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Humoral Immunity 

Helper T Cell–dependent antibody responses to protein antigens: 

• T cells are activated and they meet B cells, so they can form extra-follicular focus with short lived plasma 

cells. 

• For a real antibody response (long lasting response), we must have a germinal center (inside the follicle) which 

includes: follicular T helper cells and follicular dendritic cells which help B cells to form long-lived plasma 

cells and long-lived B memory cells. 

 

• The first two processes that occur in the 

germinal center are affinity maturation and 

isotype switching. 

• B cell gets activated then goes back to the 

germinal center of the follicle for certain 

structural organization. Then they start 

replicating in the dark zone acquiring small 

mutations leading to changes in their 

receptors. 

• After that, they migrate to the light zone where 

they encounter follicular dendritic cells to test 

their receptors by binding to antigens 

presented by follicular dendritic cells. 

(remember, 

follicular dendritic cells are bound to opsonized antigens by their complement receptors CR1 and CR2). 

•  If the receptor binds good, the cell will survive and continues to differentiate into plasma or memory cell. But 

if the receptor doesn’t bind or binds with bad quality, the cells will undergo apoptosis because this region is 

full of cytokines like IL-21 which induces apoptosis if the cell was not rescued (by antigen binding). 

•  Also, isotype switching occurs by changing naïve B cell receptor from IgM or IgD into IgA, IgG or IgE plasma 

and memory cells (depending on certain cytokines). 
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Notice how the transmembrane (TM) part is only translated 

in the membrane Immunoglobulins (of naïve B cells or 

activated B cells that don’t secrete Igs) to help them be 

incorporated into the membrane because it is hydrophobic. 

• Plasma cells are morphologically distinct, terminally differentiated (can’t go back and do isotype switching 

for example) 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 (live for 2 or 3 months) are generated during T-independent (like LPS response) 

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 (like the skin). Note: a small 

amount of memory cells may be generated during T-independent response. 

➢ Long-lived plasma cells (for life time) 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 activating factor of TNF family) which keep giving them survival signals. They set in the bone 

marrow for 20-30 years and they never go out again. 

 

• Typically, 2 to 3 weeks after immunization with a T cell–dependent antigen, the bone marrow becomes a 

major site of antibody production. That’s why if you test different people you will find different pool of 

antigens depending on the antigens that they have encountered. 

• 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. The other half is short lived from T- 

independent response. 

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

 

 
 

• Changes during differentiation of b cells 

include: 

➢ 1-the cell enlarges dramatically, and 

the ratio of cytoplasm to nucleus also 

undergoes a striking increase. 

➢ 2- The endoplasmic reticulum becomes 

prominent (to help in the production of 

antibodies), and the cell is transformed 

into a secretory cell that bears little or no 

resemblance to a B cell. 

➢ 3-The change in Ig production from the 

membrane form (characteristic of B 

cells) to the secreted form (in plasma 

cells). 
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the others) 
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the resting 

cell) 

 
 

 

they all have different nucleus to cytoplasm. 

 
 

 

T-dependent 
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extra follicular 
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They later on form 

the germinal 

center with the 

help of follicular 

helper t cells and 

follicular dendritic 
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• 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. 

• Memory cells have undergone some affinity maturation, so they have better receptors than naïve cells even if 

they recognize the same antigen. 

• Some memory B cells may remain in the lymphoid organ where they were generated, whereas others exit 

germinal centers and recirculate (same as naïve cells as they look to encounter the antigen again) 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, because they don’t have to repeat the cycle and go to the extra follicular foci, 

germinal center, isotype switching and so on. 

• After re-encountering the specific antigen, they are able to reactivate very quickly, propagate themselves 

(because they are not terminally differentiated, create plasma cells and re-enter germinal centers to improve 

affinity (more affinity maturation) of their antibodies. 

 

 

 

 

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. 

• This occurs as a feedback mechanism to stop the 

B cells from producing more antibodies. 

Fc portion of the 

already bound antibody 

binds to Fcϒ receptor to 

block the signal of the B 

cell receptor (alpha and 

beta chains) 
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Effector mechanisms of humoral immunity: 

 

 
• Antibodies, complement system and the antimicrobial peptides are the components of the 

humoral immunity. 

• Functions of antibodies against bacteria and viruses: 
 

1) Neutralization of microbes and toxins: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Blocking the binding of AB toxins. 

Remember: A (active unit) and B 

(binding unit). 

Limiting the infection by 

inhibiting the spread to adjacent 

cells with the same mechanism in 

A. 

Blocking the primary infection by 

binding to the microbial antigens 

which they use to internalize into 

cells. 
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2) Opsonization and phagocytosis of microbes: 
 

• IgG subtypes that bind best to Fc receptors (IgG1 and IgG3) are the most efficient opsonins 

for promoting phagocytosis. Binding of FcγRI (fragment crystallizable gamma receptor 

type 1) receptors on phagocytes to multivalent antibody-coated particles leads to 

engulfment of the particles and the activation of phagocytes (by certain signals). 

• Activation leads to: 

➢ Production of the enzyme phagocyte oxidase, which catalysis the intracellular generation 

of reactive oxygen species that are cytotoxic for phagocytosed microbes. This process is 

called the respiratory burst (oxidative 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 (prepare the 

cell to fight extracellular microbes also. The same toxic products may damage tissues. 

3) Antibody dependent cellular cytotoxicity: 
 

• Natural killer (NK) cells and other leukocytes bind to antibody-coated cells (infected cells) 

by Fc receptors and destroy these cells. This process is called antibody-dependent cellular 

cytotoxicity (ADCC). 

• Engagement of FcγRIII  المحاضرة  في انذكر بالمحاضرة ... اذا قادر تعرفهم فأمورك بالسليم واحد هاض ثالث

إن شاء الله        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 (perforins 

and granzymes), which mediate the killing functions of this cell type (this is a stimulatory 

signal for NK cells in contrast to the presence of MHC-1 which is an inhibitory signal). 
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• This is used as a mechanism to fight tumors by using monoclonal antibodies against important 

tumors antigens. Epidermal growth factor receptor (EGFR) which is over expressed in many 

epithelial tumors, is a target of the monoclonal antibody Cetuximab, this will block the 

signaling of EGFR and this further more activates antibody dependent cellular cytotoxicity 

(NK cells). 

 
4) Activation of the complement system. 

 

Antibody-Mediated Clearance of Helminths: 

• Antibodies, mast cells, and eosinophils function with together 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 (works probably by producing holes in the cell wall), 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 (release of histamine, heparin and leukotrienes) through the high-affinity 

IgE receptor. Mast cell mediators may induce bronchoconstriction and increased local 

motility (gastric and GI motility), contributing to the expulsion of worms. Mast cell contents 

also kill the larvae. 

Certain antigens are secreted by the helminths ➔ recognized by APCs ➔ activation of helper T 

cells ➔ secretion of cytokines (like IL-4) which causes isotype switching of B cells into IgE 

plasma cells ➔ IgE antibodies bind to FcϵR and to antigens on the surface of the parasite ➔ 

eosinophils use their high affinity receptors to recognize the bound IgE antibodies and then they 

degranulate ➔ release of major basic protein. 
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• Some helminthic products may also activate immunomodulatory pathways and inhibit the 

immune response. An example is the activation of the alternatively activated macrophage 

(AAM) which is involved in the immune regulation and inhibition by the production of certain 

cytokines (like IL-10 and TGF-β). This can be used as therapeutic immunomodulators to 

control the immune response in hyperactivity of the immune system and autoimmune diseases. 

Revision of Fragment Crystallizable (Fc) receptors: 

Revision of antibodies functions: 

 
 

Some cells may 

still secrete IgM 

antibodies 

after isotype 

switching. 
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Revision of complement system which is an important part of humoral immunity: 
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Good luck 

Feel free to contact us for any misconception ;) 

جعفر الزبن من صالح دعائكم لنا لدة زمي لا تنسوا وا  
 


