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factor Bcl-6. Tfh cells have a phenotype that makes them 
distinct from the Th1, Th2, and Th17 subsets of effector 
T cells described in Chapter 10.

Differentiation of Tfh cells from naive CD4+ T cells 
requires two steps: initial activation by antigen-presenting 
dendritic cells and subsequent activation by B cells (Fig. 
12.12). The choice between a Th1, Th2, or Th17 fate 

T cells to differentiate into Tfh cells, which express high 
levels of the chemokine receptor CXCR5, are drawn into 
lymphoid follicles by CXCL13, the ligand for CXCR5, and 
play critical roles in germinal center formation and func-
tion. In addition to CXCR5, Tfh cells express ICOS 
(inducible costimulator), PD-1 (programmed death-1), 
the cytokine interleukin-21 (IL-21), and the transcription 
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FIGURE 12.11 The germinal center reaction in a lymph node. Activated B cells migrate into 
the follicle and proliferate, forming the dark zone of the germinal center. These B cells undergo somatic 
hypermutation of Ig V genes and migrate into the light zone, where they encounter follicular dendritic cells 
displaying antigen and Tfh cells. B cells with the highest affinity Ig receptors are selected to survive, and 
they differentiate into antibody-secreting cells and memory B cells. The antibody-secreting cells leave and 
reside in the bone marrow as long-lived plasma cells, and the memory B cells enter the recirculating lym-
phocyte pool. 
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FIGURE 12.12 Molecular events in T follicular helper cell generation. The generation of 
Tfh cells requires sequential activation of T cells, first by dendritic cells and then by activated B cells. The 
differentiated Tfh cells migrate into germinal centers, where they activate B cells. 
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Heavy chain class switching

B cells initially express IgM and IgD (alternative splicing) 

After class switch B cells will express other isotypes: IgG, IgA and IgE 

During the process of class switch the constant region in the heavy 
chains is modified, but antigen specificity does not change

SAME SPECIFICITY - DIFFERENT EFFECTOR FUNCTIONS



5-14 IgM and IgD are derived from the same pre-mRNA transcript and are both 
expressed on the surface of mature B cells



Class switching is directed by 
cytokines

Cytokines are produced by Th cells and, in some cases 
(mucosal sites) by other cells in the environment 

INFγ 

IL-4 

TGF-β, BAFF and APRIL
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defects in antibody and cytotoxic T cell responses (see 
Chapter 21).

The defining cytokine produced by Tfh cells is IL-21. 
This cytokine is required for germinal center develop-
ment and contributes to the generation of plasma cells in 
the germinal center reaction. IL-21 secreted by Tfh cells 
also facilitates germinal center B cell selection events and 
the differentiation of activated B cells into plasmablasts. 
In addition to IL-21, Tfh cells secrete other cytokines, 
including IFN-γ or IL-4, and likely low levels of IL-17 as 
well, and all of these cytokines may participate in isotype 
switching.

Heavy Chain Isotype (Class) Switching

In T-dependent responses, some of the progeny of acti-
vated IgM- and IgD-expressing B cells undergo heavy 
chain isotype (class) switching and produce antibodies 
with heavy chains of different classes, such as γ, α, and 
ε (Fig. 12.13). Some isotype switching occurs in B cells 
in extrafollicular foci, driven by extrafollicular helper T 
cells, but the process continues to occur in germinal 
centers, driven by Tfh cells in the light zone. The capacity 
of B cells to produce different antibody isotypes provides 
a remarkable plasticity in humoral immune responses  
by generating antibodies that perform distinct effector 
functions and are involved in defense against different 

on the one hand or a Tfh fate on the other depends 
partly on the strength of the initial interaction between 
peptide-class II MHC complexes on dendritic cells and 
the T cell receptor on naive CD4+ T cells. Strong TCR 
activation by dendritic cells induces Tfh cells by promot-
ing expression of the Bcl-6 transcriptional repressor and 
reducing the levels of the α chain of the IL-2 receptor 
(IL-2R). This initial expression of Bcl-6 combined with 
weak IL-2R signaling inhibits the acquisition of a Th1, 
Th2, or Th17 cell fate. Some of these activated T cells 
begin to express CXCR5, and their final differentiation 
into Tfh cells requires interacting with activated B cells. 
A number of molecules on B cells and helper T cells are 
known to play key roles in the generation of Tfh cells. 
The costimulator ICOS, which is related to CD28 and is 
expressed on Tfh cells, is essential for the germinal center 
reaction. The interaction of ICOS with ICOS ligand on 
activated B cells promotes the differentiation of T cells 
into Tfh cells. The interactions between activated B cells 
and helper T cells are also mediated by members of the 
SLAM family of costimulators (see Chapter 7). A signaling 
molecule that associates with these SLAM family proteins 
in Tfh cells is called SAP, and SAP signaling stabilizes 
the expression of transcriptional regulators, particularly 
Bcl-6, that are required for Tfh cell development. SAP 
is mutated in patients with a disease known as X-linked 
lymphoproliferative syndrome, which is associated with 
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FIGURE 12.13 Ig heavy chain isotype switching. B cells activated by helper T cell signals 
(CD40L, cytokines) undergo switching to different Ig isotypes, which mediate distinct effector functions. 
Selected examples of switched isotypes are shown. All isotypes are capable of neutralizing microbes  
and toxins. 

Ig heavy chain isotype 
switching 




Class switching requires CD40 
stimulation and AID expression

CD40-CD40L interaction between B cells and T 
cells leads to AID expression in B cells

AID enzyme is required for class switch 
recombination, its expression is tightly regulated



Heavy chain locus contains 
nine different constant regions

IgM, IgD, IgG3, IgG1, IgA1, IgG2, IgG4, IgE and IgA2



At the 5’ of every C (except for Cδ) there are:

- small exon (I), downstream of a promote region, 
where transcription initiates 

- GC rich DNA sequences called switch regions (S)

Every C is associated with a 
switch region S



Various signaling leads to the transcription at 
different promoter sites. These mRNA are not 

translated and are called germline transcripts

Germline transcripts are transcribed

RNA



Transcription is associated to 
chromatin and DNA opening

Accessible switch regions 
in the chromosome 

recombine. The sequence 
in between is lost.



..but how exactly DNA recombine??

In general DNA recombination requires:

1 - Induction of a double strand break (DSB)

1 - Repair of a double strand break (DSB)



AID, UNG and APE1 cooperate to 
induce DSB in the switch regions

The germline transcript binds firmly to 
the template strand (GC rich)  

A single strand DNA loop (R loop) is 
available for AID (AID only bind ssDNA)

AID converts C to U by deamination

AID =Activation-Induced cytidine Deaminase



C U

AID



AID, UNG and APE1 cooperate to 
induce DSB in the switch regions

UNG (= Uracil N glycosylase) removes 
U base from the DNA stand and 

creates abasic sites which are cleaved 
by the endonuclease Ape1

Single strand DNA breaks are formed



AID, UNG and APE1 cooperate to 
induce DSB in the switch regions

RNA associated to the DNA in the 
switch region is degraded by a 
complex called RNA exosome

AID, UNG and APE1 create breaks also 
on the second strand

Double strand DNA breaks are formed



Double strand breaks are induced here

DNA repair mechanism lead to DNA ligation



Affinity maturation

Affinity maturation relies on two processes:
Somatic hypermutation of the 
immunoglobulin genes

Affinity-based selection

1
2

Production of antibody with increased 
affinity for the T dependent antigens



Somatic hypermutation
B cells in the dark zone of germinal centers proliferate at high 
speed and express AID. AID deaminates C in U at specific 
hotspots contains the sequence AGCT. 


When DNA replicates, Us are converted in T > insertion of point 
mutations


Us can also be removed by UNG, with the formation of abasic 
sites. During replication, abasic sites are repaired by addition of 
random nucleotides > insertion of point mutations


MSH2 and MSH6 involved in process of DNA mismatch repair 

 engage error-prone DNA polymerase 


Both heavy and light chains are targeted by AID and incorporate 
mutations



10-10 Mismatch and base-excision repair pathways contribute to somatic 
hypermutation following initiation by AID



10-10 Mismatch and base-excision repair pathways contribute to somatic 
hypermutation following initiation by AID



Mutations preferentially 
accumulate in the CRDs



Side effects of somatic 
hypermutation

- Linfoma (B cell tumors)

- Generation of self-reactive clones

The DNA breaks associated with somatic hypermutation and isotype 
switching predispose to chromosomal translocations of various 
oncogenes into Ig gene loci 



Affinity based selection

B cells compete for antigen 
uptake and survival signals 

delivered by Tfh (CD40L) 

In the light zone, antigen 
and T cell help are limited

Only the B cells that can 
access T cell help survive

Survival signal are due to 
the recognition of the 

soluble antigen or 
antigen linked by FDCs 

(complement and 
Antibody)



10-7 Germinal center B cells undergo V-region somatic hypermutation, and cells with 
mutations that improve affinity for antigen are selected



10-7 Germinal center B cells undergo V-region somatic hypermutation, and cells with 
mutations that improve affinity for antigen are selected



10-7 Germinal center B cells undergo V-region somatic hypermutation, and cells with 
mutations that improve affinity for antigen are selected



B cells exit the GC and 
differentiate into PC or Memory

Plasma cells (PC) Effector B cells,  their main function is the 
production of large amounts of antibodies. 
CD20 is lost. They have high amount of 
cytoplasm and are very big. 

Short lived (T-independent, early T-
dependent, home in secondary lymphoid 
organs and in the periphery)

Long lived (GC reaction, home in the bone 
marrow)

Plasma cells produce the soluble form of the Ig and can survive 
for many years.



Plasma cells produce the 
soluble form of the Ig

Alternative splicing of the transcript

Each B cell can synthesize both 
membrane and secreted Ig. Most of the Ig 
heavy chain mRNA in a plasma cell is 
cleaved at the upstream polyadenylation 
site, so most of this mRNA is of the 
secretory form. 



5-15 Transmembrane and secreted forms of immunoglobulin are generated from 
alternative heavy-chain mRNA transcripts



Memory B cells
Generated by germinal center reactions, will rapidly 

reactivate to plasma cells in case of secondary 
antigen exposure


Express anti-apoptotic Bcl-2 molecule, generated 
by T dependent antigens

Recirculate through the blood and lymphoid organs






