372e-22 binds. Antibodies against the idiotype portion of an antibody molecule

PART 15
Immune-mediated, Inflammatory, and Rheumatologic Disorders

are called anti-idiotype antibodies. The formation of such antibodies in
vivo during a normal B cell antibody response may generate a negative
(or “off") signal to B cells to terminate antibody production.
IgG constitutes ~75–85% of total serum immunoglobulin. The four
IgG subclasses are numbered in order of their level in serum, IgG1
being found in greatest amounts and IgG4 the least. IgG subclasses
have clinical relevance in their varying ability to bind macrophage and
neutrophil Fc receptors and to activate complement (Table 372e-12).
Moreover, selective deficiencies of certain IgG subclasses give rise to
clinical syndromes in which the patient is inordinately susceptible to
bacterial infections. IgG antibodies are frequently the predominant
antibody made after rechallenge of the host with antigen (secondary
antibody response).
IgM antibodies normally circulate as a 950-kDa pentamer with
160-kDa bivalent monomers joined by a molecule called the J chain, a
15-kDa nonimmunoglobulin molecule that also effects polymerization
of IgA molecules. IgM is the first immunoglobulin to appear in the
immune response (primary antibody response) and is the initial type
of antibody made by neonates. Membrane IgM in the monomeric form
also functions as a major antigen receptor on the surface of mature
B cells (Table 372e-12). IgM is an important component of immune
complexes in autoimmune diseases. For example, IgM antibodies
against IgG molecules (rheumatoid factors) are present in high titers
in rheumatoid arthritis, other collagen diseases, and some infectious
diseases (subacute bacterial endocarditis).
IgA constitutes only 7–15% of total serum immunoglobulin but is the
predominant class of immunoglobulin in secretions. IgA in secretions
(tears, saliva, nasal secretions, gastrointestinal tract fluid, and human
milk) is in the form of secretory IgA (sIgA), a polymer consisting of
two IgA monomers, a joining molecule, again called the J chain, and
a glycoprotein called the secretory protein. Of the two IgA subclasses,
IgA1 is primarily found in serum, whereas IgA2 is more prevalent in
secretions. IgA fixes complement via the alternative complement pathway and has potent antiviral activity in humans by prevention of virus
binding to respiratory and gastrointestinal epithelial cells.
IgD is found in minute quantities in serum and, together with IgM,
is a major receptor for antigen on the naïve B cell surface. IgE, which
is present in serum in very low concentrations, is the major class of
immunoglobulin involved in arming mast cells and basophils by binding to these cells via the Fc region. Antigen cross-linking of IgE molecules on basophil and mast cell surfaces results in release of mediators
of the immediate hypersensitivity (allergic) response (Table 372e-12).

CELLULAR INTERACTIONS IN REGULATION OF NORMAL IMMUNE RESPONSES
The net result of activation of the humoral (B cell) and cellular (T cell)
arms of the adaptive immune system by foreign antigen is the elimination of antigen directly by specific effector T cells or in concert with
specific antibody. Figure 372e-2 is a simplified schematic diagram of
the T and B cell responses indicating some of these cellular interactions.
The expression of adaptive immune cell function is the result of
a complex series of immunoregulatory events that occur in phases.
Both T and B lymphocytes mediate immune functions, and each of
these cell types, when given appropriate signals, passes through stages,
from activation and induction through proliferation, differentiation,
and ultimately effector functions. The effector function expressed may
be at the end point of a response, such as secretion of antibody by a
differentiated plasma cell, or it might serve a regulatory function that
modulates other functions, such as is seen with CD4+ and CD8+ T
lymphocytes that modulate both differentiation of B cells and activation of CD8+ cytotoxic T cells.
CD4 helper T cells can be subdivided on the basis of cytokines
produced (Fig. 372e-2). Activated TH1-type helper T cells secrete IL-2,
IFN-γ, IL-3, TNF-a, GM-CSF, and TNF-β, whereas activated TH2-type
helper T cells secrete IL-3, -4, -5, -6, -10, and -13. TH1 CD4+ T cells,
through elaboration of IFN-γ, have a central role in mediating intracellular killing by a variety of pathogens. TH1 CD4+ T cells also provide
T cell help for generation of cytotoxic T cells and some types of opsonizing antibody, and they generally respond to antigens that lead to

delayed hypersensitivity types of immune responses for many intracellular viruses and bacteria (such as HIV or M. tuberculosis). In contrast,
TH2 cells have a primary role in regulatory humoral immunity and isotype switching. TH2 cells, through production of IL-4 and IL-10, have
a regulatory role in limiting proinflammatory responses mediated by
TH1 cells (Fig. 372e-2). In addition, TH2 CD4+ T cells provide help to
B cells for specific Ig production and respond to antigens that require
high antibody levels for foreign antigen elimination (extracellular
encapsulated bacteria such as Streptococcus pneumoniae and certain
parasite infections). A new subset of the TH family has been described,
termed TH17, characterized as cells that secrete cytokines such as IL-17,
-22, and -26. TH17 cells have been shown to play a role in autoimmune
inflammatory disorders in addition to defense against extracellular
bacteria and fungi, particularly at mucosal surfaces. In summary, the
type of T cell response generated in an immune response is determined
by the microbe PAMPs presented to the DCs, the TLRs on the DCs
that become activated, the types of DCs that are activated, and the
cytokines that are produced (Table 372e-4). Commonly, myeloid DCs
produce IL-12 and activate TH1 T cell responses that result in IFN-γ
and cytotoxic T cell induction, and plasmacytoid DCs produce IFN-α
and lead to TH2 responses that result in IL-4 production and enhanced
antibody responses.
As shown in Figs. 372e-2 and 372e-3, upon activation by DCs, T
cell subsets that produce IL-2, IL-3, IFN-γ, and/or IL-4, -5, -6, -10, and
-13 are generated and exert positive and negative influences on effector T and B cells. For B cells, trophic effects are mediated by a variety
of cytokines, particularly T cell–derived IL-3, -4, -5, and -6, that act
at sequential stages of B cell maturation, resulting in B cell proliferation, differentiation, and ultimately antibody secretion. For cytotoxic
T cells, trophic factors include inducer T cell secretion of IL-2, IFN-γ,
and IL-12.
An important type of immunomodulatory T cell that controls
immune responses is CD4+ and CD8+ T regulatory cells. These cells
constitutively express the α chain of the IL-2 receptor (CD25), produce
large amounts of IL-10, and can suppress both T and B cell responses.
T regulatory cells are induced by immature DCs and play key roles
in maintaining tolerance to self-antigens in the periphery. Loss of T
regulatory cells is the cause of organ-specific autoimmune disease
in mice such as autoimmune thyroiditis, adrenalitis, and oophoritis
(see “Immune Tolerance and Autoimmunity” below). T regulatory
cells also play key roles in controlling the magnitude and duration of
immune responses to microbes. Normally, after the initial immune
response to a microbe has eliminated the invader, T regulatory cells
are activated to suppress the antimicrobe response and prevent host
injury. Some microbes have adapted to induce T regulatory cell activation at the site of infection to promote parasite infection and survival.
In Leishmania infection, the parasite locally induces T regulatory cell
accumulation at skin infection sites that dampens anti-Leishmania T
cell responses and prevents elimination of the parasite. It is thought
that many chronic infections such as by M. tuberculosis are associated
with abnormal T regulatory cell activation that prevents elimination
of the microbe.
Although B cells recognize native antigen via B cell–surface Ig
receptors, B cells require T cell help to produce high-affinity antibody
of multiple isotypes that are the most effective in eliminating foreign
antigen. This T cell dependence likely functions in the regulation of B
cell responses and in protection against excessive autoantibody production. T cell–B cell interactions that lead to high-affinity antibody
production require (1) processing of native antigen by B cells and
expression of peptide fragments on the B cell surface for presentation
to TH cells, (2) the ligation of B cells by both the TCR complex and
the CD40 ligand, (3) induction of the process termed antibody isotype
switching in antigen-specific B cell clones, and (4) induction of the
process of affinity maturation of antibody in the germinal centers of B
cell follicles of lymph node and spleen.
Naïve B cells express cell-surface IgD and IgM, and initial contact
of naïve B cells with antigen is via binding of native antigen to B cell–
surface IgM. T cell cytokines, released following TH2 cell contact with B
cells or by a “bystander” effect, induce changes in Ig gene conformation

