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Figure 372e-8 B cell receptor (BCR) activation results in the sequential activation of protein tyrosine kinases, which results in the formation of a signaling complex and activation of downstream pathways as shown. Whereas SLP76 is recruited to the membrane through GADS
and LAT, the mechanism of SLP65 recruitment is unclear. Studies have indicated two mechanisms: (a) direct binding by the SH2 domain of
SLP65 to immunoglobulin (Ig) of the BCR complex or (b) membrane recruitment through a leucine zipper in the amino terminus of SLP65 and
an unknown binding partner. ADAP, adhesion- and degranulation-promoting adaptor protein; AP1, activator protein 1; BTK, Bruton’s tyrosine
kinase; DAG, diacylglycerol; GRB2, growth factor receptor-bound protein 2; HPK1, hematopoietic progenitor kinase 1; InsP3, inositol-1,4,5-trisphosphate; ITK, interleukin-2-inducible T cell kinase; NCK, noncatalytic region of tyrosine kinase; NF-B, nuclear factor B; PKC, protein kinase C; PLC,
phospholipase C; PtdIns(4,5)P2, phosphatidylinositol-4,5-bisphosphate; RASGRP, RAS guanyl-releasing protein; SOS, son of sevenless homologue;
SYK, spleen tyrosine kinase. (Adapted from GA Koretzky et al: Nat Rev Immunol 6:67, 2006; with permission from Macmillan Publishers Ltd. Copyright
2006.)

recognizing and proliferating to whole unprocessed native antigens via
antigen binding to B cell–surface Ig (sIg) receptors. B cells also express
surface receptors for the Fc region of IgG molecules (CD32) as well as
receptors for activated complement components (C3d or CD21, C3b
or CD35). The primary function of B cells is to produce antibodies. B
cells also serve as APCs and are highly efficient at antigen processing.
Their antigen-presenting function is enhanced by a variety of cytokines. Mature B cells are derived from bone marrow precursor cells
that arise continuously throughout life (Fig. 372e-6).
B lymphocyte development can be separated into antigenindependent and antigen-dependent phases. Antigen-independent B
cell development occurs in primary lymphoid organs and includes
all stages of B cell maturation up to the sIg+ mature B cell. Antigendependent B cell maturation is driven by the interaction of antigen
with the mature B cell sIg, leading to memory B cell induction, Ig
class switching, and plasma cell formation. Antigen-dependent stages
of B cell maturation occur in secondary lymphoid organs, including
lymph node, spleen, and gut Peyer’s patches. In contrast to the T cell
repertoire that is generated intrathymically before contact with foreign
antigen, the repertoire of B cells expressing diverse antigen-reactive
sites is modified by further alteration of Ig genes after stimulation
by antigen—a process called somatic hypermutation—that occurs in
lymph node germinal centers.
During B cell development, diversity of the antigen-binding variable
region of Ig is generated by an ordered set of Ig gene rearrangements

that are similar to the rearrangements undergone by TCR α, β, γ, and
δ genes. For the heavy chain, there is first a rearrangement of D segments to J segments, followed by a second rearrangement between a
V gene segment and the newly formed D-J sequence; the C segment is
aligned to the V-D-J complex to yield a functional Ig heavy chain gene
(V-D-J-C). During later stages, a functional κ or γ light chain gene is
generated by rearrangement of a V segment to a J segment, ultimately
yielding an intact Ig molecule composed of heavy and light chains.
The process of Ig gene rearrangement is regulated and results in
a single antibody specificity produced by each B cell, with each Ig
molecule comprising one type of heavy chain and one type of light
chain. Although each B cell contains two copies of Ig light and heavy
chain genes, only one gene of each type is productively rearranged and
expressed in each B cell, a process termed allelic exclusion.
There are ~300 Vκ genes and 5 Jκ genes, resulting in the pairing of Vκ
and Jκ genes to create >1500 different kappa light chain combinations.
There are ~70 Vλ genes and 4Jλ genes for >280 different lambda light
chain combinations. The number of distinct light chains that can be
generated is increased by somatic mutations within the V and J genes,
thus creating large numbers of possible specificities from a limited
amount of germline genetic information. As noted above, in heavy
chain Ig gene rearrangement, the VH domain is created by the joining
of three types of germline genes called VH, DH, and JH, thus allowing
for even greater diversity in the variable region of heavy chains than
of light chains.

