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In this lecture we will discuss:

• B-cell response / T-dependent B-cell response 
• Effector mechanisms of humoral immunity 

B cell response



• Mature B lymphocytes migrate from one secondary lymphoid organ to the next in search of 
antigen.

• Most B cells enter follicles guided by the chemokine CXCL13 secreted by follicular dendritic 
cells and are called follicular B cells or recirculating B cells. CXCL13 binds to the CXCR5 
chemokine receptor on recirculating naive B cells and attracts these cells into the follicles

• Naive follicular B cells survive for limited periods until they encounter antigen, survival 
depends on signals from the BCR as well as on inputs received from a cytokine called BAFF 
(B cell–activating factor of the TNF family, also known as BLyS, for B lymphocyte stimulator), 
which provides maturation and survival signals through the BAFF receptor.
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• Soluble antigens, generally smaller than 70 kD, may reach the B cell zone through conduits 
that extend between the subcapsular sinus and the follicle and interact directly with 
specific B cells.

• Subcapsular sinus macrophages capture large microbes and antigen-antibody complexes 
and deliver these to follicles, which lie under the sinus

• Medium sized antigens may be captured in the medullary region by resident dendritic cells 
and transported into follicles, where they can activate B cells.

• Antigens in immune complexes may bind to complement receptors (in particular the 
complement receptor type 2 or CR2) on marginal zone B cells, and these cells can transfer 
the immune complex–containing antigens to follicular B cells.

• In all these cases, the antigen that is presented to B cells is generally in its intact, native 
conformation and is not processed by antigen-presenting cells

B cell response/ Antigen Capture and Delivery to B Cells



B cell response/ Antigen Capture and Delivery to B Cells



• Membrane IgM and IgD, the antigen 
receptors of naïve B cells, have short 
cytoplasmic tails consisting of only three 
amino acids (lysine, valine, and lysine).

• Ig-mediated signals are transduced by 
two other molecules, called Igα and Igβ, 
that are disulfide linked to one another 
and are expressed in B cells 
noncovalently associated with 
membrane Ig 

• B cell receptor complexes in class-
switched B cells, including memory B 
cells, contain membrane 
immunoglobulins that may be of the 
IgG, IgA, or IgE classes

B cell response/ Activation of B Cells



• The activation of antigen-specific B lymphocytes is initiated by the binding of 
antigen to membrane Ig molecules, which, in conjunction with the associated Igα 
and Igβ proteins, make up the antigen receptor complex of mature B cells.

• Binding of antigen to the receptor delivers biochemical signals to the B cells 
that initiate the process of activation. It also internalizes the bound antigen 
into endosomal vesicles, and if the antigen is a protein, it is processed into 
peptides that may be presented on the B cell surface for recognition by helper T 
cells.

• For full responses to be induced, other stimuli cooperate with BCR engagement, 
including complement proteins, pattern recognition receptors, and, in the 
case of protein antigens, helper T cells. 
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• Antigen receptor cross-linking by some antigens can stimulate several important 
changes in B cells . The previously resting cells enter into the G1 stage of the cell 
cycle, and this is accompanied by increases in cell size, cytoplasmic RNA, and 
biosynthetic organelles such as ribosomes. The survival of the stimulated B cells 
is enhanced as a result of the production of various antiapoptotic proteins, 
notably Bcl-2, and the cells may proliferate and secrete some antibody. 

• The expression of receptors for several T cell–derived cytokines is also increased.

• Response of b-cells varies with the nature of the antigen, Most T-independent 
antigens, such as polysaccharides, display multiple identical epitopes on each 
molecule or on a cell surface. Therefore, such multivalent antigens effectively 
cross-link many B cell antigen receptors and initiate responses even though they 
are not recognized by helper T lymphocytes

• Damage to the Bcl-2 gene has been identified as a cause of a number of cancers, 
including chronic lymphocytic leukemia. 

B cell response/ Functional Responses of B Cells to Antigens



• The activation of B cells results in their 
proliferation, leading to clonal 
expansion, followed by 
differentiation, culminating in the 
generation of memory B cells and 
antibody-secreting plasma cells. 

• A single B cell may, within a week, give 
rise to as many as 5000 antibody-
secreting cells, which produce more 
than 1012 antibody molecules per day.



• Follicular B Cells: Most mature B cells belong to the follicular B cell subset and 
produce IgD in addition to IgM. Follicular B cells are also often called 
recirculating B cells because they migrate from one lymphoid organ to the next, 
residing in specialized niches known as B cell follicles. 

• B-1 B cells, differs from the majority of B lymphocytes and develops in a unique 
manner. These cells develop from fetal liver–derived HSCs. B-1 cells as well as 
marginal zone B cells spontaneously secrete IgM antibodies that often react 
with microbial polysaccharides and lipids. B-1 cells contribute to rapid antibody 
production against microbes in particular tissues, such as the peritoneum. At 
mucosal sites, as many as half the IgA-secreting cells in the lamina propria 
may be derived from B-1 cells.

• Marginal zone B cells are located primarily in the vicinity of the marginal sinus 
in the spleen and are similar to B-1 cells in terms of their limited diversity and 
their ability to respond to polysaccharide antigens and to generate natural 
antibodies.

B cell response/ B cell subsets
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• Antibody responses to protein antigens require recognition and processing of 
the antigen by B cells, followed by presentation of a peptide fragment of the 
antigen to helper T cells, leading to cooperation between the antigen specific B 
and T lymphocytes.

• The frequency of naive B cells or T cells specific for a given epitope of an antigen 
is as low as 1 in 105 to 1 in 106 lymphocytes, and both populations have to be 
activated and the specific B and T cells have to find each other and physically 
interact to generate strong antibody responses.
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• Helper T cells that have been activated by antigen and costimulation are 
induced to proliferate, express CD40L, and secrete cytokines. They also 
downregulate the chemokine receptor CCR7 and increase the expression of 
CXCR5 and as a result leave the T cell zone and migrate toward the follicle. 
CXCL13, the ligand for CXCR5, is secreted by follicular dendritic cells and 
other follicular stromal cells, and it contributes to the migration of activated 
CD4+ T cells toward the follicle.

• BCR engagement by these antigens results in reduced cell surface expression 
of the chemokine receptor CXCR5 and increased expression of CCR7, which is 
normally expressed on T cells. As a result, activated B cells migrate toward the 
T cell zone drawn by a gradient of CCL19 and CCL21, the ligands for CCR7.
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• A protein antigen that elicits a T-dependent 
B cell response therefore makes use of at 
least two epitopes when activating specific B 
cells. A surface epitope on the native 
protein is recognized with high specificity 
by a B cell, and an internal linear peptide 
epitope is subsequently released from the 
protein, binds class II MHC molecules, and is 
recognized by helper T cells.

• The antibodies that are subsequently 
secreted are usually specific for 
conformational determinants of the 
native antigen. 
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• This interaction is involved in the Hapten-carrier effect. Haptens are small 
chemicals that can be bound 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. 

• This can be used in the production of conjugate vaccines. A conjugate vaccine 
consists of a polysaccharide antigen that is conjugated to a carrier molecule. 
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B cell response/ HELPER T CELL–DEPENDENT ANTIBODY RESPONSES TO PROTEIN 
ANTIGENS

• On activation, helper T cells express CD40 ligand 
(CD40L), which engages its receptor, CD40, on 
antigen-stimulated B cells at the T-B interface and 
induces subsequent proliferation and 
differentiation initially in extrafollicular foci and 
later in germinal centers. 

• CD40 is constitutively expressed on B cells, and 
CD40L is expressed on the surface of helper T cells 
after activation by antigen and costimulators.

• helper T cells also secrete cytokines that contribute 
to B cell responses. The best defined roles of T cell 
derived cytokines in humoral immune responses 
are in isotype switching, with roles in 
differentiation and proliferation as well. 
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B cell response/ HELPER T CELL–DEPENDENT ANTIBODY RESPONSES TO PROTEIN ANTIGENS

• Extrafollicular foci of T-dependent B cell activation are generated relatively early in an 
immune response. Germinal centers, in which specialized follicular helper T (TFH) cells 
trigger B cells to undergo numerous changes, appear a few days later.

• The characteristic events of helper T cell–dependent antibody responses, including 
affinity maturation, isotype switching, generation of memory B cells, and long-lived 
plasma cell differentiation, occur primarily in the germinal centers of lymphoid follicles. 

• Each fully formed germinal center contains cells derived from only one or a few antigen-
specific B cell clones
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• Extrafollicular foci of T-dependent B cell activation are generated relatively early in an 
immune response. Germinal centers, in which specialized follicular helper T (TFH) cells 
trigger B cells to undergo numerous changes, appear a few days later.

• The characteristic events of helper T cell–dependent antibody responses, including 
affinity maturation, isotype switching, generation of memory B cells, and long-lived 
plasma cell differentiation, occur primarily in the germinal centers of lymphoid follicles. 

• Each fully formed germinal center contains cells derived from only one or a few antigen-
specific B cell clones. 

• follicular dendritic cells (FDCs). FDCs are found only in lymphoid follicles and express 
complement receptors (CR1, CR2, and CR3) and Fc receptors. These molecules are 
involved in displaying antigens for the selection of germinal center B cells
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B cell response/ Isotype switching

• Isotype switching in response to different types of microbes is regulated by cytokines 
produced by the helper T cells that are activated by these microbes.

• Polysaccharide antigens, which do not elicit T cell help, stimulate mainly IgM antibodies, with 
little if any isotype switching to some IgG subclasses

• Viruses and many bacteria activate helper T cells of the TH1 subset, which produce the 
cytokine IFN-γ.

• Helminths activate the TH2 subset of helper T cells, which produces IL-4, the cytokine that 
induces switching to IgE.

• B cells in different anatomic sites switch to different isotypes. Specifically, B cells in mucosal 
tissues switch to IgA, which is the antibody class that is most efficiently transported through 
epithelia into mucosal secretions, where it defends against microbes that try to enter 
through the epithelia
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B cell response/ Affinity Maturation

• Affinity maturation is the process that leads to increased affinity of antibodies for a 
particular antigen as a T-dependent humoral response progresses and is the result of 
somatic mutation of Ig genes followed by selective survival of the B cells producing the 
antibodies with the highest affinities.

• Helper T cells and CD40:CD40L interactions are required for somatic mutation to be initiated, 
and as a result, affinity maturation is observed only in antibody responses to T-dependent 
protein antigens.

• This rate is estimated to be 1 in 1000 V gene base pairs per cell division, which is about a 
thousand times higher than the spontaneous rate of mutation in other mammalian genes.  
The mutations are clustered in the V regions, mostly in the antigen-binding 
complementarity-determining regions.
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B cell response/ Affinity Maturation

• germinal center B cells that have undergone somatic mutation migrate into the FDC-rich light 
zone of the germinal center. In germinal center B cells, IL-21 secreted by TFH cells induces 
the expression of proteins that induce apoptosis and reduces the expression of proteins 
that prevent apoptosis. Therefore, these B cells die by apoptosis unless they are rescued by 
recognition of antigen. B cells with high-affinity receptors for the antigen are best able to 
bind the antigen when it is present at low concentrations, and these B cells survive 
preferentially because of several mechanisms



B cell response/ Affinity Maturation
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B cell response/ B Cell Differentiation into Antibody-Secreting Plasma Cells

• Plasma cells are morphologically distinct, terminally differentiated B cells 
committed to abundant antibody production. 

• They are generated after the activation of B cells through signals from the BCR, 
CD40, TLRs, and other receptors including cytokine receptors.

• There are 2 types of plasma cells: 

➢ Short-lived plasma cells are generated during T-independent responses and 
early during T cell– dependent responses in extrafollicular B cell foci. These 
cells are generally found in secondary lymphoid organs and in peripheral 
nonlymphoid tissues

➢ Long-lived plasma cells are generated in T-dependent germinal center 
responses to protein antigens. Signals from the B cell antigen receptor and IL-21 
cooperate in the generation of plasma cells, acquire the ability to home to the 
bone marrow, where they are maintained by cytokines of the BAFF family.



B cell response/ B Cell Differentiation into Antibody-Secreting Plasma Cells

• Plasma cells to survive for long periods, often as long as the life span of the 
host.

• Typically 2 to 3 weeks after immunization with a T cell–dependent antigen, the 
bone marrow becomes a major site of antibody production.

• Plasma cells in the bone marrow may continue to secrete antibodies for months 
or even years after the antigen is no longer present.

• It is estimated that almost half the antibody in the blood of a healthy adult is 
produced by long-lived plasma cells and is specific for antigens that were 
encountered in the past.

• Secreted antibodies enter the circulation and mucosal secretions, but mature 
plasma cells do not recirculate.



B cell response/ B Cell Differentiation into Antibody-Secreting Plasma Cells

• Changes during differentiation 
of b cells include: 

➢ the cell enlarges dramatically, 
and the ratio of cytoplasm to 
nucleus also undergoes a 
striking increase. The 
endoplasmic reticulum 
becomes prominent, and the 
cell is transformed into a 
secretory cell that bears little 
or no resemblance to a B cell. 

➢ The change in Ig production 
from the membrane form 
(characteristic of B cells) to the 
secreted form (in plasma cells)
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B cell response/ Generation of Memory B Cells and Secondary Humoral Immune Responses

• Some of the antigen-activated B cells emerging from germinal centers acquire 
the ability to survive for long periods (by expressing high levels of the 
antiapoptotic protein Bcl-2), apparently without continuing antigenic stimulation, 
These are memory cells. 

• Some memory B cells may remain in the lymphoid organ where they were 
generated, whereas others exit germinal centers and recirculate between the 
blood and lymphoid organs. 

• They are produced in T cell dependent responses and usually emerge in parallel 
with memory helper T cells.

• The production of large quantities of isotype-switched, high-affinity antibodies 
is greatly accelerated after secondary exposure to antigens. 



B cell response/ Generation of Memory B Cells and Secondary Humoral Immune Responses

• After re-encountering the specific antigen they are able to reactivate very 
quickly, propagate themselves, create plasma cells and reenter germinal 
centres to improve affinity of their antibodies



B cell response/ antibody feedback

• Secreted antibodies inhibit continuing B 
cell activation by forming antigen-antibody 
complexes that simultaneously bind to 
antigen receptors and inhibitory Fcγ 
receptors on antigen-specific B cells. 

• The antigen-antibody complexes 
simultaneously interact with the antigen 
receptor (through the antigen) and with 
FcγRIIB (through the antibody), and this 
brings the inhibitory phosphatases close to 
the antigen receptors whose signaling is 
blocked.
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Effector mechanisms of humoral immunity/ antibody-dependent cellular cytotoxicity 

• Natural killer (NK) cells and other leukocytes bind to antibody-coated cells by Fc receptors 
and destroy these cells. This process is called antibody-dependent cellular cytotoxicity 
(ADCC). 

• Engagement of FcγRIII by antibody-coated target cells activates the NK cells to synthesize 
and secrete cytokines such as IFN-γ as well as to discharge the contents of their granules, 
which mediate the killing functions of this cell type
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Further reading:

• Cellular and Molecular Immunology. 7th Edition..
Chapter 11. B Cell Activation and Antibody Production
Chapter 12. Effector Mechanisms of Humoral Immunity
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