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Goals of Lecture

• Distinguish between membrane and secreted form of Ig

• Mechanism of BCR signaling via ITAM sequences

• T and B cell interactions:

Germinal Center Maturation and role of AID.  

Class Switching (CSR)

Somatic Hypermutation (SHM)

Memory B cells and Plasma Cells

• Distinguish Primary vs Secondary Immune Response

• TI vs TD



B Cell Activation

Ab Responses to most Ags require thymus (TD) 

Ag must be a protein

Humoral response leads to:
Affinity maturation
Isotype Switching
Memory B cells





B Cell Activation

Ab Responses to few Ags does not require thymus (TI)
Response is mainly IgM with no memory

TI-1 Ags Bacterial cell wall components, LPS
act as polyclonal B cell activators or B cell mitogens
LPS can also bind to TLR4 to activate most B cells

TI-2 Ags    Repeating eptiopes that induce cross-linking 





Immunoreceptor tyrosine-based activation motif



Raft translocation of the BCR by ligand binding.
In resting B cells, the B-cell receptor (BCR) is excluded from lipid rafts, as are 
most plasma-membrane proteins, including CD45. The rafts concentrate
glycosylphosphatidylinositol (GPI)-linked proteins and myristylated proteins, 
such as LYN and phosphoprotein associated with glycosphingolipid-enriched
microdomains (PAG). After antigen engagement, the BCR relocates within 
rafts. IgH, immunoglobulin heavy chain; IgL, immunoglobulin light chain.



Ag cross links mIg triggers 
phophorylation of ITAMs 
by Src kinases



The activated ITAMS 
serve as docking site of 
Syk)

Activation of transcription factors 
and change in gene expression



Guanine nucleotide exchange factors

Inositol triphosphate

Phospolipase C

Diacylglycerol



Receptor for complement 















T cells recognize different epitope from B cell epitope:  Artificial 
system  hapten (B cell epitope: DNP), carrier (T cell epitope BSA or 
BGG).  Need T help to get secondary Ab response



T cells recognizing carrier required --BUT not T
Cells recognizing B cell epitope (next slide)
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• Combinatorial and Junctional diversity 
creates repertoire of naïve, mature B cells 
and T cells

• B cells undergo further diversification after 
antigen stimulation
– Class switching of constant regions
– Affinity maturation of variable regions (somatic 

hypermutation)



Mechanisms of Somatic 
Hypermutation and Isotype Switching

• Both require active transcription of genes
• Both require AID (Activation Induced

Cytidine Deaminase)



• Affinity maturation by somatic 
hypermutation increases antibody affinity 
from 10-7 - 10-9 nM to 10-9 - 10-11 nM (100-
fold increase in affinity)



Somatic hypermutation (SHM)
• SHM targets immunoglobulin genes  

(but not T cell receptor genes)
• SHM requires active transcription 
• SHM involves DNA single-strand 

breaks



Model for somatic hypermutation
• Activation-induced deaminase (AID)

– Expressed only in activated B cells
– Converts C to U in single-stranded DNA

• Other proteins insert mutations
– Uracil DNA glycosylase converts U to an apurinic site
– AP endonuclease nicks the DNA adjacent to the AP site
– Exonuclease removes the AP ribose
– An error-prone polymerase fills in the gap









Figure 4-21 part 1 of 2
Isotype Switching involves 
recombination at switch signals



• Other (than IgM/IgD)  isotypes are produced by class-switch 
recombination (CSR), a process that exchanges the constant region 
of the heavy chain (CH) with a set of downstream constant-region 
genes.

• This deletional-recombination reaction, which requires the enzyme 
activation-induced cytidine deaminase (AID), involves the generation 
of DNA breaks at switch (S) regions, which precede the constant-
region genes, followed by the repair of DNA. 

• This leads to a rearranged CH locus and deletion of the intervening 
sequence as an episomal circle.

• Cytokines stimulate transcription through the CH gene and 
determine the immunoglobulin isotype that the B cell will switch to. 

Isotype Switching
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Isotype Switching









Cellular interactions important for IgE class-switch 
recombination.

• Uptake of allergens by dendritic cells allows for the presentation of 
antigenic determinants to T cells. 

• Stimulation of specific CD4+ T cells leads to the production of 
interleukin-4 (IL-4) and the upregulation of expression of CD40 ligand 
(CD40L) by T cells.

• CD40 stimulation of allergen-specific B cells upregulates the 
expression of the co-stimulatory molecules CD80 and CD86, which 
allows for more efficient T-cell expression of CD40L and enhanced 
stimulation of B cells through the induction of IL-4.

• CD40-mediated stimulation of B cells also synergizes with IL-4-
receptor (IL-4R) signals to enhance the transcription of C germline 
transcripts (C GLTs) and activation-induced cytidine deaminase (AID), 
rearrangement of the IgE genomic locus and production of IgE 
antibodies. 
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