
Medical 
Immunology 

Anas Abu-Humaidan
M.D. Ph.D. 

Lecture 16



In this lecture we will discuss:

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

B cell response



B cell response/ HELPER T CELL–DEPENDENT ANTIBODY RESPONSES TO PROTEIN ANTIGENS
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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 which



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

• 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.

• 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 / Binding to Fc receptors 

• IgG subtypes that bind best to Fc receptors (IgG1 and IgG3) are the most efficient opsonins
for promoting phagocytosis. Binding of FcγRI receptors on phagocytes to multivalent 
antibody-coated particles leads to engulfment of the particles and the activation of 
phagocytes. 

• Activation leads to:
➢ Production of the enzyme phagocyte oxidase, which catalyzes the intracellular generation 

of reactive oxygen species that are cytotoxic for phagocytosed microbes. This process is 
called the respiratory burst. 

➢ Activation of an enzyme called inducible nitric oxide synthase (iNOS), which triggers the 
production of nitric oxide that also contributes to the killing of pathogens. 

➢ Secretion of hydrolytic enzymes and reactive oxygen intermediates into the external milieu 
that are capable of killing extracellular microbes too large to be phagocytosed. The same 
toxic products may damage tissues. 
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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



Effector mechanisms of humoral immunity/ Antibody-Mediated Clearance of Helminths

• Antibodies, mast cells, and eosinophils function with antibodies to mediate the expulsion 
and killing of some helminthic parasites. Helminths (worms) are too large to be engulfed by 
phagocytes, and their integuments are relatively resistant to the microbicidal products of 
neutrophils and macrophages. 

• IgE, IgG, and IgA antibodies that coat helminths can bind to Fc receptors on eosinophils and 
cause the degranulation of these cells, releasing the major basic protein, a toxic cationic 
protein, present in the granules of eosinophils. Other eosinophil granule contents also aid in 
killing the parasites. 

• IgE antibodies that recognize antigens on the surface of the helminths may initiate local 
mast cell degranulation through the high-affinity IgE receptor. Mast cell mediators may 
induce bronchoconstriction and increased local motility, contributing to the expulsion of 
worms. 
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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


