
B cell activation
The activation of B cells results in their proliferation and 
differentiation into antibody-secreting plasma cells and 
memory cells  
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T-dependent B cell responses

CD4+ T cell help

Follicular B cells (lymphoid organs and blood) - protein antigens



T-independent B cell responses
B1(peritoneal and pelvic cavity) and marginal zone B cells (spleen) - 

multivalent antigens

Rapid response



Primary and secondary T-dependent B 
cell responses are different
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in peripheral lymphoid organs primarily make antibody 
responses to protein antigens, and these B cell responses 
require collaboration with helper T cells. Marginal zone 
B cells in the spleen and other lymphoid tissues and B-1 
cells in mucosal tissues and the peritoneum recognize 
multivalent antigens, such as blood-borne polysac-
charides, and mount primarily T-independent antibody 
responses. These preferences are not absolute. Some mar-
ginal zone B cells participate in T-dependent responses, 
and some follicular B cells may make T-independent  
responses.

With this background, we proceed to a discussion of 
B cell activation, starting with the interaction of antigen 
with B cells. We will then describe the role of helper T 
cells in B cell responses to protein antigens and the 
mechanisms of isotype switching and affinity maturation. 

responses are slower to develop but are more potent and  
“sophisticated.”

Primary and secondary antibody responses to protein 
antigens differ qualitatively and quantitatively (Fig. 
12.3). Primary responses result from the activation of 
previously unstimulated naive B cells, whereas second-
ary responses are due to the stimulation of expanded 
clones of memory B cells. Therefore, the secondary 
response develops more rapidly than does the primary 
response, and larger amounts of antibodies are produced 
in the secondary response. Furthermore, because the 
memory cells have already undergone isotype switching 
and affinity maturation, there is more IgG and other 
isotypes compared to IgM, and the affinity of the antibody 
is higher in secondary responses.

Distinct subsets of B cells respond preferentially to dif-
ferent types of antigens (see Fig. 12.2). Follicular B cells 
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FIGURE 12.3 Primary and secondary humoral immune responses. In a primary immune 
response, naive B cells are stimulated by antigen, become activated, and differentiate into antibody-secreting 
cells that produce antibodies specific for the eliciting antigen. A secondary immune response is elicited when 
the same antigen stimulates memory B cells, leading to production of greater quantities of specific antibody 
than are produced in the primary response. Note that the characteristics of secondary antibody responses 
summarized in the table are typical of T-dependent antibody responses to protein antigens. 

Primary and secondary T-dependent B cell 
responses are different



Antigen capture and delivery
Antigens can reach B cells in lymphoid organs via many 
routes, depending on their size and complement binding:

With the lymph, via the afferent lymphatic vessels
- Small antigens (<70 KDa) enter conduits and reach the follicle

- Larger antigens are captured by subcapsular sinus macrophages

- Antigen in immune complexes bind to complement receptors 
(CR2 expressed on FDCs, and marginal zone B)

- Antigen is captured by medullary dendritic cells in the medulla, 
and then transported to follicles



Antigen capture and delivery



Antigen capture and delivery

Regardless of the route of antigen delivery, B 
cells recognize - thanks to their BCRs - antigens 

that are NOT processed

? subcapsular sinus macrophages ? medullary DCs?

Why not????



Il BCR

BCR



B cell activation

Antigen binding to the BCR leads to: 

1. Intracellular signaling that initiates B cell activation

2. Antigen internalization and presentation on MHC-II

if signal strong enough, T cell help is not needed, more strong for T independent 

Potential recognition by PRRs

Not sufficient



BCR signaling is enhanced by 
PRR activation

BCR does not signal by itself

BCR associated with Igα and Igβ, 
which are responsible for signaling 
upon BCR crosslinking

Crosslinking = both antigen binding 
sites engaged in interaction

Simultaneous PRRs signaling (e.g. 
TLRs) enhances B cell stimulation



BCR signaling is enhanced by 
complement recognition via CR2

CR2 expressed by B cells (higher 
expression in marginal zone B cells) 
also leads to activation signaling 
when C3 is recognized



If these signals are strong 
enough, B cells proliferate

T-independent responses are induced by

- Strong TLR agonist as LPS

- Multivalent antigens, e.g. polysaccharides



SEQUENCE OF EVENTS IN HUMORAL IMMUNE RESPONSES TO T CELL-
DEPENDENT PROTEIN ANTIGENS 
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protein participate in the process: a surface epitope on 
the native protein is recognized with high specificity by 
a B cell, and a linear peptide epitope, which may be in 
any part of the intact protein, is subsequently released 
by proteolysis, binds to class II MHC molecules, and is 
recognized by helper T cells. The antibodies that are 
eventually secreted are usually specific for conformational 
determinants of the native antigen because membrane 
Ig on B cells is capable of binding conformational epit-
opes of proteins, and the same Ig is secreted by plasma 
cells derived from those B cells. This feature of B cell 
antigen recognition determines the fine specificity of the 
antibody response and is independent of the fact that 
helper T cells recognize only linear epitopes of processed 
peptides. In fact, a single B lymphocyte specific for a 
native epitope may bind and endocytose a protein and 
present multiple different peptides complexed with class 
II MHC molecules to different helper T cells, but the 
resultant antibody response remains specific for the native  
protein.

The principles outlined here for T-B cell collaboration 
help to explain a phenomenon that is known as the 
hapten-carrier effect. Haptens, such as dinitrophenol, 
are small chemicals that can be recognized by specific 
antibodies but are not immunogenic by themselves. If, 
however, haptens are coupled to proteins, which serve 
as carriers, the conjugates are able to induce antibody 
responses against the haptens. Analysis of antibody 
responses to hapten-carrier conjugates provided among 
the earliest demonstrations of how antigen presentation 
by B lymphocytes contributes to the development of 
humoral immune responses. There are three important 
characteristics of anti-hapten antibody responses to 
hapten-protein conjugates. First, such responses require 
both hapten-specific B cells and protein (carrier)-specific 
helper T cells. Second, to stimulate a response, the hapten 
and carrier portions have to be physically linked and 
cannot be administered separately. Third, the interaction 
is class II MHC restricted, that is, the helper T cells coop-
erate only with B lymphocytes that express class II MHC 
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FIGURE 12.7 Migration of B cells and helper T cells and T-B interaction. Antigen-activated 
helper T cells and B cells move toward one another in response to chemokine signals and make contact 
adjacent to the edge of primary follicles. 
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FIGURE 12.8 Antigen presentation on B cells to helper 
T cells. Protein antigens recognized by membrane Ig are endocytosed 
and processed, and peptide fragments are presented in association with 
class II MHC molecules. Helper T cells recognize MHC–peptide com-
plexes on the B cells and then stimulate B cell responses. In responses 
to hapten-carrier conjugates, the hapten (the B cell epitope) is recognized 
by a specific B cell, the conjugate is endocytosed, the carrier protein is 
processed in the B cell, and peptides from the carrier (the T cell epitopes) 
are presented to the helper T cell. 
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and differentiation, initially in extrafollicular foci and 
later in germinal centers (Fig. 12.9). CD40 is a member of 
the TNF receptor superfamily (see Chapter 10). Its ligand, 
CD40L (CD154), is a trimeric membrane protein that is 
homologous to TNF. CD40 is constitutively expressed on 
B cells, and CD40L is expressed on the surface of helper 
T cells that have been recently activated by antigen and 
costimulators. When these activated helper T cells inter-
act physically with antigen-presenting B cells, CD40L 
binds CD40 on the B cell surface. This results in confor-
mational alteration of preformed CD40 trimers, which 
induces the association of cytosolic proteins called TRAFs 
(TNF receptor-associated factors) with the cytoplasmic 
domain of CD40. The TRAFs recruited to CD40 initiate 
enzyme cascades that lead to the activation and nuclear 
translocation of transcription factors, including NF-�B 
and AP-1, which collectively stimulate B cell prolifera-
tion and increased synthesis and secretion of Ig. Similar 
signaling pathways are activated by TNF receptors (see 
Chapter 7). CD40-induced signals are also crucial for 
subsequent germinal center reactions, as we will discuss 
later. In addition, T cell-mediated dendritic cell and mac-
rophage activation involves the interaction of CD40L on 
activated helper T cells with CD40 on dendritic cells and 
macrophages (see Chapters 6 and 10).

Mutations in the CD40L gene result in a disease called 
the X-linked hyper-IgM syndrome, which is charac-
terized by defects in antibody production, notably in 
isotype switching and affinity maturation, as well as 
deficient cell-mediated immunity (see Chapter 21). 
Similar abnormalities are seen in CD40 or CD40L gene 
knockout mice. Interestingly, a DNA virus called the 
Epstein-Barr virus (EBV) infects human B cells and 
induces their proliferation. This may lead to immortaliza-
tion of the cells and the development of lymphomas.  
The cytoplasmic tail of the EBV protein LMP1 (latent 
membrane protein 1) associates with the same TRAF 

molecules that are identical to those that were involved 
in the initial activation of naive T cells by dendritic cells. 
All of these features of antibody responses to hapten-
protein conjugates can be explained by the antigen-
presenting functions of B lymphocytes. Hapten-specific B 
cells bind the antigen through the hapten determinant, 
endocytose the hapten-carrier conjugate, digest the 
protein component, and present peptides derived from 
the carrier protein to carrier-specific helper T lympho-
cytes (see Fig. 12.8). Thus, the two cooperating lympho-
cytes recognize different epitopes of the same antigen. 
The hapten is responsible for efficient internalization of 
the carrier protein into the B cell, which explains why 
hapten and carrier must be physically linked. The require-
ment for MHC-associated antigen presentation for T cell 
activation accounts for the MHC restriction of T cell–B 
cell interactions.

The characteristics of humoral responses elucidated 
for hapten-carrier conjugates apply to all protein antigens 
in which one intrinsic determinant, usually a native 
conformational determinant, is recognized by B cells 
(and is therefore analogous to the hapten), and another 
determinant, in the form of a class II MHC-associated 
linear peptide is recognized by helper T cells (and is 
analogous to the carrier that is the source of the peptide). 
The hapten-carrier effect is the basis for the development 
of conjugate vaccines against encapsulated bacteria; these 
vaccines contain carbohydrate epitopes recognized by B 
cells attached to proteins recognized by T cells, discussed 
later in this chapter.

Role of CD40L:CD40 Interaction in T-Dependent B 
Cell Activation

Upon antigen activation, helper T cells express CD40 
ligand (CD40L), which engages its receptor, CD40, on 
antigen-stimulated B cells and induces B cell proliferation 
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FIGURE 12.9  Mechanisms of helper T cell-mediated B cell activation.  Helper T cells that 
are activated by recognizing antigens presented by B cells express CD40L, which binds to CD40 on B cells 
and stimulates B cell proliferation and differentiation. Cytokines produced by the helper T cells also contribute 
to B cell responses. 
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