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The Niche of Follicular Helper T Cells in Systemic Autoimmune

Diseases
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Production of thymus-dependent antibodies by autoreactive B cells requires help from T
cells. Follicular helper T (Tfh) cells are a unique lineage of CD4* T subsets present in the fol-
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licles of peripheral lymphoid tissues which functions primarily to provide help to cognate oA

B cells. Within germinal centers Tth cells stimulate germinal center B cells to undergo affin-
ity maturation, lg class switching, and differentiation to memory B cells and plasma cells.
Proposals that activity of Tth cells is crucial for long-lived humoral autoimmunity are sup-
ported by the correlation of numbers and/or functions of Tfh cells with disease activity in
many autoimmune disorders. In this review, we discuss recent findings regarding Tfh cell
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development and function. In addition, we discuss putative roles of Tth cells in the patho-

genesis and highlight the potential of Tth cells as therapeutic targets in autoimmune dis-

eases.
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Fig. 1. Pathways of TD autoantibody production. Autoreactive T and B cells develop in the thymus and bone marrow (BM) and populate in the
peripheral lymphoid organs, such as spleen and lymph nodes (LN) (1). In these sites, autoantigen-pulsed dendritic cells license CD4* T cells to
differentiate to extrafollicular helper T (Tefh) cells, which in turn activate their cognate B cells to differentiate to antibody-secreting cells (2). In
addition to this extra-follicular pathway, more intensive activation and maturation of B cells take place in the germinal center (GC) within the
follicle (3). As a result of the GC reaction, affinity matured and isotype switched memory B cells and plasma cells plasma cells (PC) develop, and
exit to extra-follicular area (4). Some plasma cells migrate to bone marrow in search of survival niche (5). Autoantibodies infiltrate to target tis-
sues and trigger inflammatory cascades, finally leading to tissue damage (6).
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A5 TD F/R7JA| (adjuvant) 2 28 H lymphocytic cho-
riomeningitis virus (LCMV)2} 22 B IA| 2 7 HAIA 3¢l E0|
2 TthA| 2 o) WS 5= 2 4= Utk 3HH C 2= in vitroof| A THE
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O} IL21)& E3bslok gheh. SHAIRE oF 71X TIALE H3tof 24
2 Q12 1 A2 3] QR oreizl Aol of ] e
of v o] Ao A Qli= Aeolth 53] Bol-67F AA 2 B8 F&
a2 QIO TRk A|329} in vivoo Al 7] Bel-69] HE-E -
Sh= S0l ot Felet 'o] Fasiet A7 & gl
TfhA| 32 B4} 24 IS 2708HH o33 Atk

%

-

r

2L 1

1) Bcl-6

Bcl-6% zinc finger motif& 3E§5l= AAL JARAZ L= 5
A4 BAEEO A F-agt 13t 2HxkE WA defzl Sdoltt
(11,12]. 21| 2ol Al 50l A “5-Ale]l Bel-67F TthA 3 £3to]
= AR =AY HArskItH13-15]. 5, Bl-67F 23 nt
S-220f| A= ThA L] 2317F A= AL TD AU B3t &
A5l Whgo] dojubA] Rttt whdo| Bd-65 I A9
CXCRS, PD-1, ICOS@} 7-2- Tth T 91259 ualo] Z7}s}a
TthA| 222 0] £37} 71453 QH13-15]. ©|f Aif= CD4" TA|
37} ThA|EZ 2 23})=H] Bcl-67} Hp2jo|iL F-23) “nfAE]
(master)”1AF1& S8l =T Bl-67} o] 5| TthAl| 2 #3H& =
Aot=Alo] thafAl= oFA7HA] e8] Bl A QA ko o2t
22 7173d0] Hofstefet 7HgE e -4 Bel-6+= CD4" TA| o] 4]

£ Th o mfAE] HARIZLS] WS ojAsto] thE ThA|l 2 =
e AnE Asit) &, Bd-6= T-bet 3} At
ThiA|ZZ 2 9] 2315 A5k, GATA3 &S HAF - Aol A]
oJA5to] Th2 #3+5 AJA|ZHTH14-16]. Bl-69] Th174 L 20
oH5 FAISHE 7182 mh -8k AL Al 2ol A thEd], rRp-2o]
A= Bcl-67F RORytO] BHA-S 2 4514] kil 750 JAsh= |t
H, Abgroll A= Bel-67F RORyt 71 210] i 2 KEjof Agts}o]
RORyt &S AAot= AL &2 HalEo] §ItH14,15,17]. TF= 7|
0 & Bcl-62} Blimpl 7+e] Ag}o] ofsl7| = gt} =, Bl-6
= THE CD4" TA|2E ool 4] 27| == Blimpla} A& 23}
285 otz 210 & 4 A 9Lt ol= Bd-67} Blimpl©] &S
oJA5to] T} CD4" THIEZ 29| £31E AW o 2 A8 4= 9]
o= 7HEA 2tHi3,18]. AAl = Blimpls 3 HAsH v
CD4" TA|E+= thE of 2 298] Ealol= FaF-S vAA] F%e
U TthAf| 2 28] 131 SAIsHeItk Rt = BlimplS 2HAK] 7
- LCMV 2 A] TthAl| 28] o] Z71alrh13]. whebA] Bd-6
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o Blimpl, o] . §44} wto] o Zo] SAlH| L o] uteh
CD4" TH|227} ThA| 22 2 E3F2A] non-ThA| 22 E3}E2] &
go] AEttal & 4= qlrk vpA|ute & Bdl-67} TthA| L 3} =
A 715 7] microRNA &S A5} = 7] 4 &= hoddt= st
o} AA| 2 Bcl-69] 2J5) EFao] A== microRNA cluster= I}
I8 AJX179- CXCR5 o] oA sgo] Half15)E|o] o] A&

Sk

2) IL-212} IL-6

TfhA|Z 0] mpAE QIARS] Bel-62] WdE -8 QAR
IL-213} IL-67F FefA] Qlek IL-21-2 TthA|3zof| 4] 22 Ao,
Bcl-67} 1350 FAE4] BA|RZ o} TihAf|E W50 Falel A&
o G2 mIZITH19,20]. AV Al2zof| A A E = IL-65 HA|
naive TA| 3Zof| 4] Bcl-69] & G528k = Qlo] ThA|| 22 2 9] 73}
of TG 4= Qlek: SEARE o] 5 AJE7RI0] THEC = A ule-
20l A] TehAf| 320 Hgo] 23] A== ehom 4x]o] X5
P HIAA] Hghhs Al §leH10,21-23]. HEHof| TL-210] 2
E vpe-20] IL-6 SIIAE FAFSHO] 7 7HA] AlE71Q1E W
T AAF] 2 LCMV Ho|2| A 2 ZFHA71H Bel-62] o] 7+
2E|3L Tth #3837} A7 == 215 H3ATH22]. In vitro A3 o] 4]
IE naive CD4" TA|2EE TA|E =8A|(T cell receptor, TCR) A}=
I IL-65 50 2 A 2|3t 79 Tth TP S 7= Al Z =2
B} dojufx] okktt 1L-213} IL-6+= gpl30/STAT3 AT AR
SR = [21] ThAEE W] QlojA A= F5E= 7=
g 7C 7 Y7

it

3)ICOS

ICOS+= CD283} -§-AFsHH TCR A= & o] S7}ske] TA|E
YA S Atz 554 AR TD A Bhg-oll A F-83t
&2 5k} 24]. ICOS = ICOSL7 | 2H % u}-9- 9} 3} ICOSL-
FAE FARE o204 ThA 3 EAgo] A o] K alk|o] 9l
tH21,25-27]. ThA| 3 WAJo]li= ICOSE E3F phosphatidylinosi-
tol-3-kinase (PI3K) 413 7} %83}, £3] PI3K o}3<] p11067}
ICOS 519} A5G} IL-21 Aol 583t JeS o= 2o R |
= QIT}H28,29]. ICOS Wd 2] 3/ 24X roquin -2t =
Aol & Y27l sanroque MHp-22= ICOS W] Z7}H=| AL TthAl
320} FAFA FAdo] IpeshA| ks L A A PHA ARSI
A HER 2 A (systemic lupus erythematosus, 0[5} T2
7} dottH30]. 0]+=ICOS 4137} ThA|| 22 WAo] A 49 S o
2 0 2 A|A[E}= F2 o|o]t} ICOSL7} BA|2E o] o] &2 =214 A
35 AR oheket Alszof| A W E]7] wi2ol|[31], BA|E o]2]o]]
TthA| 3 Y L §-xJof] Trofat= ThE Aol tigt A7 71
ojoF gt Ao|ck
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TthAf|Z+= Th2 TA2E0]] ]} c-MafQ] o] F71e]o] Ql=H,
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T2 021 A/do] Zaxstal 71 A} TthA| 2 E3l7} )
E3}FIL-21RO] AHE THE= -Maf Ydo] oA|E =), o]=
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B HQIT}H8].
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7} A k-2 invivool A T 4/ BS54 F7d0]
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o] T2 A S7Fe0] Q= Ao F2{A QltH41]. o] 5 CD84
7h A v AE TI 0 2 HHRE-S -3 o TthA| 2
gk $254 34 L AR wSol QlofA] SAP A vl
29} WSR3t AE Hof ThA3E Zo}ofj A CD842] HghE AJAF

a5t Qlea2). SHAIeF CD84tt A 74 SAPo| A v
L A o 2 ThAEZ Z9o] 4)7] tjZof, CD84 o] 2]9] T
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7) 04 Treg (follicular Treg, Ti)A
A7 §-2li= Tth #3F £71 ¢l
A& -2 Folli= ThA 2 £3HE AA|et= 714 = SRtk of
FARI o5 Tk 2o A ZrobE 4> QITH43]. F-Alofl A [ o]
A= of3tof| BaEsh= TthA £ 2] oF 10-15%E A}A|51H, Foxp3
5 3§ Treg 32|92} Bel-6, CXCR52} -2 ThA|E A5 FA|
| gt SQ51AI % of MliLe F/d4] TthA|Z o} BA|Z ) 2}
A5z 7152 2L Qlof, AN WA 9 S Al
= T8 Q4 E IEE EoL ThE Halof|A] FAANEE Tth
Az o) BE Algtsk= 54 feedback 2H8-5 ghrtal dref3ict
[44]. Z, HJRA] WAHFS-0] 2] ALE0] R A Z = naive CD4' T
Az FRAN AL R 25510 ThAIE 2] HohS ot
AA| 2 FAAZ7F ZGH bAoA ThAE 471 S715He B
o ol 715430 94 Ao} 31 ek

ot
=

2t
]_
o
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4. TthMIZ 2t CHE ThAM|E oFdntel| 2HA|
TthA| 25 32315 RE ThA| X o}d 52 5 naive CD4" TA|
EZ 2 HE] 7|31 = naive CD4* TH| 2= o} YA A2 Hkor
Th ] A2 ol o 10 4158) 32,0 A7)
0] kel 27] T B4} 7158 71 ool whtstol
e R & A T o150 5 ne
Coffman HPA} -5-0] ThA|ET-S A1%(Th1) 2} A|23(Th2) &2 1}
A A ARSIl Es) SR 1 o] o B ol o] S
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