IL-1, -2, -4, -5, and -6 synergize to drive mature B cells to proliferate 372e-21
and differentiate into Ig-secreting cells.
Humoral Mediators of Adaptive Immunity: Immunoglobulins Immunoglobulins
are the products of differentiated B cells and mediate the humoral arm of
the immune response. The primary functions of antibodies are to bind
specifically to antigen and bring about the inactivation or removal of
the offending toxin, microbe, parasite, or other foreign substance from
the body. The structural basis of Ig molecule function and Ig gene organization has provided insight into the role of antibodies in normal protective immunity, pathologic immune-mediated damage by immune
complexes, and autoantibody formation against host determinants.
All immunoglobulins have the basic structure of two heavy and
two light chains (Fig. 372e-8). Immunoglobulin isotype (i.e., G, M,
A, D, E) is determined by the type of Ig heavy chain present. IgG and
IgA isotypes can be divided further into subclasses (G1, G2, G3, G4,
and A1, A2) based on specific antigenic determinants on Ig heavy
chains. The characteristics of human immunoglobulins are outlined
in Table 372e-12. The four chains are covalently linked by disulfide
bonds. Each chain is made up of a V region and C regions (also
called domains), themselves made up of units of ~110 amino acids.
Light chains have one variable (VL) and one constant (CL) unit; heavy
chains have one variable unit (VH) and three or four constant (CH)
units, depending on isotype. As the name suggests, the constant, or
C, regions of Ig molecules are made up of homologous sequences and
share the same primary structure as all other Ig chains of the same
isotype and subclass. Constant regions are involved in biologic functions of Ig molecules. The CH2 domain of IgG and the CH4 units of
IgM are involved with the binding of the C1q portion of C1 during
complement activation. The CH region at the carboxy-terminal end of
the IgG molecule, the Fc region, binds to surface Fc receptors (CD16,
CD32, CD64) of macrophages, DCs, NK cells, B cells, neutrophils, and
eosinophils. The Fc of IgA binds to FcαR (CD89), and the Fc of IgE
binds to FcεR (CD23).
Variable regions (VL and VH) constitute the antibody-binding (Fab)
region of the molecule. Within the VL and VH regions are hypervariable regions (extreme sequence variability) that constitute the antigenbinding site unique to each Ig molecule. The idiotype is defined as the
specific region of the Fab portion of the Ig molecule to which antigen

TABLE 372e-12 Physical, Chemical, and Biologic Properties of Human Immunoglobulins
Property
Usual molecular form
Other chains
Subclasses
Heavy chain allotypes
Molecular mass, kDa
Serum level in average
adult, mg/mL
Percentage of total
serum Ig
Serum half-life, days
Synthesis rate, mg/kg
per day
Antibody valence
Classical complement
activation
Alternate complement
activation
Binding cells via Fc

Biologic properties

IgG
Monomer
None
G1, G2, G3, G4
Gm (=30)
150
9.5–12.5

IgA
Monomer, dimer
J chain, SC
A1, A2
No A1, A2m (2)
160, 400
1.5–2.6

IgM
Pentamer, hexamer
J chain
None
None
950, 1150
0.7–1.7

IgD
Monomer
None
None
None
175
0.04

IgE
Monomer
None
None
None
190
0.0003

75–85

7–15

5–10

0.3

0.019

23
33

6
65

5
7

3
0.4

2.5
0.016

2
+(G1, 2?, 3)

2, 4
–

10, 12
++

2
–

2
–

+(G4)

+

–

+

–

Macrophages, neutrophils, large granular
lymphocytes
Placental transfer, secondary Ab for most
antipathogen responses

Lymphocytes

Lymphocytes

None

Mast cells, basophils,
B cells

Secretory immunoglobulin

Primary Ab responses

Marker for mature B cells Allergy, antiparasite
responses

Source: After L Carayannopoulos, JD Capra, in WE Paul (ed): Fundamental Immunology, 3rd ed. New York, Raven, 1993; with permission.

Chapter 372e Introduction to the Immune System

The most immature B cell precursors (early pro-B cells) lack cytoplasmic Ig (cIg) and sIg (Fig. 372e-6). The large pre-B cell is marked by
the acquisition of the surface pre-BCR composed of μ heavy (H) chains
and a pre-B light chain, termed ψLC. ψLC is a surrogate light chain
receptor encoded by the nonrearranged V pre-B and the γ5 light chain
locus (the pre-BCR). Pro- and pre-B cells are driven to proliferate
and mature by signals from bone marrow stroma—in particular, IL-7.
Light chain rearrangement occurs in the small pre-B cell stage such
that the full BCR is expressed at the immature B cell stage. Immature
B cells have rearranged Ig light chain genes and express sIgM. As
immature B cells develop into mature B cells, sIgD is expressed as
well as sIgM. At this point, B lineage development in bone marrow is
complete, and B cells exit into the peripheral circulation and migrate to
secondary lymphoid organs to encounter specific antigens.
Random rearrangements of Ig genes occasionally generate selfreactive antibodies, and mechanisms must be in place to correct these
mistakes. One such mechanism is BCR editing, whereby autoreactive
BCRs are mutated to not react with self-antigens. If receptor editing
is unsuccessful in eliminating autoreactive B cells, then autoreactive B
cells undergo negative selection in the bone marrow through induction
of apoptosis after BCR engagement of self-antigen.
After leaving the bone marrow, B cells populate peripheral B cell
sites, such as lymph node and spleen, and await contact with foreign
antigens that react with each B cell’s clonotypic receptor. Antigendriven B cell activation occurs through the BCR, and a process known
as somatic hypermutation takes place whereby point mutations in
rearranged H- and L-genes give rise to mutant sIg molecules, some
of which bind antigen better than the original sIg molecules. Somatic
hypermutation, therefore, is a process whereby memory B cells in
peripheral lymph organs have the best binding, or the highest-affinity
antibodies. This overall process of generating the best antibodies is
called affinity maturation of antibody.
Lymphocytes that synthesize IgG, IgA, and IgE are derived from
sIgM+, sIgD+ mature B cells. Ig class switching occurs in lymph
node and other peripheral lymphoid tissue germinal centers. CD40
on B cells and CD40 ligand on T cells constitute a critical co-stimulatory receptor-ligand pair of immune-stimulatory molecules. Pairs
of CD40+ B cells and CD40 ligand+ T cells bind and drive B cell Ig
class switching via T cell-produced cytokines such as IL-4 and TGF-β.

