant" that expresses many paternal antigens to which the mother's immune system is not tolerant. 
Since the placenta is the interface between the mother and the fetus, measures must be taken to avoid having maternal CTLs and NK cells attack the placenta because it expresses these paternal antigens. The Th1 subset of helper cells secretes TNF, which helps activate NK cells, and IL-2, which causes NK cells and CTLs to proliferate. 
So it would be advantageous for the survival of the fetus to bias maternal Th cells away from the Th1 cytokine profile. Indeed, cells of the placenta produce relatively large amounts of IL-4 and IL-10 cytokines which influence maternal helper T cells to become Th2 cells.
 However, these same placental cytokines also have a strong influence on fetal helper T cells. As a result, most humans are born with helper T cells that are strongly biased toward making Th2 cytokines.
Obviously this bias does not last a lifetime, and eventually most people end up with a more balanced population of Th1 and Th2 cells. One event that probably helps establish this balance is infection at an early age with microbes (viruses or bacteria) that normally elicit a Th1 response. Indeed, it is suspected that early microbial infections may also be important in "reprogramming" the immune response so that a Th1 response to allergens results.
 Immunologists hypothesize that if a microbial infection strongly "deviates" the immune response of a young child toward a Th1 type at the same time that the child encounters an allergen (say, a dust mite protein), the Th response to that allergen will also be deviated toward the Th1 type. 
Once this deviation takes place, feedback mechanisms tend to lock in the Th1 response, and memory T cells will be generated that remember not only the allergen, but also their Th1 response to it. Once a large number of biased memory cells is built up, it is difficult to reverse this bias, so early exposure to infectious diseases may be critical in establishing a normal response to environmental allergens.
The idea that early microbial infections might be important in biasing our immune systems toward producing Th1 helper T cells in response to environmental allergens is called the "hygiene hypothesis." Indeed, in Western countries, where improved personal hygiene has led to a decrease in childhood infections, the incidence of allergies to environmental allergens has increased dramatically.
 Also consistent with the idea that early exposure to certain microbes protects against allergies is the observation that being born into a large family or entering day care at an early age seems to confer some protection against developing asthma.

· It also has been proposed that regulatory T cells may help bias the immune system away from the production of IgE antibodies in response to environmental allergens. Helper T cells out in the tissues can be induced to become regulatory T cells when they are stimulated repeatedly. Consequently, one could argue that if a person is routinely exposed to environmental allergens, some of his CD4+ T cells may be induced to become regulatory T cells, which could suppress the immune response to these allergens. 
· Indeed, inducible regulatory T cells produce IL-10 and TGFβ - cytokines which are known to bias antibody production away from IgE and toward IgG or IgA. Moreover, in individuals who are not atopic, regulatory T cells represent the majority of CD4+ T cells that are specific for common environmental allergens. Although the hypothesis that the induction of allergen-specific regulatory T cells might protect us from allergic reactions makes some sense, it does not easily explain the increased incidence of allergies in countries with modern hygiene.
Heredity
In addition to environmental factors (early exposure to infectious diseases or environmental allergens), heredity clearly plays a large part in susceptibility to allergies. For example, if one identical twin suffers from allergies, the probability is about 50% that the second twin will also be atopic. Immunologists have noticed that people who are allergic to certain allergens are more likely to have inherited particular class II MHC genes than are nonatopic people, suggesting that these MHC molecules may be especially efficient at presenting allergens. 
In addition, some atopic individuals produce mutant forms of the IgE receptor. It is hypothesized that these mutant receptors send an unusually strong signal when cross-linked, resulting in secretion of abnormally high levels of IL-4 by mast cells, and favoring the production of IgE antibodies. 
Mutations have even been detected in the regulatory (promoter) region of the IL-4 gene of some atopic individuals, and these mutations might increase the amount of IL-4 produced. Unfortunately, genes that confer susceptibility to allergies have been difficult to identify, because there seem to be many of them, and because they differ from atopic individual to atopic individual.
· The best current synthesis of this information is that the immunological basis for allergies is a defect in immune regulation in which allergen-specific helper T cells are strongly polarized toward a Th2 cytokine profile, resulting in the production of allergen-specific IgE antibodies. The genes a person inherits can make him more or less susceptible to allergies, and exposure to environmental factors such as microbial infections may influence whether susceptible individuals become atopic.
Treatments for allergies 
Although not a cure, treatment with glucocorticoid steroids can decrease allergy symptoms by blocking cytokine production by helper T cells. As a result, fewer B cells are activated (because they do not get the help they need), and the total number of antibodies made is reduced. Steroids, however, are not specific for allergies, and steroid treatment decreases the number of activated B cells of all kinds. Consequently, taking glucocorticoid steroids for extended periods can result in increased susceptibility to infectious diseases.
Recently, immunologists have produced antibodies (Omalizumab) which can grasp the Fc region of IgE antibodies and block the binding of these antibodies to mast cells. In human trials, these blocking antibodies relieved allergic symptoms and decreased the severity of asthma attacks. This treatment has now been approved for use in the United States, and although it appears to be safe and effective, it is quite expensive.
So far, only one approach, "specific immunotherapy“, has been successful in curing allergies. This treatment involves the injection of gradually increasing doses of crude extracts of allergens until a maintenance dose is achieved. 
Then, after several years of regular injections, some patients become tolerant to the allergen (or allergens) in the extract. Somehow, these injections encourage allergen-specific B cells to switch their antibody class from IgE to one of the other antibody classes. Indeed, during specific immunotherapy, the ratio of IgG to IgE antibodies specific for the allergen being administered can increase ten- to 100-fold. Unfortunately, the mechanism by which this immune deviation is achieved is not well understood, although the latest thinking is that repeated injections of allergen extracts may generate inducible regulatory T cells that produce cytokines which suppress IgE antibody production.
Autoimmune disease

Rather than expend a huge amount of biological "energy" on a foolproof system in which every B and T cell is carefully checked for tolerance of self, Mother Nature evolved a multilayered system in which each layer includes mechanisms that should weed out most self-reactive cells, with lower layers catching cells that slip through tolerance induction in the layers above. 
This strategy works very well, but occasionally "mistakes are made" and instead of defending us against foreign invaders, the weapons of our immune system are turned back on us. 
Autoimmune disease results when a breakdown in the mechanisms meant to preserve tolerance of self is severe enough to cause a pathological condition. Roughly 5% of Americans suffer from some form of autoimmune disease. Unfortunately, because there is so much mystery surrounding tolerance induction, there is also limited understanding of the underlying causes of autoimmunity.
Some cases of autoimmunity result from genetic detects. For example, most autoimmune diseases are chronic disorders that involve repeated stimulation of self-reactive lymphocytes. In normal people, this is controlled by activation-induced cell death in which chronically stimulated T cells are eliminated when Fas proteins on their surface are ligated. 
Humans with genetic defects in either the Fas or the Fas ligand proteins lack this layer of tolerance protection, and their T cells refuse to die when chronically stimulated by self antigens. The resulting diseases, autoimmune lymphoproliferative syndrome and Canale-Smith syndrome, have as their pathological consequences massive swelling of lymph nodes, production of antibodies that recognize self antigens, and the accumulation of large numbers of T cells in the secondary lymphoid organs.
Although some autoimmune disorders are due to genetic defects, the majority of autoimmune diseases occur when the layers of tolerance-inducing mechanisms fail to eliminate self-reactive cells in genetically normal individuals. In fact, you could argue that the potential for autoimmune disease is the price we must pay for having B and T cell receptors which are so diverse that they can recognize essentially any invader.

The latest thinking is that for autoimmunity to occur, at least three conditions must be met. 
      * First, an individual must express MHC molecules that efficiently present a peptide derived from the target self antigen. This means that the MHC molecules you inherit can play a major role in determining susceptibility to autoimmune disease. For example, only about 0.2% of the U.S. population suffers from juvenile diabetes, yet for Caucasian Americans who inherit two particular types of class II MHC genes, the probability of contracting this autoimmune disease is increased about twentyfold.
        * The second requirement for autoimmunity is that the afflicted person must produce T and, in some cases, B cells which have receptors that recognize a self antigen. Because TCRs and BCRs are made by a mix-and-match strategy, the repertoire of receptors that one individual expresses will be different from that of every other individual, and will change with time as lymphocytes die and are replaced. Even the collections of TCRs and BCKs expressed by identical twins will be different. Therefore, it is largely by chance that a person will produce lymphocytes whose receptors recognize a particular self antigen.
So, for autoimmune disease to occur, a person must have MHC molecules that can present a self antigen as well as lymphocytes with receptors that can recognize the self antigen - but this is not enough. 
There also must be environmental factors that lead to the breakdown of tolerance mechanisms which are designed to eliminate self-reactive lymphocytes. For years, physicians have noticed that autoimmune diseases frequently follow bacterial or viral infections, and immunologists believe that microbial attack may be one of the key environmental factors that triggers autoimmune disease. Now clearly, a viral or bacterial infection cannot be the whole story, because for most people, these infections do not result in autoimmunity. However, in conjunction with a genetic predisposition (type of MHC molecules inherited) and lymphocytes with potentially self-reactive receptors, a microbial infection may be the "last straw" that leads to autoimmune disease.
Molecular mimicry

Immunologists' current favorite hypothesis to explain why infections might lead to a breakdown in self-tolerance is called "molecular mimicry" Here's how this is thought to work.
Lymphocytes have BCRs or TCRs that recognize their cognate antigen. It turns out, however, that this is almost never a single antigen. Just as one MHC molecule can present a large number of peptides which have the same overall characteristics (length, binding motif), a TCR or a BCR usually can recognize ("cross-react" with) several different antigens. Generally, a TCR or BCR will have a high affinity for one or a few of these cognate antigens, and relatively lower affinities for the others.
During a microbial invasion, lymphocytes whose receptors recognize microbial antigens will be activated. The molecular mimicry hypothesis holds that sometimes these receptors also recognize a self antigen, and if they do, an autoimmune response to that self antigen can result. 
It is presumed that before the microbial infection, these potentially self-reactive lymphocytes had not been activated either because the affinity of their receptors for the self antigen was too low to trigger activation, or because the restricted traffic patterns of virgin lymphocytes never brought them into contact with the self antigen under conditions that would allow activation. 
However, once activated in response to a cross-reacting microbial antigen, these self-reactive lymphocytes can do real damage. In this scenario, the invading microbe substitutes for (mimics) the self antigen for activation. For example, it is believed that rheumatic heart disease, which is a possible complication of a streptococcal throat infection, results when the receptors on helper T cells that recognize streptococcal antigens cross-react with a protein which is present on the tissues that make up the mitral valve of the heart. These cross-reactive Th cells appear to direct an inflammatory response that can severely damage that heart valve.
Animal models of human autoimmune diseases have been very useful for understanding which immune system players are involved, which self antigens are targets of the immune reaction, and which microbial antigens might be involved in the molecular mimicry that may trigger disease. 
Typically, these models involve animals that have been bred to be exquisitely susceptible to autoimmune disease, or animals whose genes have been altered to make them susceptible. 
One lesson learned from animal models and from humans is that TCRs which recognize self antigens usually can cross-react with multiple environmental antigens. 
Consequently, although viral or bacterial infections may supply the environmental trigger for some autoimmune diseases, it appears unlikely that any single microbe is responsible for any one autoimmune disease.
Inflammation and autoimmune disease

Although molecular mimicry may be responsible for activating lymphocytes that previously had been ignorant of self antigens, there must be more to the story. After all, when self-reactive T cells that have been activated by a microbial mimic reach the tissues, they are in a precarious situation. To avoid apoptotic death by "neglect," they must be continually restimulated, and if they encounter self antigens in an environment that does not provide adequate co-stimulation, they will be anergized or deleted.
As you remember, the innate system usually gives "permission" for the adaptive system to function. Part of this permission involves the activation of antigen presenting cells by inflammatory cytokines such as IFN-γ and TNF that are secreted by cells of the innate system. 
Once activated, APCs (macrophages) express the MHC and co-stimulatory molecules required to restimulate T cells which have entered the tissues to do battle. What this means is that when lymphocytes venture out into the tissues to join a war that the innate system is already fighting, restimulation is not a problem. 
However, for a T cell that recognizes a self antigen which the innate system does not see as dangerous, the tissues can be a very inhospitable place  because a self-reactive lymphocyte usually will not receive the co-stimulation necessary for its survival.
The bottom line is that it is not enough for a microbe to activate self-reactive T cells by mimicry. There also must be an inflammatory reaction going on in the same tissues that express the self antigen. Otherwise it is unlikely that self-reactive lymphocytes would exit the blood into these tissues, and if they did, that they would survive. This requirement for inflammation probably explains why bacterial infections (strep throat) only rarely lead to autoimmune disease (rheumatic heart disease).
So the scenario most immunologists favor for the initiation of autoimmune disease is this: A genetically susceptible individual is attacked by a microbe that activates T cells whose receptors just happen to cross-react with a self antigen. Simultaneously, an inflammatory reaction takes place in the tissues where the self antigen is expressed. This inflammation could be caused either by the mimicking microbe itself, or by another, unrelated infection or trauma. As a result of this inflammatory reaction, APCs are activated that can restimulate self-reactive T cells. In addition, cytokines generated by the inflammatory response can up-regulate class I MHC expression on normal cells in the tissues, making these cells better targets for destruction by self-reactive CTLs.
Examples of autoimmune disease
· Autoimmune diseases usually are divided into two groups: organ-specific and multisystem diseases. Let's look at examples of both types, paying special attention to the self antigens against which the autoimmune response is thought to be directed, and to the environmental anti​gens that may be involved in molecular mimicry.
· Insulin-dependent diabetes mellitus is an example of an organ-specific autoimmune disease. In this disease, the targets of autoimmune attack are the insulin-producing "B cells" of the pancreas. Although antibodies produced by self-reactive B cells may participate in the chronic inflammation that contributes to the pathology of this disease, it is currently believed that the initial attack on the B cells is mediated by CTLs.
Clearly, there are genetic factors that help determine susceptibility to diabetes, since the probability that both identical twins will suffer from this autoimmune disease is about 50% if one of them has it. For example, some individuals have a version of the gene for CTLA-4 which is associated with an increased risk of type 1 diabetes. Patients with this variant make less CTLA-4 RNA and presumably are less able to limit the activity of self-reactive T cells that recognize B cell antigens.
Thus far, no strong candidates have emerged for environmental factors that might trigger the initial attack on B cells. However, many immunologists believe that diabetes results, at least in part, when natural regulatory T cells, which should help keep self-reactive CTLs under control, don't function properly Unfortunately, it remains to be discovered exactly how these regulatory T cells accomplish this feat.
In diabetes, destruction of insulin-producing cells in the pancreas usually begins months or even years before the first symptoms of diabetes appear, so this disease is some​times referred to as a "silent killer." Indeed, by the time symptoms appear, more than 90% of a patient's B cells usually have been destroyed. 
Fortunately, antibodies that bind to B cell antigens are produced very early in the disease. As a result, relatives of diabetic patients can be tested to determine whether they might be in the early stages of diabetes. This is important, because if a child has a sibling who developed diabetes early in life, and if that child's immune system makes antibodies that recognize B cell proteins, the probability that he will develop diabetes within the next five years is nearly 100%.
· Myasthenia gravis is an autoimmune disease that results when self-reactive antibodies bind to the receptor for an important neurotransmitter, acetylcholine. When the message that is normally carried by acetylcholine from nerve to muscle is not received (because the antibodies interfere with its reception), muscle weakness and paralysis can result. Immunologists have noticed that a region of one of the poliovirus proteins is similar in amino acid sequence to part of the acetylcholine receptor protein, so it is possible that a polio infection might provide one mimic which could activate lymphocytes whose receptors cross-react with the acetylcholine receptor.
· Multiple sclerosis is an inflammatory disease of the central nervous system that is thought to be initiated by self-reactive T cells. In multiple sclerosis, chronic inflammation destroys the myelin sheaths that are required for nerve cells in the brain to transmit electrical signals efficiently, causing defects in sensory inputs (vision) and paralysis. Macrophages recruited by cytokines secreted by T cells are thought to play a major role in causing this inflammation. 
At first there was a question as to how T cells could get into the brain to initiate this disease, but eventually it was discovered that activated T cells (but not virgin T cells) can cross the blood-brain barrier. The presumed target of these T cells is a major component of the myelin sheath: myelin basic protein. T cells isolated from multiple sclerosis patients can recognize a peptide derived from myelin basic protein as well as peptides derived from proteins encoded by both herpes simplex virus and Epstein-Barr virus (the virus that causes mononucleosis). 
So a possible scenario is that when genetically susceptible individuals are infected with herpes virus or Epstein-Barr virus, they produce T cells that recognize proteins from these viruses. Some of these activated T cells may have receptors that cross-react with myelin basic protein, and once these T cells cross the blood-brain barrier, they can lead the attack on the myelin sheaths, causing the symptoms of multiple sclerosis.
Of course, very few people who have Epstein-Barr or herpes infections get multiple sclerosis, so exposure to microbial mimics is not the whole story. Indeed, as is true of most autoimmune diseases, multiple sclerosis has a strong genetic component: It is about ten times more probable that identical twins will share this disease than it is for non-identical twins to both be afflicted. In addition, it is about twenty times more likely that the non-identical twin of someone with multiple sclerosis also will have the disease than it is for a person in the general population. 
There are certain "resistant" groups ( Hispanic, Asian, Native American) who have relatively low rates of multiple sclerosis, presumably because of their particular genetic makeup. However, the only gene that has been shown conclusively to confer increased susceptibility to multiple sclerosis is a particular class II MHC gene.
· Rheumatoid arthritis is a systemic autoimmune disease that is characterized by chronic inflammation of the joints. One of the presumed targets of this autoimmune reaction is a certain cartilage protein, and T cells from arthritic patients can recognize both the cartilage protein and a protein encoded by the bacterium that causes tuberculosis.
 Moreover, mice injected with Mycobacterium tuberculosis suffer from inflammation of the joints, suggesting, but not proving, that a my cobacterial infection may trigger rheumatoid arthritis in some patients.
IgM antibodies that can bind to the tails of IgG antibodies are found in the joints of individuals with rheumatoid arthritis. These antibodies can form IgM-IgG antibody complexes which can activate macrophages that have entered the joints, increasing the inflammatory reaction.
 Indeed, the inflammation associated with rheumatoid arthritis is caused mainly by tumor necrosis factor (TNF) produced by macrophages that infiltrate the joints under the direction of self-reactive helper T cells. To treat arthritis, several drugs are currently being used which "soak up" TNF. One type is an antibody that binds to TNF and prevents it from working, while another is a fake receptor for TNF. 
Both of these "blockade" strategies are very effective in decreasing the severity of the symptoms experienced by patients with rheumatoid arthritis.
· Finally, lupus erythematosus is a systemic autoimmune disease that affects about 250,000 people in the United States, roughly 90% of whom are women.
 This disease can have multiple manifestations, including a red rash on the forehead and cheeks (giving the "red wolf" appearance for which the disease was named), inflammation of the lungs, arthritis, kidney damage, hair loss, paralysis, and convulsions. 
Lupus is caused by a breakdown in both B and T cell tolerance that results in the production of a diverse collection of IgG antibodies which recognize a wide range of self antigens, including DNA, DNA-protein complexes, and RNA-protein complexes. These autoantibodies can form self antigen-antibody complexes which "clog" organs in the body that contain "filters" (kidneys, joints, and the brain), causing chronic inflammation.
Non-identical twins have about a 2% probability of both having lupus if one twin has the disease. With identical twins, this probability increases about tenfold. This indicates a strong genetic component to the disease, and more than a dozen MHC and non-MHC genes have been identified, each of which seems to slightly increase the probability that a person will contract lupus. 
Although no specific microbial infection has been associated with the initiation of this autoimmune disease, mice that lack functional genes for Fas or Fas ligand exhibit lupus-like symptoms. 
This has led immunologists to speculate that lupus may involve a defect in activation-induced cell death, in which lymphocytes that should die due to chronic stimulation survive to cause the disease.
PRIMARY  IMMUNODEFICIENCIES
Serious disease may result when our immune system does not operate at full strength. Some of these immunodeficiencies are caused by genetic defects that disable parts of the immune network. Others are "acquired" as the consequence of malnutrition, deliberate immunosuppression  (during organ transplantation or chemotherapy for cancer), or disease (AIDS).
Genetic defects leading to immunodeficiency
A genetic defect, in which a single gene is mutated, can lead to immune system weakness. 
For example, individuals who are born with nonfunctional CD40 or CD40L proteins are unable to mount a T cell-dependent antibody response - because T cells either cannot deliver or B cells cannot receive this all-important, co-stimulatory signal. Both class switching and somatic hypermutation require co-stimulation by CD40L, so one result of the CD40-CD40L defect is that B cells secrete mainly IgM antibodies that have not affinity matured.
Other genetic deficiencies affect the formation of the thymus. In one such deficiency, DiGeorge syndrome, essentially all thymic tissue is missing, and people with this disorder are susceptible to life-threatening infections because they lack functional T cells.
Genetic defects also can knock out both T and B cells. This group of diseases is called severe combined immunodeficiency syndrome (SCIDS) - where the "combined" label indicates that neither T nor B cells function properly It was this disease that forced David Vetter, the famous "bubble boy," to live for twelve years in a pathogen-free plastic bubble. 
Although a number of different mutations can result in SCIDS, the best-studied mutation causes a defect in a protein that initiates the gene splicing required to produce mature B and T cell receptors. Without their receptors, B and T cells are totally useless.
Immunodeficiencies also can result from genetic defects in the innate immune system. For example, people who are born with defects in important complement proteins (C3) have lymph nodes with an abnormal architecture (no germinal centers) and B cells which produce mainly IgM antibodies.
Given the large number of different proteins that are involved in making the innate and adaptive immune systems work effectively, it's pretty amazing that mutations leading to immunodeficiency are so rare.
 In fact, inherited immunodeficiencies afflict only about one in 10,000 new​borns. It is likely, however, that many other cases of genetic immunodeficiency go undetected because our functionally redundant immune system has evolved to provide "backups" when elements of the main system are disabled.
AIDS

Although genetic immunodeficiencies are relatively rare, millions of people suffer from immunodeficiencies that are acquired. A large group of immunodeficient humans acquired their deficiency when they were infected with the AIDS virus  a virus, that currently infects over sixty million people worldwide, with over five million new infections occurring each year. 
The AIDS symptom that originally alerted physicians that they were dealing with a disease that had immunodeficiency as its basis was the high incidence of infections (Pneumocystis carinii pneumonia) or cancers (Kaposi sarcoma) that usually were only seen in immunosuppressed individuals. Soon, the virus that caused this immunodeficiency was isolated and named the human immunodeficiency virus number one (HIV-1).
An HIV-1 infection begins very much like other viral infections. Viruses in the initial inoculum enter human cells, and use these cells' biosynthetic machinery to make many more copies of themselves. Newly made viruses then burst out of each cell, and go on to infect other cells. 
So in the early stages of infection, the virus multiplies relatively unchecked while the innate system gives it its best shot, and the adaptive system is being mobilized. 
After a week or so, the adaptive system starts to kick in, and virus-specific B cells, helper T cells, and CTLs are activated, proliferate, and begin to do their thing. Consequently, during this early, "acute" phase of a viral infection, there is a dramatic rise in the number of viruses in the body (the "viral load") as the virus multiplies in infected cells.
 This is followed by a marked decrease in the viral load as virus-specific CTLs go to work.
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With many viruses (smallpox), the end result of the acute phase of a viral infection is "sterilization": All the invading viruses are destroyed, and memory B and T cells are produced to protect against a subsequent infection by the same virus. 
In contrast, a full-blown HIV-1 infection always leads to a "chronic" phase that can last for ten or more years. During this phase, a fierce struggle goes on between the immune system and the AIDS virus - a struggle which the virus always wins.
During the chronic phase of infection, viral loads decrease to low levels compared with those reached during the height of the acute phase, but the number of virus-specific CTLs and Th cells remains high - a sign that the immune system is still trying hard to defeat the virus.
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However, as the chronic phase progresses, the total number of Th cells slowly decreases, because these cells are killed as a consequence of the viral infection. Eventually there are not enough Th cells left to provide the help needed by virus-specific CTLs. When this happens, the number of these CTLs also begins to decline, and the viral load increases - because there are too few CTLs left to cope with newly infected cells.
In the end, the immune defenses are overwhelmed, and the resulting profound state of immunosuppression leaves the patient open to unchecked infections by pathogens that normally would not be the slightest problem for a person with an intact immune system. Sadly, these "opportunistic" infections can be lethal to an AIDS patient whose immune system has been destroyed.
Why is HIV-1 able to defeat an immune system that is so successful in protecting us from most other pathogens? There are two parts to this answer. The first has to do with the nature of the virus it self. 
All viruses are basically pieces of genetic information (either DNA or RNA) with a protective coat. For the AIDS virus, this genetic information is in the form of RNA which, after the virus enters its target cell, is copied by a viral enzyme called reverse transcriptase to make a piece of "copy" DNA (cDNA). Next, the DNA of the cell is cut by another enzyme carried by the virus, and the viral cDNA is inserted into the gap in the cellular DNA. Now comes the nasty part. 
Once the viral DNA has been inserted into a cell's DNA, it can just sit there, and while the virus is in this "latent" state, the infected cell cannot be detected by CTLs. Sometime later, in response to signals that are not fully understood, the latent virus can "reactivate," more copies of the virus can be produced, and these newly minted viruses can then infect other cells.

So the ability to establish a latent infection that cannot be detected by CTLs is one property of HIV-1 that makes it such a problem. But it gets worse. The reverse transcriptase enzyme used to copy the HIV-1 RNA is very error prone: It makes about one error (mutation) each time it copies a piece of viral RNA. 
This means that almost every new virus produced in an infected cell is a mutated version of the virus that originally infected that cell. And the problem, of course, is that some of these mutations may enable the newly made viruses to evade the immune system.
For example, the virus might mutate so that a viral peptide that formerly was targeted by a CTL no longer can be recognized, or no longer can be presented by the MHC molecule that the CTL was trained to focus on. 
When such mutations occur, that CTL will be useless against cells infected with the mutant virus, and new CTLs that recognize another viral peptide will have to be activated. 
Meanwhile, the virus that has escaped from surveillance by the obsolete CTLs is replicating like crazy, and every time it infects a new cell, it mutates again. Consequently, the mutation rate of the AIDS virus is so high that it can effectively stay one step ahead of CTLs or antibodies directed against it.
So two of the properties of HIV-1 that make a especially deadly are its ability to establish an undetectable latent infection, and its high mutation rate. But that's only half the story. The other part has to do with the cells HIV-1 infects. This virus specifically targets cells of the immune system: helper T cells, macrophages, and dendritic cells. 
The "docking" protein that HIV-1 binds to when it infects a cell is CD4, the co-receptor protein found in large numbers on the surface of Th cells. This protein also is expressed on macrophages and dendrictic cells, although they have fewer CD4 molecules on their surface. By attacking these cells, the AIDS virus either disrupts their function, kills the cells, or makes them targets for killing by CTLs that recognize them as being virus infected. So the very cells that are needed to activate CTLs and to provide them with help are damaged or destroyed by the virus.
Even more insidiously, HIV-1 can turn the immune system against itself by using processes essential for immune function to spread and maintain the viral infection. 
For example, HIV-1 can attach to the surface of dendrictic cells and be transported by these cells from the tissues, where there are relatively few CD4+ cells, into the lymph nodes, where huge numbers of CD4+ T cells are located. Not only are there lots of CD4+ cells within easy reach in lymph nodes, many of these cells are proliferating, making them ideal candidates to be infected and become HIV-1 "factories."
AIDS viruses that have been opsonized either by antibodies or by complement are retained in lymph nodes by follicular dendrictic cells. This display is intended to help activate B cells. However, CD4+ T cells also pass through these forests of follicular dendrictic cells, and as they do, they can be infected by the AIDS viruses that are attached to the dendrictic cell "trees." 
Because virus particles typically remain bound to follicular dendrictic cells for months, lymph nodes actually become reservoirs of HIV-1. Indeed, HIV-1 takes advantage of the normal trafficking of immune system cells through lymph nodes, and turns these "dating bars" into its own playground.
In summary, the pathological consequences of an HIV-1 infection are the result of the virus' ability to slowly destroy the immune system of the patient, leading to a state of profound immunosuppression that eventually results in death. The virus is able to do this because it can establish a latent "stealth" infection, because it has a high mutation rate, and because it preferentially infects and disables the very immune system cells that normally would defend against it.
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· Secondary immunodeficiencies 
SECONDARY IMMUNODEFICIENCIES

Acquired, or secondary, immunodeficiencies are considerably more common than primary immunodeficiencies. Although the best-known cause of secondary immunodeficiency is HIV/AIDS, other causes are important in many patients.
Malnutrition is the leading cause of secondary, or acquired, immunodeficiency. It is well established that nutritional deficiency, particularly protein shortage, is strongly associated with impaired immune responses, including reduced phagocyte function, cytokine production and antibody secretion. This is mostly reversible upon improvement of nutritional status.
Ageing: Advancing age is associated with immune depression. Paradoxically, it has been observed that ageing involves a decline in immune responses to exogenous antigens, but a concurrent increase in autoimmune reactivity. The latter occurs despite reductions in lymphocyte number and activity seen with increasing age. Components of the innate immune response also deteriorate with age, the cough reflex may become less effective at protecting the lower airways from inhaled pathogens.
Infection: Illness, particularly if prolonged and severe, can lead to immune system impairment in a previously healthy individual. Specific infections that cause some immunodeficiency include infectious mononucleosis, measles and chickenpox. Immunodeficiency following measles infection, for example, is transient and related to viral action on APCs.
Haematological disorders can suppress the production of normal blood cells. For example, leukaemia involves the unrestricted proliferation of non-functional immature leukocytes, which compete with normal cells and lead to bone marrow dysfunction. This reduces production of normal leukocytes and causes considerably increased susceptibility to infection. 
Other malignancies involving the bone marrow and secondary lymphoid tissues, such as myeloma and lymphoma, will also lead to acquired immunodeficiency.
Drugs: Acquired iatrogenic immunodeficiency may result from use of certain therapeutic drugs. 
For example, immunosuppressant drugs, such as prednisolone, tacrolimus, cyclosporine, sirolimus are frequently used following organ transplantation and in treatment of various inflammatory and autoimmune diseases.
Such therapy is associated with an increased incidence of opportunistic infection. In addition, many chemotherapy drugs used in the treatment of cancer are potent myelosuppressants, which means they reduce blood cell production by the bone marrow. Again, this leads to heightened susceptibility to infection.
Secondary immunodeficiency and other host-defence syndromes

Many disease states have been associated with immune dysfunction of varying degrees of severity and significance; In this and subsequent chapters the immunological abnormalities will be discussed, together with the value of immunological tests (if any).

CLASSIFICATION OF SECONDARY IMMUNODEFICIENCY

Viral infections: HIV, CMV, EBV, rubella, enteroviruses (echoviruses, Coxsackieviruses), measles, influenza.
Acute bacterial infections: septicaemia.
Chronic bacterial and parasitic infections: tuberculosis, leishmaniasis. Malignancy.
Plasma cell tumours and related problems: Myeloma, plasmacytoma. 
Waldenstrom's macroglobulinaemia, Amyloidosis 
Lymphoma/leukaemia: Hodgkin's disease, non-Hodgkin's lymphoma, chronic lymphocytic leukaemia, other chronic and acute leukaemias.
Extremes of age: Prematurity, old age
Transfusion therapy: whole blood; clotting factors.
Drugs and biologicals: as an undesirable side-effect; immunosuppressive drugs 
Physical therapies: plasmapheresis and variants, radiation 
Nutrition: starvation, anorexia, iron deficiency.
Chronic renal disease: uraemia, dialysis, nephrotic syndrome.
Gastrointestinal disease: Protein-losing enteropathies; secondary to cardiac disease.
Metabolic disease: diabetes mellitus,  glycogen storage disease, mannosidosis.
Toxins: cigarettes, alcohol, other chemicals.
Splenectomy: in conjunction with other diseases (lymphoma, coeliac disease, sickle-cell disease); traumatic Cardiac surgery (thymectomy).
Other host-defence disorders: cilial dyskinesia, cystic fibrosis, yellow nail syndrome, young syndrome, Alpha-1-anti-trypsin, deficiency, Burns, Myotonic dystrophy.
HUMAN IMMUNODEFICIENCY VIRUS 1 AND 2

HIV-1 and HIV-2 are retroviruses, responsible for the acquired immuno​deficiency syndrome (AIDS). 
For more detailed information on clinical aspects see Oxford Handbook of Genitourinary Medicine 2e. 
Immunological features 
Virus enters the cells via a cognate interaction of the gp120 env with CD4 and a chemokine receptor, either CxCR4 or CCR5.
It also infects other CD4' cells (macrophages, dendritic cells) and other cells expressing CD4-like surface proteins (neuronal cells).
Macrophage tropic viruses use CCR5, and infect T cells poorly; T-cell tropic viruses use CXCR4 for entry and form syncytia.
Resistance to viral infection is associated with polymorphism in the chemokine receptors.
A viral isolate entering T cells via CD8 has been described.
Uptake of virus into phagocytic cells may be augmented by antibody, and complement. HIV activates complement.
High levels of viral replication may take place in lymph nodes.
Initial viraemia after infection is controlled by CD8+ cytotoxic T cells (increased cell numbers). The asymptomatic phase is characterized by strong cytotoxic responses, but viral replication still detectable intermittently,  HIV is not a true latent virus.
The antibody response to major viral proteins appears after a lag phase of up to 3 months and persists through the asymptomatic phase but declines in late-stage disease.
Marked B-cell dysfunction with polyclonal increase in immunoglobulins and the appearance of multiple autoantibodies.
In the seroconversion illness there is a dramatic fall in CD4+ T cells and rise of CD8+ T cells. The levels of CD4+ T cells may drop to a level at which opportunistic infections may occur at this early stage (poor prognostic indicator). Levels then usually recover to within the low normal range. There is then a slow decline of absolute CD4+ T-cell count over time (years) following infection.
Passage to the symptomatic phase is characterized by a rapid drop in CD4+ T cells, loss of cytotoxic activity, and switch of virus type from slowgrowing, non-syncytial forming strains to rapidly growing, syncytialforming strains (quasispecies evolving through lack of implicative fidelity and under immunological selection pressure). This is accompanied by the occurrence of opportunistic infections.
Activation of T cells enhances viral replication and hence CD4+ T-cell destruction. Therefore opportunistic infections enhance the self-destruction of the immune system. Longterm non-progressors and patients responding to highly active antiretroviral therapy (HAART) show good proliferative responses to gag proteins. Progression has been associated with a switch from Th1 to Th2 responses.
HIV preferentially infects CD45RO+ cells but the depletion of T cells principally affects CD45RA+CD62L+ naive T cells.
T-cell depletion is caused by increased apoptosis, impaired production (HIV effects on thymus), and destruction of both infected and uninfected cells.
HIV replication is suppressed by natural CCR5 chemokine ligands,
RANTES. MIP-1, and MIP-1β, which are secreted by CD8+ T cells.
SDF-1α is the natural ligand for CXCR4. High levels of chemokine
production have been associated with resistance to infection.
Diagnosis and monitoring

Diagnosis depends on the detection of antiviral antibody ± viral antigen, not on immunological markers. Screening tests for anti-HIV antibody are followed up by PCR-based tests. Informed consent must be obtained.
The most accurate monitoring of disease is now available through measurements of viral load by quantitative PCR (viral load).
 Lymphocyte surface markers (CD4 count) must not be used as a way of HIV testing without consent.
CD4+ T cell numbers will be reduced and CD8+ T cells increased in most acute viral infections and in seriously ill patients in the ITU setting.
In the acute seroconversion illness, there is a sharp fall in absolute CD4+ T-cell numbers and an increase in CD8+ T-cell numbers with T-cell activation markers increased (IL-2 receptor (CD25) and MHC class II (DR)); this normally returns rapidly to normal as evidence of viral replication disappears. Persistent CD4+ T- cell lymphopenia after seroconversion illness is a poor prognostic sign indicating rapid progression to terminal illness.
Sequential monitoring of the CD4 + T-cell numbers provides guidance on the rate of progression of disease and identifies levels at which therapeutic interventions may be indicated (Pneumocystis prophylaxis at 0.2x109/L CD4+ T cells).
Once the CD4+ T-cell count falls below 0.05 x 109/L, further monitoring is of little clinical value (except psychologically to patients, who view cessation of monitoring as doctors giving up).
Successful treatment with HAART will lead to a rise of CD4‘+T cells to within the normal range and suppression of viral load.
Immune function will recover in patients with a good response to HAART: recovery is biphasic rapid increase in CD4+ T cells in first 3-6 months, mainly CD45RO+ memory T cells (decreased apoptosis and redistribution?)second phase is due to slower increase in CD54RA+CD62L+ naive T cells owing to increased thymic emigration rapid increase in CD8+ T cells initially followed by decline return of cutaneous reactivity to recall antigens.
Serum immunoglobulins are usually polyclonally elevated (IgG levels >50g/L may be recorded); serial measurements have no clinical utility. Most of the antibody is either 'junk' or relates to an anamnestic response.
Autoantibodies may be detected (including antinuclear and dsDNA antibodies, anti-neutrophil cytoplasmic antibody (ANCA), and anti-cardiolipin). The presence of autoantibodies may cause serious diagnostic confusion, especially if the clinical presentation is atypical.
Rare patients, usually children, may suffer from panhypogammaglobulinaemia or specific antibody deficiency, presenting with recurrent bacterial infections; these patients may derive significant benefit from IVIg. It has been more difficult to demonstrate specific antibody defects in adults, although a subpopulation of adult patients do have recurrent sinopulmonary infections with Haemophilus and Pneumococcus: IVIg seems to be less helpful.
Serum β2-microglobulin levels may be elevated, as a marker of increased lymphocyte turnover; however, the range of elevation in HIV+ patients is small compared with that seen in lymphoproliferative disease, and its value (except where CD4+T-cell counts are unavailable) is small. Serum and urinary neopterin, a marker of macrophage activation, may also be elevated. There is little to choose between these two surrogate markers and viral load is much more clinically relevant.
IMMUNOTHERAPY

Immunotherapy 
The mainstay of therapy at present is the use of antiretroviral
agents. Mono- or dual-agent therapy is not recommended. Complex
multiagent regimes are now used. The reader is advised to consult
the current HIV literature for information on the current state of therapeutic options. 
Some regimes require strict timing of administration and high levels of compliance. Multiresistant HIV strains have been reported.
IVIg may be helpful in certain HIV+ infants, although not in adults.
Other immunotherapies (interferons, IL-2) have been uniformly disappointing and are not used routinely. α-IFN enjoyed a vogue in the treatment of Kaposi's sarcoma (due to HHV-8), but the latter responds better to cytotoxic therapy and radiation.
Use of passive immunotherapy has been disappointing.
No reliable vaccine is yet available, although trials are continuing on a number of candidate vaccines.
Immune reconstitution inflammatory syndrome (IRIS) 
Occurs in HIV+ patients with very low CD4+ T-cell counts, especially if on protease inhibitors.
Good virological and immunological response to HAART.
Temporal association with the introduction of HAART, although may be delayed.
Associated with the presence of infection (either recognized or cryptic): TB, Cn/ptococcus, CMV, JC virus, Pneumocystis jiroveci, VZV, hepatitis B and C, Kaposi's sarcoma
Features include: infection-specific features (depending on organ infected) fever lymphadenopathy likely to be due to excessive cytokine release as improved lymphocyte numbers interact with infection protease inhibitors increase macrophage IL-6 and TNF-α production.
Management is aggressive treatment of underlying infection.
Castleman's syndrome 
Occurs in association with HIV, especially with HHV8 co-infection.
Characterized by polyclonal lymphproliferation causing lymphadenopathy, fever, weight loss, leucopenia.
Histology of lymph nodes shows typical ‘onion-skin' change.
Also seen in SLE, POEMS syndrome, and paraneoplastic pemphigus.
Caused by excessive IL-6 production.
May respond to antiviral drugs (HHV-8, HIV), rituximab or possibly anti-IL6 monoclonal antibodies.
EPSTEIN-BARR VIRUS

EBV is associated with infectious mononucleosis (glandular fever), Hodgkin's disease, Burkitt's lymphoma, and nasopharyngeal carcinoma. Rare EBV-positive T-cell lymphomas have also been described (T/NK—lethal midline granuloma).
Immunological features 
EBV is a transforming B-lymphotropic virus of the herpes family, binding to the cells via CD21 (C3d) receptor and MHC class II antigens. This receptor is also expressed on follicular dendritic cells and pharyngeal and cervical epithelium. All these tissues are targets. Pharyngeal epithelium is usually affected first, with infection spreading to B cells in the adjacent lymphoid tissue of Waldeyer's ring.
Following infection there is a B lymphoproliferation, triggered by cross-linking of the CD21, CD19, CD81 complex by the virus, which is controlled rapidly by cytotoxic T cells which form the 'atypical mononuclear cells' seen on smears. Both MHC-restricted and unrestricted cells are produced, with the latter directly recognizing a virally induced antigen on the cells (LYDMA (lymphocyte-determined membrane antigen)). The viral BZLF1 protein is a major target antigen.
Viral persistence occurs, with reactivation of infection in the immunocompromised (immunosuppressed patients, transplant recipients, HIV-infected patients), giving oral hairy leucoplakia, lymphocytic interstitial pneumonitis and lymphoma. Nasopharyngeal carcinoma also occurs, although other cofactors are likely to be involved.
In patients with a genetic predisposition (Duncan's syndrome (XLPS), NK-cell deficiency, severe or fatal infection can occur on first exposure to EBV.
Although infectious mononucleosis (glandular fever) is usually a self-limiting illness, some patients fail to clear the virus and develop an appropriate sequence of IgG antibodies. These patients have persistently positive IgM antibodies to EBV and have chronic symptoms (fatigue, malaise, sore throats).
In the acute phase of EBV infection there is suppression of mitogen and allogeneic responses. NK function is also abnormal even though cell numbers are increased. It has been shown that EBV-transformed cells secrete a homologue of IL-10. Monocyte chemotaxis is also abnormal.
EBV infection may cause severe B-cell lymphoproliferative disease in immunosuppressed patients and in patients after BMT. It also causes B-cell lymphomas, especially in solid organ transplant recipients on long-term immunosuppression.
Immunological diagnosis 
Usual screening test (Monospot) for acute EBV infection relies on the production of heterophile antibodies that agglutinate sheep cells.
This test may miss cases. IgM antibodies are detected and are then succeeded rapidly by IgG antibodies to early antigen (EA) and viral capsid antigen (VCA); antibodies to EBV nuclear antigen (EBNA) appear weeks to months after infection. Direct diagnosis is done by PCR.
Initial lymphopenia is followed by lymphocytosis of CD8+ T cells, which give rise to the atypical lymphocytes seen on blood films. However, monitoring of lymphocyte subpopulations is of little value, except in unusual variants of EBV infection.
There is usually an acute polyclonal rise in immunoglobulins, which may be associated with the production of autoantibodies.
Immunotherapy 
None is required normally. However, in patients with a persistent EBV syndrome, high-dose aciclovir (800mg 5 times daily for 14 days) may lead to remission of symptoms and disappearance of the IgM anti-EBV antibodies.
Vaccines are in development, including peptide vaccines.
Adoptive immunotherapy with EBV-specific CTL is undergoing trials, especially in immunosuppressed or immunodeficient patients.
OTHER VIRAL INFECTIONS
Cytomegalovirus 
CMV behaves similarly to EBV.
Early CD8+ T-cell lymphocytosis giving atypical lymphocytes on a blood film.
Proliferative responses are reduced during acute infections.
CMV infection of monocytes with production of an IL-1 inhibitor may be important.
Congenital CMV infection leads to a prolonged suppression of T-cell function, and may also suppress antibody production.
In BMT recipients, there may be prolonged suppression of myeloid differentiation.
Reactivation of the disease may occur in the context of immunosuppression (HIV, drug therapy).
High-titre anti-CMV antibodies in the form of IVlg may help to prevent infection.
Once infection is established treatment with antivirals (ganciclovir, foscarnet, cidofovir) is necessary. Valganciclovir is an oral prodrug.
Rubella
Congenital rubella, but not acute infection, causes poor lymphocyte responses (reduced PHA proliferation) and may lead to long-term
depressed humoral immune function.
Hypogammaglobulinaemia and a hyper-IgM syndrome, with transiently reduced CD40 ligand expression, have been reported.
Rubella appears to infect both T and B cells directly.
Measles
Measles virus is capable of infecting both lymphoid and myeloid cells.
Acute measles depresses cutaneous type IV reactivity (tuberculin reactivity); this is transient. Similar effects occur with measles vaccines.
NK activity and immunoglobulin production are suppressed.
Acute measles may lead to reactivation of TB because of immunosuppression.
Acute measles may cause: transient lymphopenia 
PHA- and PPD-driven proliferation  transient I neutrophil chemotaxis ('significance).
Early inactivated measles vaccines led to a response predominantly against viral haemagglutinin but not to the fusion protein, sometimes
leading to an atypical wild-type infection due to inappropriate immune response.
Influenza virus 
Acute influenza may give a marked but transient lymphopenia, accompanied by poor T-cell proliferative responses.
Hepatitis viruses 
Non-specific immunosuppressive effects are seen, which may be due to either liver damage or virus.
Congenital infection with HBV leads to tolerance of the virus and chronic carriage.
5% of normal subjects do not make a humoral response to HBV vaccines after the normal 3-dose course (>100U). Where evidence of full seroconversion is required for occupation try the following: different brand of vaccine double dose may be given (40mcg) double dose of vaccine with γ-IFN-lb 50mcg/m2—in practice give 100mcg (1 vial) and warn subjects of severe flu-like symptoms.
lnterleukin-2 (1mU) has also been used successfully.
Disseminated warts (papillomavirus) 
May occur as discrete warts or as epidermodysplasia verruciformis (defects in EVER1IEVER2 genes).
May be seen in immune deficiencies.
common variable immune deficiency
Wiskot-Aldrich syndrome (WAS) and other combined immune deficiencies
WHIM syndrome.
 Full immunological evaluation required.
Some patients have no identifiable immunological defect.
May respond to intralesional α-interferon or systemic γ-interferon-1b.
The potent contact sensitizer diphenylcyclopropenone (diphencyprone) may also be helpful (not readily available).
Cimetidine has been used: this is said to improve cell-mediated immunity by blocking T-cell H2-receptors.
Imiquimod is a topical agent believed to act by local cytokine induction.
Irritant agents such as 5-fluorouracil and tretinoin can also be used.
Intralesional skin test antigens (mumps, Candida, and Trichophyton) have been used.
Laser surgery is useful, particularly in WAS, as it prevents excessive bleeding.
The role of HPV vaccine is uncertain, but may be beneficial in some cases.
Post-viral fatigue syndromes 
Chronic fatigue syndromes, accompanied by muscle/joint pains and neurocognitive symptoms, may occur after a range of viral infections, including enteroviruses, and vaccines.
Immunological abnormalities include variable lymphopenia, IgG subclass abnormalities, and atypical anti-nuclear antibodies.
May be transient or persistent.
ACUTE BACTERIAL INFECTIONS
Acute bacterial sepsis may lead to profound changes in immune function on a temporary basis.
Immunological features 
Neutrophil migration and chemotaxis are increased, while phagocytosis is normal or decreased.
Lymphopenia affecting CD4+ and CD8+ cells may be marked. Significant and temporary hypogammaglobulinaemia may be present (?release of immunosuppressive components from bacteria).
Massive acute-phase response with elevation of C-reactive protein (CRP) and other acute-phase proteins (complement, fibrinogen, protease inhibitors, β-macroglobulin (IL-6 carrier)), and a reduction in albumin (negative acute-phase protein).
Complement components will be consumed rapidly, but synthesis will be increased (all are acute-phase proteins), so measurements may be difficult to interpret. Functional assays of complement are usually highly abnormal.
Toxic shock may follow certain types of bacterial infection (staphylococci, streptococci) owing to release of 'superantigenic‘ toxins, which activate many clones of T cells directly, bypassing the
need for MHC on antigen-presenting cells by binding directly to the T-cell receptor. Effects are likely to be due to cytokine excess.
Immunological investigation 
The most important investigations are microbiological, to identify the pathogen, by culture and rapid antigen or PCR tests.
Monitoring of the acute-phase response (CRP) gives a good indication of response to therapy.
Acute measurement of immunoglobulins and complement is usually misleading and may lead to erroneous diagnoses of antibody or complement deficiency. It is best to leave these investigations until convalescence. Functional assays of complement may take 2-3 weeks to normalize after acute sepsis.
Acute measurement of cytokines in toxic shock is currently impractical
and the diagnosis is clinical.
CHRONIC BACTERIAL SEPSIS
Immunological features 
Hypergammaglobulinaemia is usual, often with small and sometimes multiple monoclonal bands developing which represent the immune response against the pathogen.
Chronic antigenaemia will cause immune complex reactions and secondary hypocomplementaemia (subacute bacterial endocarditis (SBE)).
The acute phase becomes a chronic phase: anaemia of chronic disease, iron deficiency due to sequestration (defence against pathogen) (see 'Iron deficiency and nutritional status'). There is the risk of amyloid development
T-cell function may be significantly impaired.
Mycobacterial infection causes anergy to PPD and third-party antigens. 10% of TB cases do not respond to tuberculin.
 Mycobacterial products (arabino-D-galactan) interfere with in vitro proliferative responses to PHA, PWM, and PPD; the effect is possibly via macrophages and may involve prostaglandins (inhibitable by indomethacin).
There is often a lymphopenia.
Persistently raised CRP may also be suppressive.
Miliary TB may cause neutropenia, generalized bone marrow suppression, and leukaemoid reactions.
Untreated leprosy is a potent suppressor of cell-mediated immunity: T-cell responses to mitogens and antigens are reduced.
Defect disappears with appropriate antibiotic therapy and appears to be mediated by a glycolipid.
Underlying bias of the immune system towards either Th1 (cellular) or Th2 (antibody) responses determines whether the response to leprosy is tuberculoid (Th1) or lepromatous (Th2).
Other immunological features include the development of vasculitis (erythema nodosum) and glomerulonephritis (assumed to be due to immune complex with IgG and complement).

Immunological monitoring 
Acute-phase markers provide the best guide to progress and response to therapy (but beware of elevations from drug reactions). The erythrocyte sedimentation rate (ESR) is less useful because of its long half-life.
Low complement (C3) and elevated C3d indicates immune-complex reaction (renal involvement likely); monitoring of functional haemolytic complement is not valuable.
Immunoglobulins are usually high (polyclonal stimulation ± monoclonal bands). Electrophoresis also shows elevated β2-macroglobulin, reduced albumin; beware apparent monoclonal 'bands' from very high CRP (use specific antisera on immunofixation to demonstrate this).
Hypogammaglobulinaemia is rare: consider underlying immunodeficiency.
Measurement of in vitro T-cell function and lymphocyte markers is not valuable unless there is a suspicion that the infections are due to an underlying immunodeficiency.
Immunotherapy 
γ-lnterferon offers some possibilities for modifying the Th1:Th2
balance in chronic mycobacterial infections and in leishmaniasis.
BRONCHIECTASIS
Clinical features 
· Syndrome of chronic inflammatory/infective airway damage,leading to chronic cough with sputum production.
· Associated with deficiencies of host defence, but may be idiopathic.
Causes 
· Do not use IVIg without evidence of humoral immune deficiency
· (test immunization required); IgG levels increased in  non-immune
      bronchiectasis.
Treatment 
· Prophylactic azithromycin, 250-500mg 3x/week (has anti inflammatory activity as well as antibacterial activity).
· Mucolytics (carbocisteine).
· Nebulized antibiotics (colistin).
· Treat underlying cause.
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FUNGAL AND PARASITIC INFECTIONS
Fungal infections 
· Except for cutaneous infections, invasive fungal infections are usually the markers of, rather than the cause of, immunodeficiency, indicating defective neutrophil/macrophage and T-cell immunity.
Parasitic infections 
Immunological features 
Malaria has no overt effect on cell-mediated immunity but reduces the humoral immune responses to bacterial antigens (tetanus toxoid.
Meningococcal polysaccharide, and Salmonella O antigen), presumably through effects on the spleen. There appears to be little interaction between HIV infection and malaria where the two diseases overlap. Tropical splenomegaly due to vivax malaria is associated with a CD8+ T-cell lymphopenia and raised IgM.
Trypanosomes suppress cellular responses, but there is often a polyclonal increase of non-specific immunoglobulin, especially IgM.
Visceral leishmaniasis is characterized by a polyclonal hypergammaglobulinaemia, often massive, but with absent cell-mediated immunity until after treatment. Splenomegaly may be massive and there is often lymphopenia. The cachexia and lymphopenia are mediated by release of tumour necrosis factor-α (TNF-α) by infected macrophages.
Many parasites, including malaria and trypanosomes, escape immunological surveillance by antigenic variation. This occurs under selection pressure from the immune system. Other avoidance mechanisms include shedding of surface antigen complexed with antibody.
Autoimmunity may occur as a consequence of the chronic infection. Schistosomiasis is associated with anti-nuclear antibodies including anti-calreticulin antibodies. Onchocerciasis is also associated with anti-calreticulin antibodies (which cross-react with an onchocercal antigen).
Parasitic infections are associated with excess eosinophil and IgE responses.
Immunological monitoring 
There is little value in monitoring anything other than the acute-phase response.
MALIGNANCY

Immunological features 
Malignancy, especially lymphoid, is very common in primary immunodeficiencies (Wiskott-Aldrich syndrome, CVID, DNA repair defects) and in secondary immunodeficiencies (HIV, EBV). Some viruses are directly oncogenic (hepatitis B, EBV).
Malignancy is also increased in patients with autoimmune disease, possibly secondary to immunosuppressive drug therapy, and in transplant patients who are immunosuppressed (skin tumours, carcinoma of the anogenital tract).
Abnormalities of T- and NK-cell function may be due to impaired surveillance or secondary to tumour/treatment.
T-cell defects include reduction of IL-2 and TNF-α production, and activation markers such as CD71 (transferrin receptor).
Cancer cells may release TGF-β, which reduces T-cell proliferative responses and macrophage metabolism, through inhibitors of complement.
Some tumours cause autoimmune responses due to inappropriate expression of antigens. These may lead to paraneoplastic phenomena, such as the Lambert-Eaton my asthenic syndrome (small cell lung carcinoma), due to an autoantibody against voltagegated calcium channels, and neuronal and retinal autoantibodies in breast, ovarian, and colonic tumours.
Major immunosuppression may result from radio- and chemotherapy. This may be prolonged and lead to secondary infective complications.
Immunological monitoring 
There is little value in immunological monitoring of aspects such as NX-cell numbers or function.
Patients with significant and persistent infective problems post-treatment may warrant investigation of cellular and humoral immune function, depending on the type of infections. Lymphocyte surface markers, immunoglobulins, IgG subclasses, and specific antibodies to bacteria and viruses may be appropriate.
Paraneoplastic phenomena may suggest a search for unusual autoantibodies (voltage-gated calcium channels, cerebellar Purkinje cells, retinal antigens).
Immunotherapy 
Immunotherapy of solid tumours has had a chequered career.
IL-2 therapy has been proposed for certain tumours (renal and melanoma) but there are no good controlled trial data to support this and it is very toxic.
In vitro stimulation of non-specific killers (LAK cell therapy) by IL-2, using either peripheral blood cells or tumour-infiltrating cells, has also been claimed to be beneficial in small open trials, but is even more toxic.
Other immunotherapies tried have included the use of non-specific immunostimulants such as BCG, Corynebacterium parvum, and Bordetella pertussis, often given intralesionally. Occasionally spectacular results have been achieved.
α-IFN has been used with success in certain lymphoid disorders (hairy cell leukaemia, plateau-phase myeloma).
Monoclonal antibodies are now being introduced targeted against tumour-specific antigens,  CD20 (rituximab) in lymphoma, anti-CD52 in CLL, and anti-Her-2 (trastuzumab) in breast cancer.
Monoclonal antibodies have also been used to target radiopharmaceuticals to tumours where the antibody itself may kill tumour cells poorly (anti-CD20 monoclonals labelled with yttrium-90).
A major benefit of immunotherapy has been in the use of colony- stimulating factors to protect the bone marrow, allowing higher doses of conventional cytotoxic agents to be used. This approach may increase the risk of secondary myeloid leukaemias.
MYELOMA

Immunological features 
Myeloma is a tumour of plasma cells, leading to clonal proliferation. A single isolated lesion in bone is referred to as a plasmacytoma. Waldenstrom's macroglobulinaemia is a clonal proliferation of IgM-producing lymphocytes.
>10% plasma cells in bone marrow.
Staging of disease depends on bone marrow features, paraprotein level, calcium, and haemoglobin.
There may be a genetic background (HLA-Cw2. -Cw5). and IgA paraproteins may be associated with a translocation t(8;14). Other translocations may occur; Ig gene rearrangements are detectable (FISH is the preferred technique).
Myeloma cells often express lymphocyte and plasma cell antigens simultaneously. Abnormal B cells may be detectable in the peripheral blood, expressing high levels of CD44 and CD54. Cells also express CD56 (NCAM), an adhesion molecule, and soluble levels of NCAM are elevated in myeloma.
IL-6 plays a key role as either an autocrine or a paracrine factor stimulating proliferation. CRP may be raised in consequence. Osteoclast-activating factors are also produced, leading to bone destruction (IL-1, IL-6, TNF-β).
Monoclonal immunoglobulin production parallels the frequency of B cells: 52% IgG: 22% IgA: 25% free light chain only; 1% IgD. IgE myeloma is exceptionally rare and is found with plasma cell leukaemia. Biclonal myeloma and non-secreting tumours may be found.
Synthesis of heavy and light chains is often discordant and whole paraprotein may be accompanied by excess free light chains. Free light chains are readily filtered, but are nephrotoxic. IgD myeloma often presents in renal failure.
Hyperviscosity is common with high levels of IgM and IgA paraproteins, but is rare with IgG and free light-chain paraproteins. IgA frequently polymerizes in vivo (dimers and tetramers).
Paraproteins may have autoantibody activity and may be cryoglobulins (types I and II).
Complexes of paraproteins (especially IgM) with coagulation factors may cause bleeding.
Although myelomatous change probably arises in the spleen or lymph nodes, these are unusual sites for disease, which is usually found in bone and bone marrow. Excess clonal plasma cells will be found in the bone marrow.
Normal humoral immune function is impaired and there is suppression of non-paraprotein immunoglobulin (arrest of B-lymphocyte maturation). Specific antibody responses are poor.
T-cell function is also impaired, leading to viral infections.
Low levels of monoclonal paraproteins are found in other lymphoproliferative conditions, chronic infections, connective tissue diseases, and old age.
Where a paraprotein is present without other features of myeloma (no increase in plasma cells in bone marrow), the term 'monoclonal gammopathy of uncertain significance' is applied. A proportion of these patients develop myeloma with time, and all should be monitored at intervals.
Heavy-chain disease is rare (µ, γ, α ); α-heavy-chain disease is the most likely. All are associated with lymphoma-like disease.
POEMS syndrome (polyneuropathy, organomegaly, endocrine abnormalities, monoclonal gammopathy, and skin rashes) appears to be a plasma-cell variant of Castleman's disease, a hyperplasia of lymph nodes, which may occur with autoimmune diseases. It is associated with high circulating levels of 1L-1, IL-6, VEGF, and TNF.

Immunological diagnosis and monitoring 
· Diagnosis of a paraproteinaemia depends on accurate electrophoresis of serum and urine, followed by immunofixation. Immunochemical measurements of immunoglobulin levels (by radial immunodiffusion
(RID) or nephelometry) may be misleading because of polymerization or, in the case of IgM, monomeric paraprotein.
· Paraprotein levels are best determined by scanning densitometry, provided that the total protein in serum can be measured accurately. There are difficulties if the M-band overlaps the β-region.
· Urinary light-chain excretion may be helpful as a prognostic monitor of tumour cell burden, but there are difficulties in calculating this and renal function affects the output.
· Measurement of serum free light chains is a more sensitive marker of clonality and tumour burden.
· Serum  β2-microglobulin is a marker of tumour-cell activity, but has fallen out of favour.
· CRP may be a surrogate for IL-6 production.
· The degree of humoral immunodeficiency should be assessed by measurement of exposure and immunization antibodies, followed by test immunization with protein and polysaccharide antigens.
· Light-chain (AL) amyloid may be a complication.
Immunotherapy 
The disease is probably not curable at present.
Standard chemotherapy includes melphalan and prednisolone; other agents used include vincristine, doxorubicin (or related drugs), cyclophosphamide, and carmustine (BiCNU*). Dexamethasone is usually added.
α-lnterferon has a major effect in prolonging the plateau phase.
Thalidomide (and a newer derivative, lenalidomide) has been shown to be valuable, but side effects can be significant.
Bortezomib (Velcade) is a proteasome inhibitor which has produced excellent clinical responses. Neutropenia and neuropathy are significant side effects.
HSCT (allogeneic and autologous purged marrow) may also prolong remission, but it is doubtful if it is curative. Colony-stimulating factors should be used with caution as they may enhance tumour cell growth.
Waldenstrom's macroglobulinaemia may be treated with fludarabine or cladribine; rituximab is also helpful.
Radiotherapy may be required for localized plasmacytomas.
IVIg may be beneficial in dealing with secondary infective problems but should be used with great caution in patients with renal impairment and those with rheumatoid activity of their paraproteins (both may lead to renal failure). Prophylactic antibiotics may be an alternative.
Plasmapheresis may be required to deal with hyperviscosity and/or cryoglobulinaemia.
Monoclonal gammopathy of uncertain significance (MGUS) 
Asymptomatic premaligant clonal plasma cell disorder.
Found in 3% of population aged >50.
<10% plasma cells in bone marrow.
Chromosomal abnormalities in bone marrow are common (FISH).
Paraprotein <15g/L.
IgG, IgA paraproteins account for 80%; IgM 17%; small number of light-chain-only MGUS.
Monitor paraproteins at regular intervals—often stable for years
Rising level indicates development of myeloma.
Most MGUS will progress to myeloma, given long enough (>20 years in some cases).
LYMPHOMA: HODGKIN'S DISEASE
Immunological features 
Hodgkin's disease (HD) is a lymphoma seen predominantly in the young. It is characterized by the presence of typical Reed-Sternberg (RS) cells (CD15, CD30 positive).
Three major types (nodular sclerosing, mixed cellularity, and lymphocyte depleted) are recognized. Lymphocyte predominant may well be a separate disease, as it occurs later and often relapses to non-Hodgkin's lymphoma. Staging depends on the number of sites affected and on the presence or absence of constitutional symptoms.
EBV genome is often found in HD, and RS cells are usually positive. RS cells are thought to be the true neoplastic cell, possibly derived from interdigitating reticulum cells.
T- and B-cell numbers are reduced. Immunoglobulins are often raised, especially IgE. 10% of patients will have hypogammaglobulinaemia (severe disease). There may be poor specific antibody responses; primary antibody responses are impaired, whereas secondary responses may be normal.
T-cell proliferation is reduced (reversible by indomethacin, suggesting a possible macrophage defect). Cutaneous anergy is common.
Responses to Pneumovax II" may be present even if there is a lack of DTH responses.
In some cases the defects have been shown to precede the development of the disease and also to persist long term after successful treatment (although the role of the cytotoxic regimes in this is poorly understood). It is difficult then to distinguish from a primary immunodeficiency complicated by lymphoma.
Bacterial infections are common (Pneumococcus and Haemophilus influenzae), related to poor humoral function and possibly also to poor neutrophil function.
Before CT scanning became widespread, splenectomy for staging was common. This is now only undertaken for symptomatic hypersplenism. 
Splenectomy has a very significant effect on immune function in lymphoma, and patients may become unresponsive to bacterial vaccines.
Immunological diagnosis and monitoring 
Diagnosis is made on histological examination of excised lymph node, supplemented by the use of immunocytochemistry to identify populations of cells. This may be useful in the identification of scanty RS cells. RS cells may also be found in association with: glandular fever, reactive hyperplasia, some non-Hodgkin's lymphomas.
There is usually a reactive expansion of CD4+ T cells.
Molecular techniques should be used to look for evidence of EBV genome.
HD is associated with an acute-phase response, with elevated ESR, CRP, and caeruloplasmin. This may be a poor prognostic indicator.
All patients with lymphoma should be monitored for evidence of humoral immune deficiency: serum immunoglobulins, IgG subclasses, and specific antibodies. Test immunization is appropriate. Particular attention should be paid to apparently cured patients, who may still have persisting immunodeficiency.
Immunotherapy 
Treatment is with radiotherapy and/or chemotherapy. The latter is used for patients with constitutional (B) symptoms. There are many regimes for combination chemotherapy.
Most regimes are myelosuppressive and impose a temporary secondary defect through neutropenia.
Relapse can be treated with autologous bone marrow transplantation (harvested in remission) or with a stem-cell transplant.
Secondary neoplasms may occur (myelodysplasia, acute myeloid leukaemia): the risk is related to the intensity of treatment.
IVIg may be required for those with a persisting symptomatic humoral defect after treatment.
NON-HODGKIN'S LYMPHOMA
Immunological features 
This category includes all those lymphoid and histiocytic lymphoid malignancies that are not Hodgkin's disease. There are many classifications, but the two used most often in the UK are Kiel and the Working Formulation. A WHO classification was introduced in 1999. Morphology and cellular origin play a major role in classification.
Tumours are also divided on the basis of their clinical grade (aggressivity). Low-grade B-cell tumours overlap with chronic lymphocytic leukaemia. Waldenstrom's macroglobulinaemia is often referred to as an immunocytic lymphoma. Both T- and B-cell lymphomas are recognized, as well as tumours derived from histiocytic elements.
Retrovirus (HTLV-1) has been associated with T-cell lymphomas in areas where it is endemic (Japan and the Caribbean).
EBV has been associated with certain B-cell lymphomas, particularly associated with immunosuppression, and endemic Burkitt's lymphoma, which is found in malarial areas. This tumour, but also others, is associated with chromosomal abnormalities, normally translocations t(14;8).
Many other translocations have been identified. It is thought that these translocations allow dysregulated activity of cellular oncogenes, such as bcl-2 and abl, by placing them in proximity to active promoters. In Burkitt's lymphoma the oncogene is c-myc.
Sites of translocations often involve the heavy- and light-chain genes for immunoglobulin and the genes for T-cell receptors.
Secondary lymphomas are usually non-Hodgkin's lymphoma (NHL). These are found with: primary immunodeficiencies (WAS, CVID, AT, Chediak-Higashi, DNA repair defects), connective tissue diseases rheumatoid arthritis. Sjogren's syndrome, SLE phenytoin therapy, post-transplant (ciclosporin therapy).
 In the case of primary immunodeficiency, it is likely that the chronic infections lead to an abortive immune response that predisposes to lymphoma. Perhaps earlier diagnosis and better treatment will prevent this.
Studies of humoral and cellular function have shown abnormalities that have not always correlated with the type of lymphoma. Abnormalities are more likely in high-grade tumours. Both hypo- and hypergammaglobulinaemia may occur and may persist after treatment. Monoclonal bands, of then IgMK, may be found in association with B-cell tumours. Autoantibody activity may be noted.
Acquired angioedema (AAE) is often associated with an underlying B-cell lymphoma with a paraprotein: paraprotein binds to and inhibits C1 -esterase inhibitor, the usual tumour in AAE is splenic villous lymphoma.
As in Hodgkin's disease, splenectomy may have been undertaken in the past, imposing an additional immunological defect. These patients require careful supervision.
Immunological diagnosis and monitoring 
Diagnosis requires histological examination of lymphoid tissue, accompanied by immunohistochemistry, using panels of monoclonal antibodies to identify the predominant cell type.
Clonality will be established by molecular techniques looking at Ig and Tcr gene rearrangements.
Humoral immune function should be monitored as for Hodgkin's disease.
Serial β-microglobulin measurements may be helpful as a marker of lymphocyte turnover.
Electrophoresis will demonstrate the presence of paraproteins.
If autoimmune phenomena are present, association with the paraprotein can be shown by light-chain restriction on immunofluorescence.
Sometimes abnormalities of immunoglobulins precede overt disease. In contrast with primary immunodeficiency, IgM disappears first, followed by IgG and IgA.
Finding an isolated but marked reduction of IgM in an older person should lead to a review for evidence of lymphoma (selective IgM deficiency is vanishingly rare).
Immunotherapy 
Treatment depends on the type of tumour and its grade. Localized disease may be amenable to radiotherapy, while disseminated disease will require chemotherapy. Aggressive chemotherapy of high-grade tumours may result in some cures.
Autologous bone marrow transplantation may be helpful in relapse. IVIg may be required if there are infective problems.
The monoclonal antibody rituximab, with or without and attached radioisotope, is valuable for treating CD20+ lymphomas.
CHRONIC LYMPHOCYTIC LEUKAEMIA (CLL)

Immunological features 
CLL is a clonal proliferation of small lymphocytes. It is the most common form of lymphoid leukaemia. 95% are B cell in origin; 5% are T cell in origin. Other variants include prolymphocytic leukaemia (B-PLL), hairy cell leukaemia (HCL), and splenic lymphoma with circulating villous lymphocytes (SLVL). Cell counts may become very high (>100x10 9/L). It is predominantly a disease of the elderly (95% of patients are aged >50 years).
Different variants can be distinguished by flow cytometry.
B-CLL is usually CD5+, CD23+, FMC7-, CD22+, with weak surface Ig. Clonal restriction can usually be demonstrated with anti-light-chain antisera.
B-PLL has the phenotype CD5S, CD23- , FMC7+, CD22+, slg+
HCL is CD5-, CD23-, FMC7-, CD22-, slg+.
SLVL is CD5+/-, CD23+/-, FMC7+, CD22+, slg+
Circulating lymphoma cells can be distinguished because they often express CD10 (CALLA).
T-PLL is rare: cells are usually CD4+, CD8- , but dual-positive or CD4-, CD8+ variants may occur.
Large granular lymphocytic leukaemia has the phenotype CD4-, CD8+, CD11b+,  CD16/56+, CD57+. The cells may be highly active in an NK assay.
 Bone marrow examination shows an excess of lymphocytes.
Chromosomal abnormalities are common: trisomy 12 and deletions of the long arm of chromosome 13 in B-cell disease, and chromosome 14 abnormalities (inversion or tandem translocation) or trisomy 8q in T-cell disease. Deletions of 17p affecting p53 expression have a poorer prognosis. Recent studies have demonstrated that some CLL patients have an abnormal ATM gene (ataxia telangiectasia mutated).
Recurrent bacterial infections are a major problem.
Humoral function is impaired and response to Pneumovax  is a better predictor of infection than total IgG.
Studies of normal B-cell function is difficult in vitro because of the predominance of the aberrant clone.
Electrophoresis may show small bands (usually IgM). T-cell numbers may be increased (CD4+ T cells), but function may be poor with low/ absent PHA responses.
Viral infections may be a problem: shingles with dissemination, HSV.
Autoimmune phenomena are common: ITP and haemolytic anaemia. Splenectomy may be required and this exacerbates the immune deficit.
Vaccine responses are frequently entirely absent in this situation and patients must have prophylactic antibiotics.
HCL may be associated with vasculitis.
Immunological diagnosis and monitoring 
Diagnosis of straightforward CLL is usually possible from the white count and examination of the film. Confirmation requires flow cytometry and examination of the bone marrow.
Studies of humoral immune function are necessary and should include test immunization with Pneumovax. As these diseases are chronic, monitoring should be carried out at regular intervals to identify deterioration.
Immunotherapy 
Treatment is with cytotoxic agents. Chlorambucil is the usual agent
but fludarabine, deoxycorfomycin, and cladribine are highly effective.
The last named produces a state similar to ADA deficiency. This
leads to a profound immunosuppression, with T-cell lymphopenia
and a significant risk of opportunistic infections. Patients treated with these agents should have regular T-cell counts by flow cytometry and receive prophylactic co-trimoxazole and irradiated blood products (risk of engraftment).
α-lnterferon is very effective in HCL. Rituximab or ofatumumab (anti-CD20) is valuable in combination with fludarabine and cyclophosphamide. The humanized monoclonal antibody Campath-1 H (alemtuzumab) has been used in resistant cases with success, but causes profound immunosuppression. Younger patients may be candidates for HSCT (autologous BMT is not curative).
Recurrent infections may require prophylactic antibiotics or IVIg. Monthly treatment is usually adequate (dose 200-400mg/kg).
CHRONIC MYELOID LEUKAEMIA (CML) AND MYELODYSPLASTIC SYNDROMES

Immunological features 
Chromosomal abnormalities occur in almost all cases of CML and myelodysplastic syndromes. The Philadelphia chromosome (t(9;22)) is the most common, but others have been described, including the 5q-syndrome, monosomy 7, trisomy 8, 19, or 20, and deletions on other chromosomes (12 and 20). 
The deletions of chromosome 5 are of interest because they map to the region containing the genes for IL-3, IL-4, IL-5, G-CSF, and GM-CSF.
There is a high incidence of progression to acute myeloid leukaemia.
Abnormal neutrophil function is well described: neutropenia is common in myelodysplasia. Even if the neutrophil count is normal, function is often not, with abnormalities of adhesion, chemotaxis, phagocytosis, and bacterial killing being well documented. 
This occurs particularly with monosomy 7 in childhood.
Infections are common.
ACUTE LEUKAEMIAS

Overview 
Acute leukaemia is a common malignancy of childhood, and accounts for about 30-40% of paediatric malignancy. 80% of cases are due to acute lymphoblastic leukaemia (ALL).
Certain primary immunodeficiencies are risk factors for ALL (Bloom's syndrome, ataxia telangiectasia, Schwachmann's syndrome, xeroderma pigmentosa). Most ALLs are B cell in origin.
T-ALL is associated strongly with HTLV-1 infection in areas where this virus is endemic.
A number of chromosomal translocations have been described, including the Philadelphia translocation (t(9;22)). which is common in adult ALL. Other translocations are well described.
T-ALL is often associated with translocations involving the T-cell receptor genes.
ALL is classified according to the FAB classification, on the basis of cytological appearance, into L1, L2, and L3 types. Immunophenotyping allows the distinction of B-, T-, and null (rare) ALLs.
Acute myeloid leukaemia has also been classified by the FAB group into M0-M7. depending on the predominant cell type identified by morphology and cytochemistry. Cases of AML may be secondary to Wiskott-Aldrich syndrome, Chediak-Higashi syndrome, or Fanconi anaemia, as well as to the use of cytotoxic drugs such as cyclophosphamide.
Occasionally, biphenotypic leukaemias may be detected, defined as the presence of at least two markers from each lineage (lymphoid and myeloid). They account for 5-10% of acute leukaemias and tend to have a poor prognosis. Often they present as AML, but have evidence of clonal rearrangements of immunoglobulin and Tcr genes.
Immunological features 
In  all the immune system is usually normal, although primary IgM responses to some antigens (viruses), may be poor.
Secondary immune responses are usually normal. Non-neoplastic cells are normally present in normal numbers.
Leukaemic clones rarely have functional activity, although there have been reports of cytokine production.
Rare cases may be hypogammaglobulinaemic at presentation. Chemotherapy is profoundly immunosuppressive, affecting both T- and B-cell function and rendering patients neutropenic. Careful attention to prevention of infection (isolation, irradiation of food, gut decontamination) is essential.
Immunological diagnosis 
Diagnosis of leukaemia is usually made on the basis of suspicious blood films, supplemented by immunophenotyping of both peripheral blood and bone marrow, to identify the characteristics of  the leukaemic clone. This is supplemented by genetic analysis to identify any translocations: probes to the sites of recombination for these translocations give a very sensitive tool for detecting minimal residual disease in bone marrow after treatment.
Leukaemia phenotyping is best undertaken by haematologists who will have access to supportive evidence from blood films, bone marrow smears, and trephines, as well as cytochemical enzymatic studies. They will also undertake the therapy.
Monitoring of humoral and cellular function post-treatment, and especially after BMT, is essential.
Immunotherapy 
The management of ALL involves intensive chemo- and radiotherapy to sanctuary sites such as the nervous system (often with intrathecal methotrexate). For relapse or high-risk patients bone marrow or stem cell transplantation is used, either matched unrelated donors or purged autologous if an HLA-identical donor is not available. There is a high risk of long-term development of NHL and AML.
AML is treated similarly with intensive chemotherapy, with the option for BMT/HSCT when remission is obtained. Acute promyelocytic leukaemia associated with the t(15:17) translocation may be treated with all-trans retinoic acid, which allows differentiation of the blocked cells to mature neutrophils, although BMT is still required.
Certain cytokines may have a role as adjunctive agents, allowing intensification of chemotherapy, but with the increased risk of later myeloid lineage leukaemias.

BONE MARROW AND STEM CELL TRANSPLANTATION
Bone marrow and stem cell transplantation 
Bone marrow transplantation (BMT) and stem cell transplantation (HSCT) are part of the treatment for a variety of inherited diseases (SCID and SCID variants, CGD, HIGM. Wiskott-Aldrich syndrome, osteopetrosis. Gaucher's disease) in addition to its role in the acute leukaemias and CML with blast transformation. 
BMT leads to an immediate severe immunodeficiency because of the conditioning required to allow 'take'. All blood products must be irradiated to prevent viable lymphocytes engrafting and must be CMV.
There follows a period of gradually improving immune function while the immune system reconstitutes. This recapitulates immunological ontogeny.
T-cell function reconstitutes early, but full B-cell function may take up to 2 years. lgG2 levels may remain depressed, and there are frequently poor responses to polysaccharide antigens,
Degree of reconstitution is affected by the degree of mismatch and by GvHD.
Return of T-cell function in vitro (positive PHA) is usually taken to define the time when release from isolation is safe, but this is usually the last parameter to normalize. Anti-CD3 stimulation responses usually return early.
Appearance of recent thymic emigrants may be detected by measurement of TRECs (T-cell receptor excision circles) and by the use of CD45RA and CD27 to define naive and effector CD4+ T-cell reappearance.
While B-cell function is poor during the acute phase and for the first year thereafter. IVIg prophylaxis is essential.
Return of B-cell function can be monitored by IgA/IgM levels and development of isohaemagglutinins. Reappearance of class-switch memory B cells is also valuable, especially in patients transplanted for hyper-IgM syndromes.
Once off IVIg, a full programme of immunizations should be undertaken, starting with killed vaccines (killed polio, DPT, Hib, and Pneumovax II). The response to these can be assessed (pre- and post-levels are required, and remember that antibody from IVIg may persist for up to 6 months or longer).
Once there is a good response to killed/subunit vaccines, live vaccines can be administered (MMR).
Immunological function in chronic GvHD is markedly abnormal, with a persisting risk of invasive infections of all types. The gastrointestinal involvement superimposes a severe nutritional defect, which further reduces immune function.
  EXTREMES OF AGE: PREMATURITY
Following birth, infants are dependent for the first 6 months of life on maternally transferred immunoglobulin (IgG only).
Immune function gradually develops, although there is usually a physiological trough in IgG levels at around 6 months. If this is prolonged, transient hypogammaglobulinaemia of infancy results .
Additional protection to the neonatal gut is provided by breastfeeding, particularly in the first few days when the IgA-rich colostrum is produced.
Maternal antibody transfer is an active process in the placenta which begins at around 14 weeks' gestation and accelerates markedly after 22 weeks. The process can take place against a concentration gradient and is selective for some IgG subclasses; lgG2 is transferred relatively less well.
Antibody-deficient mothers will also be at risk of producing hypogammaglobulinaemic infants, who will require IVIg for the first 6 months of life. Good replacement therapy during pregnancy will obviate the need for this.
Premature delivery interrupts the placental transfer and leaves the infant deficient in immunoglobulins and with a relatively less mature humoral and cellular immune system. Breastfeeding is rarely possible, but oral administration of colostrum is desirable to prevent necrotizing enterocolitis. Infections are often problematic, although other factors, such as ITU nursing, venous and arterial lines, and lung immaturity, all contribute. Group B streptococcal infections are particularly troublesome.
Immunological features and diagnosis 
All immunoglobulins will be low, as will IgG subclasses. However, the 'normal' ranges are calculated from full-term delivery.
Provided that there are no major complications, the immune system rapidly catches up after delivery and there are rarely long-term sequelae.
Responses to standard immunization schedules may be poor— consider boosters.
Immunotherapy 
The role of IVIg replacement as routine for premature infants has been investigated extensively, with conflicting results, and a consensus as to its value is difficult to obtain.
Differences in products and batches may relate to highly variable levels of anti-group B streptococcal antibodies.
Better products, enriched for specific antibodies to the problem pathogens, may be required.
Oral IgA-rich products have also been used to reduce the risk of enterocolitis.
Immunization of the premature causes problems in timing, as there may be very poor responses if routine immunizations are given at intervals calculated from date of delivery uncorrected for gestational age.

EXTREMES OF AGE: THE ELDERLY
Immunological changes in the elderly are multifactorial, relating to the decline in normal immunoregulatory processes, the increased incidence of disease, and the increased use of drugs. Nutritional status is also important. There is no relationship to chronological age.
Immunological features 
There is no significant change in lymphocyte numbers or subsets in the healthy elderly, although lymphoid organs show a reduction of germinal centres.
Thymic function declines, but not as much as previously assumed!
NK-cell numbers increase in the long-lived elderly.
Mucosal immunity seems to be reasonably intact, although the non​specific inflammatory response is reduced.
Aged lymphocytes have metabolic abnormalities such as reduced 5 -nucleotidase activity (also associated with CVID), and there are changes in the expression of surface antigens.
Immunoglobulin levels change with age: IgG and IgA tend to rise while IgM and IgE fall. Primary humoral responses are reduced and secondary responses give lower peak titres and a more rapid fall with time. Antibody affinity may also be poorer. Some studies have shown that vaccine responses in the elderly may be as good as in younger people.
CVID may present for the first time post-retirement, but this diagnosis should only be entertained when other secondary causes have been eliminated.
With increasing age there is an increasing incidence of small monoclonal bands on electrophoresis (MGUS), such that 20% of 95-year-olds will have bands. These are present at low levels and are rarely of great significance.
There is a parallel increase in autoantibodies of all types. These are usually present at low titres and are not associated with disease.
Normal ranges for antibody titres should be adjusted to take account of these changes.
Cell-mediated immunity, as tested by mitogen responses and DTH testing, are also reduced in the elderly. Thymic function is probably better than previously thought and new thymic emigrants can be detected in the elderly.
Biologically, the healthy very elderly (>85 years old) represent a special group. There may be combinations of MHC genes that can be associated with survival (in Japan, a high frequency of DR1 and a low frequency of DR9), but this might be due to selection out of those individuals with less favourable MHC types associated with autoimmune disease.
Coexisting disease imposes additional strains on the immune system (e.g. chronic lung disease from smoking, cardiac failure with pulmonary oedema, and malnutrition). These often tip the balance away from the immune system in favour of invading pathogens.
Diseases such as influenza have a disproportionate effect on the elderly through the risks of secondary bacterial infection and exacerbation of pre-existing underlying diseases. Infections common in early childhood, such as meningitis, are also more common in the elderly.
CMV has been suggested as an important risk factor for immunological decay.
Immunological diagnosis 
The investigation of the elderly for immunodeficiency should be symptom-driven.
Immunotherapy 
Preventative vaccination of at-risk groups is thought to be helpful, for
instance with influenza vaccine and Pneumovax. At-risk groups are
those with underlying significant disease, particularly chronic lung disease.
Protection may be poor because of the underlying decay of immune function!
Consideration should also be given to ensuring that other vaccines such as tetanus are kept up to date (this tends to be forgotten in the elderly) as tetanus antibodies may fall below protective levels. Keen gardeners are at most risk.
Immunoglobulin therapy may be required for those with significant symptomatic hypogammaglobulinaemia.
TRANSFUSION THERAPY

In addition to immediate reactions to blood products due to transfused white cells, pre-formed antibodies (to HLA or IgA). etc.. there is evidence for an immunosuppressive effect. This is most noticeable in the effect on renal allograft survival.
IVIg has complex immunoregulatory properties when used in high doses.
Crude factor VIII concentrates are immunosuppressive, although this may relate as much to chronic hepatitis due to hepatitis C. High-purity FVIII is much less immunosuppressive.
Other infections transmissible by blood, such as HIV and CMV, can have major immunosuppressive effects.
The use of unirradiated blood in the immunocompromised (with poor/ absent cell-mediated immunity (CMI)) may lead to engraftment of viable lymphocytes and the development of GvHD.
Lymphocytes may be viable for up to 2 weeks in bank blood.
CHRONIC RENAL DISEASE (NEPHROTIC SYNDROME AND URAEMIA)

Nephrotic syndrome 
Renal protein loss should always be considered when investigating hypogammaglobulinaemia.
Investigation of humoral function is essential if there is significant proteinuria.
In the nephrotic syndrome there is an increased susceptibility to Pneumococcus and other streptococci.
Typical pattern is loss of immunoglobulins in order of ascending molecular weight, depending on the selectivity of the proteinuria, with preferential loss of IgG and then IgA, and preservation of IgM until gross nephrosis ensues.
The IgG synthetic rate is normal or increased and the IgM catabolic rate is normal.
Responses to Pneumovax II  are poor, but responses to influenza are normal.
Poor neutrophil chemotaxis and opsonization are also described.
Loss of complement proteins such as C3 and factor B may also contribute to poor bacterial handling through decreased opsonization.
Uraemia 
Chronic uraemia is immunosuppressive with poor humoral and cellular immune responses. The molecules responsible for this are uncertain.
Lymphopenia is common, affecting CD4+ and CD8+ T cells; DTH and mitogen responses are reduced.
Immunoglobulins and specific antibody responses to pneumococcal and hepatitis B vaccines may be low. Double doses of HBV vaccines (40mcg) are advised.
Lymph nodes show a loss of secondary follicles.
Neutrophil function shows defective chemotaxis and phagocytosis, with impaired oxidative metabolism, leading to poor bacterial killing.
Certain types of dialysis membrane (cellophane, now no longer used) activate the alternate pathway of complement, with release of anaphylotoxins and neutrophil activation leading to severe circulatory and respiratory problems.
Dialysis patients often have a CD4+ T-cell lymphopenia: increased expression of CD11b/CD18 is seen on neutrophils. Increased T-cell apoptosis may occur.
Renal transplantation
Renal transplant recipients will be on long-term immunosuppressive therapy.
Increased risk of HPV-induced skin tumours, EBV-induced lymphomas, and B-lymphoproliferative disease.
Por humoral and cellular immune function.
Monitoring is required, especially if irreversible lymphocytoxic agents such as azathioprine are used long-term.
PROTEIN-LOSING ENTEROPATHY AND LIVER DISEASE (CIRRHOSIS)

Protein-losing enteropathy 
Causes 
· Secondary hypogammaglobulinaemia may be due to protein-losing enteropathy, for which there are many causes:
· Menetrier's disease (giant rugal hypertrophy) coeliac disease and other types of sprue inflammatory bowel disease (Crohn's disease), infections—hookworm, TB, fistulae post-gastrectomy syndrome, neoplasms, allergic gut disease (eosinophilic gastropathy), secondary to constrictive pericarditis and gross right heart failure
· Whipple's disease, chylous effusions intestinal lymphangiectasia (dilated lymphatics).
Immunological features 
· Immunoglobulins are low, with a short half-life, but the synthetic rate may be increased.
· Specific antibody responses may be normal, although they may decline rapidly.
· Lymphopenia is associated with dilated or blocked lymphatics (intestinal lymphangiectasia, constrictive pericarditis, right heart failure). This may lead to poor mitogen responses and DTH reactions.
Diagnosis 
· Proof that the bowel is the source of immunoglobulin and cellular loss is difficult as most laboratories are singularly reluctant to try to measure faecal immunoglobulin excretion! Whole-bowel perfusion studies may make this more tolerable.
· Radiolabeled albumin excretion in the faeces will quantitate the loss.
· Full studies of humoral and cellular function are required, together with investigation of the underlying cause (radiology, endoscopy, and biopsy).
Liver disease (cirrhosis) 
Increased infections with bacteria and mycobacteria are seen (especially with alcohol which directly impairs macrophage function).
Complement components are reduced (decreased synthesis).
Neutrophil phagocytosis and chemotaxis occur.
T-cell function is poor. 
METABOLIC DISORDERS

A number of metabolic diseases are associated with concomitant immunological impairment.
Glycogenosis type 1b: neutropenia and neutrophil migration defect. Recurrent infections are a problem: septicaemia, wound infections, osteomyelitis, and sinusitis.
Mannosidosis: recurrent severe infections; impaired neutrophil chemotaxis. Poor T-cell responses to PHA and concanavalin A (ConA).
Galactosaemia: increased risk of Gram-negative septicaemia due to abnormalities of neutrophil motility and phagocytosis.
Myotonic dystrophy: hypercatabolism of IgG, but not albumin, IgA, or IgM. may occur, although infections are not usually a major problem.
Sickle cell disease: increased susceptibility to meningitis and septicaemia. There is an acquired splenic dysfunction due to infarction. Tissue hypoxia also contributes to bacterial infection. Serum immunoglobulins and vaccine responses are usually normal, even to polysaccharide antigens. It is recommended that all patients should be treated as other asplenic or hyposplenic patients, and should receive Pneumovax II and Hib vaccines and be considered for prophylactic antibiotics.
Coeliac disease: this may be accompanied by splenic atrophy, and these patients should be investigated and treated as other asplenic patients.
Prolidase deficiency: rare autosomal disorder with rashes, skin ulceration, dysmorphic features, splenomegaly, and recurrent infections. It also appears to be associated with a risk of developing SLE. It is diagnosed by the presence of iminopeptiduria.
DIABETES MELLITUS

Immunological mechanisms 
There is an underlying genetic susceptibility to type I diabetes (the MHC type is shared with CVID) and consequent immune dysregulation. As a result of the association with the A1, B8. DR3.
C4Q0 haplotype, there is an increased incidence of C4 deficiency in diabetes.
In established disease, the raised glucose itself interferes with both innate and specific immune functions. Most of the research has been done on chemically induced or genetic diabetes in mice; much less work has been done on human diabetes.
Humoral function is impaired: IgG levels may be reduced, while IgA may be increased. Specific antibody responses may show poor primary immune responses and the non-enzymatic glycation of immunoglobulin may interfere with function. Both T-dependent and T-independent antigens are affected.
Lymphoid organs are essentially normal, but peripheral blood lymphocytes may show variable abnormalities. CM I may be depressed with poor DTH responses, abnormal mitogen responses, and poor cytokine production (IL-2).
Macrophage and neutrophil function is also reduced.
Type I diabetes is strongly associated with coeliac disease; hyposplenia may occur.
Infections with Candida and other fungi, TB. and pneumococci are more common in diabetes. Staphylococcal colonization of the skin is higher in diabetics than in normal individuals.
Abnormalities of immune function are more marked in type I diabetes but correlate poorly with blood glucose levels. It is possible that immune dysfunction relates to glycation of surface antigens on immunologically important cells.
Diagnosis and treatment 
Recurrent infections in diabetics should be investigated in the normal way and not merely accepted, particularly if diabetic control is not bad. This should include humoral and neutrophil function.
In the USA, regular pneumococcal vaccination is recommended, but this policy has not been adopted in the UK.
IRON DEFICIENCY AND NUTRITIONAL STATUS

Iron deficiency 
Induced sideropenia due to sequestration is part of the body's response to chronic infection, as iron is essential to bacteria. However, it is also essential to host defences.
Iron deficiency due to loss or inadequate intake impairs neutrophil bactericidal activity, as it is essential for the activity of myeloperoxidase. There is often a T lymphopenia. Immunoglobulins are usually normal but specific antibody production is reduced. All the changes are reversible with iron.
Nutritional status 
The immunodeficiency of malnutrition is difficult to disentangle because it is usually accompanied by multiple other health problems, which make identification of cause and effect impossible.
Marasmus is total nutritional deficiency, while kwashiorkor is protein deficiency in a high-calorie diet. Both are usually accompanied by vitamin deficiency.
Increased susceptibility to infection seems to be the rule.
Non-specific barriers are impaired (especially in vitamin A deficiency).
There may be variable abnormalities of neutrophil bactericidal activity, but these may well be secondary to infection.
Immunoglobulins are often normal or high, even if the albumin is low. IgE levels may be elevated, even in the absence of significant parasitic infections, suggesting dysregulation of the Th1/Th2 axis.
Mitogen responsiveness is reduced in kwashiorkor. Lymph nodes show germinal centre depletion and there is thymic atrophy, although the latter is also a feature of infection.
ASPLENIA

Congenital or acquired asplenia (surgery, trauma) or hyposplenia (sickle cell disease, coeliac disease) is associated with an increased susceptibility to overwhelming infection with capsulated organisms, Capnocytophaga canimorsus (dog bites), and problems in handling malaria, Babesia, and Bartonella (all intra-erythrocytic organisms). Risk appears to be lifelong and is not limited to the first 2-3 years after splenectomy, as was previously thought. Degree of compromise also depends on the reason for splenectomy.
 For example, individuals splenectomized for lymphomas often have a more severe defect than those splenectomized for trauma.
Ideally, all patients undergoing elective splenectomy should be immunized with Pneumovax II and Hib vaccine and probably with the quadrivalent meningococcal conjugate vaccine preoperatively. If this is not possible, immunization prior to discharge may be adequate, although responses immediately post-surgery will be reduced.
The value of conjugated pneumococcal vaccines as routine first-line vaccines in asplenic/hyposplenic patients is uncertain.
All asplenic patients should be on prophylactic antibiotics (preferably penicillin V 500 mg twice daily); erythromycin can be used for penicillin-allergic patients. Where there is a high level of pencillin-resistant pneumococci (Mediterranean countries), amoxicillin 500 mg daily can be used.
Patients should have their antibodies to Pneumovax and Hib measured annually. Those with suboptimal levels should be (re) immunized and the levels rechecked.
Those with poor responses to Pneumovax  should receive the conjugated pneumococcal vaccine Prevenar.
Repeated doses of Pneumovax close together should be avoided, as this may induce tolerance rather than boost immunity.
Annual influenza immunization is essential to reduce risks of secondary bacterial sepsis.
Asplenic patients may also not maintain adequate levels following vaccination for more than 3-5 years, and regular checks should be carried out to ensure that protection is adequate. Note that the licence for Pneumovax IP does not indicate that it can be given this frequently. However, provided that steps are taken to avoid immunizing patients with high antibody levels, the risk of adverse events appears to be low.
Dog bites are dangerous and patients must seek immediate assistance. Antibiotic treatment is essential.
Specific advice is required for foreign travel to malarial areas—refer to the Infectious Disease Team for advice.
DRUGS AND TOXINS
Drugs
The major therapeu​tic action of which is immunosuppression, other drugs have also been reported to cause immunodeficiency. In many cases the evidence is poor because pre-existing immunodeficiency has not been excluded. However, anticonvulsants, especially phenytoin and carbamazepine, have strong associations with humoral immune deficiency, which may or may not resolve on withdrawal of the drugs. Newer anticonvulsants may also be associated with humoral immunodeficiency.
Toxins 
Smoking suppresses mucosal immune responses, improving some allergic diseases such as allergic alveolitis.
Illegal drugs have considerable immunosuppressive potential. , in part due to contaminants. Cannabis is particularly dangerous to severely immunocompromised patients as it may contain fungal spores.
Alcohol in excess suppresses macrophage function, and as result increases the risk of tuberculosis
       Burns 
Burns cause a highly significant acquired T- and B-cell immunodeficiency.
Disruption of the integrity of the normal cutaneous barriers and associated non-specific defences is a serious problem. Complement levels will be reduced by loss.
In severe burns neutrophil function is impaired and there is a lymphopenia, with depletion of lymphoid organs.
DTH, mitogen, and allogeneic responses are reduced.
These changes may be stress-related owing to excessive endogenous steroid production (Curling's ulcer is also associated) or the release of bacterial products at the burned site.
Immunoglobulin levels fall, often dramatically, because of reduced synthesis and increased loss through exudation. However, there is no benefit from IVIg replacement therapy.
The best treatment is good intensive care and rapid grafting to re-establish normal barrier function.
Thoracic duct drainage
This was previously used as an immunosuppressive technique for the treatment of rheumatoid arthritis.
It usually occurs now as an unintended consequence of radical oesophageal surgery; chylothorax results, usually draining through the surgical drains.
Loss of the circulating lymphocyte pool occurs within 48-72 hours and leads to severe prolonged lymphopenia, followed by severe panhypogammaglobulinaemia.
Opportunist infections (PCP, Candida) occur.
Chylothorax should be drained to the abdominal cavity if possible to allow conservation of lymphocytes. IVIg will be required, together with prophylactic co-trimoxazole, antivirals, and antifungals.
Reconstitution of the immune system depends on thymic function and may take up to 2 years. Once normal lymphocyte numbers are achieved, a programme of re-immunization is required, commencing with killed/subunit vaccines.
T-cell proliferative responses to mitogens and antigens remain depressed after irradiation for years.
Lymphopenia, particularly of CD4+ T cells, is common; humoral immune function is reduced.
CARDIAC SURGERY IN CHILDREN
 Cardiac surgery in children <2 years old is frequently associated with secondary immunodeficiency (due to thymic disruption).
· Poor development of humoral immune responses.
· Test immunization may be required.
· Poor antibody function and history of infections are indications for the use of IVIg therapy.
· IVIg has also been used in adult cardiac transplant patients with hypogammaglobulinaemia and infections.
Physical and environmental factors 
Radiotherapy and ionizing radiation 
· Specific immune responses are affected (T and B cells); neutrophil and macrophage function is usually spared unless there is radiation damage to bone marrow.
Ultraviolet light 
· Photoimmunosupprression occurs even with low levels of UV light exposure.
· Apoptosis may be increased.
· NFkB in T cells is activated by UV light.
Chronic hypoxia (altitude) 
· Increased infections are noted at high altitude.
· Hypoxic therapy has been used as an adjunct to sports conditioning; this is associated with measurable alterations in circulating lymphocyte profiles, although the patterns are not consistent.
Trauma and surgery  -Systemic inflammatory response syndrome (SIRS) is recognized in trauma and major surgery. It is caused by cytokine release (TNFα, IL-1β, IL-6) and may lead to multi-organ failure.
· A Th1 to Th2 switch and reduced T-cell proliferation have been noted, but this is in part mediated by prostaglandin release from macrophages.
· Antibody production is inhibited by 3-endorphin (reversible by naloxone).
· Prolonged administration of anaesthetic agents in the ITU may contribute to worse immune function.
· Preventing tissue hypoxia is crucial (supplemental oxygen).
Proteus syndrome 
· A hamartomatous condition with partial gigantism of hands and feet, pigmentary lesions, bony abnormalities, multiple benign tumours (lipoma, haemangioma), and developmental delay.
· Hypogammaglobulinaemia has been reported.
Yellow nail syndrome 
· Rare syndrome of pleural effusions, lymphoedema. and yellow dystrophic nails.
· Cause uncertain.
· Associated with bronchiectasis in 40% of cases.
· May respond to high dose vitamin E.
Cilial dyskinesia (Kartagener's syndrome) 
· Rare autosomal recessive disease with defective cilia.
· Poor/absent cilial function.
· Genetics complex: 38% of dynein mutations are associated with DNAI1 and DNAH5 (the latter is associated with situs inversus).
· Clinical features include: sinusitis, otitis media, hearing loss, bronchitis, recurrent pneumonia, bronchiectasis, infertility, situs inversus (partial or complete—Kartagener's syndrome, asplenia/hyposplenia, other related ciliopathies 
· Treatment includes aggressive anti-infective treatment to prevent
infection-related lung damage.
Young's syndrome 
· Rare syndrome of rhinosinusitis, recurrent chest infections, and bronchiectasis, associated with azoospermia.
· Possibly secondary to contact with mercury.
· Cilial function is normal.
CYSTIC FIBROSIS (CF) 
Autosomal recessive disease causing respiratory and pancreatic damage.
Clinical features include: chronic sinusitis, bronchitis, bronchiectasis, recurrent pulmonary staphylococcal infections, malabsorption, failure to thrive, infertility. 
Disease is caused by mutations in the CF transmembrane conductance regulator. Heterozygosity for the mutated gene is common in Caucasian populations.
Many mutations are described: some are compatible with longevity and late presentation.
Genetics should be checked in all patients presenting as adults with bronchiectasis/recurrent chest infections where there is no other explanation, particularly if there are recurrent staphylococcal chest infections.
Coexistent MBL deficiency is associated with worse prognosis.
Aspergillus colonization may occur; development of IgE to Aspergillus is a poor prognostic sign.
Chronic carriage of Pseudomonas and Burkholderia tend to be late events and are poor prognostic indicators. These patients need to be segregated to avoid infecting other patients.
Aggressive antibiotic therapy is required; malabsorption and secondary diabetes are managed normally.
Lung transplantation is successful.
· Alpha-1-antitrypsin deficiency (at-AT deficiency)
· Autosomal co-dominant genetic disorder leading to reduced levels of α1-AT.
· Causes neonatal jaundice, cirrhosis, and liver failure.
· Later in life, emphysema (rarely bronchiectasis), especially in smokers, and panniculitis and angioedema.
· >80 genetic variants identified by isoelectric focusing.
· Severe cases have been treated with infusions of α1-AT.
· Smoking avoidance is crucial to prevent accelerated lung damage.
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Course 20: Alergic disease
Introduction

Allergic diseases are common: it has been estimated that 15% of the population will suffer from some sort of allergic reaction during their lifetime. It is clear that there has been an increase in atopic diseases since the Second World War. 
The precise cause of this change is unknown but undoubtedly reflects changes in lifestyle, in particular 'improvements' in housing, rendering houses more heavily colonized with dust mites. A reduction in breastfeeding may also have contributed, particularly to atopic eczema. The evidence for air pollution, particularly car exhaust fumes, contributing to the increase is conflicting. It is also likely that the improvements in public health, leading to elimination of parasitic infections in the Western world, may contribute through a lack of physiological function for the IgE-mast cell axis. This has been formalized in the hygiene hypothesis. 
In the mind of the public, allergy is responsible for all ills, but in most cases the blame is wrongly apportioned. This perception has led to a proliferation of alternative practices pandering to these beliefs and using diagnostic techniques and treatments that have little to do with allergy as understood by immunologists and more to do with the gullibility of members of the public.
 That these practitioners can flourish indicates that we are failing our patients in being unable to cure their perceived illnesses, either through lack of knowledge or through lack of appropriate allergy facilities.
ANAPHYLAXIS
Anaphylaxis represents the most severe type of allergic reaction and a medical emergency.
Cause 
· Sudden massive degranulation of mast cells, releasing histamine.
· Mast cells are stimulated to produce leukotrienes (cause of latereaction).
· Degranulation can be mediated by bound IgE-allergen cross-linking on the surface or direct IgE-independent mast-cell degranulation (anaphylactoid reaction) responses. Mechanism is calcium-dependent.
· Reaction is an example of type I hypersensitivity, dependent on the presence of specific IgE. Other reactions may mimic the clinical symptoms but without the involvement of IgE. 
· Repeated challenge at short intervals may lead to progressively more severe reactions, but otherwise the severity of a reaction does not predict the severity of subsequent reactions.
Presentation 
· Usual features are: generalized giant urticaria, angioedema, often involving face, lips, tongue, and larynx, causing stridor bronchospasmhypotension with loss of consciousness
· gastrointestinal symptoms (nausea, vomiting, abdominal cramps, diarrhoea).
·  Not all symptoms will be present during an attack and only 50% of patients will have a rash.
· Onset is rapid after exposure, usually within minutes, although some agents (foods and latex) may lead to a slower onset. Agents that are injected (drugs, venoms) give the fastest reactions.
Substances causing anaphylaxis 
· Any substance may cause anaphylaxis, but the most common causes are as follows.
· Venoms: bee and wasp venoms.
· Legumes: peanuts (and related legumes, soya, and other beans/peas).
· True nuts (walnut, almond, cashew, hazelnut, etc.).
· Shellfish (crustacea, prawns, shrimps, crab, lobster) and fish.
· Latex (and related foods: banana, avocado, kiwi, chestnut, potato, tomato).
· Egg, milk.
· Antibiotics: penicillin, cephalosporins, other antibiotics.
· Anaesthetic drugs: neuromuscular blocking agents (suxamethonium, vercuronium).
· Peptide hormones (ACTH, insulin).
· Heterologous antisera (antivenins, antilymphocyte globulins, monoclonal antibodies).
· In some cases a cofactor is required for the reaction, such as exercise or concomitant aspirin ingestion with the food. It is probable that these cofactors alter the amount of allergen entering the circulation.
Immunological features
Involvement of IgE requires prior exposure to sensitize the patient. 
In childhood, sensitization to peanut may occur via formula milk which may contain peanut oil. Following sensitization, only tiny amounts may be required to trigger subsequent reactions.
Reaction is triggered by cross-linking of mastcell cytophilic IgE by the allergen, leading to degranulation and activation of the mast cell.
Symptoms occur as a result of mast-cell release of histamine, which is responsible for bronchoconstriction, increased airway mucus secretion, stimulation of gut smooth muscle, hypotension due to increased vascular permeability, and vasodilatation and urticaria/angioedema.
Other mediators include mastcell tryptase and chemotactic factors for eosinophils. Activated mast cells also synthesize prostaglandins and leukotrienes, which reinforce the effects on smooth muscle. 
Tosyl-L-arginine methyl ester (TAME) has a similar effect. 
Platelet-activating factor (PAF) causes the activation of platelets, leading to the release of histamine and serotonin and augmenting the effects on vascular tone and permeability.
Mastcell numbers at sites of allergen exposure are critical. It is speculative that there are variations in the output of mast cells from bone marrow that influence the possibility of developing reactions.
Complement and kinin systems are activated (basophils release kallikrein when activated). Bradykinin. C3a, and C5a all act as smooth muscle constrictors and increase vascular permeability.
Reactions may recur after 2-6 hours, despite successful initial treatment, because of the continuing synthetic activity of mast cells and the release of leukotrienes.
Those with underlying atopic disease are said to be more at risk of developing serious allergic responses.
Immunological diagnosis 
History is all-important, particularly the timing of reaction in relation to the suspected trigger. If the trigger is not clear, a detailed review of all exposures over the preceding 24 hours is required.
Reaction should be graded. 
Mild: a feeling of generalized warmth, with sensation of fullness in throat, some localized angioedema and urticaria, but no significant impairment of breathing or features of hypotension.
Moderate: as for mild, but with more widespread angioedema and urticaria, some bronchospasm, and mild gastrointestinal symptoms.
Severe: intense bronchospasm, laryngeal oedema, with severe shortness of breath, cyanosis, respiratory arrest, hypotension, cardiac arrhythmias, shock, and gross gastrointestinal symptoms.
Attention must be paid to other conditions which may appear similar clinically: pulmonary embolus, myocardial infarction (but this may follow anaphylaxis in those with pre-existing ischaemic heart disease), hyperventilation 
Hypoglycaemia, vasovagal reactions, phaeochromocytoma, carcinoid, systemic mastocytosis, rarely, the symptoms may be factitious (typically occur in those who also have true anaphylaxis).
 Confirmation of the nature of the reaction may be obtained by taking blood for mast-cell tryptase (levels will be elevated for up to 12 hours and are stable). This is valuable where there is doubt about the nature of the reaction: urinary methyl histamine is an alternative, but is not now routinely available.
Evidence should also be sought for activation of the complement system (measurement of C3, C4, and C3 breakdown products). Measurement of C3a and C5a is possible but requires a special tube, which is unlikely to be available in time. 
Total IgE measurements are of no value.
Tests for specific IgE (RAST, etc.) may give false-negative results in the immediate phase, even when it is quite clear what has caused the reaction, because of consumption of the IgE. Repeating tests 3-4 weeks later may be helpful. Skin-prick tests (SPTs) may be sufficient to trigger a further systemic reaction and should be undertaken with great caution and only in a situation in which full facilities for cardiopulmonary resuscitation are immediately available.
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Testing for anaphylaxis
Management of anaphylaxis
         Immediate management comprises adrenaline (epinephrine) given intramuscularly in a dose of 0.5-1mg (0.5-1mL of 1:1000) for an adult. The dose can be repeated if required.
· If the reaction is severe, adrenaline may be given intravenously, using 10mL or 1:10 000 adrenaline diluted in 100ml  N-saline, via an infusion pump. This should only be given with continued cardiac monitoring by an experienced ITU specialist.
· O Never give IV bolus adrenaline to a conscious patient with anaphylaxis under any circumstances.
· Give high-flow oxygen by mask.
· Antihistamine should be given intravenously (chlorphenamine 10mg).
· A bolus of hydrocortisone (100-200mg) should be given. This has no effect on the immediate reaction but reduces the possibility of a late reaction. Use hydrocortisone sodium succinate; do not use hydrocortisone phosphate as this is frequently associated with severe burning genital pain which makes a sick patient feel much worse.
· Cochrane Reviews of antihistamines and steroids in the treatment of anaphylaxis conclude that evidence is lacking for both, but custom and practice recommend continued use.
· Support blood pressure with IV fluids (colloid or crystalloid): persisting hypotension may require further vasopressor agents.
· Tracheotomy may be required if there is major laryngeal oedema.
· Admission for observation is required (risk of late reactions); a period of 8 hours is usually adequate.
· Great care must be taken with latex-allergic patients, as hospital staff wearing latex gloves and resuscitation with latex-containing equipment (masks, catheters, etc.) may make the reaction paradoxically worse during resuscitation.
· Patients who have had severe reactions should be trained to self-administer adrenaline using a self-injection aid and should carry a Medic-Alert bracelet or equivalent. See below for indications.
· Regular annual follow-up by a practice nurse should be undertaken to ensure that patients remain competent in using the adrenaline injector.
· Carrying a supply of antihistamines may also be helpful (used prophylactically if entering a situation of unknown risk,  eating out).
· Patients deemed to be at risk of further anaphylaxis should preferably not receive treatment with blockers, as these agents will interfere with the action of adrenaline if required. 
· For venom-allergic patients with ischaemic heart disease, there may be advantages of continuing with β-blockers. 
· Angiotensin-converting (ACE) inhibitors should be avoided, as bradykinin-mediated effects will be worse during reactions (increased severity). 
· Patients should receive detailed counselling on how to avoid the triggering allergen; if a food is involved this should be undertaken by a dietician experienced in dealing with food allergy. Many foods may be 'hidden', so that the consumer is unaware of the contents. This applies particularly to pre-prepared foods and restaurant meals.
· For bee/wasp anaphylaxis, patients should be warned to avoid wearing brightly coloured clothes and perfumes as these attract the insects. They should also stay away from fallen fruit and dustbins. Desensitization is possible. This is a process that requires considerable dedication on the part of the patient (and the hospital staff.). It should be reserved for those who have had a systemic reaction and where the risk of further stings is considered to be high.
· Latex-allergic patients need to be warned about possible reactions to foods (banana, avocado, kiwi fruit, chestnut, potato, and tomato) and be given advice on avoidance. It is important that they tell doctors and dentists as reactions may be triggered during operations by surgical gloves or anaesthetic equipment, and by investigations such as barium enema (rubber cuff on tubing) and dental treatment.
· Indications for prescription of adrenaline for self-injection (EpiPen, Anapen, Jext) 
· Adrenaline for self injection should be given when: the patient has had a severe allergic reaction, there is a risk of re-exposure or the allergen cannot easily be avoided, the patient has had a moderate reaction, but access to rapid medical assistance is impossible
· the patient has asthma—reactions are likely to be more severe, pregnancy is not a contraindication, as the risk to the fetus from hypoxia due to anaphylaxis is greater than the risk of adrenaline.
· Adrenaline should not be given when: the reaction is mild (urticaria or urticaria with minimal angioedema not involving throat) the allergen is avoidable, the patient is unable to use an injection device, the patient has or is at risk of ischaemic heart disease: this may include the elderly, the patient is on (3-blockers—this is a relative contraindication and there is some evidence that the effect is not significant: however, it is recommended that the dose of adrenaline be halved in patients on (3-blockers to avoid paradoxical hypertension due to unopposed a-adrenergic activity, the patients is on tricyclic antidepressants or abuses cocaine (increased risk of cardiac arrhythmias).
Problems with adrenaline self-injection devices
· Confusingly, Anapen and EpiPen - are fired differently; because of this, they should not be interchanged.
· EpiPen is triggered by pressure on the needle-containing black tip, once the safety cap has been removed from the other end. The white plastic under the safety cap looks like a button but isn't!
· Anapen is fired by pressing the button under the safety cap.
· Jext is similar in operation to EpiPen. Anapen is available in a 0.5 mg strength.
· Accidental injection into fingers occurs. There is a risk of ischaemia and patients should be advised to go to casualty (an intravenous a-blocker may be required).
'ANAPHYLACTOID' REACTIONS

These may be every bit as severe as IgE-mediated reactions. In most cases they are due to activation of mast cells directly or via other mechanisms that will indirectly activate mast cells.
Causes 
The most common causes are as follows.
Direct mast-cell stimulation: drugs (opiates, thiamine, vancomycin, radiocontrast media, some anaesthetic agents, especially those dissolved in cremophor, tubocurarine), foods (strawberries), physical stimuli (exercise, cold, trauma), venoms.
Immune complex reactions (types II and III), with release of anaphylotoxins C3a, C5a: reactions to IVIg, other blood products, heterologous antisera.
Cyclo-oxygenase inhibitors: non-steroidal anti-inflammatory drugs (NSAIDs) (may also stimulate mast cells directly).
Massive histamine ingestion: eating mackerel and other related oily fish that are off (scombroid poisoning due to breakdown of muscle histidine to histamine via bacterial spoilage).
Immunological diagnosis
History usually gives the clue. No tests are entirely specific. Challenge is very risky.
Tryptase will be elevated. Specific IgE will not be detectable.
Management

Acute management is the same as for anaphylaxis.
For patients who require IV radiocontrast media and are known or suspected to react, pretreatment with oral corticosteroids (40mg prednisolone, 13 hours, 7 hours, and 1 hour prior to examination), together with an antihistamine (cetirizine 10-20mg or fexofenadine 120-180mg orally 1 hour before) and an H,-blocker (cimetidine 400mg orally 1 hour before) should be used. 
Low-osmolality dyes should be used as these have a lower incidence of reactions.
ANGIOEDEMA

Angioedema is a deep-tissue swelling that must be distinguished from urticaria. It is rarely itchy, and tends to give discomfort from pressure. In hereditary angioedema and sometimes in idiopathic angioedema, there is often a premonitory tingling before the swelling occurs. Any part of the body (including gut) may be involved.
Causes 
· Allergic (accompanied by other features such as urticaria, anaphylaxis, etc.).
· Hereditary C1-esterase inhibitor or C4BP deficiency .
· ACE deficiency.
· Acquired C1-esterase inhibitor deficiency (autoantibody-mediated. SLE, lymphoma). Lymphoma-associated acquired C1-esterase inhibitor deficiency is usually due to splenic villous lymphomas.
· Physical (pressure, vibration, water—often with urticaria).
· Drugs (ACE inhibitors, NSAIDs, statins, proton-pump inhibitors are the most common drugs).
· Idiopathic (rarely involves larynx)—other causes excluded.
Immunological features 
· Mechanism is thought to involve activation of the kinin system with bradykinin production, leading to tissue oedema.
· ACE inhibitors inhibit bradykinin breakdown (also cause cough due to excess bradykinin). 
· Histamine is not involved (unless there is accompanying urticaria).
· C1-esterase inhibitor is a control protein for the kinin cascade in addition to its role in the complement and clotting systems.
· There are polymorphisms of this enzyme but it is not known whether they correlate with the tendency to develop angioedema.
· Congenital ACE deficiency has also been associated with angioedema.
Diagnosis 
· History will give useful clues: family history, connective tissue disease, lymphoma (may be occult), drug exposure, association with physical stimuli.
· Differential is wide.
·  Angioedema with urticaria will not be due to hereditary angioedema.  In angioedema without urticaria, C1-esterase inhibitor deficiency should be excluded.
· C4 will be low, even between attacks; C1-inhibitor will be low in type I but high in type II 
· Levels of C2 are said to distinguish acquired from inherited, C1 -esterase inhibitor deficiency (low in inherited deficiency) but this test is not reliable.
· If acquired C1 esterase inhibitor deficiency is suspected, check: for lymphadenopathy and splenomegaly clinically, serum immunoglobulins, serum and urine electrophoresis; serum free light chains 
· Consider chest/abdominal CT scan.
· Check ACE level to exclude ACE deficiency.
· Connective tissue disease will usually be obvious, but detection of autoantibodies (antinuclear antibody (ANA), dsDNA, and extractable nuclear antigen (ENA) antibodies) may be necessary.
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Testing for angioedema
Acute treatment 
Treatment is dependent on the cause.
The management of C1-esterase inhibitor deficiency (HAE). 
Acquired C1-esterase inhibitor deficiency (AAE) due to lymphoma will be improved by effective treatment of the underlying disease, as will the autoimmune-associated angioedema.
Purified C1-esterase inhibitor may be required in acquired C1 esterase inhibitor deficiency;
Frequent doses may be required because of the presence of inhibitory antibodies: in severe cases, plasmapheresis and immunosuppression may be required;
FFP is less effective and may actually make the angioedema worse by providing extra substrate. 
There is no role for C1-esterase inhibitor concentrate in idiopathic angioedema without evidence of deficiency.
Icatibant (bradykinin B2 receptor antagonist) may have a role in the management of severe recurrent angioedema (no clinical trial data); it can be self-administered by subcutaneous injection.
In acute HAE and AAE attacks, adrenaline, antihistamines, and steroids are less effective than in anaphylaxis. Laryngeal involvement is less common in the non-hereditary forms.
For other types of recurrent angioedema without systemic features, prednisolone 20mg plus cetirizine 20mg (chewed—tastes horrible!) is appropriate immediate treatment. Prolonged courses of steroid are unhelpful.
Prophylactic treatment 
Control may be helped with antifibrinolytics (tranexamic acid, 2-4g/
day), or modified androgens (stanozolol 2.5-1 Omg/day; danazol
200-800mg/day): monitor LFTs every 4-6 months, regular ultrasound liver (every 1-3 years).
 Idiopathic form (other causes excluded) responds best to tranexamic acid and less well to modified androgens.
Management of allergic angioedema requires avoidance of triggers and prophylaxis with long-acting non-sedating antihistamines.
Patients with a history of angioedema for any reason should never be given ACE inhibitors, as these drugs may precipitate life-threatening events.
Episodic angioedema with eosinophilia 
Angioedema associated with cyclic weight gain (up to 15%), fever,urticaria, and eosinophilia.
Cause unknown.
Said to be benign.
URTICARIA 1
Urticaria is common, affecting 10-20% of individuals at some time. Urticaria depends on mast cells and histamine is the principal mediator. The reac​tion may be due to IgE on mast cells or stimuli that directly activate mast cells . Urticaria may occur alone or be accompanied by more systemic symptoms, including angioedema, although (as noted above) histamine is not involved in the latter.
Causes 
· Urticaria may be acute or chronic (duration more than 1 month). Chronic urticaria is often idiopathic (75% of cases) and rarely associated with allergy. 5% of the population may develop a physical urticaria. Idiopathic urticaria may disappear spontaneously after 1-2 years.
· Most common causes are as follows. 
· Stress.
· Infections: in association with common viral infections (concomitant drug therapy usually gets the blame!); Helicobacter, prodrome of hepatitis B, Lyme disease, cat-scratch disease; acute or chronic bacterial infections; parasitic infections.
· Allergic: ingested allergens, injected allergens (cat scratch).
· Autoimmune: autoantibodies to IgE and to Fc Rl (probably rare); also in association with connective-tissue diseases (antibodies to C1q):SLE.
· Physical: sunlight (also think of porphyria), vibration, pressure (immediate and delayed, dermographism), aquagenic, heat.
· Cold: familial (autosomal dominant—C1AS1 gene mutations); acquired (cryoglobulins, cryofibrinogen, mycoplasma infections).
· Cholinergic (much smaller wheals, often triggered by heat and sweating).
· Adrenergic: provoked by stress.
· Contact (urticaria from lying on grass, wearing latex gloves, occasionally from aero-allergens).
· Urticaria pigmentosa: rare disease with reddish-brown macules in skin (accumulations of mast cells).
· Vasculitis: usually a leucocytoclastic vasculitis, painful not itchy; also serum sickness (immune complex). 
· Hormonal: autoimmune progesterone-induced urticaria related to menstrual cycle; occasionally other steroids may cause the same reaction; hypothyroidism.
· Papular urticaria: related to insect bites (may last several days).
· Rare syndromes: Muckle-Wells and related syndromes; mastocytosis; PUPP (pruritic urticaria and plaques of pregnancy).
Urticaria may occur with iron, B12, and folate deficiency.
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Differential diagnosis of facial swelling
IMMUNOLOGICAL FEATURES 
Mast-cell activation is the cause, with local release of mediators and activation of other pathways, complement, and kinin.
Autoantibodies against IgE and the IgE receptor (FcrRI) have been proposed as a mechanism in some patients with chronic urticaria. These lead to activation of mast cells by cross-linking surface IgE or receptors. How generally applicable this mechanism is remains to be determined. Assays are dubious.
Mast cells can be stimulated through other pathways, either directly by drugs etc,  or by the anaphylotoxins C3a, C5a (type II) and by immune complexes (type III). In cholinergic urticaria mast cells are unusually sensitive to stimulation by acetylcholine released by local cholinergic nerves.
Diagnosis 
· The history is everything! The appearances of the lesions may give clues (distinctive lesions in cholinergic urticaria).
· Dermographism should be sought.
· Physical causes can usually be replicated in the clinic to confirm the diagnosis: pressure tests; ice cube test (wrap ice cube in plastic bag to ensure that it is cold and not water that causes the problem).
· Other diagnostic tests  should depend on likely cause.
· Allergy testing is rarely justified in chronic urticaria as the yield is low.
· Check thyroid function, acute-phase response, and full blood count, and think of infective causes.
· Foods may play a role in acute urticarias; exclusion diets may help but only if there is a strong suspicion on clinical grounds. The role of natural dietary salicylates and/or preservatives in chronic urticaria is controversial.
· In cold urticaria, seek family history and check for cryoglobulins and causes thereof (electrophoresis of serum, search for underlying diseases, infections, connective tissue disease, lymphoproliferation).
· Autoantibodies (ANA, ENA, dsDNA, RhF) and complement studies (C3, C4) may be relevant in some instances. In SLE with urticaria, think of autoantibodies to C1q.
Skin biopsy should be considered if there are atypical features if urticarial vasculitis is suspected.

[image: image146.jpg]Later tests

Full blood count—check for haematinic Drug monitoring as required

Thyroid function

uﬁve' .funm'on

amatory markers (ESRICRP)
: ion screen—Helicobacter

Consider autoimmune serology





Testing for urticaria
URTICARIA 2: TREATMENT

Treatment 
Urticaria may be difficult to manage, especially cold urticaria. Most common failing is inadequate dosage of antihistamines. The new antihistamines are safe in doses well above the recommended doses and do not interfere with cardiac potassium channels, causing prolonged QT interval.
Acute urticaria should be treated with potent non-sedating antihistamines. Short-acting antihistamines such as acrivastine may be appropriate for intermittent attacks. Potent long-acting non-sedating antihistamines, such as fexofenadine, levocetirizine, and cetirizine (also said to have mast-cell stabilizing activity, of uncertain clinical significance), are useful for prophylaxis against frequent attacks. A few patients may still be sedated by these drugs.
Loratadine and desloratadine have been reported by the EMA to be possibly associated with a small increase in minor malformations if taken in pregnancy. Doses up to four times the normal dose may be required in difficult cases.
If antihistamines are unsuccessful alone, the addition of an H2-blocker may be helpful, although the evidence is weak. There is no evidence to suggest whether ranitidine or cimetidine is preferable. Other therapeutic options include the following. 
Doxepin, an antidepressant with potent H1- and H2-blocking activity. Ketotifen, which has mast-cell stabilizing activity in addition to anti-H1, activity (it increases appetite and is sedating). Mirtazapine is also a valuable third-line agent and has antihistaminic properties.
Calcium-channel blockers may have some beneficial effect as they stabilize mast cells (nimodipine is said to be better than nifedipine).
β2-agonists (terbutaline) and phosphodiesterase inhibitors (theophylline) may help in rare cases.
Pentoxifylline has been reported to reduce cytokine synthesis by macrophages and may be helpful. Colchicine is helpful in delayed pressure urticaria but is poorly tolerated. Leukotriene antagonists may also be helpful in some patients.
Resistant urticaria may respond to low-dose warfarin (mechanism unknown). Modified androgens (stanozolol, danazol)—require monitoring of LFTs.
Methotrexate—reduces neutrophil accumulation and decreases leukotriene sysnthesis. 
Non-familial cold urticaria may respond to cyproheptadine, calcium-channel blockers. β2-agonists, and phosphodiesterase inhibitors, although responses tend to be poor.
Familial cold urticaria does not respond to antihistamines, but may respond to NSAIDs.
Steroids may be effective but should be used as a last resort as chronic therapy is not justified by the side effects. Short courses may be helpful for acute disease. Withdrawal of steroid is often marked by worse flares of rash.
Ciclosporin or tacrolimus may also be helpful, but the disease relapses once the drug is withdrawn. The side effects (hypertension, nephrotoxicity) make them undesirable drugs for urticaria, unless symptoms are severe. Mycophenolate has also been used.
High-dose IVIg has been used in resistant cases but the benefits are variable. Omalizumab may be tried.
Whenever chronic therapy is started, it is important to withdraw it at intervals to see whether it is still required in the light of possible spontaneous remission. Consider stress management programme.

Urticarial vasculitis 
Urticarial vasculitis is distinguished from ordinary urticaria by the persistence of the lesions for >24 hours. Lesions usually fade to leave brown staining due to erythrocyte extravasation.
Biopsies show evidence of cutaneous vasculitis.
Antihistamines are ineffective. 
Mastocytosis 
Mastocytosis includes a range of related disorders characterized by exces sive accumulations of mast cells in tissues.
Classification
· Cutaneous mastocytosis: 
· urticaria pigmentosa 
· solitary mastocytoma 
· diffuse cutaneous mastocytosis (rare)
· telangiectasia macularis eruptive perstans.
· Systemic mastocytosis: involvement of gut, bone marrow, bone.
· Mastocytosis in association with haematological disorders: leukaemia, lymphoma, myelodysplastic syndrome.
· Lymphadenopathic mastocytosis with eosinophilia. Mast-cell leukaemia 
Presentation 
Cutaneous involvement with itchy brown macules: Darier's sign—urticaria on rubbing or scratching cutaneous lesions. Dermographism.
Systemic symptoms include nausea, vomiting, diarrhoea, headache, shortness of breath, flushing, palpitations, loss of consciousness, malaise, and lethargy.
Systemic attacks triggered by heat, emotion, aspirin, opiates. Evidence of associated haematological malignancy. Symptoms may be confused with carcinoid and phaeochromocytoma.
Diagnosis 
Biopsy of skin, bowel: bone marrow examination if systemic form expected; endoscopy will be required for gut involvement. Mast-cell tryptase (serial measurements may be required); urinary methylhistamine is helpful, but not readily available.
Exclude carcinoid by measurement of 5-HIAA, phaeochromocytoma by urinary catecholamines/serum metanephrines. Serum immunoglobulins and electrophoresis; urine electrophoreses. Blood film. Bone scan/MRI skeletal survey for infiltrations.
Treatment 
High-dose antihistamines (H1 and H2). 
Aspirin may reduce prostaglandin production causing flushing, but should be used with caution as it can directly activate mast cells; leukotriene antagonists (monteleukast) will prevent leukotriene-related symptoms. Oral sodium cromoglicate may help bowel symptoms.
Caution with drug use: avoid opiates and other drugs directly activating mast cells (radiocontrast dyes, dextrans); anaesthesia needs to be approached carefully.
Wasp/bee stings may lead to severe reactions.
α-lnterferon (disappointing in most cases) and c-kit inhibitors (mast cells express increased c-kit) are being used experimentally. PUVA may help in skin lesions.
HISTAMINE INTOLERANCE
Histamine intolerance may be caused by impairment of the activity of the enzyme diamine oxidase (DAO), responsible for the metabolism of histamine. Reduced activity may be due to genetic defects.
Low DAO activity may predispose to severe reactions and recurrent anaphylaxis.
Reduced DAO may be seen in association with drugs, with chronic renal and liver failure, and in chronic urticaria.
A trial of a low-histamine diet may be beneficial.
Supplementation with vitamins C and B6 is said to help by increasing DAO activity.
Drugs associated with reduced DAO activity (not exhaustive) 
· Contrast media
       Antibiotics (cefuroxime, clavulanic acid)
· Muscle relaxants
       Aminophylline 
· Morphine
                 Cimetidine 
· Aspirin
                 Cyclophosphamide 
· Metodopramide
      Amitriptyline
ASTHMA 1
Asthma is one of the atopic diseases and is characterized by bronchospasm. It is also a chronic inflammatory disease. However, the cause is multifactorial, with a complex interaction of genetic background with environmental factors.
 There is also a complex interaction at the local level between changes in the airway (reactive airways disease), neurogenic components (particularly involving vasoactive intestinal polypeptide (VIP) and substance P), and the innate and specific immune system.
Causes 
· Many factors, including occupational exposures, combine to give the clinical pattern of asthma.
· Genetic background There is no doubt that there is a familial tendency, with inheritance more obvious through the maternal line. The loci involved are controversial, with loci on chromosome 5 (mapping to the region containing the genes for IL-4, IL-5, and the β-adrenoreceptor) and on chromosome 11 being proposed.
· Allergy Inhaled allergens (aero-allergens), such as pollens, danders, dust mites, etc., are potent triggers: IgE will be involved. Allergy is less commonly demonstrated in lateonset asthma. Occupational allergens may cause symptoms, with small reactive molecules such as platinum salts acting by reaction with self-proteins to produce neo-antigens. IgE may be difficult to demonstrate.
         Th1:Th2 balance An intrinsic bias towards Th2-mediated reactions will lead to higher IgE production and levels of Th2 cytokines (IL-4. IL-5) which, in turn, downregulate potentially balancing Th1 responses.
· Irritants Some agents cause asthma without the involvement of IgE, in part, the effects here may be due to non-specific inflammation with recruitment of eosinophils and an IgE-independent cycle of cytokine and mediator release. Smoking and viral infections may contribute through this mechanism and through direct epithelial damage. Cold air and exercise may also be non-specific triggers to the hyper-reactive airway.
· Smooth muscle abnormalities Abnormally low numbers of B-adrenoreceptors have been documented in asthma. This may contribute to the reactivity of airways.
· Neurogenic Local axon loops involving C-type fibres releasing substance P and neurokinin A contribute to smooth muscle constriction. VlPergic neurons antagonize this response, and these neurons may be reduced in asthma.
· Chronic inflammatory response Unchecked acute inflammation in the lung proceeds via cytokine release to chronic inflammation, with damage to bronchial epithelium and increased collagen deposition, leading to endstage irreversible airways disease.
Immunological features 
Activation of mast cells leads to immediate and delayed mediator release and synthesis of cytokines (IL-3, IL-4, IL-5: chemotactic for and stimulatory to eosinophils).
Lung eosinophilia may be marked, continuing the inflammatory process through the release of cytokines.
Lymphocytes are recruited and activated, releasing Th2 cytokines and stimulating further IgE production.
The chronic phase may be considered to include a type IV reaction.
Diagnosis 
The diagnosis depends on history and examination. There is frequently an atopic background and a family history of atopic diseases. Wheeze is less common in children, who tend to cough instead.
Serial peak flow measurements may show the typical asthmatic pattern. Chronic disease may show loss of reversibility and be difficult to distinguish from chronic obstructive pulmonary disease (COPD). Reactive airways may be demonstrated with challenge tests. 
A high total IgE makes asthma more likely but does not correlate well with symptoms. A low IgE only excludes IgE-mediated bronchospasm. SPTs to common aero-allergens may pick up positives, but the history will indicate whether these are relevant clinically.
There may be an eosinophilia on full blood count, although this is rarely marked and is only present in about 50% of asthmatics; sputum eosinophilia is much more common.
Other serum markers have been proposed for assessing the severity of disease and adequacy of therapy. These include soluble CD23 (a cytokine involved in IgE production) and eosinophil cationic protein (ECP), which is said to correlate well with the underlying chronic eosinophilic inflammation. These tests are expensive and their role in monitoring remains to be determined.
ASTHMA 2: TREATMENT

The mainstay of treatment remains inhaled short- and long-acting bronchodilators β2-agonists, anticholinergics) together with inhaled corticosteroids.
The current view of the inflammatory nature of asthma makes the use of inhaled steroids more important in preventing long-term lung damage.
β2-agonists relieve symptoms but have little/no effect on the underlying inflammation. Long-acting drugs, such as salmeterol may lead to a false sense of security as symptoms are suppressed, and should be used with care. They may have some intrinsic anti​inflammatory effect.
 Leukotriene antagonists (monteleukast) are valuable. Courses of oral corticosteroids may be required.
Sodium cromoglicate inhibits degranulation of connective tissue mast cells only and inhibits the activation of neutrophils, eosinophils, and monocytes. It is most effective in children and in exercise-induced asthma. Nedocromil sodium is similar but inhibits both mucosal
and connective-tissue mast cells and is a more potent inhibitor of neutrophils and eosinophils.
Phosphodiesterase inhibitors (theophyllines) are decreasing in popularity. Intravenous aminophylline is no longer recommended for acute attacks; intravenous magnesium has superseded it.
Experimental immunosuppressive therapy with low-dose methotrexate or ciclosporin has been used with success in severe disease. 
Omalizumab, a monoclonal anti-lgE, has been shown to be highly beneficial. Is use is limited by the degree of elevation of total IgE. and (in the UK) by financial restraints.
Antihistamines have little effect in acute asthma.
Injection immunotherapy has been used where there is allergy to a single agent. This can be extremely dangerous, and current guidelines exclude asthmatics from consideration of desensitization. Sublingual immunotherapy may be safer in asthmatics.
Other forms of immunotherapy, aimed at switching immune responses from Th2 to Th1 using peptides or genetically engineered BCG, have shown considerable promise.
Environmental control is important both in the home and in the context of occupational asthma.
Attempts should be made to reduce house dust-mite exposure by reducing ambient temperature and avoiding high humidity (fewer house plants). Avoid thick-pile carpets, heavy curtains, and other dust traps.
Regular vacuuming with a high-efficiency vacuum cleaner (cyclonic or HEPA filter) is necessary (cleaners that do not spray dust back into the room may be better, although much more expensive).
Mattress covers are desirable and all bedclothes should be washable (at high temperatures).
De-miting mattresses is difficult: liquid nitrogen is effective but needs specialist services. Acaricides such as benzyl benzoate may also be effective, but may be irritants.
If animal danders are a problem, the animal should go, although this news is rarely popular with patients! This is controversial as there is evidence that early exposure of children to pets in atopic families may reduce the chance of their developing allergies.
SULPHITE SENSITIVITY

Some individuals are unusually sensitive to sulphites. These agents include sulphur dioxide, sodium and potassium metabisulphite, and sulphite. They are widely used in foods and drinks as antioxidants and preservatives.
Presentation 
Reactions include severe wheeze accompanied by flushing and tachycardia; if severe, may mimic anaphylaxis.
Urticaria and angioedema are not usually features.
Cause 
· Mechanism is unclear but probably involves direct mast-cell stimulation and cholinergic stimulation.
· IgE antibodies have occasionally been detected.
· There does not appear to be any cross-reactivity with other agents.
Diagnosis 
· The history is usually diagnostic, with reactions typically to white wine or beer, soft drinks, pickles, salami and preserved meats, dried fruits, shrimps/prawns, and prepared salads.
· Certain drugs for injection contain sulphites, particularly adrenaline-containing local anaesthetics used by dentists.
· No tests are of particular value except for exclusion followed by re-challenge under controlled conditions (with facilities for resuscitation).
Treatment 
· Management is by avoidance, and proper dietary advice is required.
· Care must be taken with the prescription of drugs.
· Severe reactors may need to carry adrenaline (without sulphites).
ASPIRIN SENSITIVITY

Presentation 
· Acute angioedema.
· Aspirin is also associated with a triad of asthma, nasal polyposis, and hyperplastic sinusitis (Samter's triad). Each feature can occur without the others.
Cause 
· Effect is due to a sensitivity to cyclo-oxygenase inhibition, and therefore occurs with other NSAIDs but not usually with choline or sodium salicylate or paracetamol (acetaminophen).
· Paracetamol has weak COX-1 inhibitory function and may rarely cause angioedema.
· There is a loss of bronchodilating prostaglandins and a shunting of substrate to the lipo-oxygenase pathway with the production of bronchoconstrictor leukotrienes.
· Some patients with aspirin intolerance also react to tartrazine and related azodyes.
Diagnosis 
· Specific IgE tests are of uncertain value. Flow-CASTc": assay may show positives in some patients .
· Aspirin challenge is not recommended unless there is doubt about the diagnosis, as reactions may be severe.
Treatment 
· Exclusion of natural salicylate from the diet may be helpful if asthmatic symptoms and nasal polyps are troublesome.
· Obstructing polyps need to be removed surgically; oral or topical corticosteroids will lead to shrinkage. Regrowth after surgery can be prevented by diet and drug therapy with topical nasal steroids and oral agents.
· Large polyps may need treatment with betnesol drops for short periods, before nasal steroid sprays will be effective. The combination of oral antihistamines and monteleukast can be helpful.
· Aspirin desensitization can be undertaken: incremental doses of aspirin are administered over 2 days; tolerance persists only while aspirin is administered regularly. Risks of triggering severe acute asthma are high, and the treatment should be undertaken with ITU back-up.
· Nasal furosemide drops (50mcg per nostril bd) can be very effective in reducing polyp size. Treatment needs to be continued long term. Extemporaneous preparation of the drops by pharmacy is required.
ALLERGIC RHINITIS
Allergic rhinitis needs to be distinguished from non-allergic causes, such as vasomotor rhinitis, rhinitis medicamentosa, and infectious cause. This is not always easy. Timing of symptoms (seasonal versus perennial) will give useful clues. Perennial rhinitis is often due to dust mite allergy; symptoms often worsen in October when windows are shut and the central heating switched on, as mite numbers increase with rising humidity and temperature.
Causes of rhinitis 
· Allergic. Vasomotor.
· Non-allergic rhinitis with eosinophilia (NARES). Drug-induced: a-agonist nasal sprays, cocaine abuse (direct); antihypertensives, chlormethiazole (indirect).
· Irritant: fumes, solvents. Infectious: viral, bacterial, leprosy, cilial dyskinesia.
· Vasculitis: Wegener's granulomatosis. Mechanical: nasal polyps, septal deviation, foreign bodies, tumours, sarcoidosis.
· Pregnancy: last trimester (related to oestrogen levels). CSF leak.
Immunological mechanisms 
Mechanisms in allergic rhinitis are very similar to those described above for asthma, although histamine release plays a more significant role and the role of neurogenic mechanisms is less well established.
Histamine and leukotrienes are though to be responsible for the itch, sneezing, rhinorrhoea, and nasal obstruction, through swelling and hyperaemia.
There is a predominant eosinophilia in tissue and secretions.
Perennial rhinitis may be a manifestation of chronic antigen exposure and, like chronic asthma, may lead, via type IV mechanisms, to chronic tissue damage with connective tissue proliferation.
Allergens involved are similar to those involved in asthma, aero-allergens, although larger allergens will tend to be trapped preferentially in the nose.
Nasal polyps may occur as a result of chronic allergic stimulation.
Diagnosis 
· Diagnosis relies heavily on the history and on examination of the nose. Rhinoscopy may be necessary to obtain a good view; use of an otoscope is adequate for most purposes.
· Eosinophil count in blood is rarely elevated. Elevated total IgE may indicate an allergic basis, but a normal IgE does not exclude allergy.
· SPTs demonstrate sensitization to aero-allergens, but the clinical relevance can be determined only from the history.
· Specific IgE (RASTs) should be limited only to confirming equivocal SPTs. or when drugs such as antihistamines cannot be discontinued. Both RASTs and SPTs may be negative even in the presence of significant local allergy if no specific IgE is free to spill over into the bloodstream.
· Examination of nasal secretions for excess eosinophils may be helpful, although there is a condition of non-allergic rhinitis with eosinophilia (NARES). This is often associated with aspirin sensitivity and asthma: sinusitis is also common. Peripheral blood eosinophilia is variable and is a poor diagnostic marker.
· If the suspect allergen is available, then nasal provocation tests may be possible. 
Treatment
· Topical or systemic antihistamines provide relief in mild cases.
· More severe cases may require topical steroids or mast-cell blocking agents such as sodium cromoglicate or nedocromil sodium. 
· Ipratropium bromide is particularly helpful in vasomotor rhinitis.
· Ensure that the patient understands the optimum head position for use of nasal sprays: head forward looking at feet, with nozzle pointed away from the nasal septum.
· Most therapeutic failures are due to incorrect use of sprays. 
· Decongestants should be used with caution (or not at all) because of a rebound increase in symptoms.
· Very severe cases may require courses of oral corticosteroids. Depot injections of long-acting steroid have been used in the past in seasonal rhinitis. These are not recommended (risk of avascular necrosis of joints).
· If drug therapy fails at maximal levels, immunotherapy may be appropriate if a single allergen is responsible and there are no contraindications such as severe asthma, pregnancy, β-blockers, or ischaemic heart disease. This should only be undertaken in hospital. Results for seasonal allergens are excellent. 
· Surgery may be required for sinus involvement and for polyps if topical steroid therapy fails to reduce them.
· Environmental control may be important as an adjunctive measure. Avoidance of allergens where possible should be tried. In the grass-pollen season avoid opening windows more than necessary during the day (especially in the afternoon and evening when the pollen count is high). Air filtration systems able to trap pollens are available for cars and houses, although the latter are expensive to install. Masks are likely to be of little value.
· Cold air, alcohol, and spicy foods may exacerbate symptoms in vasomotor rhinitis.
ALLERGIC CONJUNCTIVITIS

Allergic conjunctivitis often accompanies rhinitis (the two areas are con​nected by the lacrimal ducts). The mechanisms are identical. 
Presentation 
Typical features include itching and watering of the eye, with redness and swelling.
More extreme forms include vernal conjunctivitis, in which giant papillae are seen on the tarsal surface of the eyelid. In this condition the allergic component is a trigger. This disease is difficult to treat but may burn out after 5-10 years.
Diagnosis 
· As for rhinitis.
· Specific IgE may be detected in tears but it is rarely of value as a diagnostic test.
· Challenge tests may be helpful in very rare circumstances.
Treatment 
· Topical antihistamines and mast-cell stabilizing agents (sodium cromoglicate and nedocromil) may help to relieve symptoms. Lodoxamide is another mast-cell stabilizer specifically available for allergic eye problems.
· Oral antihistamines are valuable for more severe symptoms.
· Topical steroids may be very valuable, but should only be prescribed under ophthalmological supervision as long-term use may lead to glaucoma and cataract.
· Short-course oral steroids can be used for severe symptoms unresponsive to topical treatment and to cover periods of examinations etc.
· Topical ciclosporin and NSAIDs (flurbiprofen and diclofenac) have also been used successfully in vernal conjunctivitis.
· Immunotherapy (either injected or sublingual) is often valuable; however, vernal conjunctivitis responds less well.
SINUSITIS

Causes 
· Allergy, with secondary infection due to allergic swelling closing off the drainage ostia. Usually associated with other allergic features.
· Primary infective: due to mechanical drainage problem; secondary to humoral immune deficiency.
· Aspirin intolerance.
· Ethmoiditis in children may mimic conjunctivitis.
· Inflammatory disease such as Wegener's granulomatosis and midline granuloma.
· Chronic fungal sinusitis is recognized by ENT specialists even in the absence of immune deficiency.
Presentation 
· Usually obvious with pain over sinuses.
· Maxillary sinusitis may also present as dental pain in upper molars.
Diagnosis 
· Plain radiographs not recommended; CT scanning is most sensitive.
· Nasal smears will demonstrate eosinophilia if there is an allergic cause, but neutrophilia will be present in infective cases.
· Measurement of humoral immune function (immunoglobulins. IgG subclasses, and specific antibodies) and ANCA should be considered in chronic sinusitis.
Treatment 
· Treat underlying cause.
· Obstructed sinuses can be washed out. This can be done by an endoscopic procedure that allows the sinuses to be inspected.
· Nasal decongestants and topical steroids assist in reducing oedema and promoting free drainage.
· Antibiotics are required for infective problems. Haemophilus influenzae and Pneumococcus are the most common organisms. Ciprofloxacin, clarithromycin, and azithromycin are appropriate as they penetrate well into sinus fluids.
· If all else fails, try a prolonged course of an oral antifungal such as itraconazole.
SECRETORY OTITIS MEDIA (GLUE EAR) 
It has been suggested that this is related to underlying allergy, but there is little evidence for this in children unless there is allergic disease elsewhere in the respiratory tract. Rarely, it may be related to specific antibody deficiency or a more widespread antibody deficiency. The history will reveal if there are other infective problems that would suggest such a diagnosis.
ATOPIC ECZEMA (DERMATITIS) 
Atopic eczema is the most common manifestation of atopic disease. It is usually worst in childhood, improving with age in 80%. It affects particularly the cheeks and flexures, and is a risk factor for the development of contact dermatitis in later life. Asthma or rhinitis will develop in 50-75% of patients. It is on the increase. Eye involvement may occur, with an atopic kerato-conjunctivitis, and in severe cases a subcapsular cataract may form.
Causes 
· There is a genetic basis, as demonstrated by twin studies, although whether the background is the same as for asthma (chromosome 11 or 5) has not yet been demonstrated.
· In addition to the immunological factors, there are abnormalities of the lipids of the skin and evidence for autonomic nervous abnormalities (white dermographism). There is a reduced threshold for itch, which leads to a vicious cycle of itch and scratch, resulting in the lichenification of chronic eczema.
· Non-specific irritants, such as wool, heat, and stress, make the disease worse.
· Staphylococcal infection is common, and may play a role in exacerbating the disease; IgE against the bacterium may be detected, although the role is unclear. Staphylococcal superantigens have also been suggested to play a role. Cutaneous fungi may also exacerbate the disease.
· The role of diet is controversial. It has been suggested that maternal diet during pregnancy may contribute, as may a lack of breastfeeding. The contribution of diet to established symptoms is even more controversial, although some children are helped by exclusion diets. It is rare that adults are helped by dietary manoeuvres.
IMMUNOLOGICAL FEATURES 
The precise role of type I responses is unclear. IgE levels are often very high, and specific IgE may be detected against a variety of aero-allergens and food allergens, although most of the IgE is 'junk' with no recognizable specificity.
Langerhans cells in the skin do have IgE receptors, although their role in atopic eczema is speculative. Keratinocytes release cytokines when damaged, which will excite the immune response (TNF-α, IL-1, IL-6, IL-8).
There is more evidence for a type IV reaction with an infiltrate of CD4+. T cells into the epidermis and dermis; most of these cells are of the Th2 phenotype which will support IgE production. As part of the inflammatory response, eosinophils, mast cells, and basophils are all increased in the affected skin, and mechanisms similar to those found in the chronic phase of asthma probably predominate.
Diagnosis 
· Blood eosinophilia is common.
· 80% of cases will have a high IgE. often >1000kU/L. Specific IgE may be detected by SPTs or RAST. but this rarely helps in management.
· A typical patterns of eczema with other infections should raise suspicion of the hyper-lgE syndrome. Here the IgE is even higher, usually >50 OOOkU/L, and there may be evidence of other humoral abnormalities such as low lgG2, so a full investigation of humoral immunity is warranted.
· Viral infections such as eczema herpeticum, molluscum contagiosum. and warts are common in atopic eczema. They do not indicate a significant generalized immunodeficiency but are a manifestation of disturbed local immunity.
Treatment 
· Reduce itch by using emollients and antihistamines, inflammation by using topical steroids, and staphylococcal superinfection by using appropriate oral antibiotics.
· Ciclosporin is helpful in severe disease as a temporary measure, but the disease relapses as soon as the drug is withdrawn. Topical agents (tacrolimus and pimecrolimus) may be effective and do not have the same adverse effects as steroids.
· PUVA.
· High-dose IVIg has also been shown to be beneficial in resistant cases.
· Theoretically, γ-interferon should help by reducing the Th2 predominance, and this has been borne out in several small trials.
· Where babies, by virtue of a strong family history, are at risk of developing atopic eczema, avoidance of cows' milk for the first 6 months of life and late weaning may be helpful. The addition of γ-linoleic acid and fish oil have been suggested to be helpful, but the evidence from controlled trials is less supportive.
· Avoidance of egg, milk, or wheat may help some children. If there is concern over the contribution of food in adults, a 2-week trial of an elimination diet will identify whether or not food is contributing.
CONTACT DERMATITIS (HYPERSENSITIVITY)
Presentation 
Contact hypersensitivity is a localized type IV reaction due to contact with a triggering allergen. Reaction is eczematous, often with blistering and weeping. The pattern of rash together with a careful exposure history usually identifies possible allergens.
It needs to be distinguished from straightforward irritant dermatitis due to a localized toxic effect that does not involve the immune system. Typical irritants are solvents, acids, alkalis, and other chemicals. The skin has a limited number of ways in which it can respond, and the appearance of irritant and allergic dermatitis can be clinically similar.
Causes 
· Many topically applied compounds can cause DTH reactions.
· Nickel allergy often leads to dermatitis affecting the ear lobes, under the back of watches, and where jean studs press on the skin. Those regularly handling coins will get hand eczema. This is the most common contact dermatitis.
· Aniline dyes in leather cause dermatitis affecting the feet and where leather belts come in contact with skin.
· Chromium: hand eczema, usually in those handling cement.
· Cobalt: used as a stabilizer for the head on beer!
· Latex and synthetic rubbers: related to chemical accelerators and hardeners (thiurams, mercapto compounds, carbamates). There is no evidence that latex proteins themselves cause type IV reactions.
· Hair dyes, formaldehyde (perming lotions).
· Fragrances and cosmetics (biocides, phenylenediamine, parabens).
· Topical antibiotics (gentamicin, neomycin, bacitracin, benzocaines).
· Colophony (rosin) and other resins (adhesives in plasters).
· Ivy,  sumac tree, chrysanthemum, feverfew, primula.
· Some allergens require concomitant exposure to sunlight for the effect to develop; rash only develops on sunexposed areas of contact.
· Plants: limes, lemons, figs, giant hogweed, pine wood.
· Drugs, including sulphonamides. tetracylines, and phenothiazines. and sunscreens (p-aminobenzoic acid, oil of bergamot).
IMMUNOLOGY 
Types I and IV hypersensitivity may coexist.
In most cases the allergens are low molecular weight substances that penetrate the skin readily and lead to neoantigen formation. As with all T-lymphocyte-mediated responses, sensitization precedes reactivity.
Active lesions show a sparse CD4+ T-lymphocytic infiltrate but few eosinophils.
Diagnosis 
· The history and examination give the most important information.
· This should be supplemented by patch testing. 
· SPTs and measurement of total IgE are of little value.
Treatment 
· This should be undertaken by a dermatologist.
· Antihistamines may be needed to control itch.
· Wet compresses may be required for weeping eczema.
· Potent topical steroids accompanied by avoidance of the offending agents usually lead to resolution.
· Low-nickel diets may be tried for those with proven type IV sensitivity to nickel.
ITCH (PRURITUS)
Presentation 
Itch without rash is not due to allergy (and rarely responds to antihistamines).
Itch with rash may be allergic (and may respond to antihistamines).
Always look for other causes.
Itch may be unbearable. 
Excessive scratching may cause skin damage (nodular prurigo).
Causes 
With rash, consider:  atopic dermatitis, urticaria, lichen simplex, lichen planus, psoriasis, scabies, xerosis (dry skin).
Without rash, consider: uraemia, cholestasis (primary biliary cirrhosis), malignancy (lymphoma, including cutaneous T-cell lymphoma, CLL, myeloma, mastocytosis), multiple sclerosis, thyroid disease, diabetes (with neuropathy), iron deficiency anaemia, HIV, drugs, psychological (neurotic excoriation)—not present at sites that cannot be scratched, brachioradial pruritus (affects forearam; worse in sun, relieved by ice)—may be a marker of spinal tumour notalgia paraesthetica (unilateral, around scapula; may be due to nerve impingement thoracic spine).
IMMUNOLOGY 
Only in relation to underlying disease—itch is not primarily immunological when histamine and bradykinin not involved.
Substance P may be involved.
Diagnosis 
· The history and examination give the most important information.
Investigation 
· Based on differential diagnosis.
Treatment 
· Treat underlying condition.
· Antihistamines, if allergic cause: use sedating antihistamines at night (hydroxyzine, chlorphenamine) or tricyclic antidepressants (potent antihistamine activity; doxepin).
· Topical doxepin cream. 
· Topical capsaicin cream (counter-irritant).
· Menthol in aqueous cream is soothing; calamine lotion may also be helpful.
· Opioid antagonists (naltrexone)—valuable in cholestasis, nodular prurigo, Gabapentin, sodium valproate, carbamazepine.
· Aprepitant (Emend), a neurokinin-1 antagonist, may be helpful in refractory itch.
FOOD ALLERGY 1

Food allergy causes more trouble than any other aspect of immunology. 
The general population blames foods for a multitude of sins. However, the public perception of food allergy is not reflected by its true incidence when large-scale population studies are undertaken. True food additive intolerance is very rare (<0.23% of the population) when those claiming to be intolerant are formally tested. Food allergy (in which IgE is involved) must be distinguished from food intolerance, which may have a variety of causes, and from psychogenic causes.
Symptoms of true food allergy are invariably limited to the gut, the skin, and the respiratory tract. Symptoms outside these systems are much less likely to be due to true allergy. There is no convincing association with arthritis. 
There is no evidence that food allergy is a cause of chronic fatigue syndrome (CFS), and thus 'desensitization' therapies have nothing to offer; equally there is no evidence to support Candida overgrowth as a cause of CFS.
Causes—true food allergy

True food allergy is very real and may be severe. It is most common in children (up to 0.5% may be allergic to cows' milk). Almost any food can cause true allergy mediated via. 
Most allergens involved in food allergy are heat stable (resist cooking) and acid stable (resist stomach acid). There are exceptions to this, so that a food will be allergenic cooked but not raw, or vice versa; these foods are typically fruit and vegetables.
Cows' milk allergy is common, especially in children under 5. The proteins responsible for the allergic response include p-lactoglobulin, a-lactalbumin, casein, bovine serum albumin, and bovine immunoglobulins. Often the response is against more than one antigen. This allergy usually disappears by the age of 5 years. Rarely, gastrointestinal haemorrhage may result (Heiner's syndrome is this complex accompanied by iron-deficiency anaemia and pulmonary haemosiderosis).
Egg, milk, and wheat allergies are common in the under-fives, and often disappear with age, although anaphylactic responses may occur. The major antigens are ovomucoid and ovalbumin. Cross-reaction with chicken meat is unusual.
Fish allergy may be severe, such that inhalation of allergens in the vapour from cooking fish or second-hand contact (kissing someone who has eaten fish) may be enough to trigger reactions. The allergens are species-specific in 50% and cross-reactive with all fish in the remainder. Fish allergy is usually permanent. Similar constraints apply to shellfish, both Crustacea (prawns, crabs, and lobster) and molluscs (mussels, scallops, and oysters).
The legumes (peanuts and soya) are major causes of severe allergic reactions. These agents cause major problems because they are widely used as food 'fillers' and may not be declared on labels. Avoidance may be difficult. Sensitization may rarely be extreme, such that trace amounts of residual protein in peanut (groundnut) oil may be enough to trigger reactions. Sensitization may occur through the use of groundnut oil in formula milks. Arachis oil (groundnut oil) is used as a carrier in certain intramuscular injections. True nuts may be equally troublesome. These reactions are often lifelong, although a proportion of children who develop peanut allergy early in life may grow out of it (oral challenge required).
Cereals may cause direct allergic responses if ingested or cause symptoms via gluten intolerance (coeliac disease). Flour also causes baker's asthma as an occupational disease. Wheat, barley, and rye are all closely related. Symptoms are less extreme, and this is hypothesized to be due to proteolysis reducing the allergenicity. although why this does not apply to other foods is unclear. Rice and maize allergies are rare.
Oral allergy syndromes, where there is allergy to pollens and cross-reactive food allergies (usually non-anaphylactic). Allergens tend to be heat-labile.
Birch-pollen allergy with allergy to hazelnut, apple, pear, and carrot. Birch pollen allergy with stone fruits (plums, peaches, cherries, almonds).
Ragweed allergy with melon, banana. Grass pollen allergy with tomato, melon.
Mugwort pollen allergy with celery, carrots, spices .
Other described associations include latex with banana, avocado, kiwi fruit, chestnut, lettuce, pineapple, and papaya.
Occasionally trace contaminants may be responsible for allergy, as in the case of antibiotics in meat (used by farmers to improve the animals' weight gain), which may lead to reactions to meat and to therapeutic drugs.
Concomitant administration of proton pump inhibitors and H,-blockers, which reduce stomach acid may increase allergenicity of foods.
Causes—food intolerance 
· True food allergy must be distinguished from food intolerance, which takes many forms.
· Pharmacological: caffeine and theobromine (tachycardias in heavy tea/ coffee drinkers), tyramine (headaches, hypertension in patients on MAOIs). alcohol (obvious symptoms, plus beer drinkers' diarrhoea), NSAIDs (may include natural salicylates).
· Toxic: scombrotoxin (histamine from spoiled mackerel), green potatoes, flatoxins (peanuts), lectins (PHA in undercooked kidney beans), food poisoning (Bacillus cereus (fried rice), staphylococcal toxins), monosodium glutamate (headaches, nausea, and sweating— Chinese restaurant syndrome).
· Enzyme deficiencies: lactase deficiency (common in Asians; diarrhoea due to laxative effect of lactose), also sucrase and maltase deficiency.
· Fructose intolerance—excess undigested fructose causes diarrhoea, abdominal cramp, and bloating; high levels in onions, peppers, and fruit juices).
· Other bowel disease: Crohn's disease, coeliac disease, infections (Gardia, Yersinia), bacterial overgrowth (in association with reduced motility, systemic sclerosis), 'irritable bowel syndrome' (other causes must be excluded).
· Pancreatic insufficiency: cystic fibrosis, Schwachman's syndrome .
· Psychogenic: 'smells', somatization disorder.
FOOD ALLERGY 2: IMMUNOLOGICAL MECHANISMS, DIAGNOSIS, AND TREATMENT

Immunological mechanisms 
For true allergic reactions pre-sensitization is required. The bowel contains a specific subset of mast cells (MCT), which are capable of being armed by IgE. Activated T cells are also present. The pattern of reactions is probably very similar to that in mechanisms involving mast cells in other sites, although it is less well studied because of inaccessibility.
Abnormalities of mucosal immunity may contribute to the generation of IgE antibodies to foods. IgA deficiency may be a predisposing factor to allergic disease in general and also to coeliac disease, although cause and effect has not been proved beyond reasonable doubt. Exposure of an immature mucosal immune system may also be a factor, hence the lower rates of food allergy in babies breastfed and weaned late.
It has been suggested that some of the slower-onset food reactions
may involve type III (immune complex reactions). This is difficult to prove as IgG anti-food antibodies are not uncommon in healthy individuals. Recent publications indicating that irritable bowel disease is associated with IgG anti-food antibodies need to be viewed with caution.
Diagnosis 
The history may give good clues about particular foods that cause problems.
SPTs are helpful for foods causing severe reactions (milk, egg, fish, peanuts, true nuts), while being less useful for other food groups.
If commercial reagents do not work, the fresh food should be tried (stab lancet into food and then into patient). However, SPT to fresh foods may be dangerous in those who have had severe anaphylactic reactions. Dose is unstandardized.
RAST tests are less sensitive.
Total IgE is not especially helpful.
The allergy practitioner will need to have a good understanding of the biological families in which plants are grouped, as this often helps to explain patterns of reactivity. Members of the same biological family often share common antigens.
Dietary manipulation plays an important role in diagnosis, but is time-consuming and should only be undertaken in collaboration with a dietician. Elimination diets (oligo-allergenic diets), with gradual reintroduction of foods in an open but controlled manner, may be helpful in identifying troublesome foods. Formal confirmation requires a double-blind placebo-controlled food challenge in which the suspect food is disguised in opaque gelatine capsules.
Differentiation of food intolerance requires careful history-taking. Patients should be investigated for evidence of malabsorption (iron, β2, folate, clotting, calcium, and alkaline phosphatase) and for coeliac disease (endomysial or tissue transglutaminase antibodies); if there is diarrhoea, do stool microscopy and culture. Acute-phase proteins will indicate likely inflammatory bowel disease.
Bacterial overgrowth, lactose intolerance, and pancreatic insufficiency can be diagnosed on appropriate radio-isotopic tests or by measuring breath hydrogen production. Faecal elastase is a useful test of pancreatic exocrine function.
Radiology of the bowel may be revealing, and biopsy should always be considered; enzyme levels can be measured and coeliac disease confirmed rapidly. In early coeliac disease, histology may show only a lymphocytic infiltrate without complete villous atrophy.
Treatment 
Distinguish food allergy from intolerance and non-food-related symptoms.
Educate the patient about their symptoms and the cause. This may be hard if the patient already has a well-established preconception that he/she has a 'food allergy'.
Management of food allergy is mainly avoidance, while maintaining a nutritious diet. Specialist dietetic support is required.
Antihistamines (H1, and H2) may be of value taken prophylactically when patients with true food allergy are eating in unfamiliar surroundings; routine use is unnecessary.
Patients who have had anaphylaxis need to have adrenaline for self-injection.
Oral sodium cromoglicate may help occasional patients.
A short course of steroids may be necessary for severe disease (eosinophilic gastropathy, enteritis).
Enzyme-potentiated desensitization (EPD) is not of proven value, despite claims to the contrary by some practitioners.
Management of food intolerance depends on the underlying cause.
CONTACT ALLERGY TO FOOD

Causes 
· Contact reactions to food may be due to the following.
· Irritant dermatitis: citrus juices, mustard family, corn (usually farmers and processing workers), pineapple (bromelin)—proteolytic enzyme, spices, chilli peppers—capsaicin.
· Allergic contact dermatitis (common in chefs). Includes (non-
exhaustive list): mango sap (and related foods: cashew), mustard family, olive oil, citrus fruits, artichoke, asparagus, celery family (carrots, parsley, parsnip), garlic, spices (especially cinnamon).
· Contact urticaria: immunological or non-immunlogical.
· Phototoxic or photo-allergic dermatitis.
· Photoxic reactions mainly due to psoralens (celery family, citrus family—mixing or drinking margaritas).
· Photallergic reactions are rare—mainly garlic.
Immunology and diagnosis 
· History of exposure and type of rash is crucial.
· Patch testing may be useful.
· Photopatch testing may be required.
ORAL ALLERGY SYNDROME
Oral allergy syndrome (OAS) is caused by IgE to heat-labile allergens in fruits. These are highly cross-reactive. Symptoms are usually mild and restricted to oropharynx (itching and local swelling).
Immunology and diagnosis 
· Standard commercial SPT solutions and in vitro specific IgE tests do not reliably identify the allergy, as the antigens are labile.
· The use of recombinant allergens  may help.
· May be linked to pollen allergies (Birch, Bet v1. Bet v2).
· Direct SPTS with fresh fruits/vegetables may be helpful.
· Knowledge of the cross-reacting families is helful.
· Full details of key allergens can be found.
Treatment 
· Careful dietary review is required; patients need to be made aware of potential cross-reactions.
· For heat-labile allergens, cooked fruits are usually not a problem. For fresh fruits (apples) 10-15 seconds in a microwave on full power is usually enough to destroy the allergens which are concentrated under the skin).
· An estimate of the likelihood of severe reactions needs to be made (require adrenaline for self-injection).
· Typical OAS patients require only standby antihistamines + prednisolone (cetirizine 20mg chewed + prednisolone 20mg as stat dose).
Risk stratification and role of food challenge 
· An increasing problem for adult allergists is the question of whether young adults with a history with a childhood history of nut/peanut allergy have outgrown their allergy. This may have employment implications (entry into the Armed Forces).
· The use of recombinant peanut allergens may provide prognostic information.
· Positivity for rAra h2 is associated with risk of severe systemic reactions.
· Positivity for rAra h8 is associated with localized OAS symptoms.
· Food challenges with graded exposure may be required to confirm reactivity.
Desensitization to foods 
· Desensitization to peanut using peanut flour has been used with success.
· The identification of key allergens is likely to lead to suitable immunotherapeutic vaccines.
· Anti-lgE therapy (omalizumab) may be valuable as sole or adjunctive therapy.
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Main cross-reacting families and key allergens
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LATEX ALLERGY

· Latex allergy is an increasing problem in hospitals, mainly triggered by the massive increase in latex glove usage during the 1980s when aids was identified. Up to 20% of staff in high glove usage areas (theatres, itu) may become sensitized to latex.
Presentation 
· Type I reactions occur with anaphylaxis, asthma, angioedema, rhinoconjunctivitis, and contact urticaria.
· Typical reactions occur with gloves, condoms, and new elasticated clothing.
· Range of latex-containing domestic and medical products is very large.
· Cross-reaction to foods is frequent: bananas, avocado, kiwi fruit, potato, tomato, chestnut, lettuce, pineapple, papaya.
· Type IV reactions occur due to plasticizers used in the manufacture (not latex), and cause a localized dermatitis.
Cause 
· Type I reactions develop against a range of proteins present in the latex.
Immunology and diagnosis 
· Current specific IgE tests (RAST) identify only 85% of allergic patients.
· Recombinant allergens are now available.
·  SPT with commercial latex solutions (preferably from two different manufacturers) identifies 96% of allergic patients.
· A proportion of patients have clear histories of reactions on exposure, but no positive tests: challenge tests may be required: blind glove challenge: open glove challenge, and SPT with prick through a glove have all been used.
· Type IV reactions are identified by patch testing.
Management 
For type I reactions avoidance is required. This requires education of patient and employers.
Occupational issues are difficult, especially in the health service.
Latex is a substance identified in COSHH regulations as hazardous to health. Therefore employers are required by law to minimize exposure and carry out risk assessments where latex is used. Employees have successfully sued for large sums of money where this has not been done.
Latex-allergic patients often develop an anxiety depression related to their inability to avoid latex and subsequent reactions. Support from psychologists is required.
Attendance at A&E is often difficult. Consideration of management of anaphylaxis away from hospital, including self-administration of hydrocortisone may be desirable.
The Latex Allergy Support Group will provide information on the latex content of products.
Pharmacy will advise on latex content of drugs. Latex is used in bungs in drug vials.
 Supplies departments should be able to access information on the latex content of hospital products.
Hospitals should keep identified boxes of latex-free equipment in key areas (theatres, A&E, medical admissions).
The Health and Safety Executive requires all employers to have policies on latex. The HSE website contains further advice. Hospitals should also have a specific risk management committee to review these policies for staff and patients.
DRUG ALLERGY 1: PENICILLIN, OTHER ANTIBIOTICS, AND INSULIN
Drugs may cause allergic reactions due to all four mechanisms of hyper​sensitivity or combinations thereof. For example, penicillin may cause ana​phylaxis (type I), a haemolytic anaemia (type II), serum sickness (type III), and interstitial nephritis (type IV). As noted earlier, drugs may also cause reactions through other mechanisms, such as direct histamine release (opiates, radiocontrast media), undue sensitivity to the pharmacological effect (NSAIDs). and direct complement activation. Drug fever may be the primary manifestation of an adverse reaction to antibiotics. This may be difficult to detect when the drug is an antibiotic being used to treat an infective condition, where the reappearance of fever may lead to further investigation for an infective focus. The CRP will also be elevated during a drug fever.
Penicillin allergy 
Penicillin allergy is very common, perhaps occurring in up to 8% of treatment courses. Most of the reactions are trivial. Severe reactions are rare and occur mainly after parenteral administration.
Occasional patients react on apparent first exposure and it has been suggested that sensitization may occur through antibiotics present in food.
All four types of Gell and Coombs' hypersensitivity reactions may occur with penicillin, together with reactions of uncertain significance such as Stevens-Johnson syndrome.
There are major antigenic determinants (benzylpenicilloyl nucleus) and minor determinants (benzylpenicillin, benzylpenicilloate, and others), although both are capable of causing severe immediate reactions.
Currently available tests (RAST and SPT/IDT) detect only major determinants, although benzylpenicillin may detect some minor-determinant-only reactions if suitably diluted and used for SPT.
Tests for IgE (RAST and SPT) have no predictive value for other types of reactions. Up to 3% of SPT-negative patients may subsequently have reactions, although the reaction rate falls if both major and all minor antigens are used for testing. Some recent studies have claimed very few false-negative results with SPT. Conversely, not all SPT-positive patients will react when subsequently challenged.
There have been difficulties in obtaining skin-test reagents containing minor determinants, which makes accurate testing difficult.
Up to 75% of patients who have had a reaction to penicillin will tolerate the drug subsequently. This probably applies to patients with non-specific reactions of dubious allergic aetiology (nausea, vomiting, diarrhoea), but more care should be taken in patients with a history of angioedema, Stevens-Johnson syndrome, etc.
There is a high level of cross-reactivity with other semi-synthetic penicillins with a P-lactam ring, such as the carbapenems and the monobactams (up to 50% in the case of imipenem), for IgE-mediated reactions.
Cephalosporins and cephacarbams also cross-react, but at a lower-level: up to 5.6% of penicillin-allergic (SPT-positive) patients may also react to cephalosporins. Older figures are higher, but may relate to first-generation cephalosporins. Anaphylaxis to cephalosporins is said to be very unlikely if there are no responses to major or minor determinants of penicillin. In some cases the IgE is directed not at the nucleus but at the side-chain, which may be shared between a penicillin and a cephalosporin (e.g. aztreonam and ceftazidime).
The specific morbilliform rash associated with the administration of amoxicillin to patients with acute EBV infection does not indicate a likelihood of subsequent true penicillin allergy.
Management
· The management of the penicillin-allergic patient depends on obtaining a clear history from the patient.
· Avoidance is the best course for patients with severe reactions, including other semi-synthetic β-lactam antibiotics.
· If penicillin or an equivalent is essential, rush desensitization schedules may be used, although there is a high risk of reactions for which supportive therapy will be required. The desensitization must be followed by the treatment course and there is no lasting tolerance. Desensitization should not be attempted in those who have had a Stevens-Johnson reaction.
Other antibiotics 
· Little is written about true allergy to other antibiotics.
· Patients with AIDS have a very high reaction rate to trimethoprim-sulfamethoxazole. This has been associated with IgE to a derivative of the sulfamethoxazole.
· Abnormal metabolism with generation of toxic intermediates has been proposed as a mechanism for the generation of erythema multiforme and Stevens-Johnson syndrome. Cross-reactivity to sulphonamides may also affect other drugs that are closely related such as furosemide hydrochlorothiazide, and captopril.
· Skin-prick and intradermal testing can be carried out where reactions are suggestive of a type I reaction (but not in those with a Stevens-Johnson reaction).
DRUG ALLERGY 2: ANAESTHETIC ALLERGY, DIAGNOSIS AND TREATMENT OF DRUG ALLERGIES, AND DRUG-INDUCED STEVENS-JOHNSON SYNDROME
Anaesthetic allergy 
The major difficulty in the investigation of anaesthetic reactions is that multiple drugs are administered nearly simultaneously.
Patients suffering an acute reaction to anaesthetics should be referred to a specialist centre for investigation (the Royal College of Anaesthetists has produced guidelines on management for anaesthetists).
Confirmation of the reaction at the time requires a blood sample for mast-cell tryptase, complement C3 and C4, and albumin (calculation of dilutional effects).
Complex regimes of serial blood sampling have been recommended; these are impractical and add nothing to the subsequent investigation.
Measurement of specific IgE at the time of the reaction is unhelpful, as a negative result may be due to consumption.
Detailed anaesthetic records must be forwarded to the drug allergy testing unit.
Some of the drugs used (opiate derivatives) are capable of inducing mast-cell degranulation, while solvents such as cremophor, used to dissolve lipophilic drugs, may activate the complement system.
Problems of severe reactions perioperatively may also arise from synthetic plasma expanders and blood products and in patients with unrecognized (or ignored) sensitivity to latex.
There is extensive cross-reactivity between the neuromuscular blocking agents; prior exposure is not necessary (possibly cross-reaction with microbial products or prior exposure to the cough suppressant pholcodine).
RAST tests for specific IgE are currently limited commercially to suxamethonium and thiopental, although research centres may have tests for IgE to other agents.
Skin-prick and intradermal testing are necessary to identify causative agents and identify safe alternatives.
Challenge testing should only be carried out with full resuscitation facilities to hand.
Local anaesthetics 
· Local anaesthetics may cause both type I and type IV reactions, so a careful history is required to identify the nature of the reaction and guide subsequent testing.
· IgE-mediated allergy to local anaesthetics is rare.
· Overdose of local anaesthetic may cause significant adverse reactions; it is essential to exclude this possibility.
· Inadvertent intravenous administration may give rise to non-specific symptoms; these are not due to allergy and do not contraindicate further use.
· Vasovagal reactions need to be identified.
· Local anaesthetics divide into two groups; group I are the benzoic acid esters, including benzocaine and procaine; group II are the amides, including lidocaine, bupivacaine, and prilocaine. There is little cross- reactivity between the two groups, but there is often cross-reactivity within the groups.
· Local anaesthetics may contain sulphites (particularly if adrenaline is present) and other preservatives such as parabens. which may cause adverse reactions in their own right.
· Articaine appears to be the local anaesthetic least likely to cause reactions and is the drug of choice where there is doubt about previous reaction history.
Diagnosis 
· Diagnosis of drug reactions requires a good history.
· Investigation of an acute reaction requires confirmation of the nature of the reaction.
· Ideally, it should be possible to measure complement breakdown products (C3d, C3a, C5a) and urinary methylhistamine but, because of the withdrawal of appropriate commercial assays and the need for usually unobtainable stabilizers in blood tubes (Futhan-EDTA), these additional tests are not usually done.
·  Some authorities recommend complex time schedules for blood sampling post-reaction. These are impractical and never adhered to; if the laboratory gets one post-reaction clotted sample it has done well.
· Reliable specific IgE tests are available to only a few drugs (thiopental, suxamethonium, major determinants of penicillin).
· SPT followed by intradermal testing is required.
· Challenge tests are of more value, but are time-consuming and potentially dangerous.
Treatment 
· Treatment of all drug reactions involves immediate cessation of the drug and, if the reaction is severe, resuscitation as for anaphylaxis.
· Appropriate warnings should be incorporated into the notes.
· Patients must be informed of the cause of their reaction and, if it is thought likely to recur, they should be advised to wear a Medic-Alert bracelet or equivalent.
Drug-induced Stevens-Johnson syndrome 
· Drugs, particularly sulphonamides and penicillins, may cause the Stevens-Johnson syndrome. The immunological mechanism is uncertain.
· Stevens-Johnson syndrome is a contraindication to any form of cutaneous challenge testing or further administration of the drug.
DRESS SYNDROME

· DRESS: drug reaction with eosinophilia and systemic symptoms
Presentation 
Begins several weeks after starting the drug. Drugs involved include:
· sulphonamides, dapsone, minocycline, carbamazepine. phenytoin, lamotrigine, modafinil, allopurinol.
· Features include rash (generalized), fever (>38°C. lymphadenopathy, evidence of at least one internal organ involved, and haemtaological abnormalities.
Organ involvement:
· liver (80%), kidney (40%), lung (33%)
· Haematological abnormalities include: eosinophil, lymphopenia/lymphocytosis, thrombocytopenia.
· Mortality up to 10%.
Diagnosis
· Typical features and associated drug therapy.
· No specific immunological tests.
Treatment 
· Stop offending drug (and do not reintroduce).
· Treat with corticosteroids.
· Testing for drug allergy:
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VACCINE REACTIONS

Vaccines have been blamed for a multitude of medical problems. Frequent concerns are raised about egg allergy and vaccination, latex allergy, and allergy to antibiotics.
Vaccine composition 
· Depends on vaccine.
· May contain egg proteins (viral vaccines grown in eggs), antibiotics (neomycin), and latex components (stoppers, manufacturing plant equipment).
· May contain other preservatives.
· Egg allergy
· Data for the ovalbumin contain of flu vaccines are now published each year, available through the Department of Health's Green Book on Infectious Diseases.
· Patients whose history is uncertain should be formally investigated by an allergist/immunologist to confirm or refute the diagnosis of egg allergy.
· Almost all patients will tolerate vaccines with very low ovalbumin content unless they still have severe reactions to egg.
· Latex allergy
· Drug information departments can obtain information on latex content of flu vaccines; 
Antibiotic allergy 
· Confirmatory tests may be required (patch testing for neomycin).
· Decision on safety can be taken on a patient-by-patient basis, depending on need.
Adjuvant-induced disease 
· Controversial.
· Claimed that adjuvants may trigger an autoimmune process, leading to CFS-like syndrome.
· Immunological evidence is lacking so far.
VENOM ALLERGY

Allergy to bee and wasp venom can be associated with severe reactions. It is most common in those with occupational risk factors (bee keepers, gardeners, forestry workers, pest controllers).
Presentation 
· Systemic reactions (anaphylaxis).
· Large local reactions (not usually IgE-mediated).
· Identity of the insect may be in doubt.
Diagnosis 
· SPT with graded concentrations of venom is helpful. Bee and wasp stings should always be tested, unless the history is very clear (beekeeper stung at hive).
· Double positives may be seen due to cross-reactive carbohydrate determinants—test for specific IgE to recombinant bee allergens to identify the primary sensitizer.
· If there is a good history and negative SPTs, consider intradermal testing.
Treatment 
· Give avoidance advice: no perfumes, no brightly coloured clothes, no bare feet in gardens, avoid fallen fruit.
· For severe systemic reactions provide emergency treatment kit: adrenaline for self-injection (see 'Indications for prescription of adrenaline for self-injection), prednisolone, cetirizine.
· Consider immunotherapy.
· Large local reactions are not an indication for immunotherapy.
· Cardiac disease is not a contraindication, as risk of death from wild sting is high—get cardiology opinion first.
· B-blockers may provide cardioprotection and are not necessarily a contraindication (provide half-strength adrenaline for self-injection—0.15mg per pen).
· ACE-inhibitors must be stopped (use ARB) as reactions will be severe (both wild and treatment) and accompanied by more marked swelling and hypotension.
· Risk of severe reactions returns to baseline anyway over 10 years.
· Some authorities advocate sting challenge at the end of immunotherapy (no consensus).
· No consensus on optimum duration of treatment (3-5 years).
· Immunotherapy may be carried out as normal, semi-rush, or rush, depending on urgency.
· It should not be carried out during flying season for insects (risk of wild sting).
· Other insects may cause specific problems: bumblebees in commercial fruit growers (vaccine available), hornets (some parts of UK and Europe), fire ants (USA).
EXTRINSIC ALLERGIC ALVEOLITIS (EAA)

Presentation
Typical features of EAA are fever, shortness of breath, and cough within 4-6 hours of allergen exposure, i.e. much slower than for type I reactions. Rhonchi are present and there is acute hypoxaemia.
About 10% of patients are also asthmatic and then show both an immediate (type I) and a later (type III) reaction.
For occupational allergens, features are often most marked on Monday morning (after a weekend free of exposure) and improve somewhat later in the week. This is 'Monday morning fever'.
Chronic allergen exposure leads to a more insidious deterioration in lung function, often without much in the way of fever but a steadily progressive shortness of breath.
Cause 
EAA is a hypersensitivity reaction mediated by IgG, mainly through a type III reaction, although there may well be a type IV reaction in addition. The antigens are inhaled and must be of such a size (<5mm) to enable them to penetrate to the alveolus.
Many different antigens have been associated with this type of disease, including animal, fungal, bacterial, plant, and chemical allergens. Many are associated with occupational exposure. In the UK, the most widely recognized diseases are bird-fancier's lung (pigeons, caged birds) and farmer's lung (thermophilic fungi).
Curiously, smoking appears to have a protective effect against the development of EAA. This may be due to the inhibition of macrophage function.
Immunology 
Total IgG is often raised and precipitating IgG antibodies to the offending allergen may be detected. However, these specific antibodies are a marker of exposure and do not correlate with the presence of disease. Precipitins may also decline with time, so that a negative test does not exclude the diagnosis.
IgE levels are not usually elevated and specific IgE is not detected; SPT has no role in the diagnosis of type III reactions.
In the acute stage, there is a peripheral blood neutrophilia rather than the eosinophils seen in type I reactions.
Bronchoalveolar lavage (BAL) studies typically show a lymphocytosis with a reversal of the normal CD4+:CD8+ T-cell ratio due to an expansion of the CD8+ T-cell population. The CD8+ T cells show evidence of activation, expressing CD25 and VLA antigens. However, as with precipitins, BAL also shows changes in exposed but asymptomatic individuals, although the most extreme elevations of CD8+T cells are seen in those with active disease.
Diagnosis 
· The diagnosis is based on typical symptoms together with evidence of allergen exposure.
· Precipitin tests provide supportive evidence only.
· The chronic disease, with interstitial changes, may be difficult to diagnose, but BAL may help differentiate EAA from sarcoidosis and idiopathic pulmonary fibrosis.
· In the occupational setting, challenge tests within an environmental chamber may be required as proof positive of the causal link. Pure allergens are required and the process may make the patient seriously unwell.
Treatment 
· Avoidance is the mainstay. This may require difficult decisions if the patient's livelihood is affected, hence the need for positive evidence of causation through a challenge. If the disease is identified early and the allergen exposure terminated, no permanent harm will be done. However, in chronic cases, if fibrotic lung damage has occurred, this will be irreversible.
· Oral corticosteroids may help to deal with acute symptoms.
ALLERGIC BRONCHOPULMONARY ASPERGILLOSIS (ABPA)
Presentation 
ABPA is a specific entity in which there are both type I and type III reactions to Aspergillus. 
Presentation is with bouts of wheeze, fever, cough, and haemoptysis.
Bronchiectasis may develop.
 Chest radiographs show transient infiltrates.
Symptoms are often most marked in the winter.
Similar features of a mixed type I and type III response to Aspergillus may occur in some patients with cystic fibrosis. This appears to be a poor prognostic sign.
Cause
The causative fungus, Aspergillus, is usually present in the sputum of patient with ABPA. It can be seen on microscopy and often cultured from serial specimens.
Immunology 
Both IgE and IgG precipitins to the relevant strain of Aspergillus can be detected.
Second-line treatments include hydroxycarbamide, α-interferon and tyrosine kinase inghibitors.
Anti-IL-5 MAbs (mepolizumab) may be helpful.
Some idiopathic HES patients may be exquisitely sensitive to tiny doses of steroid (1-3mg per day).
Cardiac monitoring may be necessary.
Course 21: Connective tissue diseases 
Rheumatoid arthritis: aetiology, clinical features, and immunopathology
Aetiology 
· RhA is a multisystem disease in which arthritis is a major component.
· An infectious trigger has been sought for many years, without success.
· The best candidate pathogens are: EBV, Mycobacterium tuberculosis, Proteus mirabilis. 
· The genetic background includes: DR4 (DRβ1*0401), DR1 (DR(β1*0101) in Caucasians, DR10 (DRβ1*1001) in Spanish and Italian patients
· DR9 (DR(β1*0901) in Chileans DR3 (DRβ1*0301) in Arabs, Tcr, TNFα, IL-10, and IgG polymorphisms, PTPN22.
Clinical features 
· Early clinical signs: morning stiffness; fatigue.
·  There may be low-grade fever.
· Joint pain and swelling follow and the arthritis is often deforming. Hand joints are typically affected. Radiographic changes are typical.
· Non-articular features include: Sjogren's syndrome, lymphadenopathy, scleritis, cutaneous vasculitis and ulceration, nodules of both skin and lung, pleurisy, alveolitis, pericarditis, endocarditis (with valvular involvement), splenomegaly (with ulceration and neutropenia = Felty's syndrome, myositis, mononeuritis multiplex, and cord compression from spinal involvement.
· Amyloid is a long-term complication from chronic inflammation
Immunopathology 
· Most of the pathology is located in the joint: activation of T cells, macrophages, and endothelial cells increased synovial vascularity both CD4+ and CD8+ T cells are found in the joint tissues memory' T cells (CD45RO+, CD29+) predominate restriction of Tcr Vβ usage suggestive of a superantigenic effect.
· Large quantities of cytokines can be detected in the joint fluids.
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Features of Felty’s syndrome
Endothelial cell activation/production of chemokines is responsible for influx of inflammatory cells: interleukin-8 (IL-8), RANTES, MCP-1, Gro-α, ENA-78 (epithelial neutrophil activating peptide).
· Autoantibodies are produced, including:
· rheumatoid factors
· anti-nuclear antibodies including anti-neutrophil nuclear antibodies
· anti-keratin
· anti-cyclic citrullinated peptide (anti-CCP)
· anti-calpastatin 
· anti-Sa (unknown antigen)
· anti-filaggrin.
Pathogenic role of these autoantibodies is uncertain. IgG molecules in RhA have been shown to have markedly reduced glycosylation, although the significance of this is uncertain. Complement activation takes place, releasing anaphylotoxins, C3a, C5a.
Rheumatoid arthritis: immunological tests, treatment, and childhood RhA
Immunological tests 
· Rheumatoid factors (RhF) are found in 67-85% of patients, depending on the type of assay used.
· Most detected rheumatoid factors are IgM class.
· RhF~ patients may have RhF of other immunoglobulin classes, not detected by standard assays.
· Rheumatoid factors are not diagnostic tests for RhA .
· Highest titres of RhF are found in patients with extra-articular disease.
· There is no correlation of disease activity with antibody titres.
· Detection of RhF is of most value when the diagnosis of RhA has been made
· Anti-CCP antibodies are valuable, as a more specific marker, in identification of early disease.
· Antibodies to filaggrin and keratin have also been said to be more specific for RhA. Assays are not widely available.
· Cryoglobulins may be found, usually type II or type III (i.e. with RhF activity), often in association with Felty's syndrome.
· Hypergammaglobulinaemia due to chronic inflammation is usually present and is invariably polyclonal, although small monoclonal bands may be present.
· Urine may contain an excess of free polyclonal and sometimes monoclonal light chains.
· Complement C3/C4 are usually elevated, as are acute-phase proteins, although patients with Felty's syndrome may have reduced levels.
· ANAs may be found on both rat liver and HEp-2 cells. ANAs are most commonly found in Felty's syndrome. These include antibodies against nuclear antigen RA-33, a ribonucleoprotein of the splicesome rheumatoid-associated nuclear antibodies (RANA) against an antigen which is present in high levels in EBV-transformed cell lines (this antibody is also found in SLE and MCTD patients).
· Antibodies are also detected against granulocyte nuclei (GS-ANA), which may be difficult to distinguish from P-ANCA when testing is done by fluorescence; these are also associated most strongly with Felty's syndrome.
· True P-ANCA may be found in RhA vasculitis.
· Associated Sjogren's syndrome will be accompanied by the presence of antibodies to Ro and/or La.
· In active disease, both CRP and ESR will be elevated.
· CRP is the most sensitive marker of activity because of its wide dynamic range, and is the most useful marker to monitor response to treatment.
· Other markers of disease activity that have been studied include cytidine deaminase, calprotectin. and serum hyaluronate. None of these are used routinely yet.
· Monitoring of cytokines is not used routinely.
· Anaemia of chronic disease is often present and there may be lymphopenia (both CD4+ and CD8+ cells).
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Testing for childhood rheumatoid arthritis
Treatment 
· Proper supportive care (physiotherapy, occupational therapy) is essential.
· Drug therapy includes NSAIDs, usually with gastric protection, and analgesics as first line.
· Low-dose corticosteroids are now back in favour to slow the progression of erosive disease (prednisolone 5-7.5mg/day).
· Disease-modifying anti-rheumatic drugs (DMARDs) include: sulfasalazine, gold salts (interferes with TNF production), penicillamine methotrexate (low dose weekly), hydroxychloroquine (interferes with TNF production), azathioprine, leflunomide, ciclosporin and tacrolimus have been used to reduce the activation of CD4- T cells.
Immunotherapies with biological agents include: anti-CD4 monoclonal antibodies (mAbs), anti-CD52 mAbs, anti-TNF agents (adalimumab, infliximab, etanercept, certolizumab, golimumab) are highly effective, IL-1 receptor antagonist (anakinra) seems less effective and has not been endorsed by NICE, rituximab (anti-CD20, humanized anti-IL-6 receptor (tocilizumab)
Other agents undergoing trials include: oral anti-TNF drugs, humanized anti-IL-6 receptor (tocilizumab), CTLA4-lg (abatacept), anti-CD2, anti-IL-15, anti-IL-12, anti-B-lymphocyte stimulator protein (BLys) (belimumab);
· Problems with all mAb-based therapies have included: high levels of reactions to xenogeneic proteins, even if attempts have been made to humanize the antibodies severe and persistent T-cell lymphopenia in some trials, raising concerns over risks of opportunist infections.
· Surgical replacement of damaged joints may restore function and relieve pain.
Childhood rheumatoid arthritis
· Childhood-onset seropositive RhA is rare and usually presents with general malaise and polyarthritis of the small joints of the hands and feet.
· Because of the frequent appearance of RhF following infection. European guidance suggests that three positive tests over a 3-month period are required to confirm the diagnosis although, bearing in mind the half-life of the antibodies, this is probably too short an interval.
· This disease is associated with DR4.
·  Diagnosis and management are as for the adult disease.
· An RhF-negative polyarthritis is also seen in children and may be severe. It is associated with DR5 and DR8.
Juvenile chronic arthritis (JCA) and Still's disease

Clinically JCA is divided into two types: pauci-articular and systemic forms. The latter is usually referred to as Still's disease.
Aetiology and immunopathology 
· As with many connective tissue diseases (CTDs), the aetiology is not well understood.
· The immunogenetics of pauci-articular disease is complex: DR8 and DR5 show the strongest correlation with pauci-articular disease. Other genes include DPB1 and A2.
· Rubella virus has been implicated as a possible trigger.
· Systemic disease is also associated most strongly with DR5 and DR8, but also with DR4.
Clinical features 
· Clinical diagnosis of pauci-articular disease is one of exclusion.
· Usual age of onset is 1-3 years, with a 4:1 female predominance.
· Systemic features are an exclusion, and the usual features are those of painful or painless swelling of one or two joints.
· Uveitis may develop and regular screening is required when ANAs are detected.
· Still's disease typically has a high spiking fever, accompanied by malaise and rigors.
· A pale, salmon-pink rash that comes and goes is usual, in parallel with the spikes of fever.
· Hepatosplenomegaly and generalized lymphadenopathy are usually present.
· There is polyarthralgia and polyarthritis.
· Pericarditis and pleurisy are also common.
· A rare macrophage-activation syndrome has been described, with encephalopathy, hepatitis, disseminated intravascular coagulation (DIC), and haemophagocytosis.
· Amyloid may be a long-term complication.
Immunological tests 
·  Rheumatoid factor is rare (<5%) in pauci-articular disease and, when present, suggests that the course will be that of juvenile RhA with polyarticular disease.
· ANAs are frequently present, and it is important to ensure that the normal range for significance is appropriately adjusted for the paediatric population: in small children, titres of 1/10 and 1/20 are highly significant, whereas such titres would not be considered important in adults.
· High incidence of uveitis in female patients with arthritis and positive ANA, especially if also anti-Ro+.
· Antibodies to histones H1 and H3 are also associated with uveitis.
· Antibodies to retinal S-antigen may also be found (in 30%).
· Other antibodies detected include anti-histone antibodies (often in those without uveitis).
· Detection of anti-dsDNA antibodies should lead to consideration of childhood lupus.
· Frequent evidence of complement consumption with raised C3d, even when C3 levels are within the normal range.
· Acute-phase proteins are minimally elevated.
· High ESR (Erytocyte  Sedimentatin Rate) should prompt a search for other causes, including leukaemia and infection.
·  It is important to realize that the development of diagnostically helpful antibodies often follows rather than precedes the development of clinical disease. Therefore repeating antibody measurements every 3 months is advised if there is strong clinical suspicion of disease.
· In Still's disease, there are no specific tests. ESR and CRP are very high, with anaemia, leucocytosis, and thrombocytosis.
· There is a polyclonal hypergammaglobulinaemia, although the incidence of IgA deficiency is increased.
· A small proportion of patients may have RhF and a larger proportion may have ANA (37%).
· Complement activation may be present.
· IL-6 and TNFα levels may be elevated.
Treatment 
· NSAIDs form the mainstay of therapy for pauci-articular disease, notwithstanding the risks of Reye's syndrome.
· DMARDs may be required for more severe cases.
· Uveitis may be treated with etanercept, methotrexate, or mycophenolate mofetil.
· Biological agents and experimental therapies as for RhA are also used.
· In Still's disease, NSAIDs are used initially, with steroids reserved for failure of response. Methotrexate is the most effective steroid-sparing agent; gold and sulfasalazine are contraindicated.
· Bone marrow and stem-cell transplantation are now being used successfully for severe cases.
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Testing for JCA and Still’s disease
Adult Still's disease 
· Clinical features are very similar to those of childhood Still's disease, but occur in young adults.
· There is the typical fever (for more than a week) and rash (evanescent salmon-pink), often accompanied by sore throat.
· Hepatosplenomegaly and lymphadenopathy are common.
· Polyserositis occurs frequently.
· Polyarthralgia or polyarthritis lasting >2 weeks.
· Exclusion of lymphoma may be difficult.
· May be complicated by haemophagocytosis (macrophage activation syndrome).
· There are no diagnostic tests other than non-specific inflammatory markers.
· Neutrophilia is common.
· RhF and ANA will be negative.
· Ferritin levels may be exceptionally high and disproportionately elevated when compared with other acute-phase markers.
· Ferritin levels are controlled by IL-18. and a polymorphism in the IL-18 gene which may explain the high ferritin has been identified in adult Still's patients.
· Hyperferritinaemia may be seen if haemaphagocytosis is present and may also be found in other haemophagocytic syndromes.
· NSAIDs, corticosteroids, and DMARDS are all required.
· 0NSAIDS have a risk of inducing hepatitis and possibly of triggering haemophagocytosis.
· Regular monitoring of LFTs is required.
· Good response to anti-IL-1 therapies; methotrexate is also valuable.
· Role of anti-TNF therapies is unclear: some may benefit.
· Ciclosporin may be beneficial if there is macrophage activation syndrome.
· Disease may run a chronic progressive course, a relapsing-remitting course, or resolve completely.
Ankylosing spondylitis (AS) and related spondyloarthropathies 
These are a group of seronegative (RhF negative) disorders, strongly associated with HLA-B27. The group includes ankylosing spondylitis, reactive arthritis, enteropathic arthritis, psoriatic arthritis, and undifferentiated spondylarthritis.
Clinical features 
· Typical clinical features of AS include spinal pain and restriction in movement, especially in the lumbar and thoracic regions, accompanied by demonstrable sacroiliitis on radiographs.
· More common in men than in women.
· May be associated with inflammatory bowel disease.
· Complications include: anterior uveitis, cardiac lesions involving the proximal aorta and aortic valve pericarditis and conduction block upper-lobe lung fibrosis.
Immunopathology 
· TNF α appears to play a key role: levels are high in affected joints,
which are infiltrated with CD4+ and CD8+ T cells.
· IL-6 levels are also elevated.
· HLA B27 is critical for the development of disease: B27 transgenic mice develop spontaneous spondylitis.
· Bacterial infections (especially bowel bacteria) are strongly associated.
· Autoantibodies have been identified to aggrecan (a proteoglycan in cartilage) and heat shock proteins—these are not diagnostically valuable.
Diagnosis 
· By definition, this is an RhF-seronegative arthritis and there are no defining antibodies.
· Acute-phase proteins may be normal or elevated.
· IgA is often elevated.
· Alkaline phosphatase and creatinine kinase (CK) may also be elevated.
· More than 90% of all cases will be HLA-B27 positive but, as this is a common antigen in the Caucasian population (8%). the diagnostic value of testing for HLA-B27 is limited.
· 5-10% of B27-positive persons will develop AS, while 20% go on to develop a reactive arthropathy after infection with agents such as Salmonella or Chlamydia. 
· DR4 is associated with peripheral joint involvement.
Treatment 
· Previously the mainstay of treatment has been NSAIDs (with exercise and physiotherapy), sulphasalazine and methotrexate.
· AS responds dramatically well to anti-TNF drugs (etanercept, infliximab, adalimumab. golimumab), although the associated uveitis responds less well and may need other immunosupressive agents.
· Tocilizumab (anti-IL-6R) and rituximab (anti-CD20) are also useful.
· Other beneficial therapies include bisphosphonates and thalidomide.
Complications 
· Amyloid may develop and there is a recognized association with IgA nephropathy.
SAPHO syndrome
· A syndrome of synovitis, acne, palmoplantar pustulosis, hyperostosis, and osteitis (with granulomata).
· Acne is severe.
· hydradenitis suppurativa is also seen.
· Hyperostosis of especially the sternoclavicular joint and spine.
· Peripheral arthritis is seen in 92% of cases. 
· ESR is high.
· There is a weak association with HLA-B27.
· May respond to anti-TNF treatment and antibiotics (as used for acne on the basis that Propionobactehum acnes has been isolated from bone biopsies).
· Bisphosphonates have also been used successfully.
Psoriatic arthritis

Clinical features
· Usually develops in patients with clinical psoriasis although, if skin lesions are not present, diagnosis may be difficult.
· Arthritis is frequently asymmetrical and spinal involvement is common, in contrast with RhA which it most resembles.
Immunopathology 
· Disease is associated with HLA-B7 and B27.
· DR4 is linked with a peripheral arthritis.
· A gene has also been identified on chromosome 17.
· Retroviral-like particles have been described in psoriasis.
· There is a direct association of guttate psoriasis with streptococcal infections.
· Major pathological process is overgrowth of keratinocytes, driven primarily by activated CD4+ T cells and the resultant release of cytokines and growth factors.
· Psoriasis is associated with HLA Cw6 (also DR7, DQ3 and B57); B27 is associated with spondylitis.
Diagnosis 
· There are no specific immunological tests for psoriatic arthropathy.
· Up to 10% of patients will be RhF positive (low titre) and may also have low-titre ANA and autoantibodies against skin antigens.
· There is polyclonal hypergammaglobulinaemia.
· Acute-phase proteins are elevated.
· Anaemia is common and may be due to both chronic disease and folate deficiency from increased cell proliferation.
· Increased cell turnover may cause hyperuricaemia and gout.
Treatment
· The realization of the central role of T lymphocytes in psoriasis has led to a change in the approach to treatment towards immunomodulation.
· Anti-TNF agents are extremely effective.
· Care must be taken as some NSAIDs and antimalarials may exacerbate psoriasis.
· Gold, penicillamine, hydroxychloroquine, methotrexate, sulfasaline, azathioprine, ciclosporin, PUVA, and retinoids have all been shown to be useful.
Reactive arthritis (including Reiter's syndrome)
Clinical features
· This group of diseases presents with a pauci-articular large-joint arthritis
· accompanied by back pain (sacroiliitis) and non-articular symptoms:
· balanitis, urethritis, and cervicitis 
· keratoderma blennorrhagicum 
· pericarditis (with a long PR interval and non-specific T-wave changes)
· conjunctivitis.
Immunopathology 
· Symptoms can be triggered by a variety of urogenital and intestinal infections, including Shigella, Salmonella, Campylobacter. Yersinia, Klebsiella, Proteus, Escherichia coli, Chlamydia, Mycoplasma, and Ureaplasma.
· Also associated with inflammatory bowel disease and HIV infection.
· 55% of cases will be HLA-B27, but most of these will be patients with spinal involvement.
Diagnosis 
· ESR/CRP will be elevated and there is anaemia and leucocytosis.
· RhF and ANA will be absent. Atypical P-ANCA may be seen where there is inflammatory bowel disease.
Treatment 
· Standard treatment is with NSAIDs, together with treatment of the underlying infection or bowel disease.
· Variable response to anti-TNF agents.
Bowel disease and arthritis 
· Other bowel diseases that are associated with  arthritis  include the following.
· Coeliac disease (check IgA endomysial antibodies/tissue transglutaminase antibodies), which responds promptly to a gluten-free diet.
· Intestinal bypass surgery/bacterial overgrowth (cryoglobulins may be present, and there may be cutaneous vasculitic lesions).
· Whipple's disease due to infection with Tropheryma whippelii (malabsorption with migratory arthritis); no specific tests apart from PCR-based detection of organism but hypogammaglobulinaemia may occur.
Systemic lupus erythematosus (SLE) and variants
SLE has taken over from syphilis as the great mimic. Clinical criteria have been defined by the American Rheumatism Association (ARA): 4 out of 11 criteria are sufficient to confirm the diagnosis (within a window of observation, not necessarily concurrently). However, many patients clearly have the disease even though they do not fit the criteria. SLE is strongly associated with other autoimmune diseases through a shared immunogenetic background.
Aetiology and immunopathology 
· There is a strong multigenic background to SLE. The main contributing factors are as follows.
· Homozygous complement deficiency (especially Oqrs, C2, C4 deficiency).
· TREX1 deficiency (X-linked gene): endothelial function gene.
· HLA-A1, B8, DR3. other HLA genes associated with specific features and/or autoantibodies (DQw1. DQw2 with anti-Ro; DR2, anti-Sm. DQw6, 7, 8 with anti-phospholipid antibodies).
· Multiple immune genes (STAT4, ITF5, IRAKI, PTPN22, OX40L among others).
· Racial background (especially West Indian).
· Female sex (M:F = 1:10-20).
· Men with Klinefelter's syndrome are at increased risk of SLE.
· Mothers of boys with X-linked chronic granulomatous disease are at increased risk of lupus.
· The precise cause of lupus is unknown, although a mouse model is known to be deficient in mechanisms for controlling lymphocyte apoptosis (fas). 
· Drugs may also trigger lupus, although the association for some of these is weak.
· The likelihood of a drug causing problems is associated with acetylator status (slow acetylator status increases the risk).
· SLE is the prototype immune complex disease, with evidence for incorrectly sized immune complexes being formed that are cleared inefficiently, in part due to an acquired reduction in the CR1 receptor on erythrocytes.
· Many antibodies thought to be non-pathogenic are now known to be able to penetrate viable cells and interfere with an intracellular target enzyme.
These include:
· anti-dsDNA 
· anti-RNP
· anti-ribosomal P antibodies.
· This process is trypsin-sensitive.
· Surface DNA-binding proteins and proteins with a similar structure to DNA will also bind anti-DNA antibodies and this may lead to alterations in cell function.
· There is evidence of complement consumption, the level of which corresponds to disease activity.
· FcgRIIA polymorphisms that reduce immune complex binding are associated with lupus nephritis.
· Environmental factors contribute (UV-induced Ro antigen expression on keratinocytes, smoking, EBV exposure, silica exposure).
Clinical features 
· There is no typical presentation and the disease may present to any organ specialist.
· Any age group may be affected, but it is most common in younger women.
· Fatigue, malaise, and weight loss are often marked in the prodrome.
· Lymphadenopathy and splenomegaly are common.
· Presentations with skin disease alone are of a more limited disease (which may progress), discoid lupus, and subacute cutaneous lupus.
· C2-deficient lupus tends to give a very florid disease with marked cutaneous vasculitic symptoms and is invariably anti-Ro positive.
· Arthritis with recurrent polyserositis is a common presentation.
· A high index of suspicion for the disease is required.
· Disease may be triggered by stress and by UV light (in patients who are photosensitive).
·  The latter not only causes worsening of skin disease but also sets off systemic manifestations.
· Infection may also trigger flares, but the role of immunization is more controversial.
· As the disease often affects young women, pregnancy is a frequent problem.
·  The effect of SLE on pregnancy is unpredictable.
· Conception is unlikely with severe active disease.
· Disease may flare or remit during pregnancy.
· Disease frequently flares post-partum (owing to sudden hormonal changes).
· As autoantibodies are invariably IgG, they cross the placenta. Anti-Ro and possibly anti-La have been associated with the following.
· Congenital complete heart block due to damage to the fetal conducting system.
· Neonatal lupus that disappears as maternal antibody is removed from the circulation.
· Complete heart block occurs in the children of 1 in 20 women positive for the antibodies, but if there has been a previously affected baby the risk rises to 1 in 4.
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Clinical features of SLE and associated antibodies
SLE: immunological testing

· Detection of autoantibodies and complement abnormalities form the mainstay of diagnosis.
· Full diagnostic screen must include:
· ANA, dsDNA, ENA, HEp-2 cells (for proliferating cell nuclear antigen (PCNA) and staining pattern), lupus anticoagulant.
· organ-specific autoantibodies (thyroid, gastric parietal cells, DCT, others as clinically indicated), C3/C4, C2, particularly if atypical skin disease, serum immunoglobulins and electrophoresis, cryoglobulins if Raynaud's is present.
Autoantibody testing 
· Antibodies to histones if drug-induced lupus is suspected.
· Other antibodies may be sought, depending on clinical features .
· Pattern of ANAs detected (on HEp2 cells) may give a clue as to other antibodies present (coarse speckled = anti-RNP), and should always be reported. Homogeneous ANAs are usually associated with antibodies to dsDNA and histones.
· Multiple specificities may be present in a single patient.
· A proportion of SLE patients have always been noted to be ANA negative: these patients are usually anti-Ro positive.
· Rodent liver, widely used as a substrate for detecting ANA, has low levels of Ro antigen which may be leached out during the test procedure.
· HEp-2 cells have much higher levels of Ro antigen, so the proportion of ANA-negative lupus falls when this substrate is used for screening.
· HEp-2 cells also allow the detection of PCNA, another SLE-specific antibody.
· Anti-Ku antibodies may be seen (but are also seen in other CTDs).
· Antibodies to dsDNA should be checked regardless of the ANA result if SLE is suspected.
· Certain subsets of dsDNA antibodies (not routinely measurable) appear to be specifically associated with glomerulonephritis.
· Additional antibodies detected on ENA screening give further useful information.
· Anti-Sm is a rare antibody that is highly specific for SLE and is found mostly in West Indians.
· Anti-RNP may be found in SLE, but always with dsDNA (if anti-RNP is the only specificity, then MCTD is more likely; see 'Mixed connective tissue disease (MCTD).
· Anti-Ro and anti-La are associated with features of secondary sicca syndrome, as well as with congenital complete heart block, neonatal lupus, and photosensitivity.
· Ribosomal antibodies will be detected when a multiblock section is used.
· Anti-Clq antibodies appear to be associated with lupus nephritis, as well as with urticarial vasculitis.
· ANCA may also be found in SLE. although it is difficult to identify these accurately in the presence of high-titre ANA. Solid-phase assays with specific antigens (PR3 and MPO) help here.
· Antibodies to lipoprotein lipase have been associated with the pathogenesis of lupus nephritis (in association with antibodies to dsDNA and ribosomal P antigen).
· Rheumatoid factors are usually present but contribute little to the diagnostic process.
· For investigation of anti-phospholipid antibodies.
· O Severe difficulties in diagnosis may occur as ANAs may frequently be found in chronic infection, including bacterial endocarditis and particularly infection with enteric organisms, and in association with drugs—phenothiazines. ACE inhibitors, minocycline.
Complement studies 
· Complement studies are essential.
· C4 reductions are common and do not reliably relate to disease activity, as C4 null alleles are common.
· When disease is quiescent, the following rule of thumb applies.
· Complete C4 deficiency—no detectable C4
· One functioning allele—C4 is half the lower limit of normal
· Two functioning alleles—C4 is at or just below the lower limit of normal
· Three functioning alleles—C4 is midway into the normal range.
· C3 levels are reduced in active disease although, because of an acute-phase response with increased synthesis, the level may not drop below the lower end of the normal range.
· A measure of C3 breakdown is required (C3d). but suitable assays for routine diagnostic laboratories are now limited.
· Measuring haemolytic complement as a monitor of disease activity is too crude and is not recommended.
· Measurement of haemolytic complement is essential when SLE is thought to be due to a complete deficiency, and this testing should always be followed up with measurement of individual components.
· Genetic testing for deficiency may be required.
· Assays of immune complexes are difficult (impossible) to standardize and add little to the management.
· Rare patients with acquired angioedema may have antibodies to Clq or C1 inhibitor.
Biopsies ('lupus band test') 
· Skin biopsies show typical deposits of IgG and C3/C4 along the dermoepidermal junction in a 'lumpy-bumpy' distribution. There may also be deposits around cutaneous blood vessels. Both normal and affected skin show similar findings (this is used to form the 'lupus band test').
· Renal biopsy may be helpful in view of the wide range of histopathological abnormalities that may be identified.
Immunoglobulin abnormalities 
· Serum immunoglobulins are normally increased polyclonally; small monoclonal bands on a polyclonal background may be seen on electrophoresis.
· Electrophoresis of serum may show a reduction in the β-region due to low C3 and a reduced albumin, and a raised α2-band will be seen if there is a nephrotic syndrome. 
· IgA deficiency is common in SLE, and rare patients may be panhypogammaglobulinaemic (distinct from hypogammaglobulinaemia secondary to aggressive immunotherapy).
· Cryoglobulins, if present, will be type II or type III.
Acute phase response 
· ESR is raised in active disease but. paradoxically. CRP is either normal or only trivially raised.
· High CRPs in patients with SLE suggest intercurrent infection (which may be hard to distinguish from a flare).
Other tests 
· FBC should be scanned for evidence of haemolysis (reduced Hb increased MCV, confirmed by low/absent haptoglobin and positive DCT), thrombocytopenia, and other cytopenias.
· Regular monitoring of creatinine and electrolytes, LFTs, TFTs, and urine (casts, red cells, protein) are all essential.
· Imaging is essential to confirm organ-specific problems, and MRI is particularly valuable.
Monitoring of established disease 
· Monitoring of lupus patients must include: regular FBC, Cr&E, LFTs, TFTs, urine (protein , blood, casts), CRP/ESR, C3/C4.
· anti-dsDNA—a rising titre of dsDNA often heralds relapse.
· Complement studies and acute-phase markers give an indicator of current activity, although this must always be interpreted in the light of clinical symptoms.
· There is no value in monitoring ANA titres.
· Frequency of monitoring depends on disease activity and the type of drugs being used (more frequent when cytotoxics are being used).
· It is worth rechecking full serology every so often (every 6-12 months) as antibodies may come and go, and the clinical disease pattern may evolve or change in parallel.
· As the half-life of antibodies is about 3 weeks, measurements of autoantibodies are rarely of value more frequently than monthly (unless a patient is being plasmapheresed).
SLE: treatment and paediatric SLE 
Treatment
· Treatment protocols change regularly as new drugs are introduced: readers are recommended to check up-to-date literature.
· Mild disease can usually be managed with NSAIDs. although there are reports that patients with SLE are more prone to develop hepatic abnormalities and aseptic meningitis.
· Rashes can be treated with topical steroids.
· Sunblocks are essential in sunny climes.
· Fatigue, arthralgia, and skin disease respond well to antimalarials: hydroxychloroquine is the safest. Mepacrine is an alternative (beware skin discoloration).
· Systemic disease usually responds to low-dose steroids (20-30mg/day). Azathioprine (2-4mg/kg daily—check TPMT level first) can be used as a steroid-sparing agent.
· Mycophenolate mofetil (MMF) is an alternative to azathioprine (and is valuable where there is renal disease).
· Methotrexate (weekly oral or SC) is now being used for arthritis.
· More serious organ involvement (e.g. glomerulonephritis, haemolytic anaemia) requires aggressive therapy with pulsed IV steroid with IV (5-10mg/kg/pulse) or oral (2-4mg/kg daily) cyclophosphamide.
· High-dose cyclophosphamide requires the concomitant use of mesna to prevent haemorrhagic cystitis.
· Neurological involvement is difficult to treat and there is no consensus. High-dose steroids can be tried but may be more likely to trigger a steroid psychosis. The role of cytotoxics is uncertain.
· Plasmapheresis may be an adjunct in severe disease while waiting for a clinical effect from cytotoxics, but should not be used alone because of potential rebound worsening of the disease, in pregnancy, if possible avoid drugs other than prednisolone (metabolized by placenta).
· Dexamethasone can be used to treat fetal complications (heart block) in utero as it is not metabolized by the placenta.
· Hydroxychloroquine may increase risks of cochlear and retinal damage.
· IVIg should be used only with care as it may make the immune complex component of the disease worse (contraindicated if there is a high-titre RhF. renal impairment (high dose)).
· Aim should always be for the lowest dose of treatment compatible with maintaining remission.
· Immune ablation with stem cell transplantation has been used for severe disease in adults and children.
Use of biological agents 
· Belimumab (humanised MAb that inhibits B-lymphocyte stimulator BLys) approved by FDA in SLE
· Rituximab (anti-CD20), in combination with corticosteroids and cyclophosphamide has been used in refractory disease
· Progressive multifocal leukoencephalopathy (PML) may be a risk
· Rituximab alone seems to be disappointing
· Other anti-B cell agents are undergoing trials
· Atacicept: fusion protein of TACI and IgG (appears to significantly increase risk of infection if given with MMF)
· Epratuzumab: anti-CD22 Mab, Anti-T cell treatments undergoing trials: Abatacept (CTLA4 fusion protein)
Other important treatment features 
· Chronic steroid therapy requires bone protection therapy (bisphosphonate, calcium, and vitamin D).
· Oral contraceptives are not contraindicated, but low-oestrogen or progesterone-only pills should be used.
· Splenectomy may be required for thrombocytopenia where this is antibody mediated and resistant to immunosuppressive therapy. Great care needs to be taken with these patients in view of the increased infective risk.
· Patients on any form of immunosuppressive therapy need to have their humoral and cellular immune status monitored , and preventive measures, such as low-dose co-trimoxazole and antifungals, may be required.
· Anti-phospholipid syndrome requires anticoagulation.
Paediatric SLE 
· The disease in children is very similar to that in adults.
· Difficulties arise because the marker antibodies are frequently not present until the child has been ill for some time, making diagnosis difficult. There is also often overlap of symptoms with childhood CTDs.
· Before puberty, the male to female ratio is increased compared with that in adults (1:5).
· The use of diagnostic tests should be applied just as in adult disease. However, where there is a high suspicion of disease, but no antibodies, tests should be repeated at regular intervals (every 2-3 months) as antibodies may appear later.
·  Remember that significant titres of autoantibodies will be lower in children than in adults.
· Management follows the same lines as in adults, although greater care needs to be taken over the use of steroids to avoid stunting growth.
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Testing for SLE
Drug-related lupus (DRL)

· A large number of drugs have been associated with drug-induced lupus.
· Key drugs are: hydralazine, procainamide, methyldopa, quinidine, chlorpromazine, minocyline (particularly associated with autoimmune hepatitis), Isoniazid, penicillamine, phenytoin, anti-TNF agents (infliximab, etanercept etc.)
· ACE-inhibitors.
Chemical features of drugs associated with DRL include the presence of: arylamine or hydrazine groups  sulphydryl groups.
Patient factors include: acetylator status, polymorphisms of P450 cytochrome enzymes.
· Specificity of anti-nuclear antibody is usually but not exclusively anti-histone (>95%):
· antibodies recognize complex of histone dimer H2A-H2B + dsDNA with hydralazine DRL the specificity is H1 and H3/H4 complex, anti-dsDNA antibodies are usually absent 
· The presence of ANCA has also been associated with hydralazine-induced lupus (with glomerulonephritis).
· It is important to take a clear drug history when patients are identified with ANCA in order to exclude the possibility of drug-induced lupus.
· Symptoms tend to be mild.
· Drug-induced antinuclear antibodies may occur without symptoms.
· Disease often remits once the offending drugs are withdrawn.
· Patients with persistent symptoms should be treated in the normal way.
Sjogren's syndrome 
Sjogren's syndrome may occur as either a primary disorder in its own right or accompanying other connective tissue diseases. There is a strong association with other autoimmune diseases, particularly thyroid disease and primary biliary cirrhosis (PBC). The primary pathology is a lymphocytic infiltrate into the exocrine glands, affecting salivary and lacrimal glands, and also glands of the genital and respiratory tracts. HCV infection may give rise to similar symptoms and must be excluded at the outset.
Aetiology and immunopathology 
· The cause is unknown, although there is some evidence to suggest that viral infections, including EBV, HCV, and retroviruses, may contribute substantially.
· There is an immunogenetic background, shared with other-autoimmune diseases, including B8 and DR3. There is a strong association, independent of ethnic background, with DQA1*0501.
· B-cell activating factor (BAFF) is elevated, especially in patients with hypergammaglobulinaemia. Possibly produced by glandular epithelial cell in response to type I interferons.
· CD40+ B cells more resistant to apoptosis.
· Proto-oncogenes are also expressed, and the disease is frequently accompanied by monoclonal expansion of B cells within the glands, accompanied by lgMi< paraprotein production and the development of type II cryoglobulins.
· Disease may terminate in frank lymphoma, usually extra-nodal low-grade B-cell lymphomas.
· Antibodies to a-fodrin may be associated with the disease.
Clinical features 
· Dry gritty eyes, dry mouth, difficulty swallowing, recurrent parotitis and gingivitis, recurrent chest infections (bronchiectasis), dyspareunia, and main sicca symptoms.
· There may be subclinical pancreatitis.
· Fatigue and malaise are marked and early features.
· Increased IL1RA is found in CSF, suggesting that IL-1 may mediate fatigue.
· Arthralgia, arthritis, and fibromyalgic pain are common.
· Interstitial lung disease may be found on CT scanning.
· A Fanconi syndrome may occur.
· Both CNS and peripheral nerve involvement have been reported.
· Hemiparesis, transverse myelopathy, seizures, movement disorders, and aseptic meningitis. MS may occur.
· Features of other autoimmune diseases will be present.
· Raynaud's may be present if there are cryoglobulins.
· Salivary glands may be enlarged. Lymphadenopathy should always be taken seriously if it does not settle once local infection has been dealt with (risk of lymphoma). Consider CT of salivary glands ± biopsy.
· Biopsy of minor salivary glands may be diagnostically useful.
· Secondary Sjogren's appears to be more limited (sicca symptoms).
· Clinical diagnosis may be made by Schirmer's test (normal >15mm wetting in 5min; <5mm is abnormal); Rose Bengal staining of the cornea may demonstrate corneal damage.
Immunological testing 
· Diagnostic testing should include ANA. dsDNA. ENA. RhF. Thyroid and mitochondrial antibodies, C3/C4, serum immunoglobulins and electrophoresis, cryoglobulins, β-microglobulin. CRP/ESR, and IgG subclasses.
· Typically associated with anti-Ro antibodies (both Ro52 and R06O) and anti-La antibodies.
· If ANA is negative and primary Sjogren's syndrome is suspected, salivary gland antibodies may be helpful.
·  HEp-2 screening may also pick up other specificities known to be associated, such as antibodies to the Golgi body and the nuclear mitotic apparatus.
· RhF will be found in 90% of patients developing arthritis, 70% will be positive for anti-Ro, and 40% for anti-La. ANA will usually show a fine speckled appearance. DsDNA will be negative.
· Thyroid antibodies are common (30%) and mitochondrial antibodies will be found in those going on to develop PBC.
· Complements will usually be normal or elevated (this is not a complement-consuming disorder). Low levels should raise questions about the primary underlying diagnosis.
· There is invariably a marked restricted-clonality hypergammaglobulinaemia, often with IgliK paraproteins on immunofixation.
· Increase in IgG is restricted to IgGl, with reductions seen in lgG2, lgG3, and lgG4, hence the electrophoretic appearances. Therefore measurement of IgG subclasses is a helpful adjunctive test, as no other conditions except myeloma give this pattern.
· Cryoglobulins should always be sought, particularly if there is any cutaneous involvement.
· β-microglobulin should be monitored as a marker of lymphoproliferation. ESR and CRP are high, with an anaemia of chronic disease.
· Raised alkaline phosphatase of liver origin may indicate PBC. Thyroid function must be checked at baseline and regularly thereafter.
· Long-term monitoring of patients should be undertaken at the clinical level. Regular checks for paraproteins and evidence of lymphoproliferation are essential. Clinical checks should include thyroid and liver, in view of the strong association with Sjogren's syndrome.
· There is no value in monitoring the autoantibodies, unless there is a clinical change.
Treatment 
· Symptomatic treatment with lubricants forms the mainstay of treatment. Spectacles help reduce the drying effect of the air.
· Meticulous attention to oral hygiene reduces the oral infective problems. Pilocarpine has also been used to increase saliva flow.
· Hydroxychloroquine is valuable for the arthralgia and fatigue.  Topical ocular ciclosporin has been approved by the FDA.
· The role of steroids and cytotoxics is less clear, and it has been suggested that these may increase the rate of progression to lymphoma. However, they are necessary if there is extraglandular involvement and/or vasculitis.
· Methotrexate (weekly orally or subcutaneously) may be used.
· Anti-TNF drugs do not appear to be helpful.
· Other biological agents (rituximab, epratuzumab) are undergoing
· Long-term follow-up needs to be instituted for early identification malignancy.
· Refer all suspicious persistent swellings for CT/MRI and biopsy.
[image: image155.jpg]Tests for monitoring

FBC

craE
LFTs
TFTs

-Uri'ne. ‘(glucese. amino acids;
Fanconi syndrome)

 Immunoglobulins, electrophoresis
Wi
'ESRICRP

CT/MRI scan (lungs, salivary
glands, lymph nodes) + biopsy

(glucose, amino acids; Fanconi

ic autoantibodies
ins, electrophoresis





Testing for Sjogren’s syndrome
lgG4-related chronic sclerosing dacryoadenitis 
· Rare disease mimicking Sjogren's syndrome. Other complications of lgG4 disease may include: autoimmune pancreatitis, sclerosing cholangitis, non-infectious aortitis.
· Inflammatory sclerosing masses with plasma cell infiltrates in submandibular and lacrimal glands.
· lgG4 significantly raised without changes in other IgG subclasses (unique abnormality that is diagnostic).
· Responds to corticosteroids.
Undifferentiated connective tissue disease 
· This usually comprises a clinical syndrome that does not satisfy the criteria for any single connective tissue disease, either clinically or serologically.
· Typical features include: Raynaud's syndrome, polyarthritis, rash, interstitial lung disease, myalgia.
· Such patients need to be treated symptomatically while being followed clinically and serologically (testing as for lupus, see 'SLE: immunological testing').
· Capillaroscopy may identify abnormalities.
· Some patients with chronic fatigue may have positive ANA and/or low C4. These need to be followed to exclude the possibility of a prodromal CTD.
· Interval measurement of ENA antibodies is helpful (every 6-12 months).
· Some will resolve spontaneously and others will progress to a more clearly defined disease.
· Early intervention with DMARDs may alter the natural history.
Mixed connective tissue disease (MCTD) 
· Whether MCTD is truly a distinct entity has been questioned by some experts on the basis that it may evolve into SLE or another typical connec​tive tissue disease, or that these diseases may evolve into MCTD. Even if it forms part of the spectrum of SLE, it is distinct enough to be considered separately.
Aetiology and pathogenesis 
It is associated with DR4 and DQ3.
Clinical features 
· Arthralgia (96%). swollen hands (88%), Raynaud's (84%), abnormal oesophageal motility (77%), myositis (72%), lymphadenopathy (68%).
· Serositis. leucopenia, thrombocytopenia, sclerodactyly, pulmonary fibrosis (with reduced gas transfer, 70%), pulmonary hypertension (major cause of death), and aseptic meningitis may also occur.
· Trigeminal neuropathy may occur in 10%.
· Fatigue and malaise are common in the prodrome.
· Up to 50% of patients develop nephritis.
Diagnosis 
· There is polyclonal hypergammaglobulinaemia.
· Cryoglobulins may be detected.
· C3/C4 may be reduced.
· Autoantibodies show a coarse speckled ANA, absent or low level of anti-dsDNA antibodies, and strongly positive anti-U1 RNP (90-100% of true MCTD patients), antibodies to U1 RNP 68kD and A protein are associated with increased severity of symptoms
· Presence of high levels of anti-dsDNA suggests SLE not MCTD.
· RhF is positive in 40-60%.
· Anti-phospholipid antibodies may be associated with pulmonary hypertension.
· ESR/CRP are elevated and there is an anaemia of chronic disease.
· Thrombocytopenia may be due to anti-platelet antibodies or the presence of anti-phospholipid antibodies.
· CK may be elevated from muscle involvement but also in aseptic meningitis and trigeminal neuropathy.
Treatment 
· Treatment is with NSAIDs and/or hydroxychloroquine for fatigue, myalgia, and polyarthritis.
· Steroids plus cytotoxic agents (azathioprine, cyclophosphamide) are used for severe organ involvement. Methotrexate is used where there is evidence of erosive joint disease.
· Anticoagulation is used for the anti-phospholipid antibodies.
· Raynaud's phenomenon.
· Other organ-based symptoms are managed appropriately.
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Testing for MCTD
Polymyositis (PM), inclusion body myositis (IBM), and dermatomyositis (DM)
Polymyositis and dermatomyositis may be idiopathic (no known accompa​nying disease) or they may be associated with malignancy. Juvenile forms also exist. Rare forms of myositis include inclusion-body myositis, eosi​nophilic myositis, granulomatous myositis, and orbital myositis (orbital pseudo-tumour).
Aetiology and immunopathology 
· These diseases tend to be more common in patients of African origin than in Caucasians (4:1) and also in females (2:1).
· PM and IVBM are associated with HLA DR3 (DRB1*0301 and DQB1*0201) and DRw52 (75% of cases).
· Luvenile DM is associated with DQA1*0501.
· Older patients tend to be more affected, but the diseases can occur at any age.
· In adult patients there is a strong association with underlying malignancy: carcinoma, more rarely, lymphoma, muscle disease often appears at a time when the tumour is still occult and it is debated how intensively one should investigate to identify the tumour muscle disease will often remit when the tumour is treated. Seasonal variations have been noted in onset. Anti-Jo-1 disease occurs mainly in the spring. Anti-SRP myositis occurs mainly in the autumn.
· Indicates possible association with separate infectious agents, as yet unidentified.
· Muscle infiltrate with both CD4+ and CD8+ T cells.
· Restriction V(3 gene usage suggests that the recruitment is specific to muscle antigens.
· Muscle fibres express MHC class II antigens and there is an increase in local expression of adhesion molecules (ICAM-1).
· B cells seem to play little role, and the pathogenicity of the autoantibodies known to occur is uncertain.
· Complement is involved in the muscle fibre destruction.
· Role of high-dose IVIg in PM/DM is to interfere with complement activation.
· A very wide range of autoantibodies have been identified, although many are not routinely available through diagnostic laboratories. The
PM/DM-associated antibodies comprise one of the most complex sets of any autoimmune disease. Most important subgroup of PM/DM is associated with transfer- RNA synthetases, which accounts for about 30% of cases.
· Most important antibody is anti-Jo-1. This antibody, together with the rarer antibodies , identifies the anti-synthetase syndrome.
· Characterized by aggressive myositis, prone to relapse, accompanied by: a high incidence of interstitial lung disease, mechanic hands, Raynaud's syndrome, inflammatory polyarthritis, sclerodactyly, and sicca syndrome.
· Response of this subgroup to treatment is much poorer, but it is less likely to be associated with malignancy.
· Anti-Jo-1 antibodies frequently rise before the onset of overt muscle damage, indicating a possible pathogenic role, especially as it is now known that autoantibodies may enter selected viable cells.
· Other antibodies, recognizing other nuclear antigens, have been identified.
· Anti-signal recognition particle (SRP) in adult PM (lung disease uncommon); disease is associated with severe and aggressive myopathy.
· Anti-Mi-2 in dermatomyositis (recognizes helicase).
· Anti-KS in PM with Raynaud's and lung disease.
· Anti-Zo in PM and lung disease. anti-Annexin XI in juvenile dermatomyositis (60%).
· anti-hPMS-1 (DNA mismatch repair enzyme) in 7.5% of cases of myositis.
· Polymyositis may occur as part of overlap syndromes, such as: MCTD (anti-U1 RNP), polymyositis-scleroderma overlap (anti-PM-Sd), SLE-myositis overlap (anti-Ku).
· Amyopathic DM may be associated with antibodies to CDM-140.
Clinical features 
· Major clinical feature is proximal muscle weakness with pain. Onset may be acute with fever. Distal muscle involvement is rare, and should raise other diagnostic possibilities—infection (viral, bacterial, parasitic), inclusion-body myositis, and metabolic problems.
· Gottren's papules are often seen on the knuckles, and the typical heliotrope rash around the eyes and a generalized erythematous rash (may be photosensitive) mark out DM.
· Signs of inflammatory arthritis and scleroderma; 'mechanic's hands' (thickened, cracked skin) identify the anti-synthetase syndrome.
· Dyspnoea from lung involvement (interstitial lung disease). If there is accompanying pain, pulmonary embolus may be suspected.
· Although the heart is rarely involved, presentations with atypical chest pain used to be diagnostically difficult due to raised CK. This is less of a problem since the introduction of cardiac-specific troponins as diagnostic test for myocardial damage.
· Diaphragmatic involvement typically leads to dyspnoea when lying flat.
· Gastrointestinal disease may occur (slowed transit, reflux).
· Renal disease is rare, but high serum myoglobin levels may trigger renal impairment if there is very active myositis.
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PM/DM – associated antibodies and corresponding target antigens
PM/DM: diagnosis and treatment
Diagnosis
·  Muscle biopsy and electromyogram (EMG) should be considered. As the disease may be patchy within a muscle, a normal biopsy does not categorically exclude disease.
· Biopsy will exclude IBM
· MRI is excellent at identifying affected muscles non-invasively. Biopsy may not be necessary in a typical presentation associated with typical autoantibodies.
· Lung function tests, including gas transfer, mouth pressures, and CT of lungs, are essential.
· Anti-Jo-1 recognizes primarily a cytoplasmic antigen. This will not be recognized on rodent liver. If PM/DM are suspected, screening on HEp-2 cells is most revealing as many of the cytoplasmic and nuclear antigens associated with myositis can be identified from the patterns of staining. Antibodies to Jo-1 should be specifically requested.
· Mi-2 antibodies are preferentially associated with DM rather than PM.
· Nucleolar ANA may also be seen, although these may also be found in patients with scleroderma.
· Antibodies to Ku, SRP, Mi-2, PM-Scl. and other synthetases may be available from certain specialist centres.
Treatment 
· Management is with high-dose steroids.
· Failure to control disease with acceptable levels of steroids is an indication for second-line therapy: weekly methotrexate (where there is no lung disease), azathioprine, mycophenolate mofetil, cyclophosphamide, possibly ciclosporin or tacrolimus—tacrolimus may work where ciclosporin has failed.
· Both steroids and cyclophosphamide can be given as intravenous pulse therapy, particularly if there is progressive lung disease.
· Intolerance of, contraindications to, or failure of first- and second-line agents should lead to consideration of the use of high-dose IVIg.
· Patients with malignancy-associated PM/DM respond poorly to immunosuppressive therapy, as do those with the anti-synthetase syndrome and IBM.
· Rituximab has been used in resistant disease.
· Hydroxychloroquine may help in resistant skin disease.
· Infliximab and etanercept have both been used in small series.
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Testing for PM/DM
Overlap syndromes
Patients often exhibit features of more than one connective tissue disease. Moreover, clinical features may change over a period of time, and this may be accompanied by changes in the serological profile. Therefore it is wise not to be too dogmatic in pigeon-holing patients. Recognized overlap syndromes include the following.Mixed connective tissue disease. Marker antibody profile is anti-U1 RNP in the absence of anti-dsDNA.
'Rhupus': a form of lupus with more aggressive destructive arthritis more typical of rheumatoid arthritis, but with other typical lupus features.
There are no specific serological markers, as many patients with SLE have rheumatoid factors anyway without developing overt features of RhA.Whether this is a true overlap syndrome is debatable.
Polymyositis-scleroderma overlap: features of polymyositis and scleroderma, although the myositis may be mild.
· Serologically defined by detection of anti-PM-Scl.
· Calcinosis may be severe.
Treatment of calcinosis is difficult: calcium-channel blockers, low-dose warfarin, and anti-TNF agents may all be beneficial.
SLE-myositis overlap: features of SLE with prominent myositis.
· Serologically defined by detection of anti-Ku.
Systemic sclerosis (SSc): CREST and limited variants
There are many variants of scleroderma, including localized and systemic forms. There is also considerable overlap with other connective tissue diseases (SLE, MCTD, PM/DM). The pathological process is very similar to that of chronic graft-versus-host disease. The CREST syndrome (calcinosis, Raynaud's, oesophageal dysmotility. sclerodactyly, and telangiectasia) forms an entirely clinically and serologically distinct subgroup; this is now referred to as limited scleroderma, but the acronym reminds one of the expected features. Localized sclero​derma includes morphoea and linear scleroderma.
Aetiology and immunopathogenesis 
· There is a female preponderance (M:F = 1:4).
· Childhood onset is rare.
· A wide range of MHC antigens have been associated with scleroderma variants, including DR1, DR3, DRw52, DR5 although there is significant racial variation.
· Choctaw Indians in Oklahoma have a very high incidence of SSc associated with abnormalities in the fibrillin-1 gene FBN1. 
· Autoantibodies have been detected against fibrillin 1.
· A mouse model of SSc, tight-skin, is also associated with a duplication of the FBN1 gene.
· Chromosomal abnormalities (ring chromosomes, chromatid breaks, etc.) are common in SSc—significance is uncertain.
· Parvovirus B19 has been associated with SSc development.
· Strong association of scleroderma-like conditions with environmental factors: dust exposure, organic solvents such as vinyl chloride, resins, 'toxic oil' contaminated with aniline, drugs such as cocaine, pentazocine, bleomycin, fenfluramine, contribution of silicone breast implants to scleroderma is uncertain.
· Precise immunological involvement is unclear, but targets include endothelial cells and fibroblasts, with cytokine production leading to increased collagen synthesis.
· Obvious vascular changes, such as vasomotor instability (Raynaud's), but also direct damage to blood vessels, such as can be seen in nailfold capillaries.
· Unlike other connective tissue diseases, there is very little in the way of a systemic inflammatory response and CRP/ESR may be low or normal.
· A variety of autoantibodies have been identified, although the significance of some of them has not been fully elucidated
·  Anti-nucleolar antibodies are common 
· Anti-endothelial cell antibodies (AECA) have been reported and may lead to apoptosis of endothelial cells, triggering a cascade of tissue damage.
· Anti-centromere antibodies and anti-Scl-70 antibodies are mutually exclusive. Only two cases of the presence of both antibodies together have ever been reported.
· Antibodies to RNA Pol III are found in patients with diffuse cutaneous scleroderma and are a marker for increased risk of renal crisis.
· Antibodies to U3-RNP (fibrillarin) are associated with increased risk of pulmonary hypertension and skeletal muscle involvement.
· Antibodies to (32-glycoprotein I (seen in APS) are also associated with macrovascular disease and are a risk factor for digitial ischaemia and pulmonary hypertension.
· Antibodies to Th/To are markers for pulmonary hypertension.
· Increased TGF-B and platelet-derived growth factor (PDGF) may play a role in the fibrosis.
· Scleroderma-like disease is seen in chronic GvHD. In SSc, microchimerism due to persistence of fetal cells in the mother or maternal cells in the child is common and may be the triggering event (SSc is a naturally occurring chronic GvHD).
Anti-nucleolar antibodies in SSc
Nuclear target antigen
· Centromere (CENP-A, CENP-B, CENP-C)—80%
· CREST patients

· Scl-70 (topoisomerase I) 30%

· SSc. 10% limited scleroderma

Nucleolar target antigens
· RNA polymerases I. II. Ill: 23% systemic disease (speckled nucleolar staining on HEp-2)
· Scl-70 (topoisomerase I) 30%

· Fibrillarin (clumpy nucleolar staining)
· PM-Scl(homogeneous nucleolar: staining): scleroderma-myositis overlap
· To/Th (homogeneous nucleolar staining): rare, limited scleroderma
Clinical features
· Localized forms include linear morphoea ('coup de sabre') and limited scleroderma where the changes are limited to the extremities without systemic manifestations.
· Raynaud's phenomenon is severe.
· CREST syndrome has a more generalized involvement, and may give rise to late pulmonary hypertension, but less often to renal involvement 
· Systemic sclerosis, on the other hand, leads to major renal and lung involvement. Involvement of the kidney may lead to rapid onset of severe hypertension and renal failure due to obliteration of the glomeruli (scleroderma kidney).
· Lung disease includes interstitial fibrosis, an increased risk of carcinoma, bronchiectasis, and pulmonary hypertension.
· Gastrointestinal involvement leads to severe oesophageal reflux, malabsorption due to poor small bowel motility, and bacterial overgrowth. Secondary problems may arise from a deficiency of key vitamins and minerals. Poor colonic motility may lead to pseudo-obstruction.
· There is an association with thyroid disease, primary biliary cirrhosis, and rare neurological involvement (neuropathy).
· The vascular disturbance may lead to ischaemia of the ends of digits which, if not treated rapidly, will lead to dry gangrene and progressive reabsorption of the terminal phalanges.
· Systemic forms are often accompanied by a prodrome of malaise and fatigue.
· Rarely, there may be renal and lung involvement without cutaneous involvement.
SSc: diagnosis and treatment
Diagnosis 
· Screening for anti-nuclear antibodies may reveal the presence of nucleolar staining patterns, or speckled patterns due to the presence of anti-centromere antibodies (specific for CREST). HEp-2 cells give the best differentiation of the staining patterns and these should be followed up by specific tests for Scl-70 (specific for SSc).
· Assays for individual nucleolar antigens are not routinely available, apart from RNA Pol III.
· In the CREST syndrome there may also be antibodies to the M2 antigen (25%), 30% will be positive for rheumatoid factor.
· ESR/CRP will be low.
· All patients should be screened for thyroid disease.
· All patients with Raynaud's should also be checked for cryoglobulins.
· Thermography is useful to confirm abnormal responses to cold challenge.
· Nailfold capillaroscopy is valuable for diagnosis and objective monitoring of progression.
· Baseline lung function, including gas transfer, CXR ± CT scanning should be carried out for all systemic forms.
· Echocardiography should be carried out to monitor for the development of pulmonary hypertension.
· Renal function needs to be assessed at presentation and then monitored regularly.
· No immunological tests are valuable for monitoring.
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Testing for SSc
Treatment 
· Many drugs have been tried in scleroderma but few have stood the test of proper double-blind placebo-controlled trials.
· NSAIDs and steroids should be avoided if possible as they may worsen or trigger the development of renal crises.
· Penicillamine and colchicine have been used, with some evidence that they slow progression.
· Steroids only help with active inflammatory problems such as myositis or arthritis (but watch for renal deterioration) and use for short periods only.
· Cytotoxics such as azathioprine and cyclophosphamide may have some benefit; low dose methotrexate may be better.
· Anti-TNF agents may be helpful in selected patients.
· Ciclosporin may be of benefit (but watch renal function!).
· High-dose immunosuppression with autologous stem cell support has been tried. However, survival was poor!
· Anti-TNFs. rituximab and anti-TGFs have been tried without much evidence of benefit.
· Tyrosine kinase inhibitors (imatinib and analogues) may show some promise.
· Raynaud's may be difficult to control. Avoidance of cold and wearing warm clothing and heated gloves may help. Low-dose aspirin may improve circulation. Other treatments to be tried include: high-dose fish oil or evening primrose oil, slow-release or long-acting calcium-channel blockers (nicardipine, felodipine. amlodipine, nimodipine), ACE inhibitors; angiotensin-2 receptor blockers, topical GTN (glyceryl trinitrate) ointment
· Pentoxifylline, 5-HT antagonist (ketanserin. not a licensed drug), SSRIs such as fluoxetine, Phosphodiesterase inhibitors (sildenafil and analogues) are valuable for severe cases.
· Acute ischaemia should be treated with prostacyclin analogue infusions (epoprostenol. iloprost); although the half-life is only seconds, the clinical effect may last for months (reasons unknown).
· Infection in sclerodermatous skin needs aggressive treatment, often with intravenous antibiotics.
· Malabsorption should be sought and treated: continuous oxytetracycline may reduce bacterial overgrowth.
· Omeprazole, low-dose erythromycin, or octreotide may help with reflux and improve motility.
· Pulmonary artery hypertension can be treated with phosphodiesterase inhibitors (sildenafil and analogues) and endothelin-1 receptor antagonists (bosentan)
· Avoid calcium-channel blockers where there is oesophageal involvement as they make the reflux worse.
Scleroderma mimics
· A number of conditions mimic scleroderma.
· Nephrogenic systemic fibrosis (nephrogenic fibrosing dermatopathy) 
· Occurs in patients with renal failure.
· Similar to eosinophilic fasciitis.
· May be triggered by gadolinium or erythropoeitin.
· Scleromyxoedema (papular mucinosis) 
· Occurs is patients with malignancy, or alone.
· Waxy skin thickening.
· Paraprotein often present.
· Scleroedema 
· Occurs in patients with diabetes.
· May be associated with presence of a paraprotein.
· Eosinophilia-myalgia syndrome 
· Pathology is similar to eosinophilic fasciitis.
· Has been associated with consumption of L-tryptophan as a food supplement.
· Toxic oil syndrome 
· Caused by aniline-contaminated cooking oil.
· Prominent eosinophil.
· Limb oedema with scleroderma-like changes.
· Arthritis with joint contractures.
· Myalgia with elevated CK.
· Pulmonary involvement with infiltrates.
Eosinophilic fasciitis (Shulman's syndrome)
Rare disease with limb and trunk erythema and oedema with induration due to increased collagen deposition and eosinophilic infiltration.
Aetiology and immunopathology 
· Cause is uncertain.
· Infiltration of fascia with lymphocytes, plasma cells, and eosinophils. 
· IFN-y, IL-5 and IL-10.
· circulating histamine.
· collagen gene expression.
Clincial features 
· Non-pitting oedema, often with peau d'orange.
· Woody induration of deep tissues.
· Muscle pain and weakness—perimyositis may be present.
· No sclerodactyly.
· Arthritis in 40%.
· May be associated with thyroiditis.
· Association with myeloma, lymphoma, leukaemia.
Diagnosis 
· Peripheral blood eosinophilia.
· Raised ESR.
· Paraproteins and cryoglobulins may be present.
· MRI imaging of soft tissues will be abnormal.
· Biopsy essential for confirmation of diagnosis.
Management 
· Corticosteroids are first-line treatment.
· Hydroxychloroquine may be an alternative.
PUVA, ciclosporin, and hdlVlg have been used in resistant cases.
Anti-phospholipid syndrome (APS)
This set of syndromes (now sometimes referred to as Hughes' syndrome) is associated with antibodies against a range of biologically relevant phospholipids.
Aetiology and immunopathology 
· Both sexes may be affected, although it appears to be more common in females.
· A third of patients with SLE may have APL antibodies.
· MHC association has been reported (DR4, DR7, among others). Why the antibodies arise is not known, although non-pathogenic antibodies may be induced by infection.
· Appearance of APL antibodies can be triggered by viral infection (EBV, HIV, hepatitis viruses), bacterial infections, malaria, leishmaniasis, syphilis, and Pneumocystis. 
· APL antibodies may also be seen in association with malignancy (lymphoma, solid tumours), Klinefelter's syndrome, and other autoimmune diseases (pernicious anaemia, diabetes, inflammatory bowel disease, ITP).
· Antibodies appear to recognize a variety of different phospholipids, but pathogenic antibodies seem to require the presence of a cofactor, 32-glycoprotein-l (apolipoprotein H). Anti-phospholipid antibodies that arise secondary to infection (such as syphilis. EBV infection) do not require the presence of p2-glycoprotein-l, and do not seem to cause a clotting disorder.
· Spectrum of antibodies includes both anti-cardiolipin antibodies and lupus anticoagulants. Either may be found in the absence of the other, but the clinical significance is identical.
· Activity of the antibodies in vivo is complex, but includes activation of platelets, interference with endothelial cell function (reduced prostacyclin production, reduced thrombomodulin function), complement activation, and reduced levels of proteins C and S, leading to a procoagulant effect.
· A 'second hit' may be required to trigger thrombosis (oral contraceptive pill (OCP), pregnancy, malignancy, etc.)
Other APL antibodies which may be found include:
· anti-prothrombin 
· anti-annexin V
· antibodies to phosphatidylserine, phosphatidylinositol, phsophatidylethanolamine.
Clinical features 
· Anti-phospholipid antibodies can occur either as an isolated finding or in association with other connective tissue disease, usually SLE.
· Major clinical features are arterial and venous thromboses, with pulmonary emboli, recurrent miscarriage, and thrombocytopenia. As the arterial system can be affected, strokes in young people should always be investigated. Recurrent minor cerebrovascular occlusions may lead to a multi-infarct dementia.
· Recurrent fetal loss is common.
· APS is associated with ITP and haemolytic anaemia.
· Other clinical syndromes associated include the Budd-Chiari syndrome, chorea, transverse myelitis, pulmonary hypertension (recurrent asymptomatic PEs), and cardiac valve lesions.
· Livedo reticularis is a useful cutaneous marker, and may be associated with Sneddon's syndrome (hypertension, cerebrovascular disease, and livedo).
· Catastrophic APS (CAPS): multi-organ failure due to DIC-like picture, associated with adult respiratory distress syndrome (ARDS).
APS: diagnosis and treatment
Diagnosis 
· Clinical suspicion should lead to testing for IgG and IgM anti-cardiolipin antibodies (ACAs) and clotting studies for lupus anticoagulants (LAC), which should include APTT (prolonged) and a dilute Russell's viper venom test (dRVVT) (prolonged).
· 85% of patients will have both ACA and LAC, but either can be present alone
· FBC should be checked for thrombocytopenia.
· The significance of IgM ACAs alone is uncertain but, if associated with clinical features of recurrent thrombosis, this should be treated seriously.
· IgA ACAs have been described. They may be associated with thrombosis.
· IgG ACAs are most strongly associated with thrombosis
· A false-positive VDRL test may be noted, but this is not diagnostically
· helpful.
· Assays for β2-glycoprotein-l are available and may help to distinguish between antibodies of no significance triggered by infection and those of pathogenic significance. At present it is not clear that they are necessary for routine management.
· There is no correlation between the numerical value of ACAs detected by ELISA and the severity of symptoms, although there has been a suggestion that levels may correlate with neurological disease in SLE.
· To determine whether there is a primary or secondary APS, a full search should be done for other markers of connective tissue diseases.
· Assays for antibodies to individual phospholipids are available in research centres for investigations of atypical cases.
· There is no indication that routine monitoring of levels of anti-phospholipid antibodies is helpful.
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Testing for APS
Management 
· Asymptomatic patients require no treatment, or just low-dose aspirin.
· Once thrombosis has occurred, there is no role for aspirin alone.
· Symptomatic patients should be warfarinized for life with INR 3-4. If thrombotic events continue, low-dose aspirin should be added (beware of haemorrhagic complications).
· Role of steroids ± cytotoxics is controversial, but may be tried where there are continuing catastrophic thrombotic events. Do not expect there to be much change in antibody levels.
· Hydroxychloroquine may be helpful (reverses platelet activation)
· Plasmapheresis may be tried, but beware of rebound rises in antibody.
· Catastrophic APS (50% mortality) is treated with pulse IV methylprednisolone 1g/day * 3, with full heparinization. Plasmapheresis and hdlVlg have also been used. Rituximab 375mg/m2 can be used as an alternative. ITU support is required.
· For management in pregnancy, no treatment or low-dose aspirin is recommended for those with either no history or a history only of first-trimester loss.
· Where there is a history of second/third-trimester loss the treatment is low-dose aspirin ± subcutaneous heparin.
· If there is a previous history of thrombosis, low-dose aspirin and heparin are suggested, even for first pregnancies. Intravenous immunoglobulin may also be valuable. Thrombocytopenia is rarely severe but, if it is, hdlVlg and steroids may help. Splenectomy may increase the thrombotic tendency if the platelet count rebound is very high, and so needs to be considered carefully. Danazol may also be of benefit.
Raynaud's phenomenon
Raynaud's phenomenon refers to an exaggerated vascular response to cold (and sometimes emotion). Common in women without evidence of underlying disease (primary) but may be associated with connective tissues diseases (SLE, RhA, dermatomyositis, scleroderma, limited scleroderma), arterial occlusive diseases (cervical ribs), pulmonary hypertension, neu​rological diseases, paraproteinaemias (including cryoglobulinaemia, HCV infection, Waldenstrom's macroglobulinaemia), trauma, electrical shocks, drugs (ergot derivatives, B-blockers, bleomycin, vinblastine, and cisplatin). Primary Raynaud's tends to be less severe.
Clinical features 
· Cold-induced colour change (blue-white-red on rewarming).
· May affect ears and nose if severe.
· May be associated with migraine.
·  Severe cases may lead to ischaemic ulceration and gangrene if left untreated.
· Cutaneous ulceration may occur.
· Distinguish from acrocyanosis and erythromelalgia.
·  Acrocyanosis affects predominantly young women and causes persistent cyanotic discoloration. It does not cause long-term damage and treatment is not required
· Erythomelalgia affects predominantly men and causes burning red disoloration of the feet and hands. It may be primary or associated with polycythaemia rubra vera, essential thrombocytosis, connective tissue diseases and drug therapy (bromocriptine and analogues). It may respond to aspirin.
Diagnosis 
· Exclude secondary causes, e.g. autoimmune disease and paraproteinaemia. 
· Check for cryoglobulins and evidence of HCV infection.
·  Thermography with cold challenge is useful.
· Capillaroscopy will identify early vascular features of scleroderma.
· Check for cervical ribs and consider MR angiography.
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Testing for Raynaud’s phenomenon
Treatment 
· Avoid cold exposure, particularly rapid temperature change.
· Thermal gloves and socks (battery-operated gloves are useful but usually patients complain that they are too bulky).
· No smoking!!
· Low dose aspirin and omega-3 fish oils may be helpful for mild cases.
· Topical GTN ointment is very helpful pre-exposure.
· Calcium-channel blockers (nifedipine, nicardipine, nimodipine. amlodipine, diltiazem) are the first line. Preferable to use slow-release formulations or long-acting drugs.
· ACE inhibitors and angiotensin 2 inhibitors can be used.
· Most patients with Raynaud's have low blood pressure and tolerate anti-hypertensives poorly.
· High-dose vitamin E is a useful alternative.
· Alprostadil (PGE1) and epoprostenol (PGI2) infusions can give prolonged relief. Essential if there is critical digital ischaemia.
· Heparin (unfractionated or low molecular weight) may also be helpful in severe cases (probably because of its rheological and anti​inflammatory properties).
· Sildenafil and analogues are effective.
· Surgery may be required for compressive lesions or to perform sympathectomy. Amputation of ischaemic digits may be required.
Livedo reticularis 
A mottled net-like disoloration of the skin, which is worse on cold expo​sure. The primary benign form is more common in women. Secondary forms may be associated with connective tissue diseases and ulceration. It is particularly seen with the anti-phospholipid syndrome and with SLE and Sneddon's syndrome. It may be seen in cryoglobulinaemia and hyperviscosity syndromes. Treatment is for the underlying disease.
Rheumatic fever 
· After a period of decline, rheumatic fever is now on the increase again, paralleling the rise in infection with group A streptococci.
Aetiology and immunopathogenesis 
· Disease is due to molecular mimicry between streptococcal M proteins and N-acetyl-β-D-glucosamine found in particular strains of group A streptococci (GAS) and myocardial proteins (cross-reactive autoimmune response).
· Pharyngitis is an essential precursor.
· Expression of CD44 in the pharynx may be important—binds GAS.
· There is weak association in some racial groups with MHC Class II antigens.
Clinical features 
· Major criteria: carditis, migratory polyarthritis, chorea, subcutaneous nodules, erythema marginatum.
· Minor criteria: pyrexia, arthralgia, elevated acute-phase proteins, prolonged PR interval.
· Evidence of recent GAS infection (increased ASOT, anti-DNAse B. positive culture, or antigen detection).
Diagnosis 
· No specific immunological tests.
· Diagnosis is clinical, supported by serology/bacteriology.
Treatment 
· Treat acutely with high-dose aspirin, together with anti-streptococcal antibiotics.
· Steroids may be used in carditis (prednisolone 2mg/kg for 1-2 weeks, then tapering off).
· Long-term prophylactic penicillin V 500mg bd for at least 10 years.
· Streptococcal vaccines may be useful but are difficult to develop because of the cross-reactivity.
Fibromyalgia 
· Condition characterized by widespread muscular and joint pain. Typical point tenderness. Strongly associated with chronic fatigue syndrome. No specific diagnostic tests. Current research points to "miswiring' of pain perception centrally. Defects associated with serotonin transport, metabolisms, and receptors, as well as polymorphisms in  b-adrenrenoreceptor and dopamine receptor, have been implicated.
Course 22: Vasculitic syndromes 
Causes of vasculitis
The term "vasculitis' implies inflammation affecting predominantly the blood vessels. The effects of the process depend on the location of the inflammatory change and the size and type of the vessel involved. It is unclear why there is selectivity for vessels of a certain type, size, or location. Although at present vasculitis is divided into primary and secondary, it is likely that, with the passage of time, we shall identify environmental triggers for most of the so-called 'primary vasculitides'.
Primary vasculitis 
· Many classifications have been proposed for primary vasculitis, but the most satisfactory is that based on the size of the vessel involved and on the presence or absence of granulomata. However, there is considerable overlap in the size of vessels involved.
Secondary vasculitis 
· There are many causes of secondary vasculitis and the following is not an exhaustive list.
· Infections: bacterial (streptococci, bacterial endocarditis), spirochetes (syphilis, borrelia), fungal (histoplasma), mycobacterial, rickettsial, viral (EBV, HIV, VZV. CMV. hepatitis A. B. and C. influenza), with and without cryoglobulins.
· Malignancy: hairy cell leukaemia, lymphoma, acute myeloid leukaemia, with and without cryofibrinogens.
· Drugs: biologicals (serum sickness), oral contraceptive, sulphonamides, penicillins, thiazides, aspirin, illicit drugs (cocaine, amphetamines, LSD).
· Secondary to other autoimmune diseases: primary biliary cirrhosis. Goodpasture's syndrome. SLE. RhA, systemic sclerosis, Sjogren's syndrome, polymyositis/dermatomyositis, hypocomplementaemic urticaria, relapsing polychondritis.
· Secondary to inflammatory bowel disease: ulcerative colitis. Crohn's disease; also intestinal bypass surgery.
· Complement component deficiency: α1-anti-trypsin deficiency.
· Mimics of vasculitis: cholesterol embolus, myxoma embolus, ergotism.
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Classification of primary vasculitis
· Diagnostic tests 
· Biopsy
· The most important diagnostic test is often biopsy of the affected organ, which is particularly convenient if the skin is involved. Some vasculitides may mimic neoplasia,  Wegener's and lymphomatoid granulomatosis, and may therefore be difficult to distinguish on imaging.
· Small biopsies are frequently non-diagnostic if vessels are not included.
· Temporal artery biopsy is essential in giant cell arteritis.
· Imaging 
· Imaging is an essential source of diagnostic information in cranial vasculitis (MRI is better than CT), unless invasive biopsy is considered justified.
· Angiography is particularly helpful in identifying large- and medium-vessel disease. MR angiography is less invasive than conventional angiography.
· Where there is suspected involvement of the coronary arteries, ECG, echocardiography, and coronary angiography will be required.
· Immunological tests 
· Immunoglobulin measurements contribute very little to diagnosis, being on the whole non-specifically elevated.
· Electrophoresis is necessary to identify paraproteins.
· Consider the possibility of cryoglobulinaemia and cryofibrinogenaemia.
· Complement measurements (including complement breakdown products or other tests of complement turnover) are essential, particularly in secondary vasculitis.
· Autoantibody testing should include ANA, ENA, dsDNA, and ANCA (including MPO and PR3).
· Role of anti-endothelial cell antibodies (AECA) is not determined as these antibodies do not seem to be disease-specific.
· Acute-phase response 
· Acute-phase response is mostly high (except in the case of SLE. although the ESR is high, and scleroderma).
· In some vasculitides, the caeruloplasmin is significantly elevated. This accounts for the greenish colour of serum from patients with active vasculitis.
· Ferritin is high (>1000) in adult Still's disease.
· Complement levels will be elevated: both C3 and C4 are acute-phase proteins.
· Serum electrophoresis will show reduced albumin (negative acute-phase protein) and elevated a, band (α1-macroglobulin).
· Fibrinogen levels will also be elevated.
· Regular monitoring of the acute-phase response provides useful information on the response of the disease to treatment.
· Blood count 
· Full blood count will often show the anaemia of chronic disease, together with a thrombocytosis.
· There is often a lymphopenia.
Henoch-Schonlein purpura (HSP)
Aetiology and immunopathogenesis 
· HSP is a disease of the small blood vessels, characterized by palpable purpura and triggered by infections, drugs, foods, insect bites, and occasionally malignancy.
· IgA-containing immune complexes can be detected in affected tissues, including glomeruli. These involve both lgA1 and lgA2. but contain mostly polymeric IgA.
· IgA rheumatoid factors are also detectable and the levels are highest in the acute phase of the disease; IgA ANCA may occur in some patients (but not frequently enough to be diagnostically valuable).
· Polyclonal increase in IgA.
· Complement C3 and C4 are normal but C3d is increased, indicating an increase in complement turnover. Properdin levels are decreased while C1q levels are normal, suggesting alternate pathway activation. Properdin and C3 deposits can be detected in affected kidneys. There is an increased incidence of HSP in patients with C2 and C4 deficiency.
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Causes of HSP
Clinical presentation 
· Mainly disease of small children, with a peak age at onset of around 3 years, although it can occur at any age and does occur in adults, in whom it is possibly more chronic.
· Male predominance. Often a history of a preceding upper respiratory tract infection.
· Typical clinical feature is palpable purpura especially at sites of pressure (socks). These occur in crops, often with an urticarial component, and may become confluent. There is gastrointestinal involvement, often with G1 haemorrhage and associated with colic, vomiting, and intussusception (3%).
· Renal disease with nephritis occurs in 50%, although in most cases this recovers spontaneously and does not lead to long-term renal damage. It may recur in transplanted kidneys in the small proportion who have progressive renal damage (4-14%). Renal disease may be more common in adult forms.
· Testicular involvement, pulmonary haemorrhage, pancreatitis, and CNS involvement are all very rare complications.
· Myocardial involvement occurs in adults but rarely in children. Fever in 45-75% and often a migratory arthralgia. Attacks may recur every few weeks to months and are thought to be triggered by β-haemolytic streptococci.
Diagnosis 
· Diagnosis is based on the signs and symptoms. If there is doubt, biopsy will assist. In practice, only complement C3. C4 and total immunoglobulins will be measured. Raised IgA in only 50%. Assays for IgA immune complexes and IgA rheumatoid factors are not routinely available.
Treatment 
· Aspirin should be avoided as it will exacerbate the bowel bleeding.
· Steroids reduce symptoms but do not shorten the illness; they may reduce the risk of developing nephritis.
· Factor Xlll, which is required for healing of the bowel wall, has been used experimentally by infusion to reduce Gl haemorrhage.
· No conclusive evidence to support the use of plasmapheresis or cytotoxics, although the latter would be used if there was major glomerular involvement with significant proteinuria. Treatment is not generally required as HSP is a self-limiting disease.
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Testing for HSP
IgA nephropathy (Berger's disease) 
· IgA nephropathy (Berger's disease) is probably closely related to HSP, and may be HSP with renal disease but no rash as the glomerular lesion is identical (IgA deposition, with C3).
· Male preponderance.
· Often a history of a preceding upper respiratory tract infection.
· Unlike HSP, it may be familial but no specific genes identified.
· Bowel involvement and arthralgia may occur.
· Associated with IgA immune complexes and IgA RhF.
· Haemophilus parainfluenzas membrane antigens have been detected in the kidney, and it is thought that this may be the candidate triggering antigen. 
· Persistent polyclonal elevation of IgA present.
· Relapses and remissions are common, but long-term prognosis is good
· Can recur in transplanted kidney.
Buerger's disease (thromboangiitis obliterans) 
· Affects predominantly small- and medium-sized arteries and veins.
· Occurs mainly in male smokers >30 years of age (<5% of patients are non smokers).
· Presents as a migratory thrombophlebitis with claudication in the lower limbs, and less commonly in the upper limbs. 
· Raynaud's phenomenon is common.
· Ischaemic features will arise with peripheral gangrene.
· Systemic features are usually absent. 
· No acute-phase response.
· Histology shows infiltration of blood vessels by neutrophils early, and mononuclear cells later. Eventually fibrosis of the vessel supervenes.
· Active inflammatory lesions improve when smoking ceases, suggesting a direct toxic effect, although fibrotic lesions will not improve.
· Diagnosis is on the history backed up by angiography.
· The most important therapeutic intervention is cessation of smoking.
· Aspirin, vasodilators, and anticoagulants are of no proven value, although infusions of epoprostenol may help.
· Amputation may be required.
Hypersensitivity ('allergic') vasculitis 
· This is a generic term, which is less used now, for small-vessel cutaneous vasculitis.
It is not a discrete disease and may be caused by: 
· drugs, infections
· SLE/SS
· cryoglobulins 
· inflammatory bowel disease
· HSP.
Typical features are:
· purpura 
· urticaria 
· ulceration
· bullae 
· systemic features (fever, arthralgia, myalgia).
Drugs causing small vessel vasculitis include:
· hydralazine, propylthiouracil, allopurinol, thiazides, sulphonamides, phenytoin, gold, penicillin, some drugs (hydralazine, propylthiouracil) also trigger the appearance of anti-MPO ANCA.
Microscopic polyarteritis (MPA)
Aetiology and immunopathogenesis 
· MPA is an aggressive small-vessel vasculitis, which is distinct from polyarteritis nodosa. It is thought that ANCA play a pathogenic role in the development of the renal disease.
· May occur in families, suggesting either a transmissible agent or a genetic background.
Clinical features 
· Illness is often of relatively sudden onset with a short prodrome of fever, malaise, and myalgia/arthralgia. followed by onset of glomerulonephritis with hypertension and renal insufficiency.
· There may be pulmonary haemorrhage mimicking Goodpasture's syndrome. This has a high (75%) mortality.
· Extra-renal complications include: weight loss, mononeuritis multiplex, cutaneous vasculitis, episcleritis, rarely, coronary artery involvement, lung and upper airway involvement does not occur.
Diagnosis 
· Renal biopsies show a necrotizing glomerulonephritis without evidence of granulomata.
· Renal lesions are similar to those found in Wegener's granulomatosis.
· There is a paucity of immunoglobulin and complement in the biopsy (pauci-immune GN). 
· Granulomata are not found in biopsies.
· Angiography of the mesenteric vessels does not show microaneurysms, thus distinguishing MPA from polyarteritis nodosa (PAN).
· P-ANCA, with anti-myeloperoxidase specificity on ELISA, can be detected in the serum of 75% of patients; a few patients have C-ANCA with proteinase 3 specificity; some patients may also have anti-GBM antibodies.
· C3, C4 will be normal or high.
· ESRVCRP will be elevated.
· Normochromic normocytic anaemia is to be expected.
· Creatinine will be elevated.
· Microscopic haematuria is constant and there will be proteinuria (>3g/24 hours).
· Other reported abnormalities include eosinophilia (14%).
Treatment 
· Treatment is with high-dose (usually pulsed intravenous) steroids and cyclophosphamide (pulse IV or continuous oral).
· There may be an acute role for plasmapheresis in preserving renal function.
· Rituximab may be an effective alternative to cyclophosphamide 
· Azathioprine or methotrexate may be used as maintenance therapy once remission has been obtained.
· Pneumocystis prophylaxis is required.
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Testing for MPA
Primary angiitis of the CNS (PACNS)
Aetiology and clinical features 
· Primary cerebral vasculitis is very difficult to diagnose ante-mortem without recourse to biopsy, which has significant hazards.
· Diagnosis of exclusion in patients with an acquired neurological deficit.
· Infections such as HIV and VZV must be excluded.
· Similar features have been found following the use of cocaine, amphetamines, and phenylpropanolamine, in ergotism, and with phaeochromocytomas, suggesting a vasospastic origin.
· An association with viral (herpesviruses) and mycoplasma infections has also been postulated; turkeys infected with Mycoplasma gallisepticum develop a very similar illness.
· The disease is rare, and is primarily of small arteries of the cortex and meninges.
· Presents in older patients with headache, disturbance of higher mental function, and stroke. Males are more commonly affected.
· A more benign variant has also been described (benign angiitis of the CNS (BACNS)), which is found more commonly in females.
· Systemic symptoms are absent (if they are present, it is likely that there is a systemic vasculitis with cerebral involvement).
Diagnosis 
· Histology shows that most cases have a granulomatous infiltrate around the blood vessels (granulomatous angiitis of the CNS (GACNS)).
· CSF may be normal or show elevated protein and cell count.
· MRI scanning and angiography may be required to establish the extent of the disease.
· No specific immunological tests are helpful. Test for systemic vasculitis (ANA, ANCA) as part of exclusion criteria.
Treatment 
· Treatment is with steroids and cyclophosphamide, as for Wegener's granulomatosis. Azathioprine (AZA) and methotrexate (MTX) can be used to maintain remission.
· The use of cerebral vasodilators (nimodipine, nicardipine) to relieve vasospasm has also been advocated.
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Testing for PACNS
Behcet's disease 
This is a multisystem vasculitis which, unusually, involves veins as well a: arteries. Agreed international criteria for diagnosis are as follows. 
· Recurrent oral ulceration with at least two of the following: recurrent genital ulceration, eye lesions, skin lesions, pathergy (sterile pustule formation at sites of skin trauma, needle puncture sites).
 Aetiology and immunopathogenesis 
· Histology shows transmural vascular inflammation with arterial and venous involvement.
· The disease is common in eastern Mediterranean countries where there is a strong association with HLA-B5 (B51) and also an increases DR2, DR7, and DR52.
· Sporadic cases occur, and these do not have the same MHC associations.
· Polymorphisms have been identified in ICAM-1, VEGF, and the FMF gene (MEFV), among others. The significance is unknown.
· The cause of the disease is unknown.
· An abnormal response to antigens from Streptococcus mutcins and possibly Helicobacter pylori antigens has been postulated.
Immunological features include the following:
· Excessive response of polymorphs to fMLP.
· IgA antibodies to the 65kDa heat shock protein of bacteria.
· Detectable anti-endothelial cell antibodies (these are non-specific).
· Reduced mannose-binding lectin levels are associated with more severe disease.
· There are alteration in both Th1 and Th2 subsets and cytokine production.
· Autoantibodies have been identified to a range of antigens, including anti-Saccharomyces cerevisiae (ASCA). as in inflammatory bowel disease, retinal-S antigen, other retinal antigens, and anti-kinectin. None are specifically diagnostic.
Clinical features and presentation 
· The disease is characterized by recurrent orogenital ulceration, similar to aphthous ulceration but deeper, which may heal with scarring.
· Erythema nodosum may occur.
Eye disease is often present, including: anterior and posterior uveitis, hypopyon, retinal vasculitis, optic atrophy.
Vascular features include: thrombophlebitis, deep vein thrombosis (DVT), arteritis (large vessel).
· Arthralgia/arthritis which is often asymmetric and typically affects large joints, especially the knees.
· CNS disease is due to vasculitis and typically causes pontine lesions.
Other CNS complications include: pseudotumour cerebri, myelitis, meningitis, dural sinus thrombosis, organic brain syndromes.
· CNS disease is rare but a poor prognostic marker.
· Pulmonary haemorrhage (with diffuse infiltrates).
· Nephritis (rare).
Gastrointestinal disease: inflammatory bowel disease clinically and histologically similar to Crohn's disease.
· Venous thrombosis may lead to a Budd-Chiari syndrome and vena caval obstruction.
· Amyloidosis is a long-term complication.
Diagnosis 
·  There are no routine diagnostic markers; diagnosis is clinical. There is a significant acute-phase response.
· Complement C9 is often increased. There are high circulating levels of von Willebrand factor (vWF).
· Anti-cardiolipin antibodies may be raised in some cases. 25% of patients may have cryoglobulins.
· Immunoglobulins are polyclonally increased. The MHC-associated cases, but less often sporadic cases, show the phenomenon of pathergy. Deliberate testing for pathergy can be used as a diagnostic test.
Treatment 
· Treatment is difficult, and is mainly aimed at symptom control.
· Ulceration of the mouth can be treated with topical steroids (hydrocortisone pellets, triamcinolone paste, steroid sprays for asthma sprayed directly at ulcers). Genital ulceration can be treated with topical steroid creams.
· Arthritis is usually treated with NSAIDs. Ulceration may be helped with colchicine or thalidomide.
· Colchicine causes diarrhoea in large doses. Thalidomide should not be used in women of child-bearing age without discussion of the teratogenic risks. It causes a neuropathy.
· Detailed consent is required. Supplier in the UK requires participation in a formal monitoring programme.
· Baseline nerve conduction studies are mandatory. Risks are significant and the benefits often slight.
· Pentoxifylline is an alternative (weak!) oral anti-TNF agent.
· Corticosteroids have a beneficial short-term effect, but there is little evidence for long-term benefit and chronic use should be avoided.
· Systemic vasculitis warrants the use of ciclosporin, tacrolimus, azathioprine, mycophenolate mofetil or low-dose weekly oral methotrexate.
· Eye and CNS involvement carries a poor prognosis. Azathioprine, mycophenolate, ciclosporin, or tacrolimus have been shown to be of significant benefit, although the disease usually relapses when the drugs are withdrawn.
· Anti-TNF drugs (etanercept, infliximab) are valuable in severe disease.
· lnterferon-a2a (3-19mU 3x weekly) is beneficial for intractable ulceration and in ocular or neurological disease.
· Other drugs that have been used include dapsone and clofazimine.
· Anticoagulants need to be used with care and are probably contraindicated if there is retinal disease. Seek specialist ophthalomogical advice.
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Testing for Behcet’s disease
Polyarteritis nodosa (PAN) 
Aetiology and immunopathogenesis 
· Very strong association with hepatitis B infection.
· Very high incidence in areas where HBV is endemic.
· 10-30% of cases are associated with HBV, although this figure is higher in endemic areas.
· Incidence is declining with the increasing use of HBV vaccines.
· Immunofluorescence demonstrates HBV antigens. IgM. and complement in vessel walls.
· Also associated with tuberculosis and HIV infections.
· There is a very strong link with hairy cell leukaemia, and a PAN-like vasculitis may be the first feature of the leukaemic process.
· It is not an uncommon disease, with a prevalence of 63 per million.
· Necrotizing inflammation of medium-sized arteries, causing aneurysmal dilatation.
Clinical features and presentation 
Main clinical features of PAN are:
· fever
· weight loss
· painful nodular skin lesions (which need to be distinguished from those of erythema nodosum)
· hypertension (often with a tachycardia)
· abdominal pain (cholecystitis may be a feature)
· myalgia 
· arthralgia 
· mononeuritis multiplex, peripheral neuropathy
· orchitis.
Diagnosis 
·  The major diagnostic features are the presence of micro-aneurysms on
mesenteric and renal angiography and the absence of ANCA.
· The latter is a relatively new definition as older studies claimed that ANCA was present in a proportion of cases of PAN.
· Biopsies show that inflammatory change is limited to small to medium-sized arteries and there is no evidence of small artery involvement, which if present would indicate a diagnosis of MPA.
· Testicular and muscle biopsy may be required.
· There is a profound acute-phase response and usually a leucocytosis.
· Poor prognosis is indicated by proteinuria (>3g per 24 hours), renal insufficiency, pancreatitis, and cardiomyopathy.
Treatment 
· Treatment is with corticosteroids and cytotoxics, either cyclophosphamide or azathioprine (as for Wegener's granulomatosis).
· It has been suggested that vidarabine ± a-IFN (antiviral agents) should be used for HBV-associated disease in conjunction with plasmapheresis to reduce the antigenic load. This is still experimental.
· <10% relapse after successful treatment.
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Testing for PAN
Churg-Strauss syndrome (CSS)
Aetiology and immunopathogenesis 
· CSS is thought to be a subset of PAN in atopic individuals.
· Usually an allergic prodrome that lasts for several years, typically causing asthma, before the onset of vasculitis.
· May occur in asthmatics treated with leukotriene antagonists although this may be due to steroid withdrawal in undiagnosed CSS patients.
· Coincidence of upper and lower airway disease suggests that an inhaled antigen is the trigger, although none has been identified so far.
· Histology shows necrotizing vasculitis of small to medium arteries and there is intimal inflammation with eosinophilic infiltrate. Eosinophilic granulomata will be seen.
· Levels of eosinophil cationic protein (ECP) are raised in active disease. This protein is known to be neurotoxic and therefore may account for some of the neurological sequelae.
· Clinical features and presentation
· Onset of the vasculitis is heralded by fever, malaise, and weight loss
· Mononeuritis multiplex is common (up to 80%).
Other systemic features include: Gl involvement with bleeding, inflammatory-bowel-like symptoms, cholecystitis, cardiac involvement with an eosinophilic myocardial fibrosis, endocarditis, or pericarditis, cutaneous vasculitic lesions, sinuses and upper airways are often involved.
Diagnosis 
· Diagnosis is mainly one of clinical suspicion, backed up by biopsies.
· Chest radiograph may show infiltrates.
· Echocardiography may show pericardial effusions, altered LV function, and endocarditis.
· Lung function testing is required.
· Imaging of sinuses is useful (CT).
· Normochronic normocytic anaemia is present.
· Marked peripheral blood eosinophilia (>1.5X10,9/L).
· Measurement of ECP (if available) may be helpful in monitoring the disease, although it is not a specific marker for CSS.
· Total IgE is also often raised, although this is less helpful as a diagnostic or monitoring tool.
· ESR and CRP are markedly elevated.
· Autoantibodies to eosinophil peroxidase may be present, which may give an atypical fluorescent staining pattern on neutrophil cytospins. The diagnostic value of this remains uncertain.
· 60% have anti-myeloperoxidase antibodies (P-ANCA) and 10% anti-proteinase 3 antibodies (C-ANCA).
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Testing for CSS
Treatment 
· Treatment is with steroids and cytotoxics, usually cyclophosphamide, as for other types of vasculitis.
· Hydroxycarbamide (hydroxyurea) may be considered, as this has potent anti-eosinophil activity.
· Biologicals used with benefit in small numbers of cases include rituximab, omalizumab, interferon-a, mepolizumab (anti-IL-5 MAb).
· Therapy with steroids may need to be continued long term to control asthma. Relapses are common.
Cogan's syndrome 
· This is a rare syndrome of deafness due to cochlear damage, keratitis, and vasculitis.
· 72% of cases have a systemic necrotizing vasculitis indistinguishable from PAN.
· Affects particularly large blood vessels, especially the aorta and coronary vessels (similar to Takayasu's arteritis).
· Vasculitis may be florid.
· Although the trigger is not known, the syndrome has been linked to infections, including Chlamydia and Borrelia. 
· No specific diagnostic tests.
· Antibodies may be detected to inner ear antigens and retinal S antigens.
· These antigens share homology with Ro antigen and also with Reovirus III major core protein 1.
· Monitoring of hearing and vision is essential.
· Paraproteins may be detected in the serum.
· Usually treated as for Wegener's granulomatosis, with high-dose steroids and cyclophosphamide. Gclosporin has also been used.
· Cochlear implants may be required to restore hearing.
Kawasaki syndrome (mucocutaneous lymph node syndrome)
Aetiology and immunopathogenesis 
· Kawasaki syndrome was first described in Japan, although it is now known to occur throughout the world.
· Endemic form is associated with HLA-B51. Sometimes also referred to as infantile PAN.
· Histological features of the vascular lesions are identical to those of PAN.
· Aetiology is obscure but the clustering of cases strongly suggests an infectious agent.
· Reported possible association with parvovirus B19.
· Has also been suggested, on the basis of T-cell receptor gene usage, that the disease may be due to super-antigenic stimulation, possibly caused by staphylococcal or streptococcal super-antigenic toxins.
· It may be associated with polymorphisms in the ITPKC gene, a negative regulator of T-cell activations.
Clinical features and presentation 
· Characterized by a high spiking fever for more than 5 days, accompanied by: bilateral conjunctivitis, mucosal damage (lips, tongue), rash on the hands and feet with desquamation, diffuse macular exanthem, cervical lymphadenopathy.
· Other infectious causes must have been excluded.
· Most feared complication is the development of coronary artery aneurysms, which have a mortality of 1-2% (higher if not recognized).
· Myocardial infarction may occur. Aneurysms may also occur elsewhere.
Diagnosis 
· There is currently no specific diagnostic test.
· Both ANCA and AECA are detectable, but these may also be found in other febrile childhood illnesses.
· High levels of circulating soluble TNF receptor have been noted, but this is not a routinely available test.
· There is often a thrombocytosis. ESR/CRP significantly elevated.
· Echocardiography and occasional angiography are required to evaluate the coronary arteries for evidence of aneurysms.
Treatment 
· Treatment of choice is high-dose IVIg (1g/kg/day for 2 days or 2g/kg as a single dose) together with aspirin (80-100mg/kg/day for 14 days with monitoring of blood levels), which should begin immediately the diagnosis is suspected.
· This regime prevents the development of coronary artery aneurysms if begun early, but has no effect once they are established.
· 10% of patients are resistant to IVIg.
· Corticosteroids are not usually used, but may be valuable in resistant cases. Evidence suggest that use of steroids may increase the risk of coronary artery aneurysms.
· If aneurysms are documented, low-dose aspirin ± anticoagulants should be continued.
· Infliximab has been used in a few cases.
· Coronary artery bypass grafting and cardiac transplantation have been required.
· Although the disease does not generally recur, it has been suggested
(although not proven) that treatment with IVIg increases the risk of recurrence (about 3% have recurrent disease).
Wegener's granulomatosis 1
Wegener's granulomatosis is a multi-system granulomatous vasculitis.
Aetiology and immunopathogenesis 
· Cause is unknown. Reports that co-trimoxazole may influence the course of the disease have raised the possibility that it is triggered by an infection.
· Associated with development of specific autoantibodies against proteinase-3 (Pr3. neutrophil granule enzyme).
· Autoantibodies are known to penetrate intact cells and to inhibit the function of the enzyme by binding near its catalytic site, as well as by interfering with its inactivation by  α-antitrypsin.
· Autoantibody also potentiates neutrophil functions: chemotaxis in response to fMLP, adhesion to endothelium nitric oxide production. Pr3 may also be expressed by endothelial cells.
· C-ANCA may increase adhesive and activation molecules (E-selectin, VCAM-1, ICAM-1) as well as IL-8 production.
· All these effects will enhance the inflammatory interaction between neutrophils and endothelium.
Clinical features and presentation 
· Wegener's granulomatosis occurs in two forms: systemic disease, which always includes a necrotizing, glomerulonephritis, a limited form, in which the disease tends to be localized (upper and lower respiratory tract) without renal involvement.
· In both forms there is often a prolonged prodrome of malaise, arthralgia, and myalgia.
The limited form presents typically with involvement of the upper and lower respiratory tracts.
· Sinusitis and otitis are common. Nasal crusting, ulceration, and bleeding occur.
· Nasal cartilage is often eroded, leading to gradual collapse of the bridge of the nose. Subglottic stenosis is very typical and leads to acute presentation with stridor.
· There may be haemoptysis and the chest radiograph may show multiple 'cannon ball' lesions, often with cavitation.
· Endobronchial disease may also occur, causing lower respiratory obstruction.
· More central involvement of the head may lead to proptosis and obstruction to the draining veins.
· Erosion into main head and neck arteries may also occur. Skin involvement may include a leucocytoclastic vasculitis.
· Other complications include parotid enlargement, endocarditis (similar to Libman-Sacks endocarditis), transverse myelitis, peripheral neuropathy, and granulomatous bowel disease. Episcleritis and uveitis may occur.
· The limited form rarely develops into the systemic form. The limited form may be locally invasive with considerable morbidity and mortality.
· The systemic form tends to present as fulminant renal failure, often with pulmonary involvement, high fever, arthralgia, and malaise. Features seen in limited disease will also be found. Lung lesions may be mistaken for tumours.
Wegener's granulomatosis 2: diagnosis and treatment
Diagnosis 
·  Diagnostic test is presence of ANCA.
· Major target antigen is proteinase 3.
· 95% of patients with will have detectable ANCA, of whom 85% will have C-ANCA (anti-proteinase 3) and 10% P-ANCA (anti-myeloperoxidase).
· Anti-neutrophil elastase antibodies have also been detected (P-ANCA pattern on immunofluorescence).
· Approximately 5% of cases are seronegative.
· Biopsy is also important and will show the granulomatous vasculitis, often with fibrinoid necrosis.
· Renal biopsy will usually show a necrotizing glomerulonephritis.
· Other features include: normochromic, normocytic anaemia, thrombocytosis, leucocytosis (occasional leukaemoid reactions), slight eosinophilia (distinguish from CSS).
· Acute-phase responses (ESR/CRP) are marked.
· Rheumatoid factors are detectable in about 50%.
· Immunoglobulins are usually normal.
· Monitor disease with acute-phase markers (CRP/ESR) and serial
· ANCA measurements.
· Antibody titre does not correlate with the degree of disease activity.
· Rising titre may herald relapse, but not always.
· This is not affected by secondary infection, which will elevate the CRP.
· ANCA remain positive for many years after clinical remission has been obtained and treatment withdrawn.
· Disease activity is also marked by an increase in soluble CD25 (IL-2 receptor) vWF, soluble ICAM-1, and thrombomodulin, but none of these additional markers have been critically evaluated.
· Renal function must be monitored regularly, and the urine sediment inspected for evidence of glomerular damage.
·  Indium-labelled leucocyte or gallium-67 scanning may be useful for defining sites of disease activity.
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Testing for Wegener’s granulomatosis
Treatment 
· The gold standard of treatment is steroids, given either orally or as intravenous pulses, with cyclophosphamide, given as either continuous oral therapy or pulsed intravenous/oral therapy.
· Continuous oral cyclophosphamide therapy may be more effective but may increase risk of long-term side effects (bladder neoplasia, myeloid leukaemia).
· IV cyclophosphamide must be accompanied by mesna to prevent haemorrhagic custitis.
· Azathioprine and mycophenolate mofetil are not used for induction of remission but may be used for maintenance therapy.
· Low-dose weekly methotrexate (20-30mg/week) has also been effective as maintenance therapy (avoid where there is liver disease or renal impairment).
· Co-trimoxazole may have a disease-modifying effect, but should only be used as sole agent when there is upper airway disease only.
· All patients should receive low-dose treatment with this agent as prophylaxis against Pneumocystis carinii pneumonia secondary to immunosuppression. Do not use with methotrexate. Azithromycin or atovaquone are alternatives.
· Ciclosporin (up to 5mg/kg/day, with monitoring of blood levels) may be effective in combination with steroids.
· High-dose IVIg (0.4g/kg/day for 5 days, repeated monthly) has been suggested as an alternative in small uncontrolled trials and in one small controlled trial.
· Other therapies used in resistant disease include alemtuzumab (anti-CD52, Campath), rituximab, infliximab, and 15-deoxyspergualin.
· Tracheostomy may be required for laryngeal disease.
Lymphomatoid granulomatosis
Aetiology and immunopathogenesis 
· An unusual condition in which there is a lymphocytic proliferation and infiltration affecting mainly small arteries and veins.
· May mimic Wegener's granulomatosis, but it is not a true vasculitis.
· EBV+B-cell lymphoproliferation, accompanied by T-cell reaction.
· Occurs in patients with autoimmune diseases and in association with HIV.
· May be difficult to distinguish from angiocentric lymphoma. May be an unusual lymphoma variant.
Clinical features 
· Key clinical features include the following.
· Lung involvement with breathlessness and cough.
· Radiographic evidence of multiple nodules.
· Upper airways involvement, including sinuses, is common and may mimic lethal midline granuloma.
· Skin lesions, including nodules and ulcers, present in >50% of patients.
· Renal involvement with proteinuria and haematuria.
· CNS involvement is either due to mass lesions or is a more diffuse process due to vascular infiltration.
· Lymph node and splenic enlargements are very rare and the lack of these helps distinguish the condition from true lymphoma.
· Myalgia and arthralgia occur.
Diagnosis 
· No specific diagnostic test other than biopsy.
Treatment 
· Treatment comprises steroids plus cyclophosphamide, although the difficulty in distinguishing the disease from lymphoma has meant that aggressive lymphoma protocols have also been used.
· Irradiation may be useful for localized disease.
Giant-cell arteritis (GCA) and polymyalgia rheumatica (PMR)
Aetiology and immunopathogenesis 
· These two diseases are closely associated and predominantly affect the elderly, with a peak incidence in the over-70s. May occur in younger patients where the diagnosis may not be considered. Almost exclusively Caucasian diseases. Female predominance of 3:1.
· Rare in Blacks. Incidence is >170 per million, making them common diseases.
· Known association with HLA-DR4. Cause is unknown, although they may occur in association with acute myeloid leukaemia and HTLV-1 infection. Limited clonality of T cells suggests localized antigenic stimulus. Macrophages produce high levels of IL-1 and IL-6.
Clinical features and presentation 
· Typical presentation of GCA is with headache, fever, and an anaemia of chronic disease. Temporal arteries are often swollen, red, and tender.
· Other features of GCA include: jaw/tongue claudication, sudden blindness (occurs in 10% through retinal artery occlusion or cortical blindness), extra-ocular muscle palsies, ischaemic symptoms in arms and legs, stroke, myocardial infarction, inflammatory aneurysms of the aorta and large branches, pyrexia of unknown origin (PUO) in the elderly. GCA is a systemic vasculitis, not just a localized (temporal artery) vasculitis. Features of PMR include: limb girdle pain, marked morning stiffness, mild synovitis without erosive disease.
Diagnosis 
· No specific immunological tests at present.
· Diagnosis is clinical backed up by temporal artery biopsy.
· A reasonable length of artery should be removed as the disease process is often patchy.
· Pan-arteritis is present.
· There is an infiltrate of T cells, predominantly CD4+ T cells, and macrophages, with giant cells.
· Infiltrating T cells are of limited clonality.
· Pre-treatment for up to a week with steroids will not abolish the typical appearances.
· Scanning (MRI) and angiography (MRA) may be required to delineate the extent of disease in major vessels (aorta and branches).
· Acute-phase response (CRP/ESR) is marked.
· Occasional patients lack an acute-phase response, despite evidence of disease on biopsy.
· Normochromic normocytic anaemia is usual.
· Immunoglobulins and complement are normal.
Treatment 
· For GCA use high-dose steroids (60-100mg/day initially), which are reduced rapidly to maintenance levels (7,5-10 mg/day) and continued for 18-24 months.
· The minimum required to keep the disease suppressed is used, as determined by suppression of the acute-phase response and clinical symptoms.
· CRP is more useful for monitoring than ESR.
· Failure to control the disease with high-dose steroids may require the use of cytotoxic agents such as azathioprine or cyclophosphamide.
· Treatment of PMR in the absence of GCA requires lower-dose steroids, usually not more than 20mg/day.
· The diseases usually burn out over several years and treatment can be withdrawn, although some cases grumble on for even longer periods.
Takayasu's disease (aortic arch syndrome)
Aetiology and immunopathogenesis 
· Predominantly a disease of Oriental patients.
· Strong association with HLA-B52, and also B39.
· 85% of cases are women. Age of onset is usually <40 years, often in teenage girls and young women.
· Histology shows a granulomatous infiltrate of multinucleate giant cells with a patchy distribution.
· Disease begins in the media and there is intimal proliferation.
· Circulating immune complexes have been demonstrated. In the late phase (pulseless), there is transmural sclerosis.
Clinical features and presentation 
· There is a pre-pulseless phase with exertional dyspnoea, cough, and tachycardia.
· After a variable interval, there is a subacute presentation with fever, malaise, night sweats, nausea, and upper/lower limb claudication.
· Examination will reveal widespread arterial bruits. Erythema nodosum may occur.
· There is often an arthralgia with a synovitis. Disease may be associated with adult or juvenile rheumatoid arthritis or spondylitis.
· May involve the coronary arteries.
· Aorta and/or pulmonary arteries are involved in 50% of patients.
· Other complications include headache, stroke, visual loss, interstitial lung disease, pulmonary hypertension, renovascular hypertension, and glomerulonephritis.
· Takayasu's retinopathy is due to ischaemia.
· Five types are recognized, depending on arterial involvement.
· Type IA: ascending aorta, aortic arch, and arch vessels without aneurysms.
· Type IB; as for IA but with aneurysms.
· Type II: thoraco-abdominal aorta.
· Type III: aortic arch and thoraco-abdominal aorta.
· Type IV: pulmonary arteries.
· In pregnancy disease may be accelerated, with marked hypertension.
· Disease may burn out after 5 years, leaving vascular scarring with multiple bruits.
Diagnosis 
· No diagnostic test, apart from angiography (MRA) and biopsy.
· The acute-phase response. (ESR/CRP) is high in the early acute inflammatory phase of the disease.
· Immunoglobulins are elevated in some cases.
· Anaemia and leucocytosis are present on full blood count.
· Anti-aorta antibodies and AECA have been demonstrated.
· Proteinuria (mild) and haematuria may occur.
Treatment 
· In the inflammatory stage, the disease responds to high-dose steroids.
· Cytotoxic agents (cyclophosphamide, methotrexate) may be used when there is a poor response to steroids.
· Surgery or percutaneous angioplasty with stenting may be required to bypass sclerotic narrowed arteries in the endstage of the disease.
Urticarial vasculitis (hypocomplementaemic urticarial vasculitis (HUV))
Aetiology and immunopathogenesis 
· Three types are recognized.
· normocomplementaemic variant—idiopathic and benign
· hypocomplementaemic variant in association with other CTD
· hypocomplementaemic variant in association with autoantibody to Clq. 
· Marked female predominance.
· An autoantibody to the collagenous region of C1q may be found and activates the classical pathway of complement. A similar syndrome may also occur with C3-nephritic factor (see Part 2).
· May occur with SLE.
Clinical features and presentation 
· Recurrent bouts of prolonged atypical urticaria, persisting for >24 hours (may be up to 72 hours) and fading to leave brown pigmentation due to extravasated red cells.
· Skin lesions tend to be painful and burn rather than itch.
· Often accompanied by arthritis (non-erosive); glomerulonephritis in 40%.
· Frequently occurs in association with other connective diseases: SLE, Sjogren's syndrome, and cryoglobulinaemia.
· Obstructive lung disease (worse in smokers) and cardiac valve disease may occur.
· Ocular inflammation.
Diagnosis 
· Typical skin lesions—biopsy will confirm evidence of vasculitis (leucocytoclastic).
· Increased acute-phase response.
· Renal biopsies show granular IgG along the glomerular basement membrane.
· CH100 is low/absent, and C1q, C2 and C4 are reduced.
· Detection of antibody to C1q.
Treatment 
· Steroids, antimalarials, colchicine, or dapsone (impairs chemotaxis and lysosomal activity of neutrophils and neutrophil adherence—check G6PD levels first!).
· Immunosuppressive therapy with corticosteroids, azathioprine, cyclophosphamide, methotrexate, or mycophenolate have all been used in severe cases.
· Plasmapheresis may be used (beware rebound if not combined with B-cell immunosuppression).
· Severe cases may respond well to rituximab.
Erythema elevatum diutinum 
· An exceptionally rare disease, mainly in the elderly (although it may occur in girls in childhood).
· Characterized by:
· cutaneous purpuric lesions accompanied by persistent red/orange plaques (like xanthomata)
· violaceous nodules over extensor surfaces.
· Histology of fresh lesions shows a leucocytoclastic vasculitis.
· Older lesions show evidence of lipid deposition, with histiocytes.
· Immunoglobulins are increased.
· May occur in HIV infection (mimics Kaposi's sarcoma) and in association with myeloma (especially IgA), hairy cell leukaemia, cryoglobulinaemia, and coeliac disease. 
· Thought to be due to an aberrant immune response to a pathogen (undefined).
· First-line treatment is dapsone.
· Sulfapyridine and corticosteroids are also used.
· Cyclophosphamide and chlorambucil used where IgA is elevated.
Degos's syndrome 
· Rare syndrome of occlusive vasculitis with multiple cutaneous, mesenteric, and CNS infarcts.
· Skin lesions typically crops of painless papules evolving into 'porcelain drop' lesions.
· Mainly occurs in older Caucasians.
· Histology shows multiple infarcts with infiltrates of scant lymphocytes and monocytes.
· Cause is uncertain; activated T cells may play a role.
· A viral aetiology has been proposed.
· Treatment is unsatisfactory. Steroids and cytotoxics are unhelpful; aspirin and anticoagulation may help.
Erythema nodosum 
· Aetiology and immunopathogenesis 
· This is a form of small-vessel vasculitis particularly affecting the fat of the subcutaneous tissue.
· It is invariably secondary to an infective or toxic insult.
· The causes are multitudinous, but worldwide the most common cause is mycobacterial infection (TB and leprosy).
· In the UK the most common causes are:
· streptococcal infection
· sarcoidosis.
· It may also be caused by other infections:
· viral (EBV)
· fungal (histoplasma, blastomycosis)
· bacterial (Yersinia, tularaemia, cat scratch disease, lymphogranuloma venereum).
· It is also associated with: inflammatory bowel disease, Behcet's syndrome, leukaemia and lymphoma, pregnancy, oral contraceptive pill, sulphonamides.
Clinical features and presentation 
· Characteristic features are of red hot painful swellings on the shins, and less commonly on the arms.
· These resolve slowly, often with desquamation of the skin, leaving a brown pigmented area.
· May recur if the underlying disease is not identified.
· There is often fever, malaise, and arthralgia.
Diagnosis 
· The most important investigation is the patient's history, including drugs and travel, followed by a chest radiograph.
· Other investigations will be determined by the type of precipitant suspected.
· Acute-phase response will be markedly elevated.
Treatment 
· Treatment is primarily for the underlying disease.
· NSAIDs relieve the discomfort.
· Corticosteroids also relieve the pain but do not speed resolution.
Weber-Christian disease (relapsing febrile panniculitis) 
Aetiology and immunpathogenesis 
· Rare infiltrative inflammatory disease of fat.
· Typically occurs in young Caucasian females.
Clinical features 
· Tender skin nodules.
· Fever.
· Arthralgia.
· Myalgia.
Diagnosis 
· Skin biopsy.
· Small vessel vasculitis may be present.
Treatment 
· No gold standard treatment.
· NSAIDS, corticosteroids, tetracycline, antimalarials, thalidomide, and immunosuppressive drugs have been tried.
Relapsing polychondritis
Aetiology and immunpathogenesis 
· Rare autoimmune disease affecting cartilage.
· Disease of middle age and older.
· Sex incidence is equal.
· 20% of patients have antibodies to type II collagen, but these have little diagnostic or predictive value.
·  Matrilin-1 may also be a target antigen.
· HLA-DR4 is present in 56% of patients compared with 25% of controls, but there is no association with particular HLA-DRB1 alleles and no association with HLA-B27, despite the similarities to ankylosing spondylitis.
· There is a mononuclear cell infiltrate of cartilage.
· There is a necrotizing vasculitis of small/medium-sized blood vessels, accompanied by a cutaneous vasculitis.
· Immunoglobulin and complement deposits are found at sites of inflammation.
Clinical features and presentation 
· Typically affects the cartilage of the nose and the pinna of the ear which become red and exceedingly painful.
· More rarely, it is associated with damage to the cartilage of the trachea (causing respiratory failure), larynx (causing hoarseness), cardiac valve rings (causing aortic incompetence), and costochondral junctions.
· There is often a non-deforming arthritis, hearing loss, fever, and malaise.
· It is a rare cause of PUO.
· Eye involvement includes episcleritis, iritis, and conjunctivitis.
· Course may be fluctuating.
· It is important to distinguish it from Wegener's granulomatosis, Cogan's syndrome, infectious causes, and chondrodermatitis nodularis chronica helicis, which is limited to the ear.
· A focal chondritis may be seen in SLE.
Diagnosis 
· The acute-phase response is marked (ESR, CRP and complement).
· Full blood count shows the anaemia of chronic disease and leucocytosis.
· Low-titre RhF, C-ANCA. P-ANCA, and ANA may be seen.
· Regular lung function with a flow-volume loop is required to demonstrate tracheomalacia.
· MRI of the upper airways is valuable.
Treatment 
· NSAIDs where the disease is mild.
· Steroids ± cyclophosphamide or ciclosporin where the disease is more widespread.
· Dapsone has also been used.
· Aortic valve replacement and tracheal stents may be required.
Cystic fibrosis 
· Patients with CF may develop a vasculitis.
· This has been associated with the presence of atypical ANCA.
· Specificity of these ANCAs has been shown to be against the bactericidal/permeability increasing (BPI) protein of neutrophil granules.
· Disorder is likely to be triggered by the chronic infection present in CF patients, although the precise relationship remains to be determined.
· Vasculitis is a poor prognostic marker.
Infection as a trigger of vasculitis
Many of the vasculitides discussed above are suspected, or known, to be triggered by infection.
Causes include the following.
Direct microbial invasion of the vascular tree: cryptococcal aortitis, Aspergillus. Salmonella, Pseudomonas,  Septic emboli.
Replication of the pathogen in endothelial cells: rickettsial vasculitis (rickettsia are found in endothelial cells of gangrenous limbs). VZV in immunosuppressed patients with lymphoma (cutaneous vasculitis with VZV in endothelial cells).
· HIV is recognized to cause a wide range of vasculitis responses, including PAN and HSP-like small vessel vasculitis (leucocytoclastic and neutrophilic), and may also include cerebral vasculitis.
· Tuberculosis may cause a PAN-like disease.
· CMV vasculitis accounts for gastrointestinal ulceration, pneumonitis, and skin lesions (ulcers).
· Syphilis (now rare in the UK) causes an endarteritis.
· Borrelia is associated with a vasculitis, particularly accounting for the CNS features (Lyme disease).
· Bartonella is also associated with a vasculitis.
Mechanisms may include: immune complex deposition and complement activation with secondary recruitment of inflammatory cells, type IV hypersensitivity with granuloma formation and activation of T cells, with either direct tissue damage or cytokine release, cross-reactive antibodies against pathogens may directly damage host components: this may involve the generation of cryoglobulins (in HBV).
Malignancy-associated vasculitis 
· Vasculitis may occur as a paraneoplastic phenomenon.
Examples include the following:
· Association of PAN with hairy cell leukaemia (strong association; vasculitis resolves with HCL treatment, which includes a-IFN).
· Leucocytoclastic vasculitis has been associated with myelomonocytic leukaemia. T-cell lymphoma. Wilm's tumour, and renal cell carcinoma.
· Vasculitis is strongly associated with chronic NK-cell lymphocytosis (urticarial vasculitis, PAN and acute glomerulonephritis).
· Neoplasms may also present as 'vasculitis'.
· Myxoma (diagnose by demonstration of myxomatous material on biopsy).
· Angiocentric T-cell lymphoma (cutaneous lesions, mainly in the elderly) mimics PAN, WG, and LG.
· Vasculitis may present as a neoplasm.
· Wegener's and lymphomatoid granulomatosis.
PAN: a testicular presentation of PAN is often confused with testicular tumours. Biopsy will distinguish between the two and prevent unnecessary orchidectomy.
Drug-related vasculitis 
· Drug-related vasculitis accounts for 10-20% of all dermatological vasculitis.
· Presentation may be at any time after the drug has been started, including after many years of therapy. 
· Often accompanied by fever, arthralgia, hepatitis, and lymphadenopathy.
· Systemic vascular involvement is variable and may include lung, heart, CNS, and kidney. There may be typical features of serum sickness. Any drug is potentially capable of triggering a vasculitic reaction.
More common causes include: aspirin, penicillin, thiazides, sulphonamides, AZT, cytokines—a-IFN (which may actually be used to treat vasculitis associated with HBV and HCV) and colony stimulating factors such as G-CSF (the vasculitis is related to the increasing neutrophil count).
Rare cases have been repotted with illicit drugs (amphetamines, cocaine, heroin, LSD), but in many of the reports the role of hepatitis viruses has not been excluded.
Vasculitis secondary to connective tissue and other autoimmune diseases 
· Vasculitis is a well-recognized feature of all the connective tissue diseases.
· Rheumatoid vasculitis is a small vessel vasculitis characterized by: very high levels of rheumatoid factor, atypical ANCA against elastase and lactoferrin (P-ANCA)—not specific for rheumatoid vasculitis.
· Sjogren's syndrome is associated with vasculitis in 5-10% of cases. 
· This is characterized by: purpura, recurrent urticaria, skin ulceration, mononeuritis multiplex
· Raynaud's phenomenon (common) bowel infarction from systemic vasculitis (rare), glomerulonephritis (rare)
· Hypergammaglobulinaemia, high-titre RhF, anti-Ro antibodies (especially with purpuric lesions), cryoglobulins are usual (mixed, type II with lgM« paraprotein)
· Treatment of SS is with steroids ± cyclophosphamide.
· SLE, systemic sclerosis, dermatomyositis/polymyositis, inflammatory bowel disease, PBC. and Goodpasture's syndrome are all associated with medium to small vessel vasculitis.
· Sneddon's syndrome is  a complex of livedo reticularis and endarteritis, obliterans, especially of medium-sized cerebral arteries, leading to strokes.
It is often associated with anti-phospholipid antibodies (LAC or ACA).
Cryoglobulinemia and cryofibrinogenaemia 
Cryoglobulinaemia 
· Mixed essential mixed cryoglobulinaemia (type II) (see Part 2) is associated with: purpura (leucocytoclasti vasculitis), Raynaud's phenomenon, arthralgia, severe peripheral neuropathy, Sjogren's syndrome, glomerulonephritis, liver disease.
· There is usually an IgMk paraprotein with RhF activity and evidence of a low-grade lymphoproliferative disease.
· Disease is very common in northern Italy, where there is a major association with chronic HCV infection.
· Less commonly found in HBV and EBV infections.
· Other chronic bacteraemic infections, such as shunt nephritis and low-grade endocarditis, may also lead to cryoglobulin formation.
· Complement studies show low C1, C2, and C4.
· Plasma viscosity is increased.
· Some patients with glomerulonephritis have an antibody to a 50kDa renal antigen, although the nature of the antigen is unknown.
· Plasmapheresis may be required and a-IFN, with ribavirin, may be tried in order to eliminate HCV.
Cryofibrinogenaemia 
· This behaves in a very similar manner to cryoglobulinaemia, with cold-related purpura, haemorrhagic ulcers, and thrombosis of superficial blood vessels in exposed extremities.
· It may be idiopathic or associated with malignancy.
Hypergammaglobulinaemic purpura of Waldenstrom and cholesterol emboli - Hypergammaglobulinaemic purpura of Waldenstrom 
· Benign disease characterized by purpuric lesions and a polyclonal increase in immunoglobulins.
· High levels of immune complexes can be detected.
· There is a cutaneous necrotizing vasculitis.
· Cause is unknown.
· Treatment is not required.
Cholesterol emboli 
· These may mimic vasculitis, with a PAN-like pattern of skin lesions.
· Fever, myalgia, high ESR, hypertension, and eosinophilia also occur.
· Skin biopsy demonstrates the presence of cholesterol clefts.
· May arise following invasive vascular investigations as well as spontaneously.
· Symptoms may be chronic.
Atrial myxoma and serum sickness - Atrial myxoma 
· Atrial myxomas mimic vasculitis when emboli are shed.
· Emboli appear in distal small blood vessels and give the typical appearances of small cutaneous vasculitic lesions with multiple splinter haemorrhages.
· More serious embolic lesions are the major complication (strokes).
· Appearances are very similar to those of SBE.
· Tumour 'plop' associated with prolapse of the tumour through the mitral valve may be identified on cardiac auscultation.
· Tumours may secrete high levels of IL-6 and therefore are accompanied by malaise, fever, an elevated CRP/ESR, and a polyclonal increase in immunoglobulins.
· The diagnostic test is echocardiography.
· Treatment is surgical removal.
· As the tumours are benign, removal is curative and recurrence is unlikely.
Serum sickness 
· Characterized by fever, polyarthritis, lymphadenopathy, and urticaria 7-14 days after primary exposure and 1-3 days after secondary exposure to foreign proteins or drug-modified self-proteins (with penicillin).
· Acute venulitis and occasionally systemic vasculitis may occur.
· CRP will be high and ESR will rise during the illness.
· Complement levels may temporarily.
· Treatment is symptomatic; corticosteroids may help.
· The illness is usually self-limiting as the immune complexes are cleared all acutely and there will be an increase in C3 breakdown products.
· Renal function may deteriorate 
Course 23: Miscellaneous conditions 
Sarcoidosis
Sarcoidosis   is  a   multisystem   disease  characterized   by  non-caseating granulomata.
Presentation 
· Common presentations include: asymptomatic bihilar lymphadenopathy, erythema nodosum, arthritis, and hilar lymphadenopathy (Lofgren's syndrome), uveoparotid fever (von Heerfordt's syndrome), primary cerebral involvement, multisystem presentation, which can affect all organs in the body.
· Other clinical features include erythema nodosum, arthralgias, skin involvement (lupus pernio), and symptoms and signs of, hypercalcaemia.
Cause and immunopathogenesis 
· Formation of non-caseating granulomata is typical, but is not by itself diagnostic.
· Differential diagnosis of non-caseating granulomata is extensive and includes: infections (Toxoplasma, Bartonella), lymphoma, carcinoma, berylliosis, due to beryllium exposure, vasculitis and connective tissue diseases, Crohn's disease, chronic granulomatous disease.
· Granuloma comprises a central area of macrophages, epithelioid cells, and Langerhans giant cells surrounded by lymphocytes (mainly CD4+ cells and plasma cells), monocytes, and fibroblasts.
· Macrophages are activated and release enzymes and 1,25-dihydroxycholecalciferol—hence the tendency to hypercalcaemia.
· IL-12 is released; IL-18 associated with granuloma formation.
· Peripheral blood lymphopenia (T and B cells), cutaneous anergy, and poor in vitro tests of lymphocyte proliferation.
· T cells have an 'activated' phenotype, and T-cell receptor studies show skewing of the V,( chain usage which might be compatible with a response to a single, as yet unidentified, pathogen.
· Disease manifestations are of a Th1 phenotype.
· Serum immunoglobulins are elevated, and as a result low-level autoantibodies may be present. IgM anti-T-cell antibodies may be detected.
· Bronchoalveolar lavage specimens show a lymphocytosis (predominantly CD4' T cells with high levels of activation and adhesion markers) and monocytes/macrophages (also activated with elevated MHC class II).
· Soluble activation markers, such as slL-2R, are raised.
Investigations 
·  No specific diagnostic tests are available for sarcoidosis.
· Raised ACE levels in about 60% of patients (released by epithelioid cells in the granulomata).
· Hypercalcaemia (and hypercalciuria).
· Serum immunoglobulins show a polyclonal elevation of all classes, but predominantly IgG.
· Low-titre rheumatoid factors and anti-nuclear antibodies may be present.
· Peripheral blood lymphocyte analysis will show a generalized lymphopenia, with a proportional reduction in all cell types.
· DTH testing will show anergy. There is no clinical need to assess lymphocyte proliferation in vitro, although it will be reduced.
· Biopsy with appropriate immunohistochemical staining is helpful.
· The Kveim test, in which an extract of sarcoid spleen is injected under the skin and biopsied 4-6 weeks later, has been used previously: a granuloma forms at the site of injection. This test, which uses human material, is no longer considered appropriate.
· BAL studies are helpful where there is interstitial lung disease, although the changes are not specific.
· A gallium-67 scan is helpful in identifying granulomata.
· CSF oligoclonal bands may be present (again not specific) in cerebral sarcoidosis.
· Lung function testing and appropriate radiological studies are essential.
Treatment 
· Asymptomatic disease picked up by chance on chest radiography; requires no specific treatment.
· Treat erythema nodosum with NSAIDs intially.
· Symptomatic disease requires low- to moderate-dose steroids.
· Occasionally patients require other immunosuppressive drugs as steroid-sparing agents (cyclophosphamide, methotrexate, and azathioprine). Ciclosporin and hydroxychloroquine may be helpful through their effects on T-lymphocyte activation. Infliximab has also been used.
· Patients with uveitis may require aggressive treatment to preserve vision.
· Progressive lung disease may be an indication for lung transplantation, but disease recurs in 30-80% of cases.
Prognosis 
· Asymptomatic disease usually resolves spontaneously over several years. Symptomatic disease is frequently chronic.
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Testing for sarcoidosis
Amyloidosis 
This group of conditions which cause multisystem disease is often over​looked clinically. The diseases are characterized by the deposition of polymerized proteins in an insoluble β-pleated sheet form, either generally or in a single organ, depending on the type of polymerizing protein. Once deposits are established, they are virtually impossible to eliminate. Multiple proteins have been associated with amyloid formation. Hereditary forms occur.
AL amyloid - Presentation 
· Typical clinical features include:
· hepatosplenomegaly 
· cardiac failure due to infiltration
· malabsorption 
· nephrotic syndrome
· peripheral neuropathy (especially carpal tunnel syndrome)
· microglossia may be present
· deposits may occur in the skin
· bleeding tendency due to selective absorption of clotting factors.
· It is a disease predominantly of older people.
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Types of amyloid
Cause and immunopathogenesis 
· In this type of amyloid the deposited protein is derived from immunoglobulin light chains (the opposite of that found in myeloma).
· Often associated with evidence of lymphoproliferative disease.
· 20% of AL amyloid patients only have myeloma; the rest have other paraproteinaemias.
· Rarely, AL amyloid has been associated with heavy-chain deposition.
Investigations 
· Serum and urine should be checked for the presence of monoclonal, immunoglobulins and free light chains: sensitive techniques may be, required to demonstrate the paraproteins, which are present in up to 80% of cases.
· Paraprotein levels are often low.
· Serum-free light-chain analysis is very valuable.
· Some paraproteins may not be detected as the light chain is highly abnormal or polymerized in circulation, such that it does not react with the usual antisera, or the band overlaps on electrophoresis with other protein bands.
· Biopsy of an affected organ and Congo red staining, which gives apple-green birefringence, is helpful. More specific immunostaining with anti-light-chain antisera may give reactions, although the distorted protein structure may prevent reactivity.
· Bone marrow examination is essential.
Treatment 
· No curative treatment, but steroids, melphalan, and colchicine may slow down the rate of progression; symptomatic organ-specific treatment will be required.
· HSCT may be necessary.
· lododoxorubicin binds to AL amyloid and promotes resorption.
Bortezomib (Velcade*), a proteasome inhibitor, may be helpful.
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Testing for AL amyloid
AA amyloid
Presentation 
· Presents predominantly with hepatosplenomegaly, nephrotic syndrome, and malabsorption.
· Cardiac and nerve involvement is rare.
Cause and immunopathogenesis 
· Caused by the polymerization of serum amyloid A protein (SAA), an acute-phase protein, whose levels rise in response to IL-1 and IL-6.
· It is a complication of chronic infection or inflammation (TB, bronchiectasis, rheumatoid arthritis, ankylosing spondylitis, etc.).
It is a complication of periodic fever syndromes:
· familial Mediterranean fever.
· hyper-lgD syndrome.
· TRAPS.
· Muckle-Wells syndrome.
· familial cold urticaria.
Investigations 
· Biopsies will confirm the presence of the amyloid deposits, and the serum will contain high levels of acute-phase proteins (CRP).
· SAA can be measured routinely, especially in amyloidogeneic conditions, such as the autoinflammatory diseases, on treatment.
· SAP scans may help localize deposits.
Treatment 
· Treatment is aimed at the underlying disease to eliminate the drive to high levels of SAA.
· Colchicine is a valuable prophylatic agent in some periodic fever syndromes.
Other acquired amyloidoses
Dialysis amyloid 
· Caused by the polymerization of β2-microglobulin (Aβ2, MG).
· Related to failure of certain older (cuprophane) haemodialysis membranes to clear β2MG. Current membranes do not have this problem to the same extent.
· Widespread deposition of β2MG occurs, but these deposits may resolve slowly with a successful transplant or on switching to dialysis with more permeable membranes.
· Serum β2MG levels will rise to very high levels (>20mg/L).
Prion disease 
· Amyloid deposition has been associated with prions in Creutzfeldt-Jakob disease (CJD), where the prion protein PrP mutates and becomes amyloidogenic.
Alzheimer's disease 
· β-amyloid protein has also been identified in certain cases of Alzheimer's disease and is associated with the typical neurofibrillary tangles.
· Protein is derived from a larger precursor amyloid  β-precursor protein (AβPP). In Alzheimer's it appears that the processing is defective, leading to an abnormal β-amyloid.
Diabetes 
· Amyloid deposits are found in patients with type II maturity-onset diabetes.
· Amyloidogenic protein is thought to be islet amyloid polypeptide (IAPP), which is normally co-secreted with insulin.
· This type of amyloid may occur in association with insulinomas.
Senile cardiac amyloid 
· Senile cardiac amyloid is very common in the elderly and is due to deposition of polymerized atrial natriuretic factor.
Medullary thyroid carcinoma 
· Medullary thyroid carcinoma may be associated with a form of amyloid derived from pro-calcitonin and calcitonin.
Inherited amyloidosis 
· There are a number of rare inherited amyloid deposition diseases related to rare mutations in proteins. These include:
· transthyretin 
· apolipoprotein A-l
· gelsolin 
· fibrinogen
· cystatin C
· lysozyme
· Clinical features are variable but renal and neurological involvement, both central and peripheral, are common.
· Diagnosis is by identification of the mutated genes.
Familial Mediterranean fever (FMF)
Presentation 
· Inherited disease, most common in Jews, Arabs, Italians, Turks, and Armenians, especially those living around the Mediterranean basin.
· Clinical features include attacks of abdominal pain with high fever, mimicking acute peritonitis but settling over 24-48 hours. Pleuritic chest pain, arthritis (which may be destructive and mimic RhA), and erythematous skin rashes also occur. Pericarditis may occur rarely.
· Attacks usually begin before the age of 20 (90% of cases).
· Typical attacks last 24-72 hours and can be triggered by physical exertion, stress, and menstruation.
· Periodicity is variable and unpredictable.
· AA amyloid may be a long-term complication of repeated attacks, especially in Jews.
Cause and immunopathogenesis 
· Inherited as an autosomal recessive.
· Associated with mutations in the MEFV gene (16p13.3), encoding pyrin (also known as marenostrin), a protein that regulates caspase 1 and IL-1 secretion.
Investigations 
· There is a peripheral blood leucocytosis, mild anaemia, and the ESR and CRP rise during attacks. Fibrinogen levels are high (>g/L).
· Serum immunoglobulins are non-specifically polyclonally elevated.
· Involved serosal surfaces have an inflammatory infiltrate, mainly neutrophils. Joint fluid also shows a high neutrophil count during an acute attack.
· Autoantibodies are not found.
· Biopsies need to be considered if AA amyloid is suspected.
· Genetic diagnosis is confirmatory.
Treatment 
· Colchicine in a daily dose of 1-1.5mg will reduce the frequency and severity of attacks markedly and reduce the risk of developing amyloidosis.
· Colchicine taken inadvertently by pregnant women may increase the risk of Down's syndrome.
· 5-10% of cases are resistant to colchicine.
· Anakinra is beneficial.
TNF-receptor-associated periodic syndrome (TRAPS, familial Hibernian fever)
Presentation 
· Recurrent attacks of pleurisy, peritonitis, pericarditis, erythematous rash, arthritis, and myalgia, beginning in childhood.
· Conjunctivitis, rarely uveitis.
· 15% develop amyloidosis.
· Attacks usually prolonged >7 days.
Cause and immunopathogenesis 
· Dominant mutations in the TFRSF1A gene (12p13), encoding the TNF receptor.
· Mutations occur in external domains and prevent the normal shedding of the receptor.
Diagnosis 
      Demonstration of TNF-R mutations.
Treatment 
· Corticosteroids are better than colchicine.
· Anti-TNF agents (etanercept)—preferred treatment.
· Anakinra.
Hyper-lgD syndrome
Clinical features 
· Rare autosomal recessive syndrome comprises bouts of fever, lymphadenitis, and occasionally oligoarthritis. Diffuse rash.
· Peritonitis and pleurisy are common.
· Oral and vaginal ulcers may occur,
· Attacks last 3-7 days.
· Severe immunization reactions are a particular feature.
Cause and immunopathogenesis 
· Mutations in the MVK gene (12q24) encoding mevalonate kinase.
· Predominantly occurs in Dutch and northern Europeans.
· 24% of cases do not have mutations in the coding part of the gene.
Investigations 
· Humoral immune responses may be poor, with reduced IgM, raised lgG3, and very high IgD levels. IgA may also be elevated.
· IgD can be measured with commercial RID assays.
Treatment 
· NSAIDs for fever.
· Anakinra and anti-IL-1 treatments—preferred option.
· Anti-TNFs may be tried.
· Statins may have a role (mevalonate kinase is part of the HMG-CoA reductase pathway).
Muckle-Wells and related syndromes
Three hereditary febrile syndromes have been described in association with dominant mutations in the gene C1AS1, coding for cryopyrin. Muckle-Wells syndrome. Episodic symptoms lasting up to 48 hours. Urticaria (not associated with cold), arthralgia, myalgia, headache, conjunctivitis, episcleritis.  May lead to amyloidosis (25%). Neonatal-onset multisystem inflammatory disease (NOMID), also known as CINCA (chronic infantile neurological cutaneous and articular syndrome). Familial cold autoinflammatory syndrome (FCAS).
Fever, rigors, headache, arthralgia, conjunctivitis, and urticaria in response to cold exposure.
Familial cold urticaria is a milder variant of FCAS which also maps to the C1AS1 gene.
Treatment 
· NSAIDS are usually used.
· Anakinra (IL-1RA) and canakinumab (anti-IL1b) are very effective.
· Rilonacept (dimeric fusion protein with binding regions of the IL-1 receptor and the IL-1 R accessory protein, fused to lgG1 Fc) appears to be highly effective.
· The experimental caspase-1 inhibitor VX-765 has been shown to reduce IL-1 and is undergoing trials.
Periodic fever with aphthous ulcers, pharyngitis, and cervical adenopathy (PFAPA) 
· A rare syndrome characterized by periodic fever, aphthous ulceration, pharyngitis, and adenitis.
· Starts early in childhood but improves as child grows up.
· Cause uncertain—no gene identified yet.
· Treat with corticosteroids, colchicines, or IL-1 inhibition.
· Adenotonsillectomy has resolved some cases.
Schnitzler's syndrome 
· A rare syndrome characterized by urticaria, skin papules, intermittent fever, bone pain, arthritis/arthralgia, and monoclonal IgM monoclonal gammopathy.
· Severe anaemia of chronic disease is common.
· IL-6 levels are elevated.
· Evolves into lymphoma or Waldenstrom's macroglobulinaemia in 15%.
· Treatment may involve corticosteroids, colchicine, thalidomide, or anakinra. Preferred treatment is anakinra.
· Anti-TNF therapy may make it worse.
· Anti-histamines rituximab and hdlVlg are ineffective.
Blau syndrome 
· Familial granulomatous arthritis, iritis, cutaneous granulomata.
· Overlaps with sarcoidosis and Crohn's disease.
· Associated with mutations in the N0D2 gene.
Deficiency of the IL-1 receptor antagonist (DIRA) 
· A rare autosomal recessive autoinflammatory syndrome.
· Severe anaemia of chronic disease is common.
· Sterile multifocal osteomyelitis, periosteitis, and cutaneous pustulosis from birth.
· Mutations in IL-1 receptor antagonist gene IL1RN. 
Pyogenic sterile arthritis, pyoderma gangrenosum, acne (PAPA) 
· Autosomal dominant condition.
· Presents with early arthritis (destructive), pyoderma gangrenosum (variable), and nodulocystic acne.
· Mutations identified in CD2 binding protein 1 gene (CD2BPJ) located on chromosome 15.
· Treat with anti-TNF or anti-IL-1 agents.
Xanthogranulomatosis 
· Syndrome is characterized by subcutaneous xanthogranulomatous plaques, typically around the eyes, associated with hard subcutaneous nodules.
· There is an association with the development of paraproteins and eventually with lymphomas.
· Paraproteins seem to associate with apo-B lipoproteins, which are then taken up by macrophages in the lesions.
· Diagnosis is made by appearance and biopsy features.
· The disease responds well to corticosteroids.
· Regular monitoring of serum immunoglobulins and electrophoresis is required.
Kikuchi's syndrome
A rare syndrome of lymphadenopathy seen in children and young adults. It is usually self-limiting.
· Clinical features include fever, lymphadenopathy, skin rashes, and headache.
· May be triggered by viral infections (CMV, EBV. HSV, VZV, parvovirus).
· Possible association with autoimmune diseases, including SLE.
· May also be a cause of haemophagocytosis.
· Responds to NSAIDs; corticosteroids for severe disease. 
Satoyoshi syndrome (Komura-Guerri syndrome) 
· A very rare syndrome of progressive muscle spasms, alopecia, diarrhea, endocrinopathy with amenorrhoea. and skeletal abnormalities, first described in Japan.
· Spasms are painful and can affect breathing; myoclonus may occur. There are similarities to stiff person syndrome. Thought to be autoimmune; may be associated with antibodies to GAD.
Castleman's syndrome 
· Syndrome of diffuse lymphadenopathy, fever, malaise, and weight loss.
· Many cases appear to be due to HHV-8 infection.
· IL-6 levels may be elevated ('direct effect of virus).
· Characteristic 'onion-skin' appearance in lymph nodes.
· Usually treated with corticosteroids; role of anti-virals is uncertain.
Cheilitis granulomatosa (Miescher-Melkersson-Rosenthal syndrome, orofacial granulomatosis) 
· Rare syndrome presenting with non-tender swelling of the lips (upper lip more common than lower lip).
· Initially attacks are intermittent, but eventually the swelling becomes permanent and progressive.
· Must be distinguished from angioedema (more persistent).
· Attacks of swelling may be accompanied by low-grade fever.
· Swellings may also appear on other parts of the face.
· Lymph nodes may be enlarged.
· Tongue may be fissured. Facial palsy may occur in one-third.
· Biopsies may show granulomata in established cases.
· May have a genetic basis but the cause is unknown; may be a localized form of Crohn's disease.
· Consider a labelled white cell scan to look for other evidence of Crohn's disease
· Patch testing may show positive reactions to cinnamon and benzoates, and occasionally metals. Trial of dietary avoidance may help a few patients.
· Treatments suggested include clofazimine, metronidazole, intra-lesional steroid, azathioprine, sulfapyridine. dapsone and other antibiotics.
Chronic fatigue syndrome (CFS) 1
Chronic fatigue is a major presentation to doctors; causes are multiple and establishing a diagnosis is time-consuming. CFS is a diagnosis of exclusion. ME (myalgic encephalomyelitis) is an inappropriate term as there is no evidence for an encephalomyelitis. It is not a new syndrome and has been well described from Victorian times onwards (neurasthenia).
Presentation 
· Significant debilitating fatigue (not tiredness!) lasting beyond 6 months.
· About half have a sudden onset, often after an acute infectious event; the remainder have gradual onset (unclear if these types differ).
· Excess of 'major life events' in the year preceding presentation.
· Other symptoms include:  unrefreshing sleep, sleep disturbance, poor short-term memory and poor concentration, word-finding difficulty, non-specific arthralgia, without arthritis, myalgia, headaches, disturbed temperature perception, sore throats and swollen glands, debilitating fatigue, secondary depression, alcohol intolerance, activity makes all symptoms worse.
· Weight loss is not a feature and should always prompt a detailed search for an underlying medical or surgical cause.
· Patients often self-diagnose CFS/ME. This is dangerous.
· Patients may acquire bizarre beliefs about the cause and treatment of their symptoms, obtained from alternative practitioners, lay publications, and the internet. These include;
· multiple allergies, including multiple chemical sensitivity
· reactions to mercury amalgam fillings
· chronic candida overgrowth.
· There is no evidence to support these aetiologies.
· Chronic fatigue syndrome is a hotch-potch of miscellaneous syndromes, dependent on the speciality of the 'expert'! Included within the spectrum are; irritable bowel syndrome, food allergy, fibromyalgia (FM), somatization disorder, effort syndrome, over-training syndrome, patients with otherwise unexplained persistent fatigue and/or, atypical pain, patients with significant medical/psychiatric disorders (up to 47% of referrals to hospital).
Differential diagnosis 
· In hospital practice, up to 47% of patients may turn out to have other medical or surgical problems. The differential diagnosis is long but includes the following.
· Chronic infections: EBV, HIV, Coxsackievirus, Toxoplasma, Brucella, Yersinia, Borrelia; 
· Connective tissue diseases: SLE, Sjogren's syndrome, rheumatoid arthritis, polymyositis, and polymyalgia rheumatica often have a long prodrome of fatigue; Other autoimmune diseases: especially thyroid disease, Addison's disease, diabetes mellitus, pituitary disease.
· Gastrointestinal disease: PBC, autoimmune hepatitis, coeliac disease.
· Neurological disease: MS. degenerative disease (including CJD). Parkinson's disease (early stages), primary muscle disease.
· Sleep apnoea. other primary sleep disorders including restless legs.
· Cardiac disease: cardiomyopathy (alcohol, thiamine deficiency).
· Poisoning: carbon monoxide, heavy metals, prescription drugs (8-blockers, minor opiate analgesics).
· Malignancy.
· Primary psychiatric disorders: depression (but a secondary depression is common), autistic spectrum disorders, somatization disorder, stress.
· Malingering: rare, but usually perpetuated by obvious financial benefit from maintenance of sick role.
UK and US case definitions for CFS 
· The UK criteria have evolved out of the need to identify homogeneous groups of patients for research trials. Not all patients will fit the criteria.
· Severe disabling fatigue affecting physical and mental functioning.
· Minimum duration of symptoms—6 months.
· Functional impairment—disabling. Mental fatigue required. No other symptoms required. No evidence of other medical illness.
· Normal screening blood tests.
· The North Americans have a similar but slightly different case definition.
· Physical causes of fatigue excluded.
· Psychiatric disorders excluded, including: psychosis, bipolar disorder, eating disorder, organic brain disease.
Epidemiology 
· Institutional epidemic outbreaks (Royal Free disease). These differ substantially from sporadic disease.
· 'Chronic fatigue', loosely defined, is very common in the community: prevalence of 20-30%.
· 10-20% of attenders in primary care complain of chronic fatigue (loosely defined).
· For 5-10% this will be the primary reason for consultation.
· Only a minority fulfil the case definition for CFS (see above).
· Female to male ratio 2:1.
· The prevalence of CFS/ME is much lower, but similar figures have been obtained from the USA and UK (using the different criteria):
· point prevalence, 0.08-1% range using restrictive criteria
· point prevalence of up to 2.6% using UK (Oxford) criteria
· there are no reliable data on incidence.
· It has been estimated that there may be as many as 150 000 cases in the UK.
CFS 2: cause and immunopathogenesis, assessment, and investigations
Cause and immunopathogenesis 
Virology
· Antecedent history of acute viral infection can be documented in about 50% CFS/ME patients.
· Definable fatigue syndromes are well documented after.
· Epstein-Barr virus—persistent EBV IgM positive (chronic EBV), only occurs in 10% of EBV-infected individuals
Toxoplasma 
· cytomegalovirus
· other infectious agents (non-specific response)—severe bacterial infections.
· Association with enteroviral infections is unproven (VP1 test is not reliable).
· Association with XMRV (murine retrovirus) has been shown not be true.
Immunology 
· No evidence for a primary immunological cause. Identified abnormalities may well be secondary.
· Abnormalities described are:
· minor abnormalities of IgG subclasses
· increased CD8+ CD19+ B cells
· poor B-cell function
· low levels of autoantibodies (RhF)
· reduced CD4+ T cells increased CD8+ T cells
· increased markers of T-cell activation
· abnormalities of NK cells and monocytes 
· no clear changes in cytokine production
· antibodies against nuclear pore antigens were found in 60-70% of CFS patients in one study.
· Significant immunological abnormalities should raise doubts about a diagnosis of CFS.
Genetic abnormalities 
· Likely to be a genetic predispisition to develop the disease: other family members may be affected, multiple genes involved (brain, immune system).
Muscle abnormalities 
· No characteristic abnormalities: CK may be mildly elevated, NMR studies demonstrate abnormal metabolism, with failure to clear lactate, Cardiomyopathy may occur in a small subset.
Neurological abnormalities 
· No diagnostic abnormalities. However, a range of abnormalities has been documented, the significance of which is uncertain at present.
· MRI scanning may show white matter abnormalities.
· Single-photon emission tomography (SPET) reflects abnormalities of regional cerebral perfusion.
· SPET abnormalities identified in brainstem: lesser abnormalities are reported in patients with depression.
· Autonomic abnormalities are frequent and may occur in other disorders with fatigue (PBC). Postural orthostatic tachycardia syndrome (POTS) is a variant of CFS with marked autonomic abnormalities. Severity of autonomic disorder correlates with fatigue.
Endocrine abnormalities 
· Dynamic tests of the hypothalamic-pituitary-adrenal axis demonstrate abnormal responses.
· Subgroup of CFS patients may have low Cortisols (usually high in depression). Exclude Addison's disease.
Psychiatric changes 
· No convincing evidence to show that CFS is a purely psychiatric disorder.
· Depression is usually secondary.
· There is an increased risk of developing psychiatric disorder in CFS patients (2 to 7.5  fold compared with chronic disease controls).
· There is overlap with somatization disorders.
Assessment 
· Assess the patient objectively (and try to ignore the long-standing patient's interpretation of events).
· Are criteria for CFS met?
· What is the degree of disability?
· What are the patient's beliefs about his/her illness?
· Are there any symptoms/signs of other medical problems?
· Low-grade fever, muscle wasting, orthostatic hypotension, pallor, breathlessness, tremor allowable (deconditioning due to prolonged rest).
· Marked weight loss, lymphadenopathy, and fever >38°C require further investigation and should not be accepted as part of CFS.
Investigations 
· There are no specific diagnostic tests.
Basic screen must include:
· FBC, differential white count acute-phase response (evidence for inflammatory disease—ESR/ CRP)
· LFTs, Cr&E, TFTs. blood sugar, CK endomysial/tissue tranglutaminase antibody (tTG) antibody urine (protein/sugar).
Other tests should only be carried out if there are suspicious findings on history or examination. These may include:
· viral serology (EBV, HIV)
· Cortisol, short synacthen test, screening for connective tissue disease.
· There is no role for routine viral serology, lymphocyte subsets, or autoantibody screens.
CFS 3: management, outcome, and children with CFS
Management 
· A holistic approach is required—'mindfulness' (Kabat-Zinn 2004).
· Evaluate the contribution of life events and psychological background.
· Identify significant secondary depression and deal with this.
· Deal with bizarre beliefs: is a useful website with robust rebuttals of bizarre beliefs; is another useful sites for patients with non-organic neurological symptoms.
· Reassurance early that no serious medical condition has been identified.
· Detailed explanation of current theories of CFS.
· Expected prognosis. Limit investigation (and control multiple referrals!),
· Management by the smallest possible team. Physical reconditioning.
· Graded exercise and pacing. Sleep hygiene
· Drug therapy is symptomatic (not curative). Sodium valproate is well tolerated for pain.
· Amitriptyline in very small doses may help sleep and FM pain. Duloxetine is recommended for FM.
· Melatonin is useful for teenagers with CFS and sleep disturbance (need to have a break every 4-6 weeks as effect wears off).
· Antidepressants for reactive depression: citalopram is better tolerated than fluoxetine/paroxetine.
· Psychological support. Cognitive behaviour therapy (often resisted by patients).
· Lightning therapy, an accelerated form of psychotherapy based on neurolinguistic programming (NLP) helps some patients significantly.
· General support from a sympathetic medical team.
· Fighting Fatigue (Pemberton and Berry 2009) is an excellent self-help guide for patients.
· A recent study from Norway has suggested a response to rituximab—this finding needs replication in larger blinded trials.
· There is NO place in management for: immunoglobulin (intravenous or intramuscular), antihistamines, interferons (usually make the symptoms worse), antivirals (except where there is a proven persistent EBV infection), antifungals, magnesium, colonic irrigation, anti-Candyda diets  low-allergen diets enzyme-potentiated desensitization.
· Homeopathy, aromatherapy, reflexology, acupuncture may provide symptomatic relief.
· Multiple medical referrals perpetuate illness.
Deal with need for support for benefits, occupational advice.
Outcome 
· The prognosis is variable.
· Most patients show significant improvement over 2 years if identified early and entered into a management programme.
· 'Cure' rate is probably 6-13% (several different series).
· If there is no improvement by 2 years, recovery is unlikely (assuming that no perpetuating features are identified).
· It is important to discuss adaptation of the patient's lifestyle to his/her illness early on.
· There are no laboratory markers that predict outcome.
· Progression of symptoms may mean that the original diagnosis is wrong—be prepared to re-evaluate.
· Treat all new symptoms on their merits—just because a patient has a diagnosis of CFS/ME doesn't mean that they will not develop other unrelated illnesses.
A poor outcome is associated with:
                - late presentation
· unaddressed psychosocial factors
· poor management (There is nothing wrong with you—it's all in your mind')
· inadequate rehabilitation (failure to encourage exercise perpetuates deconditioning)
· secondary gain
· perpetuation of bizarre beliefs (Candida syndrome, total allergy syndrome).
Children with CFS 
· Syndrome is not as rare in children as previously thought!
· Earlier assessment of a tired child is appropriate.
· Beware of "Munchausen syndrome by proxy”.
· Management is more complicated and must address family issues.
· Depression is common (60-80% of childhood CFS cases).
· The same principles as those identified above apply to investigation and management.
· Psychosocial factors (bullying) and psychiatric problems must be dealt with.
· Deal with peer-relationship problems and school avoidance.
· Avoid home tuition, as this encourages social isolation.
· Aim for a recovery programme including graded physical and intellectual exercise, with identification of recovery goals.
Idiopathic oedema 
· A syndrome of non-menstrually related swelling of face, hands, abdomen, and feet, with no identifiable causes.
· Associated with affective, somatic, and functional symptoms, including debilitating fatigue.
· Overlaps with CFS/ME, fibromyalgia and irritable bowel syndrome.
· May respond to spironolactone or bromocriptine (dopaminergic mechanism).
Macrophagic myofasciitis 
· Rare muscle disease, said to be triggered by aluminium salts in vaccines.
· Focal infiltration of vaccinated muscles with PAS+ macrophages.
Associated with systemic features:
· Fatigue
· Malaise
· Generalised arthralgia and myalgia 
· Muscle weakness
· Fever
· Muscle biopsy & MRI may show abnormalities
· No specific treatment - manage as for CFS/ME.
Burning mouth syndrome 
· Characterized by intraoral burning sensation without evidence of medical or dental disease.
· Need to exclude xerostomia, aphthous ulceration, vitamin deficiencies, intra-oral infections including HSV.
· Patch testing, particularly to nickel, amalgam components, and dental products (cinnamon, benzoates), may identify delayed hypersensitivity in a small number of patients.
· It is one of a family of medically unexplained facial pain syndromes, which may have psychological elements.
· May present as 'oral allergy'—testing to prove to the patient that allergy is NOT the cause may be required.
· Allergy does not cause continuous burning pain.
· Treat with tricyclic antidepressants, gabapentin, clonazepam, or possibly pramipexole (non-ergot dopamine D2 receptor agonist, unlicensed indication).
Postural orthostatic tachycardia syndrome (POTS) 
· Condition seen predominantly in young women, often but not exclusively with CFS/ME. May be associated with vasovagal syncope.
· Clinical features include postural dizziness, excessive thirst, and palpitations, as well as other CFS/ME symptoms.
· Key clinical finding is inappropriate tachycardia on asking the patient to stand after resting horizontally. Pulse should rise to >120bpm.
· Diagnosis requires formal tilt-table testing.
· It is important to recognize this syndrome as it is amenable to treatment (and in the context of CFS this reduces overall fatigue). 
Treatment includes:
· increase fluid and salt intake
· avoid alcohol
· fludrocortisone 
· midodrine 
· P-blockers (not well tolerated in CFS/ME)
· ivabridine (experimental)
Sports immunology 1
· The immunology of sport is interesting because of the increased susceptibility to infection that high-level sporting activity generates.
· Changes may be due to acute effects of training/competition and longer-term adaptive changes.
· Changes may be secondary to neurohumoral changes.
· Chronic change is usually related to hard training.
· Use of illicit drugs should be considered, as these may affect immune function.
Acute-phase response 
· Exercise increases acute-phase proteins (CRP, fibrinogen, haptoglobin), although considerable amounts of exercise (>2 hours) are required.
· Levels of IL-1 (although this is contentious), IL-6, a- and 7-interferon. and TNFα in serum are increased (with caveats about serum measurements of cytokines).
·  LPS-stimulated release of cytokines by monocytes is also increased by adrenaline, which is present in high levels during exercise.
· IL-2 levels are reduced.
Innate immune response
· C3a increases significantly following exercise—the greater the duration of exercise, the greater the rise.
· Damage to muscle fibres may be the trigger for alternate pathway activation.
· After quite short bursts of exercise, a leucocytosis is present because of increased mobilization.
· After marathons, a persistent marked neutrophil and monocyte leucocytosis is apparent.
· Adrenaline may play a role in the mobilization, although it may still occur in the presence of (J-blockade.
· Neutrophils are also activated, and granule components may be detected in the circulation.
· NK-cell numbers are increased in absolute and percentage terms, and NK activity is increased, except in high-intensity exercise (such as a marathon) when it is reduced.
Specific immunity 
· Many effects on the specific immune system have been described, although the relationship to clinical status is often obscure.
The following changes have been documented in B cells during and immediately after acute exercise:
· no significant change in B-cell numbers
· reduced salivary IgA after long-duration exercise
· reduction of circulating antibody-producing cells
· monocyte-induced suppression (indomethacin inhibitable, suggesting role for prostaglandins).
The following changes have been documented in T cells during and immediately after acute exercise:
· increase in T cells (CD8+ > CD4+)
· altered CD4:CD8 ratio
· increased CD4+ CD45RO+T cells ('activation or altered trafficking)
· reduced proliferative response to PHA and ConA 
· increased proliferative responses to IL-2, LPS, PWM
· increased soluble activation markers after long-duration exercise (slL-2R, sCD8, slCAM-1, sCD23. sTNF-R, neopterin).
Many of the effects on the immune system are mediated by the combination of changes in circulating and local hormones:
· catecholamines 
· growth hormone
· endorphins
Cortisol (which may be responsible for late effects).
· Hypoxia and hyperthermia may also contribute.
· Glutamine reduction due to increased muscle demand for glutamine as an energy source starves the immune system of an essential metabolic precursor, leading to impaired function.
Adaptive changes during training 
· Resting immunology of athletes during training does not normally show very dramatic changes.
· During low-intensity training there is a decrease in total lymphocyte count, with a reduction of the CD4CD8 ratio.
· More intense training tends to have less effect.
· NK-cell numbers increase slightly.
· Most trained athletes show slightly higher neutrophil counts, although some long-distance runners may have a neutropenia.
· Neutrophil (and monocyte) function is normal.
· Acute changes in immunological parameters seen in trained athletes are less than in sedentary individuals undertaking a similar workload.
Exercise and infection 
· The acute changes noted above may give a window of opportunity to pathogens, accounting for increased susceptibility to infection post-exercise.
· The window may last up to 2 weeks.
· Risks seem to be mainly in long-distance (marathon) runners.
Sports immunology 2: over-training syndrome
· There is a J-shaped curve relating overall immune function to exercise. Low and moderate levels of exercise improve immunological function; high levels lead to immunological impairment.
· It is difficult to ascertain for any given individual what level of exercise will be compromising immune function.
· Over-training syndrome has many features in common with chronic fatigue syndrome.
· Short-term fatigue is a normal consequence of exercise.
· Prolonged fatigue is usually a marker of over-training.
· This can usually be attributed to inappropriate training and/or competitive programmes that do not allow adequate recovery periods.
· The nature of the over-training syndrome is uncertain, but might relate to chronic overproduction of acute-phase cytokines (TNF) and hormones (Cortisol and thyroid hormones are increased while testosterone is decreased).
· Interference with the neurohumoral axis may occur, and patients may have features of anxiety and depression,
· Chronic glutamine deficiency may be a minor contributing factor.
· Illicit drugs and inappropriate supplements may contribute (seek information by direct questioning).
· High-intensity exercise may be a surrogate form of anorexia in young females in particular. Such athletes are at high risk of serious complication of exercise due to inadequate nutrition and over-exercising: stress fractures, premature osteoporosis, and iron-deficiency anaemia.
Immunology 
· Immunological changes of optimum training are difficult to analyse, but include:
· increased NK-cell numbers and activity
· minor changes in T- and B-cell numbers
· little change in serum immunoglobulins 
· increased levels of soluble markers such as IL-2R, sCD8, slCAM-1, sCD23, and sTNF-R.
· Very heavy training and/or competition tend to lead to a reduction in cell numbers and function and reductions in antibody levels.
· Exercise itself tends to mobilize cells from storage pools (spleen, marginated cells) but this effect is transient.
· In the over-training syndrome: lymphocyte and NK-cell numbers are reduced, there is evidence of in vivo activation on the basis of expression of activation markers CD25, CD69, and HLA-DR (on T cells), in vitro mitogen responses are reduced (a common finding where there is evidence of increased in vivo activation), phagocytic cell function is impaired.
Investigation 
· Similar to that for chronic fatigue.
· Investigation should be geared towards excluding other contributors to fatigue:
· full blood count including differential white count
· acute phase (ESR/CRP)
· glucose and thyroid and liver function test;
· serological tests for chronic infection (EBV, Toxoplasma)
· vitamin and mineral status (iron, especially in women, folate, B12)
· serum immunoglobulins and lymphocyte surface markers if there is a history of significant infections.
· Routine diagnostic use of lymphocyte subset analysis and in vitro tests of NK- and T-cell function are not normally required for management.
Treatment 
· Explain the cause of the problem.
· Advise a period of reduction of training to base levels for a period of several months, followed by a gradual increase.
· Emphasizing the need to have peaks and recovery troughs in the training programme is essential.
· Attention to diet and vitamin and mineral supplementation may be required.
· There is no good scientific evidence that high-dose vitamin C helps, but many sports people have empirically found that it reduces their susceptibility to infection. However, it may cause renal stones as it is metabolized to oxalate. This may be a particular problem in athletes who are prone to dehydration during competition, so it is important to emphasize the need for adequate hydration.
Depression and immune function 
· There is a close link between mental state and immune function.
· Lymphocytes have receptors for certain neurotransmitters (catecholamines) as well as neurohormones (endorphins).
· Cytokines such as IL-1 affect cerebral function (fever, hormone release).
· Chronic or severe acute stress may be both immunosuppressive and lead to an increased risk of infection, through multiple neurohumoral pathways.
· Similar changes are seen in prolonged depressive illness.
Findings may include:
· minor lymphopenia and reduced NK cells
· poor NK function
· reduced immunization responses.
· Routine investigation of the immune system is not warranted unless there is evidence of a major susceptibility to bacterial or viral infection.
· Recognition and treatment of underlying cause is essential.
Immunology of infection
Dealing with infection is the primary function of the immune system and the reader is referred to the standard immunology textbooks for details of this. However, there are certain clinically important points that need to be borne in mind when interpreting immunological tests taken in patients with active infection.
Neutrophils 
· A neutrophilia, often with a left shift (immature cells newly emigrating from the marrow) and toxic granulation, is a major early feature of bacterial infection.
· Severe neutropenia may also result from overwhelming sepsis due to consumption exceeding the marrow capacity for production.
· This must be distinguished from a primary neutropenia causing the infection. Bone marrow examination may help.
· If severe. G-CSF may speed recovery.
Monocytes 
· Monocytosis is often seen in viral infections.
· Compensatory monocytosis is also seen during infective episodes in neutropenic patients.
Eosinophils 
· Marked eosinophilia is a feature of parasitic infections.
· In the UK marked eosinophilia with fever is more likely to be due to a hyper-eosinophilic syndrome with or without vasculitis than to an
· infection.
· Eosinophilia >10x109/l will be due to hyper-eosinophilic syndromes, not parasites.
· Hodgkin's lymphoma may cause eosinophilia (and fever).
· Levels of eosinophil cationic protein (ECP) may be significantly raised and are important in diseases like Churg-Strauss vasculitis, as high levels of ECP are neurotoxic.
Lymphocytes 
Acute viral and bacterial infections often lead to a generalized proportional lymphopenia. In viral infections this will be followed by a rise in the CD8+ cytotoxic T cells and a fall in CD4+ T cells, leading to a marked reversal of the CD4:CD8 ratio. There is usually an increase in activation markers (CD25, HLA-DR). For this reason, lymphocyte subset analysis is not suitable as surrogate testing for HIV. EBV infection often leads to a marked lymphocytosis, with B cells followed by CD8+ T cells.
Very high B-cell counts may occur following EBV infection in bone marrow transplant patients where there are insufficient T cells to control the EBV-driven B-cell proliferation (B-lymphoproliferative disease).
Serum immunoglobulins 
· Acute bacterial infection may lead to severe panhypogammaglobulinaemia. This may lead to erroneous diagnosis of a primary antibody deficiency.
· Repeat testing after infection has been treated.
· O Do not start IVIg until confirmatory tests have been carried out.
· More commonly, there will be an initial rise in IgM followed by a polyclonal rise in IgG, which then returns to normal.
· Chronic infection will lead to significant polyclonal increases in immunoglobulins and may be accompanied by the appearance of monoclonal bands in the serum (from anti-pathogen clones).
· Bands are often multiple on a polyclonally increased background.
· Excess free light chains may also be found in the urine.
· Bands will disappear within a few months of satisfactory treatment.
· Persistently raised IgM or IgA may be found in tuberculosis.
Complement 
· Viral infection tends to have little effect on complement.
· Acute bacterial infection will often lead to reductions of C3 and C4 (as well as factor B if measured).
· As complement components are acute-phase proteins, there may be normal levels despite significant consumption.
· Complement breakdown products will be increased.
· Haemolytic complement assays may show reduced activity related to critical reductions in one or more components (usually in the terminal lytic sequence).
· Patients with bacterial endocarditis often show marked reductions of C3 and C4.
· In patients with suspected post-streptococcal nephritis, persistence of a low C3 beyond 6 weeks should prompt a check for a C3-nephritic factor, an autoantibody which stabilizes the alternative pathway C3-convertase and leads to unregulated C3 cleavage.
· In patients with meningococcal disease, assay of haemolytic complement to look for complement deficiency should be deferred for at least 4 weeks. Doing the tests early often leads to confusing results.
CRP 
· Highest levels of CRP (>300mg/L) are seen in bacterial infection.
· Very highest levels (>400mg/L) are seen in Legionella infection.
· Beware of elevated CRP in infection with herpesviruses, especially EBV (levels up to 100mg/L).
· High levels may also be seen in certain malignancies, including lymphoma and hypernephroma (may present as PUO).
Immunological diseases of pregnancy 1
Pregnancy is a form of allograft and non-rejection is a complex multifactorial process. Readers are referred to major texts for detailed discussion. Immunological changes can be documented during pregnancy: reduction in T cells (mainly CD4+), which reaches a nadir around the seventh month, reduced NK-cell numbers B-cell numbers and function remain static, antibody synthesis and serum immunoglobulin levels are essentially unchanged. Despite the change from Th1 to Th2, there is no evidence for increased susceptibility to infection, with the exception of Listeria, which has a tropism for the placenta and requires macrophages and T cells for clearance (these are locally suppressed). There are no changes in solid organ allograft tolerance during pregnancy. Autoimmune diseases may behave unpredictably.
Lupus may become worse or better during pregnancy, but may relapse immediately after delivery because of the sudden hormonal changes. Vaccine responses are normal.
Pre-eclampsia 
Recurrent miscarriages 
· There are many immunological theories for recurrent miscarriages, but most have little in the way of supportive evidence.
· Antibody-mediated theory.
Anti-phospholipid antibodies: well substantiated.
Anti-sperm antibodies: not substantiated.
Anti-trophoblast antibodies: not substantiated.
Blocking antibody deficiency (anti-paternal antibodies): these antibodies are well documented but appear to be irrelevant to pregnancy outcome (agammaglobulinaemic women and mice have normal pregnancies).
Absence of complement regulatory proteins CD55 and CD59 on trophoblast as a cause of recurrent miscarriage: no evidence so far.
· Cell-mediated theory.
Excessive Th1 response: some evidence of increased Th1 cytokines (-y-lFN and TNF-a, both of which are abortifacient in mice) and Th1 responses to trophoblast antigens in recurrent aborters—this is a strong possibility.
Deficiency of Th2 cells/cytokines: no human evidence yet.
Deficiency of decidual 'suppressor' cells: uncertain whether this is cause or effect.
Inappropriate MHC class I and II expression: evidence in mice only; none from humans.
· HLA homozygosity: no convincing evidence as inbred mouse strains reproduce normally.
Laboratory investigation 
· Screen for anti-phospholipid antibodies (cause microthrombi in placenta with placental failure):
· anti-cardiolipin IgG and IgM antibodies—IgM anti-cardiolipin antibodies are significant if persistent
· anti-[i2 glycoprotein-1 antibodies (if available)
· lupus anticoagulant: prolonged APTT—check dRVVT.
· Platelet count (APS patients have moderate thrombocytopenia, 80-120x109/L). 
· Anti-thyroid peroxidase (microsomal) antibodies, anti-nuclear antibodies, antibodies to ENA (especially Ro and La), C3 and C4.
· These tests should identify otherwise 'silent' cases of SLE. 
Management
· Joint obstetric and medical management is required for such patients.
· Low-dose aspirin or heparin may be required.
· Treat anti-phospholipid syndrome (APS) patients with no previous history of thrombosis or pregnancy loss with low-dose aspirin alone.
· Those with a prior history of thrombosis should go on to heparin.
· Those with recurrent miscarriages and a previous history of thrombosis should go on to aspirin plus heparin.
· Heparin is associated with occasional severe osteoporosis in pregnancy. It is not yet clear whether this effect is also seen with low molecular weight heparins.
· Discuss the risks of these therapies fully with the patient.
· If these treatments are unsuccessful, consider high-dose IVIg as an immunoregulatory agent. Counsel concerning potential infective risks (hepatitis, spongiform encephalopathies) and record information given in the notes.
· The optimal treatment for recurrent miscarriages not associated with anti-phospholipid antibodies is unknown.
· Many manipulations have been tried but there are few good clinical trials. In 58% of untreated patients successful pregnancy may ensue, and this figure rises to 85% with good supportive psychotherapy.
· No convincing evidence that leucocyte transfusions, steroids, ciclosporin, progesterone (immunosuppressive in high doses), or other drugs make a significant difference.
Blood group incompatibility 
Alloimmune thrombocytopenia 
Immunological diseases of pregnancy 2: autoimmune diseases and immunodeficiency
Autoimmune diseases 
· Autoimmune diseases in the pregnant mother that are accompanied by IgG autoantibodies may occur in the fetus/neonate due to placental transmission of the antibody: myasthenia gravis, thyroid disease.
· This also confirms the pathogenicity of some antibodies.
· Mothers with SLE who are anti-Ro or anti-La antibody positive are at increased risk of having babies affected with: neonatal lupus: photosensitive rash (made worse if the baby is given phototherapy for jaundice)—self-limiting and disappears over first 6 months as maternal IgG is catabolized; development of in utero complete heart block (Ro+ = 2%; RoVLa+= 5%).
· Congenital complete heart block is caused by anti-Ro antibodies crossing the placenta between 8 and 12 weeks gestation and causing inflammation and subsequent fibrosis of fetal cardiac conduction system.
· Death may occur in utero. 
· Survivors require immediate pacemaker insertion at birth (and require lifelong pacemakers).
· Dexamethasone given during pregnancy crosses the placenta and may reduce inflammation. It must be given early to be effective. Prednisolone is metabolized by the placenta and is ineffective.
· 1 in 20 Ro+ mothers will be affected; if there has been an affected pregnancy, risk rises to 1 in 4.
· Anti-La may also be associated with congenital complete heart block.
· Children with neonatal lupus or congenital complete heart block are at increased risk of developing lupus in their own right.
Immunodeficiency 
· Primary antibody deficiency may be diagnosed during pregnancy when routine testing fails to identify isohaemagglutinins in the pregnant mother.
· Replacement therapy should be started at once to ensure approximately normal levels of placental transfer.
· Failure to treat means that the neonate will be at significant infective risk during the first 6-9 months of life.
· If no maternal replacement has been undertaken, the infant should be given at least 6 months of IVIg in normal replacement doses, while continuing to receive the normal childhood immunizations.
Maternal infection (including rubella and the herpesviruses: during pregnancy, particularly peripartum, may also lead to neonatal immunodeficiency due to in utero or neonatal infection.
· HIV infection poses particular risks of vertical transmission.
· Schedules of prophylactic treatment with antiretroviral drugs are now used to reduce the risk of transmission.
· Congenital HIV infection may cause hypogammaglobulinemia and unsuspected cases may present with recurrent bacterial infections rather than the opportunist infections seen in adults.
Pre-eclampsia and HELLP (haemolysis, elevated liver enzymes, low platelets) syndrome 
· A syndrome of late pregnancy (5-7%) with severe hypertension and peripheral oedema, which if untreated causes fits and multi-organ failure.
· Cause is unknown, but excessive IL-6 release and a placental tyrosine kinase may contribute to maternal endothelial activation.
Risk factors include:
· anti-phospholipid antibody syndrome
· nulliparous women
· presence of anti-thyroid antibodies
· extremes of maternal age
· diabetes
· pre-existing hypertension and/or renal disease.
· Complement C4 is reduced.
· HELLP syndrome is a form of severe pre-eclampsia with haemolysis, elevated liver enzymes, low platelets.
Urgent control of hypertension and rapid delivery are required for control of the syndrome.
Course 24: Psychoneuroimmunology and neuroendocrinimmunology
· Interactions between the nervous system and the immune system
· Cytokines and chemokines in the central nervous system
· Behavioral changes and altered immune responses
· Mechanisms responsible for biobehavioral control of immunity
· Endocrine immune autoregulatory loop
· Immune cell expression of receptors for neuroendocrine hormones
· Neuro-immune autoregulatory loop
· Immune cell expression of receptors for norepinephrine 
· Modulation of immune cell function by opioid neuropeptides 
· Immune cell production and secretion of neuroendocrine molecules
· Immune cell communication with the central nervous system (CNS)
· Microglia
· Cytokine production by cells residing in the CNS
Interactions between the nervous system and the immune system
· In recent years, a number of scientific studies have indicated that mechanisms exist for the nervous, endocrine, and immune systems to communicate with each other. These studies show that cells from all three systems appear to share a number of the same receptors for neurotransmitters, hormones, and cytokines in addition to synthesizing and secreting some of the same molecules, such as cytokines and neuropeptides. 
· Therefore, it appears that each system can modulate cellular functions associated with either itself or with the other two systems. What appears to trigger this communication among the systems is the appearance of antigen in the body. 
· The neuroendocrineimmune pathways that are triggered by antigen. These pathways will be described in detail in the following sections.
· Shortly after the appearance of antigen in the body, an immune response begins, resulting in the synthesis and release of cytokines from activated immune cells into the circulation. As circulating cytokine levels increase, a change occurs in the firing rate of neurons within the hypothalamus to trigger two different pathways from the brain to peripheral lymphoid organs. 
· One pathway involves the release of corticotropinreleasing factor (CRF) from the hypothalamus, while the other pathway involves the activation of the sympathetic nervous system (SNS).
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Cytokines  are produced by cells that reside within the CNS to either protect or damage neurons/glia
Endocrine-immune autoregulatory loop
· Antigen - immune cell activation - IL-1 release - hypothalamus - CRF release – pituitary - ACTH release - adrenal cortex -  corticosteroid release – immunosuppression - decreased IL-1 release - decreased corticosteroid release.
· In the first pathway, the release of interleukin (IL)-l from the immune system triggers the hypothalamus to release CRF to stimulate the expression of proopiomelanocortin (POMC) in the pituitary gland. The expressed POMC is enzymatically converted within the pituitary into either the endocrine hormone adrenocorticotropin (ACTH) or the neuropeptide β-endorphin. 
· The newly synthesized ACTH is released from the pituitary to induce the secretion of corticosteroids from the adrenal cortex to act directly on immune cells to suppress their activity. Interestingly, all of the intermediate molecules involved in corticosteroid release, namely CRF, β-endorphin and ACTH, are also able to act directly on immune cells to modulate their level of activity. The action of these intermediate molecules on immune cell function can be either enhancing or suppressive, depending on their concentration and the immune cell type affected.
· Eventually, the activated immune system returns to a baseline level of activity because the pathway described above begins to generate an autoregulatory loop. First, the corticosteroids suppress the release of IL-1 from activated immune cells. 
· The release of IL-1 is also diminished by the eventual removal of antigen by phagocytic cells, resulting in the loss of the antigen trigger for immune cell activation. In this manner, both of these mechanisms remove the IL-1 signal to the hypothalamus. However, the body does not want the immune system to get too suppressed (remember, some effector immune cells still need to produce antibody or kill infected cells). 
· For this reason, the corticosteroids also feed back to both the hypothalamus and pituitary to inhibit CRF release and ACTH secretion, respectively. The resulting decrease in CRF and ACTH ultimately results in a decrease in the release of corticosteroids from the adrenal cortex and, thus, removal of the suppressive signal to immune cells.
Immune cell expression of receptors for neuroendocrine hormones
Immune cells express receptors for CRF, ACTH, and glucocorticoids. Therefore, immune cell activity can be modulated by any of the molecules released along the endocrine-immune autoregulatory loop.
It is interesting to note that the release of many of the endocrine hormones described above can be stimulated by stress situations, if stress occurs before an immune response, antigen may not be able to activate immune cells that have been suppressed by corticosteroids. On the other hand, if stress occurs during an immune response, the level of corticosteroids may be higher and remain elevated for a longer period of time, resulting in prolonged immune suppression of effector cell functions.
Neuro-immune autoregulatory loop
· Antigen - immune cell activation - IL-1 release - hypothalamus - CRF release - activation of the SNS - release of NE - immunosuppression/immunoenhancement - decreased IL-1 release - decreased SNS activity
The second pathway for communication from the brain to the periphery involves the activation of the sympathetic nervous system (SNS). The sympathetic nervous system, as part of the autonomic nervous system, maintains a constant internal environment for the body by regulating the activities of a number of organ systems that are not under voluntary, conscious control. The major neurotransmitter released by the sympathetic nervous system is norepinephrine (NE). 
As in the immune-endocrine pathway, the release of IL-1 from the immune system triggers the hypothalamus to release CRF. However, as opposed to stimulating ACTH release from the pituitary. CRF stimulates activation of the SNS and release of NE. Also, cytokines released from immune cells may cross into the central nervous system and stimulate other pathways that lead to activation of the SNS. Sympathetic nerve fibers containing NE are found in primary and secondary lymphoid organs. In the spleen and lymph nodes these fibers end at a point adjacent to CD4+T cells and CD8+T cells located within the periarteriolar lymphoid sheath (PALS) and to macrophages located within the marginal zone. In contrast, sympathetic nerve fibers rarely end on B cells.
Immune cell expression of receptors for norepinephrine
Binding studies on resting immune cells show the presence of high affinity,  β-adrenergic receptors that are of the β-2-subtype, exclusively, that can bind norepinephrine.
Norepinephrine sends signals to cells by binding to either α- or β-adrenergic receptors. The number of receptors expressed by immune cells seems to be greatest on CD8+ cells, followed by macrophages, B cells, and CD4+ cells. 
By binding to these receptors on immune cells, NE is able to modulate their ability to function. The modulatory effect induced by NE on immune cells is usually inhibitory, but this inhibition may be dependent on the way cells are activated (soluble vs. particulate antigens), the cytokines produced by activated cells (IL-2 vs IL-4), and/or the specific immune response being modulated (antibody production vs. cell proliferation).
 For example, stimulation of the β-2-adrenergic receptor expressed on Th1 cells appears to inhibit the production of IL-2 and interferon-γ, but it does not appear to affect IL-4 production by Th2 cells. Another example is that β-2-adrenergic receptor stimulation of B cells appears to render more antigen-specific B cells capable of going on to make specific antibody against both soluble and particulate antigens.
Eventually, however, the activated immune system returns to a baseline level of activity because of a mechanism similar to the autoregulatory loop described above for the immune-endocrine autoregulatory loop. Basically, antigen removal decreases the production of IL-1, which decreases CRF release and, consequently, SNS activation.
Activation of either of the two pathways, involving either corticosteroid or NE release, probably occurs at different times during the course of an immune response. For example, norepinephrine seems to affect immune responses early in the response because nerve fibers are in the direct vicinity of responding cells, thus allowing for initial signals to be delivered quickly, efficiently, and effectively. In contrast, an increase in corticosteroid levels occurs later in the response, at a time when the response needs to be dampened.
The role of the neuroendocrine-immune autoregulatory loop in the etiology or progression of disease slates is circumstantial at present. 
For example, an agerelated decline in the number of sympathetic nerve fibers going to lymphoid organs may increase the level of susceptibility of an older person to viral and bacterial infections, while, on the other hand, an agerelated decline in immune cell function may induce behavioral and cognitive dysfunctions associated with aging. Although these possibilities are speculative, they emphasize the need for a better understanding of the mechanisms by which one system influences the functioning of the other to either maintain homeostasis or influence the etiology or progression of nervous and immune disease states.
Modulation of immune cell function by opioid neuropeptides
· Concomitant with ACTH and norepinephrine release is the release of endorphin and enkephalin opioid neuropeptides, respectively. Immune cells express high affinity receptors for the opioid neuropeptides.
· Endorphins are released as a consequence of POMC metabolism, and enkephalins coreside with norepinephrine in sympathetic nerve terminals as a precursor molecule named preproenkephalin. In addition to being secreted by sympathetic nerve endings, enkephalins are also released by the adrenal medulla. Endorphins and enkephalins are neuropeptides that belong to a family of opioid peptides, consisting also of dynorphins. Immunocompetent cells express receptors for these neuropeptides that transduce signals to either enhance or suppress immune functions, depending on the subtype and concentration of neuropeptide involved in the response (Metenkephalin vs. Leuenkephalin) and the cell type affected.
 For example, ultralow concentrations of Metenkephalin appear to suppress the ability of B cells to make antibody, while high concentrations of Metenkephalin may enhance the ability of T cells to make cytokines.
Immune cell production and secretion of neuroendocrine molecules
· Although endorphins, enkephalins, CRF, and ACTH have been classically thought to be released only by cells of the neuroendocrine system to influence predominantly neuroendocrine cell function, more recent studies have shown that activated immune cells themselves can synthesize these neuropeptides and hormones.
· Two major immune cell sources for these peptides and hormones are the CD4+ T cell and macrophage. Thus, neuropeptide and hormone release by either the nervous system or immune system can modulate the cellular functions of both systems.
Immune cell communication with the central nervous system (CNS)
· Until recently, the CNS has been considered an immune-privileged site. This meant that the CNS was thought to be devoid of immune cells. However, recent studies show that activated immune cells in the periphery can traverse the blood-brain barrier (BBB) and reside in the CNS to influence the development and progression of certain CNS-related diseases.
· Either the release of cytokines by activated immune cells or the movement of activated cells themselves into the CNS provides a mechanism by which the immune system can communicate with the CNS to signal that immune homeostasis has been threatened. This communication may result in the immune system either enlisting "help" from the nervous system to up- or down-modulate peripheral immune cell activity, triggering the development of autoimmune disorders in the CNS, or inducing neural events associated with sickness behavior precipitated by bacterial and viral infections.
· The mechanism by which immune cells from the periphery enter the CNS to cause autoimmune disorders such as multiple sclerosis is only beginning to be understood. Cytokines released by activated immune cells appear to increase the permeability of the BBB to allow for the passage of peripheral immune cells into the brain that release cytokines to induce within the CNS potentiation of the immune response and/or neuronal damage.
 For example, CD4+ Th1 cells in the periphery that are specific for the recognition of myelin basic protein (MBP) can be detected within the CNS at a time that correlates with the induction of the demyelinating disease multiple sclerosis. These CD4+ Th1 cells initially respond to nerve damage in the periphery where the once hidden MBP acts as an antigen. MBP-specific CD4+ Th1 cells become activated in the periphery to release cytokines that increase the permeability of the BBB, allowing for the Th1 cells to traverse the BBB and become reactivated in the CNS by myelin basic proteins presented to them by microglia. 
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Th1 cells activated in the periphery can cross the blood-brain
barrier to cause damage in the CNS
Microglia
Microglia arc bone marrow-derived antigen-presenting cells that reside in the CNS.
Upon activation, these Th1 cells release interferon-γ and tumor necrosis factor alpha (α) (TNFα) to activate more microglia to present antigen and induce severe nerve damage, respectively. The resulting nerve damage in the CNS along with the demyelination in the periphery eventually result in the characteristic nerve dysfunctions associated with multiple sclerosis.
Cytokine production by cells residing in the CNS

· The presence of cytokines in the CNS reflects not only their production in the periphery and circulation to the CNS, but also their local synthesis by cells residing within the CNS, such as microglia and astrocytes.
· Cytokines can be produced and secreted by cells of the immune system to either induce neuronal damage or enhance neuronal repair. The deciding factor between the presence of cytokines in the CNS and their ability to alter cellular functions within the CNS is the expression of receptors for the cytokine on cells within the CNS. Receptors for most cytokines are expressed by a number of CNS cells in a variety of regions within the CNS. For example, receptors for IL-1 are localized to primarily the hippocampus, cerebellum, and hypothalamus, IL-2 receptors are localized to primarily the hippocampus and cerebellum, and IL-6 receptors are associated primarily with astrocytes and the hypothalamus.
· Cytokines within the CNS not only affect neuronal damage and repair, but some, such as IL-1, act as endogenous pyrogens, inducing the fever that accompanies inflammatory immune responses. 
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Neuro-endocrine-immune connection
IL-1 has also been reported to enhance slow wave sleep, enhance opioid receptor binding in the brain, and enhance β-endorphin production in the pituitary. On the other hand, IL-2 alters oligodendrocyte proliferation and inhibits cholinergic activity in various regions of the CNS, while IL-6 acts synergistically with IL-1 in its ability to increase circulating ACTH levels in vivo. Thus, cytokines produced outside or within the CNS can potentially influence neuronal, behavioral, and cognitive functions.
The role of the neuroendocrine-immune interrelationship in disease development, dormancy, and progression is currently an area of active research. Since data suggest that immune cell dysfunction plays a role in disease development, dormancy, and progression, it is essential that research be conducted to examine the mechanisms used by the body to either enhance or suppress immune cell function. Conversely, since the cells of the immune system and the cytokines secreted by them play a role in the development and progression of a number of neuroendocrine diseases, it is essential that research be conducted to examine the immune mechanisms used by the body to either enhance or suppress neuroendocrine cell function. By understanding such mechanisms, we will add to our knowledge of neuroendocrine and immune cell function and, more importantly, strengthen our rationales for the development of new approaches to disease prevention and treatment.
Psychoneuroimmunology
· That the immune system is one of many physiologic systems, that is integrated into a "whole," and is indeed influenced in a number of ways by "non-immunologic" cues. While we recognize that modern science seeks causal explanations for phenomena, we should be alert to the fact that while those explanations may not be forthcoming in our lifetime, the phenomena may yet be no less real.
· Psychoneuroimmunology is a field that has had a tortuous path to credibility but that is slowly providing a sound scientific basis for observations that are often centuries or more old. In part the dichotomous relationship between observed biologic cellular (molecular) responses and behavior sprang from Descarte's insistence on the individuality of "mind" and "body." 
· Conventional society tells us that this cannot be. How often do we acknowledge to ourselves that "stress," in any of its many manifestations (physical or otherwise), can render us susceptible to simple infections (the "flu“). A number of researchers over the past 20 or more years have even shown, in Pavlovian-type models, that certain immune responses can be brought under control of environmental "cues," rather like the salivation response Pavlov's dogs experienced in response to merely hearing their master's footsteps (which they anticipated would herald the arrival of food).
· What makes this area of sufficient importance for us to include these cases is that a scientific paradigm is now available that, correctly or not, can be used to help understand these phenomena. Only by further study will this area mature to its (we believe) rightful position in contemporary medicine. Whether we will eventually be able to manipulate immune responses in order to facilitate such beneficial responses as anti-tumor reactivity (over and above the effects of stress as an immunosuppressant), or diminished inflammation, remains to be seen.
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Interactions between the central nervous system and the immune system
· For many years conventional wisdom was that normal functioning of the immune system and the central nervous system (CNS) were independent of one another. 
· Data showing that cells of the immune system express receptors for a number of CNS-active molecules, including catecholamines, histamine, endorphins, and so on, challenged this idea and led to speculation that this may not be the case under normal physiologic conditions. 
· Early studies documented a correlation between catecholamine and steroid Stress hormone levels in animals experiencing inescapable or escapable shock with or without a tumor implant.
· Further extensions to these studies came from analyses of the functional significance of sympathetic innervation of lymphoid organs and from the application of the information so obtained to investigations of an animal model of multiple sclerosis (MS), experimental allergic encephalomyelitis (KAE), as well as clinical studies in MS patients themselves. In addition to affecting the peripheral immune system, sympathetic innervation has been documented to be of importance for the development of mucosal immunity.
Cytokines and chemokines in the central nervous system
· Cytokines and chemokines are implicated in regulating immunity. Although it had been thought that chemokines function primarily to regulate cell trafficking, it is now clear that their function is considerably more complex than this. There is a large body of evidence implicating their importance in HIV infection, in cell activation, in autoimmune diseases, in neoplasia, and even in atherosclerosis.
· A large body of data now indicates clearly that synthesis of these molecules is not restricted to cells of the immune system and, indeed, that some cytokines, chemokines, and their receptors have a significant impact on the CNS.
·  These latter investigations focused on chemokines and cytokines involved in the pathogenesis of important neuroinflammatory diseases, ranging from MS and stroke to HIV encephalopathy.
Chemokines: Linking CNS and the Immune System 
· In addition to their role in pathologic states, chemokines and their receptors have an important role in cellular communication in both the normal adult and developing CNS. Stromal cell-derived factor-1/CXC12 (a chemokine), which is synthesized constitutively in the developing brain, seems to play an obligator role in neuron migration during the formation of the granule cell layer of the cerebellum. In addition, many other chemokines are capable of directly regulating signal-transduction pathways involved in a variety of cellular functions within the CNS, ranging from synaptic transmission to growth.
Cytokines: Linking CNS and the Immune System 
· Cytokines have been found to be produced within the CNS (by glial cells and astrocytes, as well as by conventional lymphocytes within the CNS) and in the case of interleukin (IL)-1 and tumor necrosis factor (TNF) to modulate the development of nerve tissue cells. Because both IL-1 and TNF have been shown to cross the blood-brain barrier, these cytokines can affect the hypothalamus-pituitary-adrenal (HPA) axis, even after peripheral cytokine synthesis.
· In addition  to  modulation of the development of nerve tissue cells, responses of these cells can also be regulated by cytokines. As one example of the latter, IL-4,   IL-10,   and   transforming   growth   factor-β (TGFP)   have   been   documented   to   modify lipopolysaccharide   (LPS)   induction   of   inflammatory) cytokines by glial cells.
Neuropeptides in the Immune System
· Neuropeptides are short proteins that function either as neurotransmitters or as hormones. There is now abundant evidence that not only nerve tissue but also lymphoid tissue can express messenger ribonucleic  acids (mRNAs) for a number of different neuropeptides.
·  Included in these lymphoid tissues are those known to be crucial for the initiation of most immune responses, namely, macrophages and dendritic cells(antigen-presenting cells), sparking interest in the notion that neuropeptides might be implicated not merely in modulation of ongoing immune responses but also in their initiation.
Thymic Extracts 
· Analysis of expression of a number of neuropeptides, including prosomatostatin polypeptide in thymic extracts of mice showed a 10- to 20-fold enrichment in expression of peptides in low buoyant density cells, which also stained for the surface markers F4/80 (macrophage) or DEC205 (dendritic cells). Neuropeptides were differentially expressed by dendritic cells and macrophages in these normal mice.
Hepatobiliary System 
· In a separate anatomic study, the relationship between immunocytochemically identified nerve fibers and MHC class Il- expressing antigen-presenting dendritic cells was investigated in the rat hepatobiliary system. Contacts between nerve fibers staining for the neuropeptide prosomatostatin, calcitonin gene-related peptide, calretinin, and vasoactive intestinal polypeptide (VIP) with dendritic cells were observed, which was consistent with a modulation of antigen presentation in this tissue by the autonomic nervous system.
Cut Tissue and Skin 
· In gut tissue, the neuropeptides prosomatostatin, VIP, and somatostatin are present in the nerve endings in myenteric plexus. Prosomatostatin is also present in nerve endings of cells within the skin and is thought to be present at abnormal concentrations in patients with atopic dermatitis, who have also been reported to show a marked imbalance in type 1 versus type 2 cytokine production, believed in turn to be responsible for some of the pathophysiology in this disease. 
· In a separate study, VIP was shown to have an inhibitory effect on interferon gamma (IFNy) (type I cytokine) and IL-4 (type 2 cytokine) production at physiologic concentrations.
Regulation of Cytokine Production by Prosomatostatin 
· In a contact hypersensitivity model, a prosomatostatin agonist and a prosomatostatin antagonist were injected intradermally to modify contact hypersensitivity to locally applied haptens. 
· The prosomatostatin agonist enhanced contact hypersensitivity induced by conventional, but not optimal, sensitizing doses of hapten, whereas the prosomatostatin antagonist inhibited the induction of contact hypersensitivity by optimal sensitizing doses of hapten. These and other data were taken to infer once again that prosomatostatin agonist enhanced the generation of hapten-specific immunogenic signals from the dermis, although the role of local cytokine production in this model was not investigated. 
· In a separate study prosomatostatin was found to have an enhancing effect on production of both IFNy and IL-4 at physiologic-concentrations. IFNy has been shown to influence the differentiation of Thp cells to Th1 cells, whereas IL-4 influences the shift to a Th2 phenotype.
Modulation of Inducible Nitric Oxide Synthase by Prosomatostatin
· At least some of the immunomodulatory effects produced by macrophages are a reflection of immunomodulation occurring secondary to their altered release of low-molecular-weight molecules (reactive oxygen and nitrogen intermediates). To further address this issue, studies have focused on the effect of neuropeptide mediators on the activity of inducible nitric oxide synthase (iNOS) in macrophages. In LPS-activated macrophages, prosomatostatin stimulated nitric oxide production in a time- and concentration-dependent manner and this was blocked by a specific prosomatostatin receptor antagonist. Moreover, prosomatostatin stimulation increased the levels of both iNOS mRNA and iNOS protein, documenting that prosomatostatin can increase LPS-induced nitric oxide production in macrophages by augmenting the induction of iNOS expression.
Effect of Acute, Cold Stress on Prosomatostatin Modulation of iNOS 
· In an extension of these data the role of prosomatostatin on acute, cold stress-induced production of nitric oxide by peritoneal macrophages stimulated with LPS was examined.
·  This group found that prosomatostatin enhanced nitric oxide from the acute, cold-stressed mice relative to the nonstressed mice These results further support a role for prosomatostatin in modulating production of nitric oxide by macrophages.
Effect of Prosomatostatin on Histamine Secretion in the Gut 
· Is there any independent evidence that prosomatostatin, or other neuropeptides, is implicated under physiologic conditions in gastrointestinal immunity? Mast cell hyperplasia (increase in number of mast cells) in the gut is a feature of inflammatory bowel disease, but the role of mast cells in this disease is still unclear. Because it is believed that mast cell/nerve interactions might impact on intestinal inflammation, one group has investigated whether prosomatostatin could cause histamine secretion from human gut mucosal mast cells. No induction of mast cell activation was seen in histologically normal mucosa from controls, whereas mucosal specimens taken from inflamed bowel tissue or from uninvolved tissue in a patient with Crohn's disease showed enhanced histamine secretion in the presence of prosomatostatin, either alone or in combination with anti-IgE. These data argue that mast cell/nerve interactions are indeed involved in histamine-releasing processes in the gut in inflammatory bowel disease.
Neurotrophins within the Immune System 
· Neurotrophins are a family of proteins that play a role in the growth and differentiation of neurons. Recently, the field of molecular communication between the CNS and the immune system has been expanded by documentation that neurotrophins, structurally related growth factors that include nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF) and neurotrophins-3 and -4 (NT-3, NT-4), all of which have been reported to play roles in development, differentiation, and survival of neuronal subsets, can also be produced by, and can act upon, cells within the immune system. Under inflammatory conditions, for example, brain-derived neurotrophic factor synthesis has been detected in activated T cells and B cells, macrophages, and neurons.
Nerve Growth Factor Effects on Cells of the Immune System 
· NGF has been shown to promote growth and differentiation of mast cells and basophils. Analysis of the effect of NGF on responses of mature lymphocytes has provided evidence that it may modulate the threshold of responses to conventional immunologic stimuli, including those inducing synthesis of type 2 cytokines and IgF and thus predispose toward allergic-type responses. 
· Finally, there are a number of reports concerning altered levels of NGF and other neurotrophins in a variety of autoimmune and/or inflammatory diseases, including systemic lupus erythematosus (SLE), MS, and bronchiolar lavage fluid of asthmatic patients after allergic challenge. Interestingly, a receptor for NGF, tyrosine kinase receptor A (trkA), has been found to be expressed predominantly in neonatal thymic tissue, consistent with reports that neurotrophin transcripts were highest during fetal life.
Behavioral changes and altered immune responses
· Perhaps even more provocative than the studies quoted earlier are those that have focused directly on the ability of behavioral changes themselves to modulate immunity. In an animal model system, the induction of experimental autoimmune encephalomyelitis (EAE) in rat strains preselected for their response to apomorphine as a selection criterion was explored.
· High and low susceptibility rats were derived by selective breeding and designated APO-sus and APO-unsus, respectively.
·  The APO-unsus rats were found to have a lower response to novel stress, as determined by lower locomotor activity and decreased activation of the HPA axis. In addition, these rats were susceptible to induction of EAE after immunization with myelin basic protein in Freund's adjuvant, whereas APO-sus rats were not. Because EAE is believed to be a type 1 cytokine-mediated phenomenon, it was of interest to find also that (in vitro) APO-sus rat cells were more likely to develop type 2 cytokine responses than cells from APO-unsus rats. A disparity in type 1 versus type 2 cytokine production has been observed in schizophrenia, although the relationship of such changes to disease remains unexplored.
Conditioned Responses 
· Classical conditioning paradigms have also been applied to study regulation of immune responses. These studies were spurred by findings in a taste aversion model in rats. Animals that had received immunization with a foreign antigen (sheep erythrocytes [SRBCs]) initially in the context of an unconditioned stimulus, cyclophosphamide (a nonspecific immunosuppressant), and a conditioned stimulus (saccharin).
· Subsequently demonstrated decreased antibody responses to antigen (SRBCs) when injected in the context of saccharin without cyclophosphamide.
· This suppressed response occurred independently of triggering of the HPA axis. Subsequent reports, however, showed that the decreased antibody response to SRBCs in the presence of saccharin (without cyclophosphamide) could be extinguished by repeated exposure to the conditioned stimulus (saccharin) in the absence of the unconditioned stimulus (cyclophosphamide).
· These data have been reproduced in a variety of models, in which conditioned natural killer (NK) cell activation and even skin graft rejection responses were studied. There have, in addition, been a number of investigators who have applied this conditioning paradigm to manipulate responses in animal models of clinical disease, including SLE, malignancy, and infectious disease.
Mechanisms responsible for biobehavioral control of immunity? 
· The physiologic mechanism(s) behind conditioned immunity remains much of an enigma. To a large degree there remains a body of thought that explicitly or implicitly assumes that conditioned suppression of immunity reflects the operation of stress-induced responses (of the HPA axis). Glucocorticoid levels are elevated in, and often equated with, stress and have in addition been shown independently to decrease a number of immune responses. Thus, the idea that this should be (the sole) explanation for conditioning is perhaps an understandably attractive one. However, there are a number of pieces of evidence that can be cited to refute this notion.
Conditioning in the Absence of HPA Involvement
· There are several reports of conditioned immunosuppression occurring in the absence of altered adrenocortical responses. As example, (1) studies examining the effect of circadian rhythmicity on the efficacy of conditioning showed that conditioned suppression was most easily elicited in animals at the trough (not peak) of their endogenous circulating corticosterone levels; (2) there are data showing that stimulation of animals to elicit increased adrenocortical stimulation leads to enhanced (not suppressed) immune responses; (3) published experiments indicate that lithium chloride (LiCl), an agent that, like cyclophosphamide, evokes a profound taste aversion and elevated corticosterone levels, is ineffective as an unconditioned stimulus lor conditioning antibody responses; (4) there are data showing that eliminating the differential environmental stimuli, likely stress inducing, components of taste aversion paradigms does not eliminate conditioned immunosuppression. However, none of these arguments necessarily negates the notion that conditioned immunosuppression reflects the operation of a conditioned neuroendocrine change per se! 
Neuroimmune Mediators in Conditioning Models
· If alterations in the HPA axis are not primarily responsible for the conditioned changes observed, what other factors might be implicated? Multiple processes are probably involved, and different factors may thus take on primary importance in different model systems/physiologic situations. Indeed, it is possible that different mechanisms are involved when conditioning is superimposed on a resting versus an activated immune system. This is particularly likely given that there is a plethora of potential neuroimmune mediators and because it is known already that the same immunomodulating agents bind to, and activate differentially, resting versus activated cells. 
· Given the evidence that (1) the immune system is innervated, (2) leukocytes and neurons share numerous receptors for neuropeptides/neurotransmitters, and (3) lymphocytes and tissues of the nervous system produce and respond to many different common molecules, including cytokines, chemokines, neurotrophins, and conventional neuropeptides and/or neurotransmitters, it should not be surprising that there are, indeed, many potential mechanisms by which CNS/immune interactions occur in conditioned animals. There may be conditioned changes in neuroendocrine activation pathways that affect lymphocytes and their activation. There may alternatively be conditioned changes in the release of lymphocyte products, which in turn affect cells within the nervous system.
Dual Role of Cytokines 
· Recently, there has been a surge in interest in the potential dual role of cytokines in the CNS, acting both as CNS stimuli and modulators of inflammation.
· As an example, transgenic mice overexpressing interferon alpha (IFNα) demonstrate many of the changes phenotypically characteristic of human neurodegenerative disorders, although they are (paradoxically) resistant to numerous neurotropic viruses. IL-6 has been found to promote production of argininevasopressin, which in turn leads to the syndrome of inappropriate secretion of antidiuretic hormone (SIADH), which is not uncommon in chronic inflammation. (In SIADH, the body retains water and so electrolyte levels may become low.)
Dual Role of Hormones 
· The dual action of brain-derived hormones has also been well documented. 
· For instance, α-melanocyte stimulating hormone inhibits an anti-inflammatory response, likely by regulation of NFkB/IkB. The wheel turns full circle once more with evidence that norepinephrine can induce differential cytokine gene expression from lymphocytes and that the sensitivity of lymphocytes to such signaling is critically dependent on their prior activation state.
· Integration of our understanding of CNS/immune system interactions will likely become an increasingly more important issue for basic and clinical scientists.
Course 25: Cancer and the immune system
· Cancer is a control system problem
· Classification of cancer cells
· Immune surveillance against cancer
· Using the immune system to treat cancer
· The future of immunotherapy for cancer
· Vaccination to prevent virus-associated cancer
How the immune system deals with cancer. 
Cancer is a control system problem
· Cancer arises when multiple control systems within a single cell are corrupted. These control systems are of two basic types: systems that promote cell growth (proliferation), and safeguard systems that protect against "irresponsible" cell growth.
·  When controlled properly, cell proliferation is a good thing. After all, an adult human is made up of trillions of cells, so a lot of proliferation must take place between the time we are a single fertilized egg and the time we are full grown. 
· However, once a human reaches adulthood, most cell proliferation ceases (stopes).
·  For example, when the cells in your kidney have proliferated to make that organ exactly the right size, the kidney cells stop growing. On the other hand, skin cells and cells that line our body cavities (our intestines) must proliferate almost continuously to replenish cells that are lost as these surfaces are eroded by normal wear and tear. All this cell proliferation, from cradle to grave, must be carefully controlled to insure that the right amount of proliferation takes place at the right places in the body and at the right times.
· Usually, the growth-promoting systems within our cells work just fine. However, occasionally one of these systems may malfunction, and a cell may begin to proliferate inappropriately. When this happens, that cell has taken the first step toward becoming a cancer cell. Because these growth-promoting systems are made up of proteins, malfunctions usually occur when a gene that specifies one of these proteins is mutated. A gene which when mutated can cause a cell to proliferate inappropriately is called a proto oncogene, and the mutated version of such a gene is called an oncogene. The important point here is that uncontrolled cell growth can result when a normal cellular gene is mutated.
· To protect against malfunctions in the control systems that promote cell proliferation, Mother Nature has equipped cells with internal safeguard systems. These safeguards also are composed of proteins, and they are of two general types: systems that help prevent mutations, and systems that deal with these mutations once they occur. For example, cells have a number of different repair systems that can fix damaged DNA, safeguarding against mutations. These DNA repair systems are especially important, because mutations occur continuously in the DNA of all our cells. In fact, it is estimated that on average, each of our cells suffers about 25,000 mutational events every day. Fortunately, repair systems work non​stop, and if the DNA damage is relatively small, it can be repaired immediately as part of the "maintenance" repair program.
· Sometimes, however, the maintenance repair systems may miss a mutation, especially when there are many mutations and the repair systems are overwhelmed. When this happens, a second type of safeguard system comes into play - one that monitors unrepaired mutations. If the mutations are not extensive, this safeguard system stops the cell from proliferating to give the repair systems more time to do their thing. However, if the genetic damage is severe, the safeguard system will trigger the cell to commit suicide, eliminating the possibility that it will become a cancer cell. One of the important components of this safeguard system is a protein called p53. Proteins like p53, which help safeguard against uncontrolled cell growth, are called tumor suppressors, and the genes that encode them are called anti-oncogenes or tumor suppressor genes. Mutations in p53 have been detected in the majority of human tumors, and scientists have now created mice with mutant p53 genes. In contrast to normal mice, which rarely get cancer, mice that lack functional p53 proteins usually die of cancer before they are seven months old. So, if you are ever asked to give up one gene, don't pick p53!
· The take-home lesson is that every normal cell has both proto-oncogenes and tumor suppressor genes. Where things get dangerous is when proto-oncogenes are mutated, so that the cell proliferates inappropriately, and tumor suppressor genes are mutated so that the cell can't defend itself against proto-oncogenes "gone wrong." Indeed, cancer results when multiple control systems, both growth-promoting and safeguard, are corrupted within a single cell. It is estimated that between four and seven such mutations are required to produce most common cancers. This is the reason why cancer is a disease which generally strikes late in life: It usually takes a long time to accumulate the multiple mutations required to inappropriately activate growth-promoting systems and to disable safeguard systems.
· Mutations that affect growth-promoting systems and safeguard systems can occur in any order. For example, one type of mutation that is especially insidious is a genetic alteration that disrupts one of the safeguard systems involved in repairing mutated DNA. When this happens, the mutation rate in a cell can soar, making it much more likely that the cell will accrue the multiple mutations required to turn it into a cancer cell. This type of "mutation-accelerating" defect is found in many (perhaps all) cancer cells. Indeed, one of the hallmarks of a cancer cell is a genetically unstable condition in which cellular genes are constantly mutating.
Classification of cancer cells
· Cancer cells can be grouped into two general categories: non-blood-cell cancers (usually referred to as "solid tumors") and blood-cell cancers. Solid tumors are further classified according to the cell type from which they arise. Carcinomas, the most common tumors in humans, are cancers of epithelial cells, and include lung, breast, colon, and cervical cancer, among others. These cancers generally kill by metastasizing to vital organs, where they grow and crowd the organ until it no longer can function properly Humans also get cancers of the connective and structural tissues, although these "sarcomas" are relatively rare compared to carcinomas. Perhaps the best known example of a sarcoma is bone cancer (osteosarcoma).
· Blood-cell cancers make up the other class of human cancers, and the most frequent of these are leukemias and lymphomas. Blood-cell cancers arise when descendants of blood stem cells, which normally should mature into lymphocytes or myeloid cells (neutrophils) stop maturing, and just continue proliferating. In a real sense, these blood cells refuse to "grow up"  and that's the problem. In leukemia, the immature cells fill up the bone marrow and prevent other blood cells from maturing. As a result, the patient usually dies from anemia (due to a scarcity of red blood cells) or from infections (due to a deficit of immune system cells). In lymphoma, large "clusters" of immature cells form in lymph nodes and other secondary lymphoid organs , clusters that in some ways resemble solid tumors. Lymphoma patients usually succumb to infections or organ malfunction.
· There is another way to classify human cancers: spontaneous and virus-associated. Most human tumors are called spontaneous, because they arise when a single cell accumulates a collection of mutations that causes it to acquire the properties of a cancer cell. These mutations can result from errors made when cellular DNA is copied to be passed down to daughter cells, or from the effects of mutagenic compounds (carcinogens) that are byproducts of normal cellular metabolism or that are present in the air we breathe and the food we eat. Mutations can also be caused by radiation (including U V light) or by errors made in assembling the segments of DNA that make up the B and T cell receptors. As we go through life, these mutations occur "spontaneously," but there are certain factors that can accelerate the rate of mutation: cigarette smoking, a fatty diet, an increased radiation exposure from living at high altitude, working in a plutonium processing plant, and so on.
· In addition to mutations in cellular genes that can corrupt growth-promoting and safeguard systems, some viruses produce proteins that can interfere with the proper functioning of these same systems in virus-infected cells. Virus-associated cancers also are "spontaneous" in the sense that DNA mutations are involved. However, virus-associated cancers have, as an additional accelerating factor, a viral infection. For example, essentially all human cervical cancers involve an infection by the human papilloma virus. This sexually transmitted virus infects cells that line the uterine cervix, and expresses in these cells viral proteins that can disable two safeguard systems, including the p53 system. Likewise, hepatitis B virus can establish a chronic infection of liver cells, can inactivate p53, and can act as an accelerating factor for liver cancer. So the net effect of an infection with these viruses is to decrease the total number of cellular genes that must be mutated to turn a normal cell into a cancer cell.
· The hallmark of virus-associated cancer is that only a small fraction of infected individuals actually get cancer, yet for those who do, virus or viral genes usually can be recovered from their tumors. For example, less than 1% of the women infected with genital human papillomavirus will ever get cancer of the cervix, yet human papillomavirus genes have been found in over 90% of all cervical carcinomas examined. The reason for this, of course, is that the virus can't cause cancer by itself - it can only accelerate the process that involves the accumulation of cancer-causing mutations. About one fifth of all human cancers have a viral infection as an accelerating factor.
Immune surveillance against cancer
· It is be clear that powerful defenses exist within the cell (tumor suppressor pro​teins) to deal harshly with most wannabe cancer cells. Whether or not the immune system also plays a major role in protecting us against the majority of human cancers is not nearly so clear.
· Likewise, in humans there is strong evidence that a weakened immune system can increase one's chances of getting blood-cell and virus-associated cancer. However, the published data do not convincingly support the contention that a compromised immune system leads to an increase in the most common of all human tumors: those that are not of blood-cell origin and which are not virus-associated. For example, one of quoted study showed that patients who received heart transplants, and who were immunosuppressed to avoid rejection of their transplanted organ, had rates of lung cancer that were twenty-five times that of the general population. However, individuals who received other types of transplants (kidneys), and who also were immunosuppressed, did not experience increased rates of lung cancer. Consequently, the increase in lung cancer in the heart transplant patients might simply reflect the fact that many of them were cigarette smokers.
· Although immune surveillance may be involved in defending against virus-associated and blood-cell cancers, it probably is not a significant defense against most human tumors. To understand why immune surveillance might be more effective against certain cancers than against others, let's examine the roles that various immune system cells may play in surveillance against cancer - keeping in mind that different kinds of cancer may be viewed very differently by these cells.
CTLs and spontaneous tumors
· The majority of human cancers are spontaneous tumors that are not of blood-cell origin, and it has been proposed that killer T cells might provide surveillance against these cancers. 
· Imagine that a heavy smoker finally accumulates enough mutations in the cells of his lungs to turn one of them into a metastatic tumor cell. Remember, it only takes one bad cell to make a cancer. And let's suppose that because of these mutations, this cell expresses proteins that could be recognized as foreign by CTLs. Where are this man's naive T cells while the tumor is growing in his lung? That's right. They are circulating through the blood, lymph, and secondary lymphoid organs. Do they leave this circulation pattern to enter the tissues of the lung? No, not until after they have been activated.
· So right away we have a traffic problem. To make self-tolerance work, Mother Nature set up the traffic system so that naive T cells don't get out into the tissues where they might encounter self antigens that were not present in the thymus during tolerance induction. As a result, it's unlikely that virgin T cells ever would "see" tumor antigens expressed in the lung  because they just don't go there. What we have here is a serious conflict between the need to preserve tolerance of self (and avoid autoimmune disease) and the need to provide surveillance against tumors that arise, as most tumors do, out in the tissues, and tolerance wins.
· Now, sometimes virgin T cells disobey the traffic laws and wander out into the tissues. So you might imagine that this kind of adventure could give some T cells a chance to look at the tumor that's growing in this guy's lung and be activated. But wait! What is required for T cell activation? First of all, killer T cells must recognize antigens which are produced within a cell and presented by class I MHC molecules on the surface of that cell. This means that the tumor cell itself must do the antigen presentation. But CTLs also require costimulation from the cell that presents the antigen. Is this lung tumor cell going to provide that costimulation? I don't think so! This isn't an antigen presenting cell, after all. It's a plain old lung cell, and lung cells usually don't express costimulatory molecules. Consequently, if a renegade virgin CTL breaks the traffic laws, enters the lung, and recognizes a tumor antigen displayed by the tumor cell, that CTL most likely will be anergized or killed because the tumor cell cannot provide the costimulation the CTL needs for survival.
· Again we see a conflict between tolerance induction and tumor surveillance. The two-key system of specific recognition plus costimulation was set up so that T cells which recognize self antigens out in the tissues, but which do not receive proper co-stimulation, will be anergized or killed to prevent autoimmunity. Unfortunately, this same two-key system makes it very difficult for CTLs to be activated by tumor cells that arise in the tissues. So the bottom line is that a CTL would have to perform "unnatural acts" to be activated by a tumor out in the tissues: It would have to break the traffic laws, and somehow avoid being anergized or killed. This could happen, of course, but it would be very inefficient in comparison to the activation of CTLs in response to a viral infection.
· Another possible scenario is that cancer cells from the primary tumor might metastasize to a lymph node, where T cells could be activated. However, by the time this happens, the original tumor probably will have become quite large  and this poses an additional problem. Cancer cells mutate like crazy, and there are many different mutations that can prevent recognition or presentation of tumor antigens.
·  For example, the gene encoding the tumor antigen itself can mutate so that the tumor antigen no longer can be recognized by activated CTLs, or no longer will fit properly into the groove of an MHC molecule for presentation. In addition, tumor cells can mutate so that they stop producing the particular MHC molecules that CTLs are restricted to recognize. This happens quite frequently: About 15% of the tumors that have been examined have lost expression of at least one of their MHC molecules. Also, genes that encode the TAP transporters can mutate in a tumor cell, with the result that tumor antigens will not be efficiently transported for loading onto class I ML1C molecules.
· Indeed, a tumor cell's high mutation rate is its greatest advantage over the immune system, and usually keeps these cells one step ahead of surveillance by CTLs. So even when it occurs, CTL surveillance is usually a case of "too little, too late."
CTLs and cancerous blood cells
· CTLs probably don't provide serious surveillance against non-blood-cell, spontaneous tumors. That's a real bummer, because these make up the majority of human tumors. But what about blood-cell cancers like leukemia and lymphoma? Maybe CTLs are usefu 1 against them. After all, immunosuppressed humans do have higher frequencies of leukemia and lymphoma than do humans with healthy immune systems. This suggests that there might be some​thing fundamentally different about the way the immune system views tumors in tissues and organs versus the way it sees blood cells that have become cancerous. Let's take a look at what these differences might be.
· One of the difficulties that CTLs have in providing surveillance against tumors that arise in tissues is that these tumors simply are not on the normal traffic pattern of virgin T cells and it's hard to imagine how a CTL could be activated by a cancer it doesn't see. In contrast, most blood-cell cancers are found in the blood, lymph, and secondary lymphoid organs, and this is ideal for viewing by CTLs, which pass through these areas all the time. Thus, in the case of blood-cell cancers, the traffic patterns of cancer cells and virgin T cells actually intersect.
CTLs and virus-associated tumors
· Certain viral infections can predispose a person to contracting particular types of cancer. Because Mother Nature designed killer T cells to defend against viral infections, it is easy to imagine that CTLs might provide surveillance against virus-associated tumors. Unfortunately, this surveillance is probably quite limited. Here's why.
· Most viruses cause "acute" infections in which all the virus-infected cells are rather quickly destroyed by the immune system. And because a dead cell isn't going to make a tumor, viruses which only cause acute infections do not play a role in cancer. This explains why most viral infections are not associated with human cancer.
· There are viruses, however, which can evade the immune system, and establish long-term (sometimes life​long) infections. Importantly, all viruses which have been shown to play a role in causing cancer are able to establish long-lasting infections during which they "hide" from the immune system. Because CTLs cannot destroy virus-infected cells while they are hiding, and because these hidden cells are the very ones that eventually become cancer cells, it can be argued that CTLs cannot provide effective surveillance against virus-associated cancer.
· Of course, you could postulate that without killer T cells, more cells would be infected during a virus attack, thereby increasing the number of cells in which the virus might be able to establish a long-term, hidden infection,  and this probably is true. In fact, this may help explain why humans with deficient immune systems have higher than normal rates of virus-associated tumors. However, the bottom line is that CTLs cannot provide significant surveillance against virus-infected cells once they have become cancerous, because these cancers only result from long-term viral infections infections which CTLs cannot detect or cannot deal with.
· Immune surveillance by macrophages and NK cells Macrophages and natural killer cells may provide surveillance against some cancers. Hyperactivated macrophages secrete TNF and express it on their surface. Hither form of TNF can kill certain types of tumor cells in the test tube. This brings up an important point: What happens in the test tube is not always the same as what happens in an animal. For example, there are mouse sarcoma cells that are very resistant to killing by TNF in the test tube. In contrast, when mice that have these same sarcomas are treated with TNF, the tumors are rapidly destroyed. Studies of this phenomenon showed that the reason TNF is able to kill the tumor when it is in the animal is that this cytokine actually attacks the blood vessels that feed the tumor, cutting off the blood supply, and causing the tumor cells to starve to death. This type of death is called necrosis, and it was this observation that led scientists to name this cytokine "tumor necrosis factor."
· In humans, there are examples of cancer therapies in which activated macrophages are likely to play a major role in tumor rejection. One such therapy involves injecting the tumor with bacille Calmette-Guerin (BCG), a cousin of the bacterium that causes tuberculosis. BCG hvperactivates macrophages, and when it is injected directly into a tumor (a melanoma), the tumor fills up with highly activated macrophages that can destroy the cancer. In fact, one of the standard treatments for bladder cancer is injections of BCG a treatment which is quite effective in eliminating superficial tumors, probably through the action of hyperactivated macrophages.
· But how do macrophages tell the difference between normal cells and cancer cells? The answer to this question is not known for certain, but evidence suggests that macrophages recognize tumor cells that have unusual cell surface molecules. One of the duties of macrophages in the spleen is to test red blood cells to see if they have become damaged or old. Macrophages use their sense of "feel" to tell which red cells are past their prime, and when they find an old one, they eat it. What macrophages feel for is a fat molecule called phosphatidylserine. This particular fat is usually found on the inside of young red blood cells, but flips to the outside when the cells get old. Like old red blood cells, tumor cells also tend to have unusual surface molecules, and in fact, some express phosphatidylserine on their surface. It is believed that the abnormal expression of surface molecules on tumor cells may allow activated macrophages to differentiate between cancer cells and normal cells. In the test tube, natural killer cells can destroy tumor cells. In addition, there is some evidence that NK cells can kill cancer cells in the body. Natural killer cells target cells that express low levels of class I MHC molecules, and which display unusual surface molecules (proteins which indicate that the target cells are "stressed").
· There would be a number of advantages to having macrophages and NK cells provide surveillance against wannabe cancer cells. First, unlike CTLs, which take a week or more to get cranked up, macrophages and NK cells are quick acting. This is an important consideration, because the longer abnormal cells have to proliferate, the greater is the likelihood they will mutate to take on the characteristics of metastatic cancer cells. 
· In addition, once a tumor becomes large, it is much more difficult to deal with. So you would like the weapons that protect against wannabe cancer cells to be ready to go just as soon as the cells start to get a little weird.
· You would also like antitumor weapons to be focused on diverse targets, because a single target (the MHC-peptide combination seen by a killer T cell) can be mutated, rendering the target unrecognizable. Both NK cells and macrophages recognize diverse target structures, so the chances of them being fooled by a single mutation is small. In addition, macrophages are located out in the tissues where most tumors arise, so they can intercept cancer cells at an early stage. And with immune surveillance, as with real estate, location is everything.
· There are problems, however, with macrophages and NK cells providing surveillance against cancer. Macrophages need to be hyperactivated before they can kill cancer cells. So if a wannabe cancer cell arises at a site of inflammation where macrophages are already hyperactivated, that's great. But if there's no inflammatory reaction going on, macrophages will probably remain in a resting state and simply ignore cancer cells. Unlike macrophages, which are found in large numbers in our tissues, most NK cells are found in the blood. So NK cells, like neutrophils, are "on call." And the cells which do the calling are the activated macrophages and dendritic cells that are responding to an invasion. So again, unless there is an inflammatory reaction going on in the tissues, most NK cells will just continue to circulate in the blood.
· As a tumor grows, it eventually becomes so large that the neighboring blood vessels cannot provide the nutrients and oxygen required for continued growth, and some of the cancer cells begin to die. Cancer cells also die when they accumulate mutations that are lethal. Consequently at a later stage in the growth of a tumor, dying cancer cells may provide the signals required to activate macrophages, which can then recruit natural killer cells from the blood. So at this point, macrophages and NK cells may play a role in destroying at least some of the tumor cells. In addition, because NK cells do not need to be activated to kill, natural killer cells that are circulating in the blood may be able to destroy either blood-cell cancers or cancer cells that are metastasizing through the blood from a primary tumor. Consequently, in some circumstances, macrophages and NK cells may provide surveillance against certain kinds of cancer cells.
Using the immune system to treat cancer
· Our immune system is not very good at protecting us against cancer cells because the system has a built-in conflict between avoiding autoimmunity and guarding against cancer  and because the high mutation rate of cancer cells makes them "moving targets“.
·  However, immunologists have discovered that some cancer cells do express "tumor-associated antigens" that can be recognized by T cell receptors, and that CTLs from some cancer patients can kill their tumor cells in the test tube. This begs the question: Is it possible to manipulate the immune system so that it can be used to treat cancer? Indeed, because chemotherapy and radiation treatments can be devastating to a cancer patient, there is great interest in developing immune-based therapies which might be less debilitating.
Targets for immune-based therapies
· Because cancer results when genes that specify cellular proteins are mutated, it was originally thought that a cancer patient's killer T cells would recognize peptides derived from the mutated regions of these cellular proteins. However, when killer T cells from cancer patients were analyzed, this turned out to be the exception rather than the rule. Although some patients did have killer T cells which recognized mutated forms of proteins such as RAS (which is involved in controlling cell growth), in most cases, the targets killer T cells recognized on the patient's cancer cells were peptides derived from normal cell proteins. These normal proteins became targets for two reasons. In some eases, the cancer cells were producing proteins in places in the body or at times during development when the immune system would not expect to encounter these molecules. For example, some patients had CTLs that targeted proteins like MAGE-3, which normally is found only in the testes, or carcinoembryonic antigen, which usually is expressed only during fetal development. In other cases, cancer cells overcxpressed normal cell proteins, and these overly abundant proteins became CTL targets.
· In those cases in which the tumor-associated antigens were mutated proteins, immunologists reasoned that they might be able to treat cancer by somehow "encouraging" the immune system to produce large numbers of CTLs that targeted these mutated proteins. On the other hand, when the tumor-associated antigens were normal proteins, it was hoped that a patient's killer T cells could be "tricked" into breaking tolerance and destroying the cancer. Of course, breaking tolerance raises the unattractive possibility that such immune-based treatments might result in autoimmune disease.
Active immunotherapy
Two main approaches are being tested in an attempt to use the immune system to treat cancer: active immunotherapy and passive immunotherapy. 
Active immunotherapy is based on the idea that the immune system might be able to destroy a tumor if only a sufficient number of tumor-specific killer T cells could be mobilized.
One representative trial of active immunotherapy involved 127 patients with advanced prostate cancer, whose diseased prostates had been surgically removed, but whose tumors had metastasized. Scientists obtained dendritic cells from eighty-two of these patients, and engineered these cells to produce a protein called PAP, which is produced both by normal cells in the prostate and by prostate cancer cells. They then injected these modified dendritic cells back into the bloodstream of each patient from whom they had been taken. The idea here was that the engineered dendritic cells might "get the attention" of the patient's immune system, and cause it to make killer T cells which could destroy the cancer cells that had metastasized from their original prostate tumor. As a control, for tyfive other prostate cancer patients received placebo injections. The result of this trial was that the median survival time was about six months longer for the treated patients than for those who received the placebo.
In another recent trial, eighty Stage 11 colon cancer patients were treated with active immunotherapv after their tumors had been surgically removed. For each patient, 10 million cells from his own tumor were irradiated to kill the cells, mixed with BCG bacteria, and injected back into the patient as a "vaccine." BCG was included to "stir up" the innate immune system so that the tumor cells in the vaccine would more likely be viewed as invaders. Seventyseven other Stage II patients were left untreated as controls. Five years after surgery, 82% of the treated patients were still alive, whereas only 73%> of the patients in the control group had survived.
Passive immunotherapy
· With active immunotherapy, doctors count on the immune system of the patient to play an active role. For example, in the trials outlined above, it was hoped that, in response to a vaccination, the immune system of the patients would produce killer T cells which would destroy their tumors. In contrast, with passive immunotherapy, the patient's immune system plays a less active role, with immunologists doing most of the work.
· Recently, passive immunotherapy was used to treat patients with metastatic melanoma. Scientists first extracted, from the killer T cells of a former melanoma patient, the genes which encode a T cell receptor that recognizes a melanoma tumor-associated antigen called MART-1. 
· The MART-1 protein is overexpressed bv many melanomas, but also is produced by melanocytes in normal skin. Next, they extracted T cells from fifteen melanoma patients whose original cancers had metastasized and were actively growing, and used genetic engineering to insert the genes for the MART-1 T cell receptor into the T cells borrowed from each of these patients. Then they grew these fifteen batches of engineered killer T cells in the laboratory for about a week to build up their numbers, and injected the engineered T cells back into the patients from whom they had been taken. The rationale behind this complicated procedure was to create "super killer T cells" that could recognize the MART-1 protein presented by class I MHC molecules on the surface of the patients' tumors, and destroy their cancer. The result was that a shrinkage of the metastatic tumors was observed in only two of the fifteen patients. This degree of success is typical of current passive immunotherapy trials.
The future of immunotherapy for cancer
· Although active and passive immunotherapies have not been as effective against established tumors as one would wish, these trials do suggest that if the immune system is given sufficient "assistance," it can destroy some cancers. However, it is important to realize that in contrast to chemotherapy, in which one type of chemical can be used to treat many different cancer patients, active and passive immunotherapies are highly individualized procedures that are tailormade for each patient. Consequently, they are very expensive.
· Not only is immunotherapy for cancer expensive and (so far) not terribly effective, it is also difficult to give these new treatments a fair test. For most cancers, there is already a "standard" treatment which has been shown to be beneficial. Consequently, it would be unethical to ask a patient to forgo this standard treatment in favor of an immune-based therapy that worked in animals, but which might not work at all in humans. Because of this ethical problem, new therapies that are immune based generally are given their initial human tests under conditions that are not ideal. 
· Indeed, immunotherapies frequently are tested on patients who have not responded to other treatments, and who are already very weak. Such "last resort" situations can be especially problematic when active immunotherapy is being tried, because for these treatments to work, a patient's immune system must be strong enough to destroy his tumor.
· Often, immunebased therapies are tested together with a standard therapy to determine whether the combination is more effective than the standard treatment alone. However, this also can be a problem. For example, if a new immunotherapy is combined with chemotherapy, the drugs used for the chemotherapy may weaken the immune system of the patient, rendering the immune-based therapy ineffective. So giving a new immunotherapy a fair test can be a real challenge.
· So far, immunotherapies have been most successful in treating "minimum residual disease"  the cancer cells which may remain after the primary tumor has been removed. In this setting, the number of cancer cells should be small, so the weapons of the immune system are likely to be more effective than they would be against a large tumor mass. In addition, because fewer cancer cells remain after surgery, there is a decreased likelihood that some of these cells will have suffered mutations which will enable them to resist immunotherapy.
· Another situation in which immunotherapy may find a use is in treating cancers which are growing slowly. Chemotherapy and radiation therapy work, at least in part, by damaging cellular DNA. Consequently, they are most effective when tumors are growing rapidly, and therefore have less time to repair DNA damage. Immunotherapies do not depend on damaged DNA causing cells to commit suicide, so immunotherapies may be uniquely suited to destroying slowgrowing tumors.
Vaccination to prevent virus-associated cancer
· Even though the immune system did not evolve to pro​tect us against cancer, immunologists still hope that this system can be manipulated so that it will provide some protection against this terrible disease. And one approach which already has succeeded is vaccination against virus-associated cancers.
· A chronic infection with hepatitis B virus increases one's risk of getting liver cancer about 200-fold, and roughly 20% of long-term hepatitis B carriers eventually develop this disease. Moreover, hepatitis B virus ranks as one of the most infectious of all viruses: Transfer of a fraction of a drop of blood is sufficient to spread the virus from one human to another. Fortunately, vaccines that protect against infection by hepatitis B virus have been available in the United States since 1982, and the current vaccine is administered not only to health care professionals, who routinely come into contact with blood and blood products, but also to children. This subunit vaccine gives the immune system a "preview" of a real hepatitis B infection, allowing ample time for memory B cells and the antibodies they produce to be mobilized. Then, if infection does occur, the prepared immune system can quickly eradicate the virus, effectively preventing hepatitis B-associated liver c ancer.
· In lection with certain "oncogenic" types of human papilloma virus (HPV) can increase the risk of cervical cancer. These viruses are spread by sexual contact, and there are now so many women infected with this virus that cervical carcinoma has become the second most common cancer in women worldwide, resulting in about 250,000 deaths per year.
· Although there are about a dozen slightly different types of HPV which are associated with cervical cancer, two types, HPV-16 and HPV-18, are implicated in about 70% of all cervical cancer cases. Recently, two pharmaceutical companies, Merck and GSK, have pioneered vaccines that are effective in preventing infection by both types of HPV. These are subunit vaccines made from viral coat proteins. In addition, the Merck vaccine includes coat proteins from two other HPV types, HPV-6 and HPV-11, which are not associated with cervical cancer, but which do cause genital warts. Their thinking in including these two "extras" is that preventing genital warts might encourage boys and men to be vaccinated, since they might otherwise be reluctant to be vaccinated to prevent a disease they cannot get.
· One study of the Merck vaccine included over 500 women aged sixteen to twenty-three years. After five years of foliowup, none of the vaccinated women had precancerous cervical lesions, whereas precancerous lesions were detected in six of the women in the unvaccinated control group. Other trials have reported similar results, and the vaccine, Gardasil, has now been approved by the Food and Drug Administration for use by girls nine to twenty-six years of age.
· Although the Merck and GSK vaccines should be extremely helpful in decreasing the number of deaths from cervical cancer, a vaccine that would protect against the five HPV types that are most commonly associated with cervical carcinoma could prevent hundreds of thousands of deaths from cancer each year worldwide providing that most sexually active young women could be vaccinated. Unfortunately, many of the cases of cervical cancer occur in underdeveloped parts of the world where immunization via injection is problematic. Recently, immunologists have begun to test whether inhalation, rather than intramuscular injection, might be a way to provide the HPV vaccine to people who live where sterile equipment and trained health care providers are not readily available. So far, the results of these tests have been encouraging.
· Although vaccinations against infection by cancer-associated viruses are the current stars in the efforts to enlist the immune system in the battle against cancer, scientists have not been deterred by the lack of immediate success with other immune-based therapies.
Indeed, many new approaches are in various stages of testing. We can all hope that these experiments will be successful - because, as it stands now, about one out of every three of us will get cancer during our lifetime.
Course 26: Immunochemistry 
Techniques
Electrophoresis, Immunoelectrophoresis, immunofixation, isoelectric focusing, and immunoblotting 
· Serum electrophoresis 
· The most basic technique for the detection of serum proteins.
· Serum is applied to an electrolyte containing agarose gel and a current is applied across the gel. Proteins are separated largely on the basis of their surface charge.
· Separated proteins are then visualized by incubating the gel with a protein-binding dye. As the amount of dye bound is proportional to the protein present, the amount of protein present in each band can be calculated from the absorbance of the dye if the total protein concentration is known. This is the method used for paraprotein quantitation.
· Faster semi-automated systems use capillary zone electrophoresis (CZE). Immunoelectrophoresis/immunofixation 
· Techniques for identifying the nature of the proteins separated in an electrophoretic strip.
· Individual proteins can be identified by immunoelectrophoresis, in which troughs cut parallel to the electrophoretic strip are filled with antisera, which are allowed to diffuse towards the separated proteins.
· Reaction at the point of equivalence gives an arc of precipitation.
· A faster technique is immunofixation, in which the antisera are laid over the electrophoretic separation and unreacted proteins washed out before staining with a protein-binding dye.
· Both these techniques are used principally to identify monoclonal immunoglobulins. Serum is preferred as the mobility of fibrinogen is such that it runs in the same region as some immunoglobulins.
· CZE can also be adapted to immunofixation.
· Isoelectric focusing and immunoblotting 
· More sensitive techniques are required for CSF, as the concentrations of immunoglobulins are lower.
· Electrophoretic separation is carried out by isoelectric focusing. The gel contains ampholytes, which move under the current to set up a pH gradient across the gel.
· Proteins applied subsequently then move to the part of the gel where the pH ensures that they become electrically neutral. They then cease to move in the current.
· The gel is blotted on to nitrocellulose filters, which are reacted with antisera against immunoglobulins (immunoblotting).
Radial immunodiffusion (RID) 
· A simple, although slow, method for the measurement of any protein for which an antiserum exists.
· Antiserum is incorporated into an agar gel, which is poured onto a plate and allowed to set. Regular holes are then cut into the gel and
· The serum containing the protein of interest is placed in the holes. The serum diffuses into the gel and forms an immunoprecipitate that can be seen as a white halo around the well.
· The log [concentration] is proportional to the diameter of the ring. The ring diameter can be measured using an eyepiece graticule.
· If this method is used to measure concentrations of immunoglobulins, caution is required as variations in molecular weight (if serum contains monomeric rather than polymeric IgM, as may happen in Waldenstrom's macroglobulinaemia) or the presence of immune complexes may cause falsely low or falsely high values.
· IgA-deficient individuals often have antibodies to ruminant proteins, including immunoglobulins, and as the antisera that are incorporated in the gel are often raised in ruminants, this may cause reverse precipitation in the gel and lead to entirely spurious results.
Ouchterlony double diffusion 
· A technique used for non-quantitative identification of proteins.
· Wells are cut in agar, and test serum and antisera are placed in the wells and allowed to diffuse towards each other.
· Lines of precipitation will form, which can be seen using a light box. When multiple samples are tested, lines of identity and partial identity can be recorded between sample wells.
· The technique is sensitive and can be used for low-level IgA detection.
· A variant in which the antigen and antibody are forced together by application of a current speeds the process up, but depends on the electrophoretic mobility of the antibodies and antigens. It is used for detection of antibodies to ENA—this is called countercurrent immunoelectrophoresis.
Nephelometry and turbidimetry 
· These  techniques   are   the   mainstay   of automated   specific   protein measurement.
· As with other techniques, they rely on immune complex formation when antibodies and antigens react. This alters the optical properties of the solution, and the light absorbance or scatter can be measured.
· The reactions can be enhanced using reaction diluents containing polyethylene glycol (PEG), which stabilizes the immune complex.
· Accuracy can be enhanced using kinetic assays (rate nephelometry).
· This technique is suitable for automation, but depends on high-grade monospecific antisera of high potency. Monoclonal antibodies are rarely suitable for this type of system.
· Anything that causes the serum to be turbid before the reaction begins, or interferes with the optical properties of the solution, will cause difficulties. This includes lipaemic sera or haemolysed samples with excess free haemoglobin (with haemoglobin-haptoglobin complexes).
α1 - acid glycoprotein
· Units: g/L.
· Normal range:
·  male, 0.6-1.2g/L
· female, 0.4-1.Og/L.
· Principles of test 
· Measured by nephelometry/turbidimetry.
Indications for testing 
· Also known as orosomucoid, an acute-phase protein, induced by IL-1, IL-6, and TNFα.
· It used to be used extensively in the diagnosis and monitoring of inflammatory bowel disease, and it was felt that it was more specific for this category of disease. There is no strong evidence to support this assertion and CRP probably provides all the information required.
· Dynamic range is only twofold, compared with >100-fold for CRP.
· There is a sex difference, with levels in females being lower. Levels are also reduced in pregnancy and in patients receiving oestrogens.
· It is known to bind certain drugs such as propranolol.
· There are no routine indications for its regular measurement at present.
α1 - antichymotrypsin 
· Units: g/L.
· Normal adult range: 0.3~0.6g/L
· Principles of test 
· •Measured by nephelometry/turbidimetry.
Indications for testing 
· This protein is one of the SERPIN family (serine protease inhibitors) whose major role is the protection of tissues from proteolysis by neutrophil and macrophage enzymes. It is particularly active against cathepsin G.
· It rises rapidly during an acute-phase response (within 8 hours) and has a dynamic range of fivefold (much less than CRP). It remains elevated for longer.
· It has been suggested as a useful marker for inflammatory bowel disease, but there is little evidence to support this and it is not widely used.
α1 - antitrypsin (α1-AT)
· Units: g/L.
· Normal adult range: 1.0-1.9g/L
· Principles of test 
· α1-AT is measured by nephelometry/turbidimetry.
Indications for testing 
· α1-AT is a proteolytic inhibitor with a wide range of inhibitory activities. It is a member of the SERPIN family.
· Low levels are associated with cirrhosis, emphysema, and neonatal jaundice, and also with adult liver disease. Deficiency may also be associated with vasculitis (particularly of the skin) and with membranoproliferative glomerulonephritis.
· There are a number of deficiency alleles, and when a low value is detected the phenotype should be determined. Other members of the family should be screened and phenotyped. This represents the only clinical utility of α1-AT measurements.
Interpretation 
· α1-AT comprises the major part of the u, fraction on serum electrophoresis, and deficiency can be detected readily on an electrophoretic strip.
· Occasionally split α1, bands due to allelic variants of α1-AT with different mobilities may be noted.
· In conditions where there are high levels of circulating proteases, protease α1-AT complexes may form, with loss of the  α1 band. The complex moves in the α2-β region of the electrophoretic strip.
· High levels are seen as part of the acute-phase response, particularly in chronic infections (bronchiectasis).
· Levels are also increased in pregnancy, in patients on oestrogens. and in certain malignant diseases, including some germ-cell tumours. 
· It has been suggested that measurement of α1-AT in faeces may give information on gut protein loss as it is resistant to degradation, although there appears to be a high false-negative rate. It may be a useful alternative to radio-isotopic methods for proving the presence of a protein-losing enteropathy. Normal levels are <5mg/g dry weight of faeces.
α1-antitrypsin (α1-AT) genotype (PI typing) 
· The gene for α1-AT is located on chromosome 14, close to the immunoglobulin heavy-chain locus (PI gene system, for protease inhibitor). A large number of variant alleles have been described.
· The identification is usually undertaken by isoelectric focusing, but functional studies may also be required for some rare alleles.
· In the UK, deficiency alleles occur with an incidence of about 1 in 2000. Many variants are seen in other racial groups and, as a consequence, are found only exceedingly rarely in the UK.
· The important deficiency alleles are S, P, W. Z, Mmalton, and null (no expressed α1-AT). Homozygosity for one or heterozygosity for any two of these alleles leads to severe deficiency. Heterozygosity with any non-deficiency allele leads to a reduction in, but not absence of α1-AT.
· The allele Mduarte gives rise to a functional deficiency with normal antigenic concentrations.
· Studies should always be undertaken on family members, and referring clinicians should always be asked for a family tree.
· Antenatal diagnosis is also possible by PI typing a fetal blood sample.
· In the UK, PI typing is undertaken by the Protein Reference Units (PRUs) in Birmingham and Sheffield, and their excellent handbook gives more detail on the genetic system.
α2-macroglobulin 
· Units: g/L.
· Normal ranges (quoted by PRU):
· <15 years. 2.8-6.7g/L
· >15 years, 1.3-2.0 -3.5-5.0g/L depending on age and sex.
Indications for testing 
· No value in routine measurement at present.
Interpretation 
· α2MG has anti-protease activity. It is an acute-phase protein and also acts as the carrier for IL-6.
· In adults, levels are slightly lower in females and fall with age.
· It is a major component of the a2 band on electrophoresis and contributes significantly to the elevation of α2 seen in chronic inflammatory conditions.
· As it has a very high molecular weight (725kDa), this protein is preferentially retained in the nephrotic syndrome, giving a relative increase in relation to other areas of the electrophoretic strip.
· Levels are also reported to be elevated in ataxia telangiectasia, diabetes mellitus, oestrogen therapy, and pregnancy.
· Reduced levels have been found in pre-eclampsia and acute pancreatitis. Deficiency has been reported but is exceptionally rare.
Acute-phase proteins (CRP, ESR, SAA) 
· •Units:
· CRP. mg/L
· ESR, mm/h
· SAA, mg/L.
· •Normal ranges:
· CRP, 0-6mg/L
· ESR. 0-25mm/h
· SAA, 0-10mg/L
Principles of test 
· As serum proteins, C-reactive protein (CRP) and serum amyloid A (SAA) are amenable to measurement by nephelometry or turbidimetry.
· Measurement of the ESR is by timing the rate of fall of erythrocytes in a graduated tube.
Indications for testing 
· Acute and chronic infections, vasculitis, connective tissue disease, arthritis, autoinflammatory diseases.
Interpretation 
· CRP is a member of the pentraxin family of proteins.
· CRP is a bacterial opsonin and binds free DNA.
· Clinicians are usually confused by ESR and CRP—they do not give the same information and should be used together.
· ESR is largely dependent on elevation of fibrinogen, a long-lived serum acute-phase protein, and of serum macroglobulins (α2MG, IgM). It is also affected by red cell morphology.
· CRP is like blood glucose, while ESR is like HbA1c!
· CRP rises within hours of onset of inflammation/infection and falls quickly once treatment is instituted. Half-life is 6-8 hours. Therefore it is useful for rapid diagnosis and for monitoring response .
· The ESR rises slowly, as it is dependent in part on fibrinogen, a long-lived protein, and falls equally slowly. The half-life of fibrinogen is approximately a week.
· In active SLE, the ESR is high, but the CRP is not elevated.
· CRP is driven by IL-6, as well as IL-1 and TNFα, and may be elevated in myeloma. Measurements of CRP reflect serum IL-6 levels and there is no additional value to measuring IL-6 directly.
· Levels in very young children may be much lower for a given stimulus.
· A very small number of patients do not make inflammatory responses which exceed the normal range, but seem to run on a lower 'normal' range (10-fold less). Ultrasensitive assays for low-level CRP are available.
· Some patients with giant cell arteritis never show an 'elevated' CRP.
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Levels of CRP and their common associations
· SAA, which is the circulating precursor of the secondary (AA) type of amyloid and whose physiological function is currently unknown, is an acute-phase protein with a very wide dynamic range (1000-fold). Monitoring of SAA is said to be valuable in disease known to predispose to the development of AA amyloid, such as chronic infections and inflammation, particularly autoinflammatory syndromes. The CRP test is more widely available and probably gives the same information.
· In allograft rejection, CRP and SAA may move independently. Serum amyloid P (SAP) is related to CRP structurally and is a member of the pentraxin family. Despite this similarity, its function is not fully understood and it does not function as a major acute-phase protein. Routine measurement is not justified at present, although labelled SAP has been used as a tracer for amyloid deposits.
Amyloid proteins 

Amyloid refers to the deposition of altered proteins in tissues in an insoluble form.
· The precursor protein varies according to the cause, and can often be measured specifically. Amyloid is usually confirmed by special stains on histological examination of biopsies.
· Measurement of serum immunoglobulins and electrophoresis, serum free light chains, (β2-microglobulin, and CRP is essential if amyloid is suspected.
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Clinical syndromes and associated amyloid proteins and protein precursors
Avian precipitins 
· Units: reported semi-quantitatively.
· Normal range: healthy adults exposed regularly to birds may demonstrate precipitins.
Principles of test 
· Usually carried out by double diffusion. Fluorescence assays and ELISA
are also used, and Pharmacia have an ImmunoCAP available.
Indications for testing 
· Used in the investigation of bird-fancier's lung (extrinsic allergic
alveolitis).
Interpretation 
· IgG-precipitating antibodies to avian antigens are found in cases of bird-fancier's lung. These react particularly with avian serum and faecal proteins.
· Presence of precipitins is a marker of exposure and does not automatically mean that disease will be present.
· Presence of multiple precipitin lines tends to be a feature of disease.
· Any bird species is capable of inducing precipitins, but the most common causes of problems are pigeons, psittacine cage birds, and domestic poultry (as an occupational disease).
Bacterial and viral antibodies (specific antibodies; functional antibodies)
· Units are variable: U/L, lU/mL, ug/mL. 
· Ranges are variable: check with reporting laboratory.
· Pneumococcal antibodies, >20U/L (asplenics >35U/L).
· Tetanus antibodies: >0.1IU/mL (minimum protective level)
· Haemophilus influenzae type B, >1.0ug/mL (full protection, asplenics >1.5ug/mL).
· Viral antibodies: usually qualitatative, semi-quantitative, or titre.
Principles of test 
· Measurement of antibody production against defined pathogens or antigens purified from pathogens plays an important role in the investigation of suspected immunodeficiency.
· Most assays are carried out by enzyme-linked immunoassay, but some viral antibodies are still measured by haemagglutination or complement fixation.
· Pre- and post-immunization samples should be run together for direct comparison as the coefficients of variation for the assays tend to be high (15-25%!).
· An EQA scheme exists for tetanus, pneumococcal, and Hib antibodies, and internationally agreed standards are available for tetanus and Hib.
A UK standard exists for pneumococcal antibodies.
· Post-immunization samples should be taken at 3-4 weeks to see the optimum response.
· Assays have tended to focus on agents for which there are safe and effective vaccines.
· Live vaccines should never be given to any patient in whom immunodeficiency is suspected.
· Antibodies normally run in immunology laboratories include pneumococcal polysaccharides, which may be further differentiated as IgGl and lgG2, Haemophilus influenzae type B (Hib), and tetanus.
· Assays to individual serotypes of Pneumococcus are available in reference laboratories. This is a time-consuming and expensive test and should only be used by experienced immunologists investigating suspected immune failure.
· Diphtheria antibodies are not run by many laboratories as the assay's EQA performance has been so poor.
· Antibodies to Pseudomonas and Burkholderia are used in cystic fibrosis.
· Antibodies to Salmonella Vi antigens are being studied as a potential for evaluating immune response to polysaccharide antigens (alternive to pneumococcal antibodies).
· Meningococcal C polysaccharide antibodies are run by a few specialized laboratories, but correspondence with known clinical status has been poor and there is no EQA.
· ASOT may be helpful. However, antibodies to staphylolysin are not useful, as they may be negative in normal individuals.
· Viral antibodies may be valuable—to natural exposure and immunization antigens such as polio, measles, mumps, rubella, chickenpox, EBV, and hepatitis B (if immunized).
· Isohaemagglutinins are naturally occurring IgM antibodies (in patients of a suitable blood group) and should be measured as part of a functional antibody screen.
Indications for testing 
· These assays should be used in the work-up of patients with suspected immunodeficiency, or in monitoring change in such patients.
Anti-Pseudomonas/Burkholderia antibodies are used for monitoring CF patients in some centres.
· Responsiveness to immunization is a helpful marker of immunological recovery following bone marrow transplant.
· Annual monitoring of levels may be valuable in asplenic patients, as such patients lose immunity more rapidly than a eusplenic population.
Interpretation 
· Interpretation is entirely dependent on the context!
· Assays for pneumococcal polysaccharides measure a composite of responses to the 23 strains in the Pneumovax  vaccine. This can be misleading as not all strains represented in the vaccine are equipotent as immunostimulators. This means that a 'normal' response may actually mean a good response to the immunogenic strains, masking failure of response to the less immunogenic strains.
·  Evaluation of the response to conjugated pneumococcal vaccines and the measurement of serotype-specific responses may be helpful.
· Therefore evaluation of such patients should be carried out by an immunologist with an interest in immunodeficiency. More weight should be placed on changes in response to immunization than to actual values—hence the need to run pre- and post-immunization samples together.
· A 'normal' response to immunization has never been standardized. Publications frequently use different criteria, rendering comparison impossible. The following is a useful working definition:
· ► a fourfold rise in titre that rises to well within the normal range.
· All antibody responses must be interpreted in the light of the clinical history and previous infections/immunizations.
· Some patients lose specific antibody rapidly, within 3-6 months of immunizations (poor long-term immunological memory). If this is suspected, repeat testing after 6 months.
· Measured responses if conjugated pneumococcal vaccines (Prevenar). which contain fewer serotypes, are used may be lower if the laboratory uses assays based on Pneumovax  as the test antigen mix.
Bence-Jones proteins
β-microglobulin (β2MG) 
· Units: mg/L.
· Normal range: 1-3mg/L.
Principles of test 
· Test measures free (β2-microglobulin, which normally forms the light chain of HLA class I molecules but is shed when there is increased lymphocyte turnover and therefore is present in serum in soluble form. It is usually rapidly cleared by the kidneys.
· It has a molecular weight of 11-12kDa.
· Measurement is usually by automated analyser, nephelometry, or turbidimetry.
· RID is still used, but it is slow.
Indications for testing 
· The main indication is as part of the routine monitoring of patients with myeloma, lymphoma, and HIV. However, its non-specific nature and the influence of renal function on results mean that it is less widely used.
· Serum free light chains are replacing  β2MG in the monitoring of myeloma.
· Elevated levels can be seen in dialysis patients. 
Interpretation 
 Levels are elevated in the following.
· HIV infection (surrogate marker of progression).
· In HIV disease, β2MG is said to be a useful surrogate predictor of disease progression, and gives similar information to the absolute CD4*+ T-cell count. However, the dynamic range in HIV is smaller compared with that in lymphoproliferative diseases. The CD4+ T-cell count and viral load are preferred in the UK.
· Other viral infections.
· Myeloma (marker of tumour mass).
· In myeloma, serial measurement of  β2MG is a useful adjunct in terms of monitoring tumour burden and cell turnover. Interpretation of levels is complicated by the need to consider renal function, particularly as free light chains are nephrotoxic and may damage tubules, thus inhibiting reabsorption, and there may also be glomerular damage preventing filtration. Therefore the effects on β2MG serum levels in myeloma are complex.
· Levels below 4mg/L are associated with a good prognosis, while levels above 20mg/L are associated with a poor prognosis, although this may well represent the effects of renal damage.
· Treatment with a-interferon elevates serum levels, which needs to be considered in monitoring levels.
· Lymphoma.
· Common variable immunodeficiency (correlation with severity): it appears most highly correlated with granulomatous disease.
· Renal dialysis (depending on type of membrane): very high levels may be associated with amyloid.
· High levels may also be seen in renal tubular dysfunction, such as damage from aminoglycoside drugs.
· Allograft rejection (beware of intercurrent viral infections): levels will fall with treatment.
· Elevated levels of β2MG are seen in connective tissue diseases such as Sjogren's syndrome and rheumatoid arthritis, and in granulomatous diseases such as sarcoidosis. Levels fall when patients are treated with corticosteroids or other lymphocytotoxic chemotherapy.
· Measurement of urinary  β2MG is of no value as it is rapidly degraded in urine.
Caeruloplasmin
· Units: g/L
· Normal adult range: 0.19-0.71g/L
Principles of test 
· Caeruloplasmin is measured by nephelometry.
Indications for testing 
· Clinically, the most important indication for measurement is in suspected Wilson's disease.
· It has been proposed as a useful marker in the monitoring of vasculitis, although it is doubtful whether it gives any additional information over measurement of CRP (it is the cause of green serum in vasculitis!).
Interpretation 
· Caeruloplasmin is a copper-binding protein, of molecular weight 150kDa. with an α2 mobility on electrophoresis.
· Levels are reduced in most cases of Wilson's disease (hepatolenticular degeneration), although a few patients will have normal values, usually when there is an intercurrent stimulus to the acute-phase response.
· As it is synthesized in the liver, levels will be reduced in severe liver disease (hepatitis and primary biliary cirrhosis).
· Levels are reduced in severe malabsorptive syndromes where there is copper deficiency.
· Levels will be elevated in acute-phase responses, in particular in rheumatoid arthritis and vasculitis, and in pregnancy, oral contraceptive use, and thyrotoxicosis.
Complement C3, C4, and factor B
· Units: g/L or mg/L.
· Normal ranges:
· complement C3, 0.68-1.80g/L
· complement C4, 0.18-0.60g/L
· factor B, 180-240mg/L (rarely measured routinely).
Principles of test
· C3, C4, and factor B are usually measured by rate nephelometry or turbidimetry.
· Care needs to be taken with samples as venepuncture and transportation may lead to in vitro activation, which may reduce levels of C3, and especially C4, and lead to spurious increases in breakdown products. This may be prevented by taking samples into EDTA, as breakdown is calcium dependent.
Indications for testing 
Valuable in:
· suspected SLE (C3, C4, C3d)
· suspected complement deficiency (C3, C4, haemolytic complement)
· suspected anaphylaxis (anaphylotoxins C4a, C5a)
· suspected hereditary angioedema (C3, C4, C1q, C1 esterase inhibitor, immunochemical and functional)
· monitoring SLE and immune complex disease (SBE, serum sickness).
· Measurement of all three components allows analysis of both classical and alternate pathway activation; factor B is not usually measured routinely.
 Interpretation 
· Complement deficiency is common (especially C4 and C2 deficiency); predisposes to recurrent neisserial disease, bacterial infections (C3 deficiency), and immune complex disease (lupus-like).
· Measurement of C3 is valuable in monitoring SLE. C4 null alleles are common and affect the baseline level of C4. It is not possible to use C4 levels as a marker of activity in SLE without knowing how many null alleles there are.
· It is useful in the diagnosis of SBE (reduced C3), post-streptococcal glomerulonephritis (low C3), and other conditions of complement activation.
· A persistently low C3 may indicate the presence of a C3-nephritic factor .
· In patients with angioedema, a low C4 may indicate C1-esterase inhibitor deficiency.
· Both C3 and C4 are acute-phase proteins, and therefore may be normal even at times of rapid consumption. Assessment of C3 breakdown products is advised.
· C4 is often reduced in pre-eclampsia.
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Levels of C3 and C4 – interpretation of testing
Complement allotypes
· The locations for the complement genes are known. C2, factor B, C4A, and C4B form part of the MHC genes (Class III) encoded on chromosome 6, linked to HLA-DR. C3 is encoded by an autosomal co-dominant system on chromosome 19. Null alleles are common, particularly for C2 and C4. 
· Determination of the complement allotypes is sometimes undertaken as part of extended MHC phenotyping/genotyping when looking at disease association and specifically at complement deficiency states. It may also be used as an additional testing during tissue typing. C4 null alleles confer an increased risk of developing SLE and also drug-induced lupus. 
· They have also been associated with systemic sclerosis, RhA. common variable immunodeficiency, and selective IgA deficiency. Complement allotypes are available through the PRUs.
CH100/APCH100 (haemolytic complement; lytic complement function tests)
· Units: can be reported in arbitrary units or percentage of normal plasma, but better reported as 'normal’, 'reduced', or 'absent'.
· Normal range: present (80-120% of reference plasma).
Principles of test 
· Haemolytic complement assays screen for the integrity of the classical/ alternate pathways and the terminal lytic sequence, and use either antibody-coated sheep cells (CH,00. classical pathway) or guinea pig red cells (APCH,00, alternate pathway). Either a gel or liquid assay can be used, but the gel is easier! If a liquid-based assay is performed the results are reported at the point of 50% lysis (CH50, APCH50). Both CH100 and APCH100 must be performed in parallel.
· In both types of assay the classical pathway activity is detected by using antibody-coated sheep red cells, while guinea pig red cells are used for the alternate pathway, as these are susceptible to direct lysis via the alternate pathway.
· Both assays are dependent on the terminal lytic sequence.
· Activity can be reported in terms of units/mL or compared with a standard serum and reported as a percentage. However, it is probably adequate to report as 'normal', 'low', or 'absent'.
Indications for testing 
· Any patient in whom deficiency of a complement component is suspected.
· Any patient with recurrent neisserial disease or infection with an unusual strain of Neisseria.
Interpretation 
· Reduced levels of haemolytic activity will be seen during infections and immune complex diseases such as serum sickness and SLE.
· Testing for absence of a component needs to be undertaken at a minimum of 4-6 weeks after recovery from infection.
· Absence in both CH10O and APCH1D0 indicates a deficiency in the terminal lytic sequence C5-C9 (C9 deficiency will give slow lysis).
· Absence in CH10O indicates a missing component in the classical pathway C1-C4.
· Absence in APCH,00 indicates deficiency in the alternate pathway (factor D, factor B, C3).
· Follow-up testing to identify a missing component must be undertaken if there is absence of activity in one or both assays.
· Serial monitoring of haemolytic complement activity has been used to monitor disease activity in SLE. but is not a reliable or accurate measure. C3 breakdown products are better, if available.
Critical action 
Anyone who has a single episode of neisserial meningitis with an unusual strain or a second episode must be assumed to have complement deficiency until proved otherwise. Investigation of haemolytic complement after recovery is mandatory.
Cl-esterase inhibitor (immunochemical and functional)
Units:
· immunochemical, g/L
· functional, reported as percentage activity compared with normal fresh plasma.
Normal range:
· immunochemical. 0.18-0.54g/L (paediatric ranges not well defined, but lower than adult ranges)
· Functional, 80-120% normal plasma.
Principles of tests 
· Immunochemical measurement is carried out by RID or nephelometry; functional assay is usually a colorimetric assay.
· If C4 is low in patient with angioedema and immunochemical C1-esterase inhibitor is normal or high, suspect type II HAE and measure C1-esterase inhibitor function.
· If immunochemical Cl-esterase inhibitor is low/absent, there is no additional value in measuring functional C1-esterase inhibitor.
· There are a number of specific assays for functional C1 -esterase inhibitor, including commercial colorimetric assays. Some require citrated plasma while others require serum, and it is important to check which samples are required by the local laboratory.
· The inhibitor is labile, and samples should be separated as soon as possible to avoid artefactually reduced levels.
Indications for testing
· Key indication is angioedema occurring without urticaria at any age. If urticaria is present, diagnosis is almost never C1-esterase inhibitor deficiency.
· C4 is a useful screen: normal C4 during an attack excludes C1-esterase inhibitor deficiency.
Interpretation 
· C1-esterase inhibitor is a control protein of the classical pathway. Cl-esterase inhibitor deficiency causes hereditary angioedema.
· Two main types of HAE are recognized .
·  Type I (common, 80%): absence of immunochemical Cl-esterase inhibitor.
· Type II (rare, 20%): presence of non-functional C1-esterase inhibitor: due to point mutations affecting enzyme active site; immunochemical levels normal or high.
· Both are inherited as autosomal dominants.
· HAE presents with angioedema but no urticaria; may involve larynx and gut; usual onset at puberty.
· C4 absent during acute attacks. See Chapter 1 for treatment.
· Rare acquired form due to autoantibody to C1-esterase inhibitor (SLE, myeloma, splenic villous lymphoma); Clq levels are reduced and a paraprotein may be present.
The development of new angioedema in an older patient should lead to a search for such a paraprotein (immunoglobulins, electrophoresis, paraprotein, and β-microglobulin) and its source (look in spleen and lymph nodes; consider CT scan), as well for evidence of complement consumption.
Complement breakdown products
Measurements of specific complement breakdown products such as C3bi and C3d are more valuable as markers of complement turnover. Several tests are available.
Units:
· C3d. mg/L
· SC5b-9, ug/L
Normal range:
· C3d, <150mg/L
· SC5b-9, <60ug/L.
Principles of tests 
· C3 breakdown products may be detected by specific antisera, in radial immunodiffusion assays, Laurell rocket electrophoresis,
immunofixation, and by sandwich ELISA (SC5b-9).
· There is no gold standard. Commercial RID plates have been withdrawn because of issues with CE marking!
· Because some activation of C3 occurs with blood clotting, it is essential that samples are taken into EDTA which chelates the calcium required for C3 degradation.
Indications for testing 
· Testing for C3 breakdown products is essential in any condition 1 in which complement consumption is suspected.
· As C3 (and other complement proteins) is an acute-phase protein, levels may be normal even with consumption. Therefore measurement   
of breakdown is the only reliable way of detecting the complement-consuming process.
Interpretation 
· C3d levels correlate with disease activity in SLE and are also elevated  in patients with severe diffuse cutaneous disease associated with
· systemic sclerosis.
· They are valuable because, as noted above, C3 is an acute-phase protein and levels may remain within the normal range despite significant consumption if there is an acute phase.
· Other assays have been studied. The best seems to be a multistage sandwich ELISA to detect the terminal lytic complex C5b-C9. 
· This   I also correlates well with disease activity, but is a more expensive and   I complicated assay.
C1q
Units:  mg/L.
Normal range: adults 50-250mg/L (PRU).
Principles of test 
· Measurement is usually by RID.
 Indications 
· Abnormal CH100, with normal APCH100.
· Suspected acquired angioedema.
Interpretation 
· Low C1q is supposedly associated specifically with acquired but not hereditary angioedema. Familial deficiency may occur, causing recurrent bacterial infections, SLE, and glomerulonephritis.
Other individual complement components
Units: usually qualitative detection; where measurements are made units are mg/L.
Normal adult range: present (PRU handbook quotes indicative ranges). Reported as present or absent, as a percentage of control serum, or in mg/L.
Principles of tests 
· Measurement of individual complement components requires the availability of specific antisera.
· They are usually detected by either double diffusion or RID.
· It may be necessary to carry out functional assays, with complementation by other sera with known complement deficiencies.
· Measurement of individual components should follow, not precede, a functional evaluation by CH100/APCH100 to determine the location of the missing component.
Indications for testing 
· Testing is of value in the investigation of recurrent meningococcal disease, glomerulonephritis (Clq, C2, C3), pyogenic infections (C3, factors D, P, I), and atypical lupus (C1q, C2, C4, C5-8), where deficiency of a complement component is suspected.
Interpretation 
· C2 levels will be reduced in activation of the classical pathway. However", C2 deficiency is the most common deficiency of the complement pathway, with C2 null alleles occurring at a frequency of between 1 in 100-500.
· O deficiency often leads to an atypical form of lupus in which skin manifestations are common.
· As active lupus will lower C2 levels through consumption, it is often difficult to be sure whether complete C2 deficiency is present.
· However, in complete deficiency CH100 will be absent.
· Genetic studies may be necessary to confirm the diagnosis.
· Other complement components may be absent in atypical lupus, glomerulonephritis, and pyogenic infections.
C3a, C4a, and C5a (anaphylotoxins)
Units: ug/L.
Normal ranges:
·  C3a, 10-570ug/L (EDTA plasma)
· C4a, 102-212ug/L
· C5a, <10ug/L
Principles of test 
· Assays are not readily available (radio-immunoassay), but the PRUs offer testing.
· Samples need special handling as the anaphylotoxins are labile: special collection tubes containing a protease inhibitor, nafamostat (Futhan), as well as EDTA are required. The commercial supplier of these tubes has now ceased production. Immediate separation and freezing of the plasma is required for accurate measurement.
Indications for testing 
· Anaphylotoxins are released as part of the activation process of the complement cascade, being cleaved off their parent molecules. All share a terminal arginine, which is essential for biological activity and is removed by carboxypeptidase-N. the enzyme responsible for their inactivation.
· All are potent triggers for histamine release and smooth muscle constrictors, and they increase vascular permeability. They also act as chemotactic factors and aggregate neutrophils.
· Clinical utility of measurements of the anaphylotoxins is limited, although they may be valuable in monitoring shocked patients, patients with respiratory distress syndrome, and patients undergoing extracorporeal circulation.
· Although anaphylotoxins change in other conditions with complement activation, such as SLE, there are other more convenient assays that will give the same information.
Complement factors H and I 
Units: mg/L.
Normal range:
· factor H, 430-61 Omg/L
· factor I, 38-58mg/L.
Principles of test 
· RID is used to measure factors H and I.
 Indications for testing 
· Haemolytic-uraemic syndrome (HUS).
 Interpretation 
· Deficiency of either of these factors may lead to HUS. Measurement is possible in specialized centres, with follow-up genetic testing.
C4-binding protein (C4BP) 
· Units: ug/L.
· Normal range, adults: 140-220ug/L.
· C4BP is an acute-phase regulatory protein of the complement system, as a cofactor for factor I.
· It binds to protein S and serum amyloid P (SAP).
· Familial deficiency has been associated with atypical Behcet's syndrome.
· Raised levels are seen in young patients with stroke (reduced free protein S) and in pregnancy, nephrotic syndrome, DIC, SLE, and recurrent thromboses.
Cryoglobulins 
Units: usually reported qualitatively but a 'cryocrit' can be measured using capillary tubesin a similar way to a manual haematocrit. The cryocrit will be reported as a percentage of the serum volume.
Normal range: tiny amounts of cryoglobulins may be found in normal individuals.
Principles of test 
· Cryoglobulins are immunoglobulins which precipitate when serum is cooled. The temperature at which this occurs determines whether disease will result. If the blood circulates through a part of the body where the temperature is below the critical temperature, the protein will precipitate in the capillaries causing obstruction, vascular damage, and eventually necrosis.
· The reason for cold insolubility is unknown but may be due to abnormal amino acid structure (paraproteins) and abnormal glycosylation (connective tissue disease).
· All immunoglobulins will precipitate to a small extent in the cold.
· The temperature of the hand is approximately 28°C at ambient room temperature. Immunoglobulins which precipitate at or above 28°C will cause clinical problems (obviously lower if ambient temperature is
· reduced).
· To detect cryoglobulins, take blood using a warmed syringe into a warmed bottle and transport to laboratory at 37°C, using a Thermos flask containing either pre-warmed sand or water at 37°C. The laboratory will allow the blood to clot at 37°C and then cool the serum to 4°C.
· Cryoglobulins will form a precipitate as the temperature drops. This usually occurs within 24 hours, but occasionally takes longer.
· The precipitate is then washed and re-dissolved for analysis by electrophoresis and immunofixation.
· The re-dissolved cryoprecipitate should be tested for rheumatoid factor activity.
· Measurement of immunoglobulin in sera with cryoglobulins will give misleading results on nephelometers and turbidimeters. RID carried out at 37°C is required.
· Cryoglobulins are not the same as cold agglutinins (a feature of Mycoplasma pneumoniae infection).
Indications for testing 
· All patients with Raynaud's phenomenon of new onset, or with winter onset of purpuric or vasculitic lesions on the extremities.
· Chronic hepatitis C infection is often accompanied by type II cryoglobulinaemia and a characteristic syndrome: mixed essential cryoglobulinaemia = autoimmune phenomena, arthritis, ulceration, glomerulonephritis, neuropathy. C3 is normal, and C4 is reduced.
· Patients with myeloma, SLE. Sjogren's syndrome, and rheumatoid arthritis.
Interpretation 
· Most cryoglobulins are IgG or IgM; IgA and free light-chain cryoglobulins are rare.
· HCV-associated cryoglobulins are very common in northern Italy.
· In infection-triggered cryoglobulinaemia, the immunoglobulins may have specificity against the infecting agent.
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Cryofibrinogen 
· This is found less commonly than cryoglobulins, and presents with typical cold-induced vasculitic lesions on exposed areas.
· To detect a cryofibrinogen, paired EDTA and clotted samples (not heparin) must be taken at 37°C and transported at that temperature to the laboratory, where the serum and plasma will be separated warm and then cooled to 4°C. The cryoprecipitate will form only
· in the EDTA plasma. This is washe and, redissolved, and its identity is confirmed by either direct measurement or immunofixation on electrophoresis.
· The main association is with occult malignancy and thrombophlebitis migrans. Most common tumours are myeloma, leukaemia, and carcinoma of the prostate.
· Also associated with IgA nephropathy, connective tissue disease, pregnancy, OCP use, diabetes mellitus, and cold urticaria.
· A separate form may also be seen in heparin-treated patients when the heparin acts as a cofactor for the precipitation.
C-reactive protein (CRP) 
· CSF proteins 
Units: g/L.
Normal adult range:
· IgG, 0.01-0.05g/L
· albumin, 0.06-0.26 g/L
· lgG:albumin ratio <22%.
Principles of test 
· IgG and albumin measured by nephelometry.
· Oligodonal bands detected by isoelectric focusing (IEF) and immunoblotting of paired serum and CSF.
Indications for testing 
· Measurements of CSF IgG. albumin, and detection of oligodonal bands are useful as adjunctive tests in the diagnosis of multiple sclerosis.
· Other CSF proteins (myelin basic protein and tau proteins) can be measured at PRUs; these may provide other confirmatory evidence in suspected demyelination.
Interpretation 
· When the blood-brain barrier is intact, mainly low molecular weight proteins are found in the CSF.
            Any inflammatory disease increases the passage of proteins into the CSF, including those of higher molecular weight. Certain conditions are associated with the presence of plasma cells within the brain, leading to local immunoglobulin production which is
· Oligoclonal.
· Contamination of the CSF with blood through poor lumbar puncture
· (LP) technique renders the test uninterpretable. Elevation of the CSF IgG or a ratio of CSF IgG to CSF albumin >22% is
· Strongly suggestive of intrathecal synthesis.  Intrathecal synthesis of IgG is present if IEF bands are detected in CSF but not serum. »Oligoclonal IgG bands in the CSF are found in MS, but may also occur in encephalitis, neurosarcoid, neurosyphilis, meningitis, polyneuritis, subacute sclerosing panencephalitis, SLE, and tumours. » If a paraprotein is present in serum, it may also be found in the CSF.
· Complex calculations of other indices, based on CSF and serum IgG, IgM. and albumin concentrations, and on the IgG synthetic rate, have been proposed. They add little information to that obtained from the CSF lgG:albumin ratio, which costs half as much.
· Where unusual infections are suspected, it may be valuable to compare the ratio of specific antiviral titres in the CSF and serum with the equivalent ratio for IgG; if the ratio is higher for the specific antibody, this suggests that there is a CNS infection.
Fungal precipitins
Units: semi-quantitative.
Normal range: may be found in healthy exposed individuals, highest titres in heavily exposed individuals.
Principles of test 
· Precipitating IgG antibodies to fungal antigens are usually detected by immunodiffusion, although ELISA, UNICAP". and fluorescent
techniques are also used.
Indications for testing 
· Suspected type III hypersensitivity pneumonitis to fungal or other proteins.
Interpretation 
· Farmer's lung is typically associated with antibodies to Aspergillus fumigatus, Thermoactinomyces vulgaris, and Micropolyspora faeni. 
· Other occupational lung diseases (malt-worker's lung, etc.) may be associated with other fungi, including Aspergillus davatus.
· Antigens are predominantly low molecular weight,
· Antibodies are not diagnostic, but are markers of exposure and should always be interpreted in the light of clinical findings.
· Usually few precipitin lines are present.
· Concentration of the sera may be required to reveal weak lines.
· The antibody response is reduced in smokers.
· When an aspergilloma (fungus ball) is present, often in an old tuberculous cavity, antibodies to high molecular weight antigens may be detected. Here there are multiple precipitin lines and the antibodies are frequently readily detectable, even in unconcentrated sera.
· Allergic bronchopulmonary aspergillosis (ABPA) is an eosinophilic pneumonia, which is also associated with precipitating antibodies to Aspergillus fumigatus. Total IgE and Asperg/llus-specific IgE are elevated.
· Other fungi that are associated with an IgE-mediated response include Cladosporium, Alternaria, and Penicillium species. These are associated mainly with asthmatic symptoms (in inhabitants of damp mouldy accommodation).
· Some hypersensitivity pneumonitides (cheese-worker's lung, humidifier fever (Penicillium); wood-worker's lung (Alternaria)) may be associated with precipitins to these fungi, but the tests are not reliable for diagnoses as the fungi are ubiquitous and many healthy individuals have antibodies.
· IgG antibodies to Candida species may be found in otherwise healthy individuals, indicating the ubiquitous nature of the yeast. These include antibodies against the mannan component (polysaccharide), as well as protein antigens.
· Absence of antibodies to Candida albicans mannan may suggest the possibility of a humoral immune deficiency.
· Patients with chronic mucocutaneous candidiasis often have wery high levels of IgG precipitins to Candida, with multiple precipitin lines, and this is helpful in diagnosis.
· Testing for antibodies to Candida in other immunodeficiencies, such as HIV infection, when yeast infection is suspected is unreliable. Similar constraints apply to detection of antibodies to Nocardia. 
Haptoglobin
Units: g/L.
Normal adult range: 1.0—3.0g/L.
Principles of test 
· Nephelometry/turbidimetry.
Indications for testing 
· Suspected haemolysis.
Interpretation 
· Haptoglobin is an β2-globulin that is involved in the recycling of haem iron by binding liberated haemoglobin.
· Levels are markedly reduced in the presence of haemolysis.
· Other diseases leading to increased red cell fragility, such as sickle-cell disease, thalassaemia, and G6PD deficiency, are also associated with reduced haptoglobin levels.
· Genetic lack of haptoglobin has been reported.
· Elevated levels are seen in biliary obstruction, aplastic anaemia, and as part of an acute-phase response.
· Haptoglobin exists in polymeric forms, which gives rise to difficulties in measurement by RID.
ICAM-1, soluble 
· Proposed as marker of vascular graft rejection as released by activated endothelium.
· Assay by EIA, but this is costly and requires samples to be batched.
· Therefore the test is not economically viable for routine use, as turnaround appropriate to clinical needs cannot be achieved.
· Monitoring CRP and β2-microglobulin is more practical, as these tests can be run daily on automated analysers.
Anti-lgA antibodies 
Units: titre.
Normal range: not defined.
Principles of test 
· ELISA and tanned red cell agglutination are used.
· Assay detects IgM and IgG but not IgE antibodies.
Indications for testing 
· Investigation of transfusion reactions including reactions to IVIg.
Interpretation 
· Reported in the context of reactions to blood products and immunoglobulins.
· Will only occur in patients with complete absence of IgA (selective IgA deficiency, CVID).
· Expected to be rare in XLA where there is no capacity to produce antibody of any class.
· May be found in healthy IgA-deficient individuals.
· Clinical significance is uncertain. IgE antibodies have been reported and may be more significant in the context of acute transfusion reactions; these are not detected by current assays.
· Risk of adverse reactions in IgA-deficient individuals is estimated at 1 in 15 million.
· Similar problems of transfusion reactions have been found in patients with deficiencies of either C4A or C4B (Chido and Rodgers blood groups), as they may also see infused C4 as foreign and make an antibody response.
IgA subclasses and IgD 
IgA subclasses 
· IgA exists as two subclasses: lgA1, the predominant serum IgA, and lgA2, which occurs in secretions with lgA1 in roughly equal amounts.
· Specific deficiencies of IgAl and lgA2, either alone or in combination with other immunoglobulin abnormalities, have been described.
· There are no routine indications for measurement but it has been suggested that measurement of IgA subclasses may be valuable in the investigation of recurrent Haemophilus infection of the respiratory tract.
· May also be valuable in the investigation of transfusion reactions where some IgA is detected, as the patient may be deficient in only one subclass and hence see the other subclass as 'foreign'.
IgD 
· Rarely measured in clinical practice, as its main function is as a membrane receptor.
· Elevated levels may be seen in the periodic fever syndrome, hyper-lgD syndrome due to deficiency of mevalonate kinase, and in IgD-secreting myeloma (rare).
· Measurement is usually by radial immunodiffusion.
Immunoglobulins (total serum) 1 
Units: g/L
Normal range (adults only):
· IgG, 5.8-15.4g/L
· IgA, 0.64-2.97g/L
· IgM (males). 0.24-1.90g/L
· IgM (females). 0.75-2.30g/L
Principles of assay 
· Normally rate nephelometry/turbidimetry.
· Rarely, radial immunodiffusion may be used: this is slow and less accurate.
· For automated analysers, coefficients of variation should be in the 5-10% range. Results are standardized against international standards. In the UK, an EQA scheme operates.
· Laboratories should provide normal ranges which vary according to age and sex. Unfortunately, many laboratories do not adjust ranges for age and sex, which may lead to confusion.
Indications for testing 
· Measurement of serum  immunoglobulin is indicated in the following conditions.
Suspected immunodeficiency (primary or secondary): diagnosis and monitoring.
Immunoglobulins (total serum) 2: causes of hypo-and hypergammaglobulinaemia
Causes of hypogammaglobulinaemia 
· X-linked agammaglobulinaemia (absent B cells; all immunoglobulins low/absent).
· Common variable immunodeficiency (reduced T/B cells; low immunoglobulins).
· Hyper-IgM syndrome (normal/raised IgM; low/absent IgG, IgA).
· Selective IgA deficiency (absent IgA; normal IgG, IgM).
· Severe combined immunodeficiency (mainly children; all immunoglobulins low; absent T cells).
· Lymphoma (reduced IgM; IgA normal; IgG normal or low; disease, chemotherapy or radiotherapy) SLE (rare).
Infections:
· HIV (rare) herpesviruses (rare, EBV in X-linked lymphoproliferative disease) acute bacterial infections  measles/rubella.
· Drugs: immunosuppressives (cyclophosphamide, azathioprine, chemotherapy).
· Plasmapheresis.
· Renal loss (IgM normal; IgG and IgA reduced).
· Gastrointestinal loss (IgM normal; IgG and IgA reduced).
Causes of hypergammaglobulinaemia 
· Chronic infection (all immunoglobulins raised): osteomyelitis, bacterial endocarditis, tuberculosis.
· Chronic inflammation: SLE, rheumatoid arthritis—all immunoglobulins elevated
· Sjogren's syndrome—raised IgG (all IgGl; normal or reduced lgG2, lgG3, lgG4).
· Sarcoidosis: raised IgG and IgA; IgM usually normal.
· Liver disease:  primary biliary cirrhosis (IgM, may be very high (>30 g/L) with small monoclonal bands on a polyclonally raised background), alcohol-related (increased IgA, polyclonal, p-y bridging on electrophoresis) autoimmune hepatitis (increased IgG, IgA; normal IgM).
· Hodgkin's disease—IgE raised (also eosinophilia).
· Viral infections: acute common viral infections—raised IgM, normal IgG and IgA 
· HIV—all immunoglobulins raised (IgG very high but polyclonal)
· EBV—all raised.
Critical action
All patients with recurrent infections should be reviewed by an immunologist or paediatric immunologist (as appropriate), irrespective of age. Any patient with recurrent infections and low serum immunoglobulins has an immunological problem until proven otherwise.
Recurrent infections can be pragmatically defined as two or more major microbiologically/virologically proven infections, requiring hospitalization, within 1 year. One major infection and recurrent minor infections should also be referred, where minor infections are documented infections requiring treatment in the community.
Patients with unusual infections, or with illness caused by opportunist or normally non-pathogenic organism infections, and patients with infections in unusual sites (without good reason) should all be referred for further investigation.
IgG subclasses 
Units: g/L
Normal range (adults):
· lgG1.2.2-10.8g/L
· lgG2. 0.5-8.0g/L
· lgG3. 0.05-0.9g/L
· lgG4, 0.0-2.4g/L
Principles of test 
· Normally measured by nephelometry or turbidimetry.
· Radial immunodiffusion is still occasionally used.
· EQA scheme exists.
Indications for testing 
· No absolute indications for testing, as significant immunodeficiency can occur in the presence of normal subclasses and. conversely, complete genetic absence of a subclass may be completely asymptomatic.
· Measurement usually performed as part of the work-up of patients with recurrent infections.
Interpretation 
· Low levels may be significant in the context of presentation with recurrent infections.
· lgG1 deficiency is essentially similar in effects to CVID, as IgGl comprises the bulk of total serum IgG.
· lgG2 levels are slow to rise to adult levels. Levels are related to Gm allotypes, which are racially determined.
· lgG2 levels correlate poorly with anti-polysaccharide responses.
· lgG2 deficiency may be seen in patients with IgA deficiency and may be associated with poor responses to polysaccharide antigens such as the capsular polysaccharides of bacteria .
· lgG2 and lgG4 deficiency frequently coexist.
· Deficiency of lgG3 which is involved in immunity against viruses, is associated with asthma and intractable epilepsy.
· Isolated lgG4 deficiency is of uncertain significance. It may be associated with suppurative lung disease.
· Raised lgG4 has been associated with a range of unusual autoimmune diseases. 
· Polyclonal raised lgG1 with normal or reduced lgG2, lgG3 and lgG4 is seen in Sjogren's syndrome and is a specific pattern which may occasionally be helpful in diagnosis.
A high total IgG may mask a low/absent IgG subclass or specific antibody deficiency.
Immune complexes 
· No longer recommended for routine use because of difficulties in reproducibility and standardization.
· Many different assays are described, but performance characteristics are all different and there is no gold standard or EQA.
· Immune complexes may be detected in healthy individuals and form part of the normal immune response.
· Use of more specific markers of complement activation, such as C3 breakdown products or sC5b-C9 complexes, is recommended.
Immunofixation 
Units: qualitative.
Normal range: no monoclonal bands should be identifiable. 
Principles of test 
· Immunofixation has replaced Immunoelectrophoresis as test of choich for identification of bands on electrophoresis of serum and urine.
· An electrophorectic strip of the test serum in agarose is overlaid with antibodies specific for heavy and light chains (or any other protein
· of interest, e.g. fibrinogen, CRP) and allowed to react. Unreacted antibody and serum is then washed from the gel and the remaining precipitate stained with a protein-binding dye.
Indications for testing 
· Any serum or urine electrophoresis in which bands are identified should undergo immunofixation.
Interpretation 
· Bands should be identified with both heavy and light chains.
· Any serum bands with light chain only should undergo fixation with anti-lgD and anti-lgE to exclude rare myelomas.
· Heavy-chain disease (µ, α, γ) is rare and it is more common for there to be failure of reactivity of antisera with the light chain. Serum free light chains are more common.
· Occasionally, paraproteins may react poorly with an antiserum and it may be necessary to re-fix using antiserum from a different source. This is important if heavy-chain-only disease is suspected.
· Serum and urine must always be checked together.
· More than one paraprotein may be identified, with different heavy and light chains.
· IgA paraproteins may show polymerization with multiple 'step-ladder' bands.
· Serum free light chains may show any mobility and may appear in the pre-albumin region.
· A prozone effect may be seen if the paraprotein level is very high, with poor immunofixation. Re-run with serum at several dilutions.
· Fibrinogen and CRP may cause bands if plasma is used or serum CRP
· Is significantly raised; both run in the β-γ region of the electrophoretic strip. Well-clotted serum will not show fibrinogen bands.
lnterleukin-2 receptors, soluble 
· Serum levels of soluble IL-2 receptors are useful for monitoring solid organ allograft recipients, as levels rise early in rejection episodes.
· Levels also rise in acute graft-versus-host disease.
· Elevated levels are seen in other conditions associated with lymphocyte activation, but on the whole are not clinically useful.
· Measurement is usually by EIA, but this approach is expensive and not easily applicable to the very rapid turnaround required for monitoring graft rejection at reasonable cost.
Isohaemagglutinins 
· Isohaemagglutinins are mainly of the IgM class, although IgG antibodies may also be detected.
· Measurement of isohaemagglutinins is essential in the investigation of suspected immunodeficiency, as they are the only permanently present IgM antibodies that can be readily measured.
· Test cannot be used in individuals of blood group AB, who lack isohaemagglutinins.
· litres are very low in small infants aged under 1 year.
· Presence of high titres of IgG isohaemagglutinins in IVIg has been associated with significant haemolysis in isolated case reports. Where very high doses are used, it may be appropriate to 'cross-match' the IVIg against the patient's red cells first.
Mannose-binding lectin (MBL) 
Units: ng/mL. 
Range (adults): 
· <75ng/mL—homozygous variant alleles and non-functional MBL, associated with the highest risk of infection
· 75-399.9ng/mL—functional MBL deficiency associated with increased risk of infection
· 400-1300ng/mL—heterozygous variant alleles; may show evidence of mild deficiency associated with some increased risk of infections
· >1300ng/mL—wild-type alleles showing no deficiency
Principles of test 
· Measurement is usually by EIA. Assays for the function of the MBL pathway, analogous to the CH100 pathway, are being developed.
Indications for testing 
· Patients with unexplained infections, as part of the work-up for immune deficiency.
· Patients with cystic fibrosis and Behcet's disease as prognostic marker.
Interpretation 
· MBL is one of the collectin family of carbohydrate-binding proteins.
Structurally it strongly resembles C1q and is capable of activating complement directly (collectin or MBL pathway).
· MBL functions as a soluble non-specific opsonin, binding to oligosaccharides.
· It has been suggested that the deficiency is only significant if other aspects of the innate or specific immune system are impaired, when
chronic infections, in particular otitis media and chronic diarrhoea, may occur.
· In adults, reduced/absent MBL is a cofactor for recurrent infections when other factors are present.
· Risk can be quantitated in terms of the degree of reduction, which is linked to genetic status.
· Reduced MBL is associated with increased severity of cystic fibrosis and Behcet's disease.
Neopterin and orosomucoid 
Neopterin 
· Neopterin is a pteridine that is synthesized predominantly in macrophages. Levels are increased in diseases when macrophages are active. It can be measured in CSF and urine in addition to serum.
· It has been proposed as a useful surrogate marker in HIV disease. However, levels correlate closely with those of β2-microglobulin and only one or the other need be measured.
· Levels have also been reported to be elevated in other viral, protozoal, and bacterial infections, especially TB. inflammatory bowel disease, tumours, and chronic fatigue syndrome. Thus it is not a specific marker of HIV infection or progress.
· Commercial ELISA assays are available. Routine diagnostic use is not recommended.
Paraprotein by scanning densitometry 
Units: g/L.
Normal range: monoclonal proteins should not be detectable.
Principles of test 
· Test measures the amount of monoclonal immunoglobulin by scanning a stained electrophoretic strip.
· Measurement of the total protein is also required (measured chemically).
· Some departments quantitate and report all fractions on the elctrophoretic strip. This is unnecessary as a routine, but can be a valuable internal check for observational reporting of electrophoresis (raised, increased y, etc.).
Indications for testing 
· All patients in whom serum electrophoresis shows a discrete monoclonal protein.
· Serial monitoring of paraprotein provides an excellent check on the progress of myeloma and related conditions.
Interpretation 
· Results from paraprotein measurement may not correlate well with the immunochemical measurements, particularly for IgM and IgA paraproteins, where polymerization may occur in the serum and give erroneous results by nephelometry.
· Healthy adults do not have detectable levels of paraproteins, but up to 20% of elderly patients over the age of 75 will have low levels of paraproteins (<10g/L = monoclonal gammopathy of uncertain significance (MGUS)).
· Chronic infections and chronic inflammatory conditions may also cause low levels of paraproteins, usually in a polyclonal background of increased immunoglobulin.
· Transient monoclonal bands may appear after bone marrow transplantation.
· Bands that overlie the β2-region cannot be scanned accurately because of interference from other β2-proteins. The interference increases as the paraprotein levels drop. Complex correction formulae exist, but do not increase accuracy.
Pneumococcal polysaccharide antibodies 
Pneumococcal polysaccharide antibodies 
Pyroglobulins 
· Pyroglobulins are immunoglobulins that precipitate as the temperature of the body rises above normal.
· They may appear as a consequence of myeloma owing to structurally abnormal proteins.
· Investigation requires a cool sample to be taken and separated and the serum is then warmed to 40°C and the precipitate observed.
Salivary IgA and secretory piece 
· This is a qualitative test for the presence of mucosal antibody and may be helpful in the work-up of suspected immunodeficiency.
· True secretory piece deficiency is exceptionally rare.
· The usual technique for detection is by double diffusion.
Serum electrophoresis and immunofixation 
· Units: not applicable to electrophoresis (qualitative), paraprotein quantitated by scanning densitometry reported in g/L.
· Normal range: not applicable.
Principles of testing 
· In serum or urinary electrophoresis, the relevant body fluid is applied to an electrolyte-containing agarose gel. A current is applied across the gel and causes the proteins to migrate through the gel on the basis of their charge, and to a lesser extent size, until they reach a neutral point in the electric field. The proteins are then visualized with a protein-binding stain.
· If the total protein is known, the electrophoretic strip can be scanned and the absorption by the stain measured, which will be proportional to the amount of protein in the particular region in the gel (scanning densitometry). Thus any monoclonal bands can be directly measured. This is useful for patients with myeloma, as immunochemical methods for measurement of immunoglobulins may be inaccurate in patients with myeloma .
· Immunofixation is the technique by which monoclonal immunoglobulins are identified by overlaying the electrophoresed strips with antisera against heavy and light chains. These precipitate with the monoclonal proteins in the gel, and unbound antisera can be washed free prior to staining.
· The same techniques can be carried out with urine, although this may require concentration to provide the clearest results.
· Cellulose acetate electrophoresis is no longer recommended as it is less sensitive and is not suitable for densitometric scanning.
· High-throughput semi-automated instruments are available (CZE).
Indications for testing
· Electrophoresis and, if necessary, immunofixation of serum is an integral part of measurement of serum immunoglobulins.
· O ALL requests for serum immunoglobulins must have electrophoresis carried out: failure to do so will lead to important abnormalities being missed.
· O There is no place for carrying out electrophoresis as a stand-alone test.
Interpretation 
· Serum electrophoresis gives valuable information, not only about immunological status but also about other organ systems.
· Reports are often poorly understood by clinicians and not explained by laboratories.
· The reports that may be seen and their interpretation.
· Monoclonal proteins may polymerize to give more than one band, typically IgA.
· Some patients will have more than one clone present, producing different immunoglobulins.
· Densitometry cannot be used where the monoclonal protein overlies the β-region, as the figures include non-immunoglobulin proteins.
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Serum free light chains (SFLC) 
· 3.3-19.4mg/L
· 5.70-26.30mg/L
· 0.260-1.650
· Units: mg/L.
· Normal adult range: serum free K g/L
· Serum free X g/L Normal ratio
Principles of test 
· SFLC are measured by nephelometry. Free X light chains tend to be dimeric, while K chains are monomeric. Recognition is by polyclonal
antisera specific for free, not bound, light chains.
Indications for testing 
· Diagnosis and monitoring of myeloma and other paraproteinaemic states: AL amyloid.
Interpretation
· SFLC are a sensitive test for free light chains, usually produced in excess in myeloma.
· SFLC may be the only product of the tumour cells.
· SFLC are nephrotoxic and therefore may give a more accurate measure of tumour burden than urinary free light chains.
· Ratio and absolute values may need to be corrected in renal impairment.
· SFLC are likely to replace £MG as a marker of tumour mass and urine electrophoresis 3nd immunofixation (about 10 times more sensitive).
· Both K and X light chains may be elevated in patients with chronic inflammatory conditions and in the elderly.
· Serial monitoring is appropriate.
· SFLC are useful in determining the prognosis of monoclonal gammopathies of uncertain significance (MGUS).
Transferrin 
Units: g/L
Normal adult range: 2.0-4.0g/L.
· Serum transferrin is increased in iron deficiency and pregnancy.
· It is reduced in anaemia of chronic disease, chronic infections, burns, and rare genetic absence.
· It is a 'negative' acute-phase protein.
· Measurement of transferrin is also used in calculating urine selectivity.
· Suspected myeloma, Waldenstrom's macroglobulinaemia, plasmacytoma: diagnosis and monitoring.
· Lymphoma.
· Connective tissue disease.
· Liver disease (primary biliary cirrhosis, hepatitis, cirrhosis).
· Sarcoidosis: diagnosis.
· Post-bone marrow/stem cell transplantation: monitoring.
Interpretation 
· Measurement of serum immunoglobulins does not provide categorical diagnosis in any disease.
· Normal serum immunoglobulins do not exclude immunodeficiency. 
· In all cases, measurement of immunoglobulins must be accompanied by serum electrophoresis and immunofixation to look for paraproteins.
· Where IgA is low, further tests (Ouchterlony double diffusion, low-level IgA EIA) should be carried out to prove whether IgA is low or absent.
· Transient reductions in all Ig classes are seen in acute bacterial infections. Do not act on a single acute measurement—recheck in convalescence.
· IgM normal ranges in adult show a sex difference (lower in males). Many laboratories report an average range; this is incorrect.
· Non-white populations have higher normal ranges than white Caucasian populations.
· Serum IgA levels may be raised in healthy elderly because of a change in the balance between synthesis and mucosal loss.
· Raised immunoglobulins on a polyclonal background (on electrophoresis) indicates chronic infection/inflammation.
Urine electrophoresis and immunofixation 
· Units: not applicable.
· Normal range: no protein detectable.
Principles of test
· Random urine is usually satisfactory, but a 24-hour urine is more sensitive. It used to be necessary to concentrate urine prior to electrophoresis, but modern electrophoretic systems have increased sensitivity which has rendered this step unnecessary.
Indications 
· This is the screening test to detect free light chains in the urine. SFLC is an alternative test and may replace urine electrophoresis in due course.
Interpretation 
· Monoclonal free light chains are associated with myeloma, Waldenstrom's macroglobulinaemia, and rarely lymphoma.
· Polyclonal free light chains may be found in the urine when there is renal tubular damage, and as a consequence of old age and chronic inflammatory conditions (rheumatoid arthritis).
· Interpretation of urine electrophoresis is difficult as other discrete proteins may be present that give an appearance similar to monoclonal light chains. In particular, prostatic proteins may appear in the urine in older men and give a step-ladder appearance of bands running in the β-y region.
· Immunofixation is essential to confirm the nature of any discrete bands found in the urine.
· It is likely that SFLC will gradually replace this test, as SLFC are more sensitive and can be quantitated.
Urine free light chains 
Units: g/L.
Normal ranges: not detectable.
Principles of test 
· Usually by nephelometry/turbidimetry.
Indications for testing 
· Patients with known or suspected Bence-Jones myeloma (producing only light chains).
· Serial monitoring for known patients.
Interpretation 
· There is no generally accepted technique in use.
· Nephelometric assays use antisera that are calibrated for use mainly against bound, not free, light chains, and in serum, not urine, so it is necessary to make an arithmetic correction.
· This is based on some assumptions, including that one-sixth of the mass of intact immunoglobulin is light chain, that all the light chain is either free or bound, but not both, and that if there is whole Ig, it contains only one type of light chain.
· The correction is to multiply the nephelometric result by 0.17. In urines where both free k and free X are detected the k:X ratio should be in the range 1.0—4.0. Values outside this range are highly suggestive of the presence of excess free light chains.
· Abnormal renal function, which may itself be caused by the free light chains, will render the test unusable for serial monitoring as the disease progresses.
· Alternatives to nephelometry for light-chain quantitation include scanning densitometry, but this is less accurate in urine than in serum, unless there is significant proteinuria.
· Serum free light chains are a more accurate measure, although correction for renal function is required. SFLC should replace urinary quantitation.
Urine selectivity (IgG and transferrin) 
· This test may be useful for determining whether the predominant protein in the urine is low molecular weight (as may occur in minimal change disease) or includes higher molecular weight proteins.
· IgG and transferrin are measured and the urine-to-serum ratio of IgG is divided by the urine-to-serum ratio of transferrin to give the selectivity.
· A value >0.15 indicates 'non-selective' proteinuria and is against a diagnosis of minimal change disease.
· This test is only reliable if proteinuria >1g/L is present.
· It is no longer widely requested by renal physicians.
Viral antibodies 
· Antibodies against exposure and immunization viral antigens should form part of the work-up of patients suspected of having a humoral immune deficiency.
· Absence of detectable antibodies in patients who have a clear exposure or immunization history is highly suspicious.
· The panel should include measles, mumps, rubella, chickenpox, herpes simplex, EBV, CMV, polio, and hepatitis A and B.
· It is important only to select those where exposure/immunization is documented.
·  Remember that test immunization with live vaccines is contraindicated in suspected immunodeficiency.
Viscosity 
Units: as a ratio.
Normal adult range: 1.4-1.9 (ratio to water).
Principles of test 
· A manual viscometer which compares fluid flow of patient sample against water between two reservoirs connected by a capillary tube is used for single measurements.
· Measurement of viscosity has replaced measurement of the ESR as a general acute-phase test in many laboratories, as automated viscometers are available.
· Conversely, many laboratories no longer have the facility to measure viscosity.
Indications
· Measurement of serum viscosity is helpful in monitoring Waldenstrom's macroglobulinaemia and other myelomas where hyperviscosity occurs.
Interpretation
· Hyperviscosity may lead to serious end-organ damage if undetected. Cardiac failure, cerebral infarction, retinal vein occlusion, and renal failure are the major complications.
· IgA myelomas are prone to develop hyperviscosity because the IgA paraprotein frequently polymerizes in vivo. This is detected on electrophoresis as a step-ladder of multiple bands.
· If a cryoglobulin is present, the viscosity must be measured under warm conditions.
· Serial monitoring is helpful, particularly when plasmapheresis is being undertaken.
· However, viscosity is NOT an appropriate acute-phase monitor, as the dynamic range is tiny.
Course 27: Cellular investigations 
Introduction
· Cellular investigations include:
· identification of cell-surface phenotype
· identification of intracellular proteins
· identification of cellular function, including activation
· identification of secreted products (cytokines, chemokines)
· identification of abnormal cellular constituents (leukaemia/ lymphoma).
· Techniques used include:
· EIA and RIA
· flow cytometry 
· tissue culture
· PAGE
· genetic techniques, mainly PCR-based techniques.
Few functional assays are standardized and gold standard assays have
not been defined.
EQA exists only for basic lymphocyte phenotyping and then only in
the context of testing for HIV.
Flow cytometry
· Flow cytometry provides the cornerstone of diagnostic cellular immunology and depends on the availability of monoclonal antibody reagents that react with human surface and intracellular antigens. Fluorescent intercalating dyes can be used to detect DNA semi-quantitatively (for cell cycle analysis).
· The technique involves the flow of fluorescent-labelled cells past the exciting laser and subsequent detectors.
· Method is only applicable to single-cell suspensions, blood-derived cells or cultured cells.
· It is possible to use disaggregated solid tissues, such as tumours.
· Modern flow cytometers use a single exciting laser (monochromatic light) and can detect multiple different wavelengths of light emitted by fluorescent dyes.
· There are detectors for forward and 90° light scatter, which are related to cell size and cell granularity, respectively.
· Software permits complex multiparameter gating and analysis, including real-time data collection and analysis.
· Fluorescent-conjugated monoclonal antibodies are used against surface antigens.
· Cell permeabilization techniques are available to enable staining of intracellular antigens.
· Surface and intracellular stains can be combined.
· Appropriate controls are required to detect non-specific staining.
· The major advantage of flow cytometry for analysis is that it is semi-automated and can analyse very large numbers of cells very rapidly compared with fluorescence microscopy. It is much more accurate.
· Accurate absolute counts are available on single-platform analysers using bead technology. This obviates the errors from using haematology counter total lymphocyte counts.
· Regular calibration of the instrument is required, and it is essential that compensation between the fluorescence detectors is correctly set up. This is done with beads of known fluorescence.
Tissue culture
· In vitro functional studies of cells may require purified cells (blood, other fluids).
· This is done by density gradient centrifugation, using Ficoll, metrizamide, or dextran solutions.
· The different buoyant densities of blood cells permit separation when blood is centrifuged through the dense medium.
Further purification of lymphocyte populations can be undertaken using:
· rosetting with sheep red cells
· magnetic separation using monoclonal antibodies coupled to magnetic microspheres.
· the more cells are handled in vitro, the more their characteristics are altered.
· this affects activation parameters in particular.
Cell culture is usually carried out in tissue-culture medium supplemented with:
· antibiotics to prevent contamination with bacteria
· fetal calf serum (FCS) or human AB serum (no isoagglutinins)
· other 'black-box' factors that are required for optimal cell growth (glutamine is added as this is labile).
· Where proliferation assays are being carried out, it is essential to screen the FCS first, as some batches are mitogenic in their own right.
· Good sterile technique is essential.
· Culture is carried out in a 37°C humidified incubator, with a controlled atmosphere (usually 5% C02) to maintain pH. 
· Many different types of tissue culture media are available. Most contain pH buffers (bicarbonate) and pH indicators.
Proliferation assays
· There are numerous mitogenic stimuli that can be used.
· These are added at the initiation of the culture.
· Cells are pulsed with tritiated thymidine, which is taken up into newly synthesized DNA in dividing cells: this remains the gold standard.
· Cells are then harvested onto filter papers and exposed to scintillant fluid.
· Counts per minute are determined using a beta-counter.
· Alternative assays have been described using flow cytometers (no radio-isotopes):
· CD69 expression
· DNA analysis with intercalating dyes (cell cycle analysis).
These do not give comparable results to those from tritiated thymidine uptake and appear less sensitive.
Immunohistology 
· Immunoperoxidase and other enzymatic immunostains are used in the diagnosis of lymph-node disease.
· Multiple monoclonal antibodies which recognize different stages of lymphoid development or particular subsets of cells are used.
· Many of the antibodies used will also work on paraffin-embedded sections, but this depends on whether the target antigen is stable under the conditions of fixation. Frozen sections are better at present.
· In situ hybridization is used to detect viral nucleic acid (EBV, other herpesviruses).
Cytokine, chemokine, soluble protein assays 
· Detection of specific cellular products, such as antibodies, cytokines, and shed surface molecules (soluble CD8 etc.) are usually undertaken using EIA or RIA techniques.
· Cytokines may also be detected by bioassays using cell lines whose growth depends on a given cytokine.
· Strictly, both types of assay should be used, as EIA techniques may give spurious results due to naturally occurring cytokine-binding proteins in serum (soluble receptors, binding factors).
· Bioassays are notoriously difficult to standardize and reproduce, and are not suited to routine diagnostic use.
· Detection of intracellular cytokines with fluorescently labelled monoclonal antibodies in permeabilized cells has been used in conjunction with surface staining.
· This does not indicate that the cytokines are secreted and therefore does not equate to functional assays of cytokines.
Apoptosis assays 
Principles of testing 
· Flow cytometric assays exist for identification of degraded DNA in apoptotic cells.
· Preferred method is the TUNEL method, using fluorescent nucleotides enzyme-inserted into DNA strand breaks present in apoptotic cells. Commercial assays are available.
· Fluorochrome-conjugated annexin V can be used to detect surface phosphatidylserine which is exposed on the cell surface in apoptotic cells, but not in normal cells.
· Expression of fas and fas-ligand by flow cytometry.
· A functional assay is available using PHA+IL-2 stimulated T cells. These express high levels of Fas and can be induced to apoptose by the addition of Fas-ligand. Co-staining with annexin V (apoptotic cells) and propidium iodide (identifies dead cells) allows the response of the patient's cells to be compared with a normal control. To improve the reliability of the assay, multiple dilutions of fas ligand are used.
· Protein and molecular follow-up tests are required to confirm defects: few PID centres have the capacity to run the necessary assays.
Indications for testing 
· Suspected apoptotic defect (ALPS, caspase deficiency). 
Interpretation 
· Careful use of controls is required.
· Samples must be run fresh.
· Microscopic confirmation of assay results is advised to exclude artefacts.
Adhesion markers 
Principles of testing 
· Flow cytometry.
· Analysis should be carried out with CD18, CD11a (LFA-1), CDl1b (Mac-1. CR3), and CD11c (CR4) for LAD-1, and CD15 for LAD-2. Neutrophils and lymphocytes should be tested.
· Stimulation studies for upregulation in the presence of PMA or y-IFN may be required where there is partial expression of CD18.
Indications for testing 
· Suspected leucocyte adhesion molecule deficiency .
 Interpretation 
· LAD-1 is associated normally with deficiency of CD18, the common 3-chain for the integrins, which leads to absence of CD 11 a, CD 11b, and CDilc, as well as CD18.
· Absence of β-chains has been reported but is extremely rare.
· LAD-2 is exceptionally rare and is associated with deficiency of the hapten-X receptor on neutrophils (CD15).
· Under certain circumstances it may be appropriate to look at the expression of the other complement receptors: CR1 (expressed on red cells, eosinophils, and B cells) and CR2 (CD21, EBV receptor expressed on B cells, NK cells, and follicular dendritic cells).
· Reduction of red cell CR1 has been found in SLE.
· Some patients with CVID may lack CD21 on some of their B cells.
Bronchoalveolar lavage (BAL) studies 
Normal adult values for non-smokers:
· total cells, 130-180xlO!/mL 
· macrophages, 80-95%
· lymphocytes, <15%
· neutrophils, <3%
· eosinophils. <0.5%.
Normal adult values for smokers:
· total cells, 300-500*103/mL 
· macrophages, 85-98%
· lymphocytes, <10%
· neutrophils, <5%
· eosinophils. <3%.
Principles of testing 
· Cells recovered from bronchi by saline lavage during bronchoscopy can be stained and counted using neat BAL fluid. Total count and percentage differential counts are required.
· Subsets of lymphocytes can be analysed by flow cytometry.
Indications for testing 
· Unexplained interstitial lung disease.
· Sarcoidosis.
· Hypersensitivity pneumonitis.
· Idiopathic pulmonary fibrosis (IPF).
· Eosinophilic granuloma.
· Connective tissue diseases.
Interpretation 
· In sarcoidosis, there is a marked increase in lymphocytes (to about 30% of the total cells), predominantly CD4+T cells, giving a CD4CD8 ratio (which is normally 2:1) of between 4:1 and 10:1.
· Values improve with treatment, but the levels and the ratio do not predict the severity of the disease.
· Occasionally there is an increase in neutrophils and mast cells, which is said to indicate a poorer prognosis.
· In hypersensitivity pneumonitis, the BAL lymphocytosis comprises mainly CD8+ cells, with the highest levels occurring in the acutely exposed.
· In IPF, a neutrophilia in excess of 10%, particularly if there is an increase in eosinophils, is associated with a poor prognosis.
· A lymphocytosis (a rare finding) is associated with a better prognosis and indicates a probable response to steroids.
· In eosinophilic granuloma (histiocytosis X), there is an increase in OKT6-positive (S-100, CDT) histiocytic cells, up to 20% of total cells,
which is diagnostic.
CD40 ligand expression 
Principles of testing 
· Flow cytometry is used to demonstrate upregulation of expression of CD40-ligand (CD154) upon stimulation of T cells in vitro with mitogens (PMA).
· CD69 expression is used as an activation control. 
Indications for testing 
· Suspected CD40-ligand deficiency.
 Interpretation 
· Gating stimulated cells can be difficult because of clumping and size changes: this makes the activation control important.
· Variants of CD40-ligand deficiency have been identified in which there is normal upregulation of non-functional ligand. Normal results do not exclude the diagnosis.
· Failure of upregulation is highly suggestive of CD40-ligand deficiency.
· Abnormal results should be followed up with genetic testing for mutations in the CD40-ligand gene.
Complement membrane regulatory factors 
Principles of testing 
· Flow cytometry is now used exclusively.
· Functional assays of cell lysis (Ham's test) have been withdrawn. 
Indications for testing 
· Suspected paroxysmal nocturnal haemoglobinuria. 
Interpretation 
· Deficiencies of a group of surface proteins with an unusual glycosyl-phosphatidylinositol membrane binding are associated with paroxysmal nocturnal haemoglobinuria (PNH).
· This is a clonal disorder leading to unusual susceptibility to homologous complement lysis, particularly of red cells.
The proteins in question are regulatory proteins which prevent destruction of cells by homologous complement and include:
· decay accelerating factor (DAF, CD55)
· homologous restriction factor-20 (HRF20, CD59)
· C8-binding protein (HRF65)
· acetylcholinesterase.
Cytokine and cytokine receptor measurement 
Principles of testing 
· Enzyme immunoassay (serum, cell culture supernatant).
· Bioassay.
· Flow cytometry for intracellular cytokines; surface staining for
· receptors.
· Immunoblotting.
· In vitro stimulation assays with mycobacterial and salmonella antigens may be required to demonstrate defects.
· Elispot assays can identify specific cytokine production in response to stimulation.
Indications for testing 
· Only absolute indication is suspected cytokine/cytokine receptor deficiency ( IL-12, -y-IFN receptor deficiencies).
· Intracellular cytokines have been used to identify functional Th1/Th2 balance.
Interpretation
· EIA assays are unreliable because of the presence of natural cytokine-binding proteins and soluble receptors.
· Bioassays are difficult to standardize, time-consuming, and unsuitable for routine diagnostic use.
IL-6 rises very early in acute-phase responses, before a rise in the CRP can be detected. However:
· CRP is readily available and an is acceptable surrogate for IL-6
· CRP levels are raised in myeloma, reflecting elevated IL-6
· CRP levels are also raised in Castleman's syndrome, reflecting raised IL-6.
· Cytokine and cytokine receptor deficiencies are exceptionally rare.
· Flow cytometric tests for intracellular cytokine detection are available.
· Technique works well for IL-2 and γ-IFN but poorly for IL-4.
· It has the significant advantage that specific T-cell subpopulations can be studied using multicolour flow cytometry.
Cytotoxic T cells 
· Cytotoxic T cells can be generated during a one-way mixed lymphocyte reaction (sMLR), stimulating the responding cells with irradiated or mitomycin-treated allogeneic target cells and then assessing the ability of the responders to kill Cr 51 labelled targets, in a similar assay to the NK-cell assay .
· This is a complex and fiddly assay, and has been used mainly as part of the cross-matching procedure .
F0XP3 (regulatory T cells—IPEX syndrome) 
Principles of testing 
· Flow cytometric test to detect the presence of regulatory T cells (Treg) by intracellular detection of FOXP3.
· This requires a permeabilization step on separated lymphocytes.
· Treg are FOXP3+ CD4+ CD25bright and CD 127 weak(CD 127 is IL-7 receptor-a).
Indications for testing 
·  Investigation of suspected IPEX syndrome .
 Interpretation 
· Assays that involve permeabilization of separated lymphocytes are intrinsically more prone to technical problems.
· The assay must be run on fresh samples with a normal control.
· This is a screening, not a quantitative, assay and will also pick up non-functional FOXP3—essential to do follow-up genetic analysis.
Genetic and protein studies 
· Protein and genetic studies are essential for the identification of gene defects in primary immunodeficiencies.
· Surface proteins and some intracellular proteins, relevant to the diagnosis of primary immune deficiencies, can be identified by flow cytometry.
· Protein studies, including surface and intracellular protein detection, are frequently used as a screening test prior to genetic testing, for:
· CGD (phox proteins)
· CD40 ligand deficiency
· IPEX (FOXP3)
· ICOS deficiency (ICOS)
· SAP, XIAP
· CD3ξ 
· XLA (BTK)
· Abnormal protein expression should be followed up by molecular mutation analysis.
· Molecular analysis is also required where there is a high degree of clinical suspicion but apparently normal protein expression (expression of non-functional protein).
· Family studies are valuable to identify asymptomatic carriers, who can then receive appropriate counselling.
Leukaemia phenotyping 
· Leukaemia phenotyping is undertaken to identify the origin of the malignant cell and the presence or absence of markers that are known to be of prognostic significance. This will always be undertaken in conjunction with other studies, including examinations of blood films, bone marrow smears, and trephines stained for enzymatic cytoplasmic and membrane markers.
Principles of testing 
· Flow cytometry of peripheral blood and bone marrow: surface markers, intracellular markers.
· Morphology on peripheral blood and bone marrow. Enzymatic studies.
· Molecular studies: oncogene expression, Ig heavy chain and Tcr gene rearrangements, karyotype and chromosomal abnormalities.
Indications for testing 
· Suspected leukaemia or pre-leukaemia.
Interpretation 
· Diagnosis depends on the use of multiple markers and techniques.
· Follow-up panels may be required.
· Leukaemic cells often correspond to particular stages of cellular differentiation, which can be matched to normal cell ontogeny.
· Aberrant antigens, expressed out of sequence, may occur.
· This may give rise to biphenotypic leukaemias.
· Bone marrow studies are complex because of the very different light-scattering properties of the cellular constituents.
· Familiarity with the patterns of antigen expression at each stage of differentiation for each lineage is required.
· Re-examination of bone marrow after treatment is important to detect the presence of minimal residual disease. This can be done using the following techniques.
· Flow cytometry, which can detect one leukaemic cell in 10 000 cells.
· PCR techniques where the leukaemic cells carry an abnormal genetic marker (oncogene) or have a specific rearrangement of either the immunoglobulin (B lineage) or T-cell receptor (T lineage) genes. These techniques are even more sensitive.
· Flow cytometric karyotyping is now possible as an alternative to molecular techniques.
 Leukaemia phenotyping panel 
· A primary panel for acute leukaemias will usually include the following.
· B lineage: CD10 (CALLA), CD19, CD24, HLA-DR, cytoplasmic Ig and surface Ig.

T lineage: CD2, cytoplasmic CD3, CD7.
          Lymphoblast: TdT.
          AML lineage: CD13, CD14, CD33.
          Erythroid: glycophorin A.
          Megakaryocyte: CD41.
· A secondary panel may be used in difficult cases and may include the following.
· B lineage: cytoplasmic CD22.
· T lineage: CD1, CD3, CD4, CD8.
· AML: CD15, cytoplasmic myeloperoxidase.
· For chronic lymphoid disorders the panel will be slightly different, as follows.
· B lineage, primary: CD10, CD20, CD5, surface Ig.
· B lineage, secondary: CD11c, CD25, CD38, and FMC7.
· T lineage, primary: CD3.
· T lineage, secondary: CD4, CD8. CDl1b, CD16, CD57.
Lymphocyte subsets 
· Normal adult ranges:
· Total T cells (CD3+)
0.69-2.54x109/L
· CD4+T cells
0.41-1.59x109/L
· CD8+T cells
0.19-1.14x109/L
· total B cells (CD19+)
0.09-0.66x109/L
         NK cells (CD16+CD56+)    0.09-0.56x109/L
         activated T cells (CD3+CD25+) 
0.1-0.4x109/L
Principles of testing 
· Single-platform flow cytometry is considered the gold standard.
· Fluorescence microscopy should not be used.
· Direct conjugation of the fluorochrome to the antibody is preferred.
· Beads are used to calibrated absolute counts.
Results should be reported as absolute counts: percentages and ratios are not helpful for the basic markers but may be useful for extended panels.
· Robust EQA schemes exist for common markers.
Indications for testing 
· Diagnosis and monitoring of immunodeficiency states.
· Monitoring immunotherapeutic agents (anti-T-cell antibodies, cytotoxic drugs).
Interpretation 
· Wide availability of commercial reagents with different fluorochromes allows many permutations and combinations, using multichannel flow cytometers.
· Some of the fluorochromes are large molecules, and multiple staining of markers on cells may give rise to steric hindrance and reduced binding.
· Correct set-up of compensation for the flow cytometer is essential. This must be checked regularly and especially after servicing.
· Regular quality control checks should be carried out with commercial fluorochrome coupled beads.
· A basic panel for primary immunodeficiency work should include the following.
· T cells: CD3, CD4, CD8.
· B cells: CD19 or CD20.
· NK cells: CD16 and CD56.
· activated cells: CD25, MHC class II.
· Additional markers may include the following.
CD45RA, CD45RO, CD27 (naive and effector T cells):
· CD4+CD45RA,+CD27+ = naive T cells
· CD4- CD45RA+CD27+ = naive T cells
· CD4-CD45RA+CD27-  = effector T cells.
CD27, slgM, slgD (naive, memory, and class-switch memory):
· CD27- slgM+slgD+ = naive B cells
· CD27+slgM+slgD+ = memory B cells
· CD27+slgM-slgD- = class-switch memory B cells.
· Tcr aβ and -yd.
· Leucocyte adhesion and complement receptors.
· MHC class I (bare lymphocyte syndrome).
· Lymphocyte numbers have a marked circadian rhythm. In serial monitoring, samples must be taken at the same time of day.
· In a baby with suspected SCID, the presence of mainly activated CD8+T cells raises suspicion of materno-fetal engraftment, while the presence of activated CD4+ T cells, in the presence of large numbers of eosinophils, is suggestive of Omenn's syndrome.
· T-cell receptor gene rearrangements will show an oligoclonal response.
· Absence of CD8+T cells is a feature of ZAP-70 kinase deficiency.
· Abnormalities of T- and B-cell populations are also seen in CVID, with CD4+ T-cell lymphopenia, affecting particularly CD45RA*+T cells, and absence of class switch memory B cells.
· After HSCT, high levels of activated T cells often indicate GvHD.
· Very low CD4+ T-cell counts are not a diagnostic feature of HIV disease.
· Temporary reductions in the CD4+T-cell count are seen with a number of trivial viral infections, particularly in the acute phase.
· This is often accompanied by an elevation of the CD8+T cells and NK cells.
· Lymphocyte phenotyping must not be used as a surrogate for HIV testing without consent.
· CD4-CD8 ratio is of little value. Risk of opportunist infections is determined by absolute CD4 count.
· Basic panel of CD3, CD4, and CD8 is all that is required (with viral load monitoring).
· Recovery of cell numbers may be seen with HAART.
· Persistent CD4+ T-cell lymphopenia has also been reported as a cause of opportunistic infections in the absence of any evidence for infection with either HIV-1 or HIV-2 (idiopathic CD4+ T-cell lymphopenia).
· Rare deficiency of the binding site for the anti-CD4 mAb OKT3 is recognized, giving spuriously low CD4 counts. This variant CD4 appears functionally normal.
· Abnormal lymphocyte profiles are also seen in: lymphoma, malignancy, chronic fatigue syndromes, protein-losing enteropathy, overtraining syndrome.
·  Generalized proportionate reductions in lymphocyte counts are seen with long-term immunosuppressive therapy.
· CD4/CD8 double-negative Tcr 78 T cells are increased in ALPS.
B-cell function: in vivo assays 
Principles of testing 
· In vivo antibody production is measured by detection of serum antibody levels and rise in titre after deliberate test immunization.
· Antibody levels should be measured to exposure and immunization antigens.
· Testing should include protein and polysaccharide antigens.
· Subclass-specific responses can be measured to some antigens.
· Serotype-specific responses can be measured to pneumococcal polysaccharides (not all serotypes are equally immunogenic).
· Isohaemagglutinins, in appropriate blood group patients allow detection of IgM responses.
· In the USA, the bacteriophage φX174 is used as an immunogen. This neoantigen permits detection of primary and secondary antibody responses
· Antibodies will normally be detected by E1A on serum, or by complement-fixation assays (viral antibodies).
· ELISPOT assays allow the detection of specific antibody-producing B cells.
· EQA schemes exist for viral and bacterial antibodies.
· Suspected antibody deficiency.
Interpretation 
· Full infection and immunization history is required to evaluate responses.
· Dynamic responses after immunization give a better view of B-cell function.
· Target should be a rise into the normal/protective range with a minimum of a fourfold rise in titre.
· Assays for bacterial antibodies are poor with CVs of 15-25%. Pre- and post-immunization samples should be run on the same assay.
· Assays must be interpreted with caution.
· Only killed or subunit vaccines should be given to patients with suspected immunodeficiency.
· Role of subclass- and serotype-specific assays is uncertain at present Multiplex assays may be valuable for rapid screening of responses to multiple serotypes.
· Move to conjugated polysaccharide vaccines may lead to loss of pure polysaccharides for test immunization.
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Common antigens used to evaluate in vivo B-cell function
B-cell function: in vitro assays
Principles of testing 
· In vitro B-cell function is usually tested by stimulation of purified mononuclear cells by: pokeweed mitogen (PWM), anti-IgM + IL-2, Staphylococcus strain A Cowan (SAC), Epstein-Barr virus (EBV), IgG, IgA. and IgM production can be measured at 7 days by sensitive ELISA of the supernatant.
· Testing is time-consuming.
Indications for testing 
· There are few clinical indications for this at present
· Flow cytometric detection of class-switch memory B cells is quicke and easier than using anti-IgM + IL-2 system to identify prognostically important subgroups of common variable immunodeficiency
Interpretation 
· Interpretation depends on the type of assay used and the establishment of appropriate ranges for age and sex.
T-cell function: in vivo assays
Principles of testing 
· T-cell function in vivo is tester) by delayed-type hpersensitivity.
· Antigens are pricked through the skin (Merieux Multitest CMI) or injected intradermally.
· Most useful antigens include PPD, Candida, mumps, tetanus, and streptokinase/streptodornase, which are available (some with difficulty) as single antigens, or are part of the battery in the Multitest.
Indications for testing 
· Testing is of limited value except in the circumstance of chronic mucocutaneous candidiasis, where there is often specific anergy to Candida with reasonable responses to other antigens.
Interpretation 
· there may be early reactions but these are due to mechanisms not involving T cells.
· at 72-96 hours, in a positive reaction, there will be a cellular infiltrate that is palpable, with overlying erythema.
· reactivity to the panel is low in early childhood and increases with age
· poor responses are seen in: T-cell immune deficiencies (primary and secondary), combined immune deficiency
· some patients with CVID
· leukaemias 
· lymphomas
· other malignant disease
· renal failure
· during some chronic infections (late HIV).
T-cell function: in vitro assays 
Principles of testing
· In vilro T-cell function testing is carried out by inducing the T cells to proliferate by exposure to either mitogens or antigens.
· Mononuclear cells are separated from neutrophils by density gradient centrifugation (Ficoll).
· Proliferation of the T cells is measured by the incorporation into DNA of tritiated thymidine in replicating cells.
· Other methods used to study T-cell function in vitro include flow cytometric tests for the following. 
· Measurement of calcium flux.
· DNA replication (a non-isotopic alternative to the standard proliferation assay).
· Changes in surface antigen expression in response to activation (IL-2 receptor. CD25, transferrin receptor, CD71. CD69. and the nuclear antigen Ki-67).
· Intracellular cytokines: cytokine production in culture can be measured, but this is not done routinely and the flow cytometric determination of intracellular cytokine is likely to be of more value.
· There is little value in the MLR as a test of T-cell function, although it forms a part of cross-matching bone marrow.
· ELISPOT assays can be used to measure cytokine production in response to antigens and will also give a precursor frequency.
Indications for testing
· Suspected primary T-cell or combined immune deficiency.
· Functional assays are rarely required in secondary T-cell immunodeficiency.
· Monitoring of the T-cell proliferative response after HSCT provides a useful marker of returning function that will determine safe release from laminar flow.
Interpretation 
· Results will be reported as counts per minute (cpm) for the unstimulated and stimulated cells and as a stimulation index.
· For PHA-stimulated cells the uptake should be >5000cpm and the increment over the unstimulated cells should be >4000cpm. The stimulation index should be >10.
· For antigens such as Candida, the response is smaller and an increment of 2000cpm and a stimulation index of 3.0 are satisfactory.
The requesting clinician must also arrange a control sample from a healthy volunteer, where possible of the same age/sex as the patient.  This is necessary, as there are wide variations in individual responses, even in healthy individuals, and there are variations with age.
· Each laboratory should establish its own age- and sex-specific normal ranges for each mitogen.
· The most useful stimuli are the following.
· Phytohaemagglutinin (PHA): a lectin (sugar-binding molecule) derived from kidney beans. This binds to sugar residues on a number of surface molecules, thus activating cells by several pathways simultaneously, including via the CD3-Tcr complex.
· Concanavalin A (ConA): a lectin derived from jack beans. Its effect is similar to that of PHA except that it depends on normal monocyte accessory function.
· Mitogenic anti-CD3 monoclonal antibodies: soluble and immobilized anti-CD3 cause specific stimulation of T cells via the CD3-Tcr complex, mimicking antigen.
· Phorbol esters (phorbol myristate acetate, PMA): this molecule activates protein kinase C directly in cells, bypassing the need for membrane events. The addition of a calcium ionophore, which raises the intracellular calcium by inserting unregulated calcium channels in the membrane, increases the effect of PMA on PKC, as it is a calcium-dependent enzyme.
· lnterleukin-2: this has very little effect on its own but is synergistic with anti-CD3. Restoration of proliferative responses to other stimuli by the addition of IL-2 suggests a downstream defect leading to reduced/absent IL-2 production.
· Antigens: many antigens can be used, but the most useful are Candida, tetanus, PPD. and viral antigens (CMV, HSV, rubella), as patients are likely to have been exposed or immunized. Responses are lower, as the frequency of T cells with the correct Tcr will be small.
Lymphoma diagnosis 
Principles of testing 
· Diagnosis of lymphoma follows principles similar to those for leukaemia typing, except that the cells are in a solid organ.
· Single-cell suspensions produced by disaggregating the tissue can be used.
· Most information is gained from looking at tissue sections.
· Staining is usually done with monoclonal antibodies followed by anti-mouse antibody conjugated to a reagent for developing a colour reaction (peroxidase, alkaline phosphatase-anti-alkaline phosphatase, etc.).
· Most studies can now be carried out on paraffin sections.
· Immunophenotyping will normally be undertaken in parallel with morphological, virological, and enzymatic studies.
The primary panel usually includes:
· CD45 (leucocyte common antigen)
· CD45RA (minority of T cells and B cells)
· CD3(T cells)
· CD4 (T-helper cells plus macrophages and dendritic cells)
· CD8
· C3bR (follicular dendritic cells, B cells, macrophages)
· HLA-DR (B cells, activated T cells)
· surface immunoglobulins (heavy and light chains)
· Ki-67 (nuclear antigen expressed in proliferating cells).
The secondary panel for T-cell antigens includes:
· CD2, CD5, CD7, and CD1, although the latter is also expressed on dendritic cells and macrophages.
· The secondary panel for B-lineage antigens includes CD10. CD21, CD22, CD23, CD24, CD79a and CD5 (also expressed on T cells).
· Confirmation of the presence of Reed-Sternberg cells can be obtained by using CD30 and CD15.
· Histiocytes are reactive with CD68.
· LMP-1 is a surface marker of EBV' cells and is expressed on Reed-Sternberg cells.
· In situ hybridization can be used to detect oncogene expression and viral genes.
· Initial and supplementary antibody panels will be used.
· Extracted material can be used as a source of DNA for molecular studies of T-cell receptor and Ig heavy-chain gene rearrangements as markers of clonality.
· EQA systems exist.
Indications for testing 
· Any excised lymphoid tissue where lymphadenopathy is a feature should be examined for evidence of lymphoma.
Interpretation 
· In the differential diagnosis of an abnormal lymph node the question 'Is this a malignant process or a reactive process?' must be answered.
Lymphomas often express aberrant patterns of surface and cellular antigens: k:X ratios > 10:1, slg negative, B-lineage antigen positive,  co-expression of B-lineage antigens and CD5, CD10. CD43, or CD6 loss of an expected T-lineage antigen dual expression of CD4 and CD8 (outside thymus) expression of terminal deoxytransferase (TdT) or CDla (outside thymus).
Lymphoid tumours need to be distinguished from other (metastatic) malignancy:
· cells of lymphoid origin usually express CD45
· other markers are available to distinguish cells from other sources, including carcinoembryonic antigen, cytokeratin. chromogranin, desmin, and S-100.
Hodgkin's disease is distinguished by the presence of characteristic Reed-Sternberg cells:
· usually detectable by standard histology, although they may be sparse can be identified by their reaction with CD30 and CD15  without reactivity with CD45 or T/B lineage antigens.
· Evidence of clonality can now be obtained by studies of Ig and Tcr gene rearrangements by molecular techniques: this can be carried out even on DNA extracted from paraffin sections because of the use of PCR techniques to amplify the DNA of interest, very small samples can be analysed.
· Abnormal expression of oncogenes and tumour suppressor genes can be detected by in situ hybridization. Oncogenes routinely screened for include: Bcl-2, cyclin D1, p53, Bcl-6, CD99 (myc-2), c-myc.
· Viral screens include EBV, CMV, HHV6, HHV8.
· The classification of lymphomas is constantly being revised in the light of new findings. Readers are advised to consult an up-to-date detailed text to understand the process.
Neutrophil function testing 
Principles of testing 
· First test is neutrophil count (serial counts required for cyclic neutropenia—3 times weekly for 6 weeks).
· Screening test for defects of oxidative metabolism (CGD) is nitroblue tetrazolium reduction test, in which a colourless intracellular dye
· is reduced to an insoluble blue compound, formazan, when the neutrophil's oxidative machinery is activated.
· Usually done as a simple slide test.
· Can be done as a quantitative assay, with extraction of the formazan and quantitation by colorimetry.
· Flow cytometry using dye reduction (dihydrorhodamine (DHR)) allows more cells to be analysed more quickly.
· NBT and DHR tests should be done in parallel, as there are examples of neutrophil deficiencies where one test is abnormal but the other is not.
· Other tests of the oxidative machinery include chemiluminescence (amplified by luminol) and the iodination test, which relates to hydrogen peroxide production.
· Phagocytosis can be measured by simply counting the number of latex beads or yeasts ingested by neutrophils or, more accurately, by flow cytometry using labelled bacteria.
· Bacterial killing assays allow the whole process to be tested, including opsonization, phagocytosis, and oxidative metabolism.
· Test organism is incubated with patient's serum or control serum and then each is incubated with either normal or patient's neutrophils.
· At a fixed time thereafter, the cells are lysed and the lysate plated out to allow residual live bacteria to grow.
· Normally all bacteria will be killed within 30 minutes.
· Chemotaxis assays are usually carried out by measuring migration under agarose or by the Boyden chamber method, in which cells migrate into a microporous filter which is examined under a microscope with a vernier gauge on the focusing ring, allowing the distance travelled to the leading edge to be measured.
· Monocytes can be studied on flow cytometers at the same time as neutrophils.
· Specific defects include absence of γ-IFN receptors, IL-12.
· No EQA schemes exist. Therefore laboratories must establish their own normal ranges and set up normal controls in parallel with patient samples for all assays.
Indications for testing 
· Any patient with suspected neutrophil disorder:
· recurrent abscesses, especially if deep-seated (liver)
· extensive oral ulceration/gingivitis
· atypical granulomatous disease
· unusual bacterial or fungal infections—especially catalase-positive organisms (aspergillus. staphylococcus).
Interpretation 
· Slide NBT tests may miss some cases of chronic granulomatous disease and, if there is a high degree of suspicion, it is essential to perform a more sensitive flow cytometric assay.
· With sensitive flow cytometric assays, heterozygotes for CGD mutations may have half the normal activity.
· Bacterial killing assays may be abnormal in healthy children under the age of 2 years.
· Chemotaxis is an important part of the process and rare defects due to the lack of anaphylotoxin receptors have been reported.
· Both methods for chemotaxis give wide ranges even for normal individuals, so determining what is abnormal is often difficult.
· Neutrophil function testing should always include testing for adhesion molecule deficiency and for neutrophil enzymes, especially myeloperoxidase (a common deficiency of doubtful significance), G6PD, and alkaline phosphatase (reduced in specific granule deficiency).
· Neutrophil assays must be done with fresh samples.
· Any intercurrent infection will cause abnormal function.
· Follow-up protein studies and genetic investigations are required where defects of oxidative metabolism are identified in screening tests.
NK-cell function 
Principles of testing 
· Activity of MHC non-restricted killer cells (natural killer cells) can be assessed in vitro. 
· Erythroleukaemia cell line K562 is known to be susceptible to lysis by NK cells.
· Assay is carried out by incubating mononuclear cells with labelled K562 cells at varying effector target cell ratios and then identifying the death of the targets.
· Conventional method is to surface label the targets with Cr51, and then measure the release of the isotope into the medium on cell death.
· Appropriate controls are required to identify spontaneous release of the isotope and target cell death unrelated to effector cell activity (should be less than 5%).
· Flow cytometric assays use a green fluorescent membrane-bound dye to label the targets.
· Cell death is identified by the uptake of propidium iodide, which gives a red fluorescence.
· Thus live and dead targets can be separated from the unlabelled effector cells by their staining.
· The assays can be modified using different targets to look at antibody-dependent cell-mediated cytotoxicity (ADCC) and lymphokine-activated killer (LAK) activity.
· No EQA exists. Laboratories must establish normal ranges and run normal controls with each assay.
· The test depends on availability of high-quality K562 cells. Long-term cell culture must be meticulous.
Indications for testing 
· Indications are limited.
· NK-cell deficiency has been reported (rarely) causing severe infections with herpesviruses.
· Routine screening of patients with simple cold sores is not justified.
· NK-cell function may be relevant in graft rejection and assessment of rare NK-cell leukaemias.
Interpretation 
· Flow cytometric assay is more sensitive to minor target-cell damage, permeabilizing the cell to the red dye. Therefore oversensitivity is a problem.
· Chromium-release assay depends on the complete disintegration of the cell.
· Clinical diagnostic value of the NK assay remains to be fully evaluated. Routine evaluation of ADCC and LAK activity is not undertaken.
· Excessive NK-cell activity has been associated with an increased risk of graft loss in mismatched bone marrow transplants (particularly host NK-cell activity).
· Low/absent NK activity has been reported in rare patients with recurrent infections with herpes family viruses.
· Very high activity may be found in NK-cell leukaemias.
· Number of NK cells identified by flow cytometry does not necessarily correlate with the activity.
NK granule release 
Principles of testing 
· CDl07a (lysosomal-associated membrane protein 1 (LAMP1)) is expressed on the surface of NK cells that have degranulated.
· K562 cells are used as a target for NK cells to stimulate degranulation, as they do not express MHC Class I antigens.
· Expression of CDl07a on NK cells (CD3+, CD56+) is detected by flow cytometry after incubation of separated PBMNC with K562 cells.
· PHA is also used as a non-specific activator of degranulation.
Indications for testing 
· Suspected familial haemophagocytic lymphohistiocytosis (FHIH).
Interpretation 
· Patients with FHLH due to Munc 13-4 and Syntaxin 11 deficiency will have absent degranulation.
· Patients with perforin deficiency will have normal granule release.
· A normal control is required with each run.
· Very few NK cells should express CDl07a unstimulated; >7% should express it when stimulated.
· Assay depends on ready access to high-quality K562 cells.
Perforin expression 
Principles of testing 
· Flow cytometric detection of intracellular perforin, using a permeabilization technique on separated PBMNC.
· Perforin is expressed in the granules of NK cells, some CD8+ T cells, CD56+ T cells, and 8 T cells.
Indications for testing 
· Suspected familial haemophagocytic lymphohistiocytosis (FLH).
Interpretation 
· Only 30% of patients with FLH will have a perforin defect. Follow-up degranulation assays should be carried out if perforin expression is normal and there is a high degree of suspicion.
· XLPS should be excluded in males.
Toll-like receptors (TLRs) 
Principles of testing 
· Flow cytometric assay based on the shedding of CD62L (L-selectin) by neutrophils when activated.
· All 10 TLRs identified signal via MyD88 and IRAK-4 (clinical deficiencies of both are described). Four TLRs signal via UNC-93B (TLR3, TLR7, TLR8, TLR9).
· Activation of neutrophils via TLRs will lead to loss of CD62L.
· Lipopolysaccharide (LPS) is the ligand for TLR4; CL097 (an imidazoquinoline) is a ligand for TLR7/8. PMA is used as a positive control (bypasses TLRs to activate neutrophils).
Indications for testing 
· Suspected deficiency of IRAK-4, MyD88, or UNC-93B.
Interpretation 
· IRAK-4- and MyD88-deficient patients will shed CD62L normally with PMA, but not with LPS or CL097.
· UNC-93B-deficient patients will shed CD62L normally with PMA and LPS but not with CL097.
TRECs 
· Analysis of T-cell receptor excision circles (TRECs) is valuable in assessing thymic output,  post-HSCT, in HIV patients on HAART (low levels may predict disease progression).
· As TRECs do not replicate during cell division, progressive dilution occurs post-emigration.
· Assays are not yet widely available for routine use.
· TRECs can be detected on magnetic-bead-separated T-cell subpopulations by quantitative PCR techniques.
T-cell receptor and immunoglobulin heavy-chain gene rearrangements 
· Testing is carried out by multiplex PCR amplification followed by PAGE.
· Panels of Tcr Vβ-specific labelled monoclonal antibodies can be used to carry out testing by flow cytometry.
· This enables monoclonal expansions in the T-cell repertoire (lymphoma, response to chronic infection) and selective clonal loss (Omenn’s syndrome,  DiGeorge syndrome) to be identified.
· Spectra type of Tcr Vβ and IgH gene usage can be constructed to demonstrate polyclonal, oligoclonal and monoclonal gene usage, using fluorescent PCR products.
· This type of testing is crucial in lymphoma diagnosis, and in the diagnosis of oligoclonal states such as Omenn's syndrome.
 
NORMAL RANGES OF SOME IMMUNOLOGICAL PARAMETERS 
[image: image184.png]Serum immunoglobulins (adults)

18G 58-15.4g/L
lgA 0.64-297g/L

1gM (males) 0.24-1.90g/L

IgM (females) 0.71-2.30g/L

1gG subclasses (adults)

1gG1 22-10.8g/L

1gG2 0.5-8.0g/L

18G3 0.05-0.9g/L

1G4 0.0-24g/L
Antibacterial antibodies

Pneumococcal (Pneumovax®) >20U/L

Tetanus (protective) >0.1 IU/mL
Haemophilus influenzae B >1meg/mL

(full protection)

Complement

c 0.68-1.80g/L

c4 0.18-0.60g/L
C1-esterase inhibitor (adult)

Immunochemical 0.18-0.54g/L
Functional 80-120% of normal plasma
Total IgE (>14 years)

IgE <100kU/L
Specific IgE

Grade 0 <0.351U/mL

Grade 1 0.35-0.701U/mL
Grade 2 0.70-3.501U/mL
Grade 3 3.50-17.501U/mL
Grade 4 17.5-50.01U/mL
Grade 5 50-1001U/mL
Grade 6 >1001U/mL
Lymphocyte subsets (adult values)

Total T cells (CD3*) 6902540 cells/mm?
Total B cells (CD19* or CD20*)  90-660 cells/mm®
T helper cells (CD3'CD4") 4101590 cells/mm?
T cytotoxic cells (CD3*CD8") 190-1140 cells/mm?
NK cells (CD16*CD56") 90-590 cells/mm?

INB: normal total lymphocyte count for infant <6 months s 3500-7000 cells/mm?’.
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