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Germinal Center Formation Controlled by Balancing Between
Follicular Helper T Cells and Follicular Regulatory T Cells
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Follicular helper T cells (Tth) play a significant role in providing T cell help to B cells during
the germinal center reaction, where somatic hypermutation, affinity maturation, isotype
class switching, and the differentiation of memory B cells and long-lived plasma cells oc-
cur. Antigen-specific T cells with IL-6 and IL-21 upregulate CXCR5, which is required for the
migration of T cells into B cell follicles, where these T cells mature into Tfh. The surface
markers including PD-1, ICOS, and CD40L play a significant role in providing T cell help to
B cells. The upregulation of transcription factor Bcl-6 induces the expression of CXCRS5,
which is an important factor for Tfh differentiation, by inhibiting the expression of other
lineage-specific transcription factors such as T-bet, GATA3, and RORyt. Surprisingly, recent
evidence suggests that CD4 T cells already committed to Th1, Th2, and Th17 cells obtain
flexibility in their differentiation programs by downregulating T-bet, GATA3, and RORvt,
upregulating Bcl-6 and thus convert into Tth. Limiting the numbers of Tfh within germinal
centers is important in the regulation of the autoantibody production that is central to au-
toimmune diseases. Recently, it was revealed that the germinal center reaction and the
size of the Tfh population are also regulated by thymus-derived follicular regulatory T cells
(Tfr) expressing CXCR5 and Foxp3. Dysregulation of Tth appears to be a pathogenic cause
of autoimmune disease suggesting that tight regulation of Tfh and germinal center reac-
tion by Tfr is essential for maintaining immune tolerance. Therefore, the balance between
Tfh and Tfr appears to be a critical peripheral tolerance mechanism that can inhibit auto-
immune disorders.
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A7} 2o o] 52], o]2f3t THlEZE o] CXCR57F HEE = &
0 F7H e = HIeH34). Tthi= BA| 329} Agtsto] 2/}
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9Hel-S 22471 9SS Sl Ba-67F 2 B THEE
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Az A 0.2 o]5d 4= glA| Elo] A= T4 §EE-o] dojut
=8 A7 7 1A Ele. o] AFE-E Bel-67} Tth o] 23}o] F-2
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mrellof A ApkA] Z2p5A] A, a0 3t A ke o] FA
o] THEIIEHI7, 38,39]. o|eat £ 4] A oiat A7 eted
2%} e F4do] Tthe] a3t A& shar ¢lom, IL-21, ICOS,
CD40 5 THhe] 7]5-& S35 B85 ofstol SLES] F4o]
A= AHo] BT E|3ItH40-42]. E3E, o]2f3t & 4o] Tthe|
HARIA1S Bek-67}-hoflo] Qiekiz Aplo] A4 2 SLE T

DC
TeFp+IL2 Treg: Foxp3 1
Naive T cell L1z
L4116
Thymus /(*@ *T6rg [Effector T cell]
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7 Th2:Bcl-6 | Blimp-11 GATA3 1
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a\\“ <
) S S
nTI'EQ N}.s \%P? Tth g‘?’g C|'6/CXCR5T
Bcl-6 1 §< T-bet/GATA3/RORyt |
CXCR5 1 S&
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i GC B cell 6C B cel
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Fig. 1. Germinal center formation controlled by Tfh and Tfr. Naive T cells interact with Ag-presenting DC and differentiate into specific helper T
cell subsets upon TCR stimulation under specific cytokine environment. IL-6 and IL-21 activate Bcl-6 expression which determines T cells fate to
Tfh by expression of CXCR5. Tfh migrates to B cell area via CXCL13-CXCR5 interaction, and they contribute germinal center (GC) formation with
follicular dendritic cells (fDC). Tfh provides T cell help to GC B cell induces isotype class-switching, somatic hypermutation, and affinity matura-
tion via IL-21 and IL-4. For GC formation, interaction between Tfh and B cells essentially mediate through ICOS-ICOSL and CD40-CD40L. GC B
cell will differentiate into plasma cells and memory B cells which is necessary for humoral immune responses. Tfh-mediated GC formation is
regulated by thymic nTreg-derived Tfr cells expressing Foxp3 and CXCR5. Tfr migrate to B cell area to control Tfh and GC B cell responses which
regulate GC formation and humoral response to inhibit autoimmune diseases.
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