8% 2 sl Vol. 28, No. 2
201652 H Chinese Bulletin of Life Sciences Feb., 2016

DOI: 10.13376/j.cbls/2016021
XEHE: 1004-0374(2016)02-0146-07

IE, ARR, WMEAFIH, 1998 FAkF AR T AR, 2003 F3K
BRAEFFARLAE IS, £ E12A cDNA array AR ik 7 %, L4684 N
ShhRE KB, FRA B F KSR RAITEM & R T IAT DC e s Th tfie
o) KA T B XM ST EA T H @R IAE - (1) KRR
. (DC) £2 28 &k if&&r KA T e F a9 R AVEI AR5 ¢ (2) 5 Bh A T e

& B ST S Ao R A AR AT : (3) R
? RAE Fr LA awmo
/]

IR BN T AR o AL FATH RERV B SR L IR

{E]‘ ﬁ’ g’J\ ’E*
(TP ERF B B AR ER T B A A S S A A Y AR TR, B 200031)

OE . JEHEEITE T 4000 (follicular helper CD4 T cell, Ty /& —25% 174 B 4032 4L# B CD4 T 400

Tey B AR 3% BT Belé FRIA, 40 MR TH Mk &b K 752 & CXCRS, I8 540 5l ¥ IL-
o Tpy XJZER H10 (germinal center, GC) (TR AR B2, FHiH%E B QUSRI e Buik R B 64, K 4n

o AR AZ B G- A 2 B AL RE Rk, XEHUAFS AR DR R i S . IR T

H AT Ty A FRINR . Ty i EERIEEH ST, HITR T Tey B R IThRE .

KA . UEAHENIE T 4000 ; CD4 T 44k« AR PO : Btk =k

FESES : Q257 ; R392 EAFRERD : A

The progress on follicular helper T cell differentiation and function
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Abstract: Follicular helper CD4 T cell is a CD4 T cell subset specialized to help B cells. Ty, differentiation
depends on the expression of its master regulator Bcl6, the chemokine receptor CXCRS and the production of
IL-21. Ty, cells play essential roles in protective T-cell dependent antibody responses, regulating multiple biological
processes including germinal center formation, B cell affinity maturation, class switch recombination, plasma cell
differentiation and memory B cell differentiation. In this review, we summarize the current knowledge about Ty,
differentiation process, key molecules in Ty, differentiation, and discuss roles of Ty, in humoral immunity.
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JEV A BIYE T 4080 (follicular helper CD4 T cell,
Try) 76 2000 45 B S0 76 AR R B, JUAN SR8 =
S JG ROUAE ki b — BER AR REmRIA
CXCRS ) CD4 T 41 g "o it Bk 44 2 — S ATtk B2
ALk R A B, E F T L PR I A e
ISR B, SRR Bl b, DRI = AR K
TR AE s (germinal center, GC), X B ECH
N GC W78 R F Rk 28 B . AEAL 4% GC
S PR AR, 16 B AIRIX (AR AIERIX )
PR . AT B 4HARIX AR S IR 40 L B 45k
CXCRS L& CXCL13, ffigkik CXCRS ) Ty 4
Ml %t %F CXCLI13 [n] B 20 X 1L #%, 7£ T-B &2 5t b
5 BYUAREAEH, #8h B 4l b B, 5L
WH S, XA T, CD40-CD40L 55 %
FhRM AT SlAAZ NS RIEE BT, X
S o] R TS e R B [ ) A

Tey fERIHH, BT 3#A ZBAE Thl/Th2/Thl7
A I FE 32 R F (master regulator), F£H. Tyy B
T W BB A Rk CXCRS X —HR 14N, FE AR
RO AE, DI, ASRER N E & S — b
ST CD4 T 4i V3 . 2009 4F, BF 5T 52 R I,
Bel6 AIEN Ty W EE R, 4% Ty 4000
AR O LK, T (ESHED B AU 7 A B
FHEINEE 5 BbAl, Tey 40 RE WS RRAE M 30 23 0 TL-
21, £ GC hRIEEmMEER ¥ R s R
PO, Tey &—FPHALH CD4 T 4 B .

TEIE RS, LT BT A 0 92 4T
ST T M I B TR S B A ROR K o [F]
i, 7ERGMEAPRIE (SLE) KBTI R (RA)
S B G MR AT T R, Ty COBEIE A 0
ORI AE P % T Ty FERMSRIE A B & S 1k
PR RBEAE R, 55T To XFH RPN CD4 T
Y1 A ) A A R D R OB 78 A5 N R

1 TR — PN EMRZEFHTLS
(&l

K Tey MG RE HATUIA Fi8, 5HE 7 A
A (7 AR B B . O T W IX 24418, Crotty!™
R T —MEEZH BT Ty 2R, H
i 32 2 AT
L1 Tyorftita

Tey PRI B R — T H AT TR T EW
PR 240 (APC) M2 5. Tey 7ML F
71 DC2gh, LB 32 B A 3. fE

B> B AR/ AARN, CD4 T 4 & Y y)
W (R 5 58 2~4 R ) BE R I IR W 7K1 ) Bel6 Al
CXCRS, {HAERKGL M (R J5 58 8 K ) I, Ty
AR E R U XU, TE Ty SRR B
i DC 24 Ty M40, X—F BT AT 2 B 411,
H2& B AN T Tpy BI4EREFN 00 5E A AR
WA R, A E RN T bR 52 4
(TCR) [¥] CD4 T 4l Jf 56 45 5 43 40 B Ty 105 A 42 JE
Teno X AIAEAEH T 5 TCR A1) S EE R AR
T 4iiffs -DC AHEAEH, 5l T L filfE 552
PR TR BOR T 40 -5 200 ff R -7 ) B 7 o f0 e 1
R SEIR W TAERM, IL-21 20 Ty HT
IL-21 Xf GC B 4l Jg /735 FI¥G A IR S 22, JFfE K%
B OUN, RV B 40X Ty 0 4EF7 2 2 75 1,
BRI, 26T IL-21 X Tpy MO1E FH 7056 2 B 410 2 (7]
B0 4 SOR ey B2 Ak, Ay S2E6 & B, TL-
2177 BUIL-21RT /R Ty R B BB 4t
X—WR, BH RGN, Ty /£% A IL-6 8¢
IL-21 f1E 3L T A B, AR X 7 A 48 i 8] [
B R ORI, Ty 2040 ™ BBk G, BT IL-6 5 1L-21
#m it STAT3 #2355, ik, XHA4IME 778
Tew 73 AR 2 75 T AT RE A TU AR BIAEH, 1L-6 11
TEAEREMEAME TL-21 fydgesk U9,
1.2 @imREME: T-BEfhHA
Try B BL X Toy S0 A0 FI T EAT B EA/E 17,
T 4t ffa 38 1o K 8 %95 CXCRS 1§ T 40 fu fg % 3T #% 3|
T-B 5t 5 B 4 fd Kk A2 HAEH . CXCRS &%
B Ty FRAEPEARE . CCRT (K FYX T Toy iT 7
F| T-BA AW HEE, IR CXCRS [MRIERE
Iy M2 T-B 232 S B AL, AH BT Ty 8 A7 2387
X A% 5. mK T CCRT HIFKIARESFHES CD4 T
TR 2PEIX . F 4, PSGLI R 454 CCR7
Bidfk CCL19 A1 CCL21, [Afirlfessmm T 4T F
TE¥ A CXCR5 RIAMTEH T, CD4 T 44 G
B2 T-B & A4 5 [FYE B 40 dfi, i+ Lif
Blimpl, ML Rt CD4 T 4HM0TRE (Tpy B4 '
Tey ILH# 3| T-B 58 FAE Ty, AE W 42 /it B 40 L,
HAH B 40 M 58 Bk . I80E B B 40 i 2% 1k 1COS
(inducible T cell co-stimulator ligand), A5 Ty FI
) ICOS (inducible T cell co-stimulator) 4% & J& i
W55 @M. E 1COS 15 S W 5, /N PA
BETE K Tpy ™o 7F ICOS BRI AT P FREAS e AG I £
Tey BI7=4E. 7£ CD4 T 4 i f, ICOS FIAMFEF
HIZE R ] @ ok CD28 i #fi el CD28 JEA 8 ) P 2% i
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1. ICOS /it F 1 PIBK A& 5 X Tey 704072 0 75 1,
1M H A1 TL-21 A1 IL-4 15 53 % AH 5% . PI3K ) 1. A
P110 & ICOS "Rl 5 A1 IL-21 7 A2 3 1 T 7 22
frg
1.3 TEWik: GCHMEL

Tey GRS %) pre-Tey F Teys ElEcy Tey 1 GC Tryo
Ty 72 CXCRSBel6™ ) CD4 T 4Hififl, 1 HAE = £ 1A
ICOS #1 PD1 (programmed cell death 1), T GC Ty
et — B W Tey, R IE & 5 K1 1) Bel6 #
CXCRS5., fESEZBRfMl i, GC Ty i % A N2 W
WK B s /K CXCRS A PD (X BE4m e, 1 34
fli bR &, W CXCRS M1 GL7 (B ), =% CXCRS
AR K ICOS (A ) ] DL A F A
I X LR AT K GC Ty /2 GC WEBH Teys 28
MM, FHAB ) Tey 322 8 AL 75 8 6 B 58 T 98 i
Tey A1 GC Ty £ NAF LI B, BT AL
(LR Rk, {H GC Ty ML . 5 naive CD4
T AR Ty ML, Tey UKL AR CXCRS,
PD1. ICOS. BTLA. CD200. SAP (SH2 domain
containing 1A, Sh2dla), 1fij GC Ty, HIX L5 FHIR
IEIKFHEE Ty 10 7EAAN, AREDLECA GC Ty
(0] Tey ( W1 sh2dla™™ /NER ) HAEXS B 41 A 32 f1t 5 3
(4 Eh, B — e yEi s R B, 1 GC Ty X GC
B K A G s A X EE LY

SAP %t GC Tpy K AR ®, SAP B A
I DRI P X YLt ARk 414U 4 (XLP) F
JE R, 200 A Bk s Rk S5, IF B G GC k.
SAP 7t T-B 4l fi 36 Bt o il & ZEAE A, SAP Xf T
CD4 T 4l g #4235t 2 DC A& b i, (H2X)
FE M 2] B g0 2 0 T 1. BEHE 5 i8I SLAM
(signaling lymphocytic activation molecule)-SAP {55
WAL . H 5 K SLAM FK 24k fig 45 & SAP,
Hbh 4N REMECDATH M . HEDAADK
SLAM 52 {4 {5 |5 3 7 5 SAP Hi gy & 7L I A — 2,
FTLL, SLAM ZJG %A Al Be A TURVEH . 7Lt
LT, 1COS Al RN FE 1 GC Ty MUE S, X
AN FE B A SAP 1) T-B 41 A AR FLAF FH SEHL.
Fr 42 1) ICOS ik X4 GC Ty 52 % 5 11 P10 5 4h,
H TR A E SAP (55 R ME—d f2, Fi,
KH SLAM 24K HAM(E =, W1 CD84 tA] G B
PEORLRENE IR Ty M GC Ty LK S .

2 TyFHIXRBIESF
W Tey W5 2R SR E AL, JF5 B 40 FF4E

MEAER, Bk, Ty RIEFEWZ R EA.
Ty 18 32 05 R 55 VR 16 40 Mo DR 7 F0 o] 3 v 40 7,
IL-21 F1IL-4, AR AE NHY Ty oA NESMP H L
T CXCLI13 [f&ik ®, Ty, I T4/ T T
Wi, WEERME, 7B B 4014 F B B,
XU FREREES IR, Fit, {ELGHGEZA
HAEME 5 IE R B AR Ty MITIRE.
2.1 FREEH
2.1.1 CD40

CD40 X} B 4 i i A1 43 40 3k 72 v 18 2 A B
BAMRE L, /8 B 4o, CD40 ) E ALK T
BCR. CD40L /& CD40 [lCIA, B/ESEUER CD4 T
Y m Rk . CDAOL KIAR A #, i HAE L &,
KA 5 CDA40 (1) 45 & 4 5 8 CD4OL ~Z Rl ik %
A CD40L =, CD40, GC Kk B A K & 152 3
M E S . CD40 XtT B R EGE . B AR
#HIREE, JLHAZEENZ, CD40L-CD40 M4E&
STF GC B4k £ X E 2. GC B4 5
T, WEFFSLMAAEES, ERIME4E CD40L
AEPH 1L GC B 4 -, AL - rT 682 @ id Bel6s,
1M H., CDA0OL ge4iifil K471k, GC B 413 55
i W 3 48 ¥ CD4OL A1 IL-21 {5 5, 8% CD40L FlI
IL-4 155 3.
2.12 ICOS

FERTTR 423, 1COS % GC B EZE ., 1COS-
ICOSL 45 & J e 42 15 5 45 CD4 T 40 /e, XXt
Tey MGG A YEFRF 2 L THH . B 410 ICOSL #5&
KX GC AL P, 4R, TCOSL 4k &2
B HRAATAT M Ty B GC B 4115 5 I8 AR5 4
ICOSL H —/MREI R4 iR e, LA AN
GQIRAL 5, (R I EA RKIATA Re e 15 5 5 i3,
K0k, H RTBA IEHE o ICOSL fE7E B 41 il 4%
HE T
2.1.3 PD-1

PD-1 & — Nk 3l v 5244, %4 T 40 e iif 52
HE, 5 CD8 T 4 fure & TP 58 4 5% Y,
PD-1 7£ GC Ty HHEFRIE, 111 GC B 4ifig+H3RiA PD-L1
AIHE 0 ) PD-L2, PD-1 ()R & TCR 15 515 %,
15K 2 ¥ 8% 19 CD4 T 41 Jifig 1 CD8 T 41 g 1,
PD-1 #BJ2 i #3A 1 B, PD-1 ) i ik 34 2
TIRIVE T-B AW AH EAER, S A R TCR
. GC Ty 1 PD-1 58 F m Rk ] REHBR T
TCR B0 I H A Ty 5 7 PE B

PD-1 AJ g4 fit 7 — MMIHIME T4 Tew PGS
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Z ) CD4 T 4 ffu B 5. PD-1"" F1 PD-L1"PD-L2 ™~
INREELZ K T R0, BAMOZE, BB
YU R N AMEE A g, RIS . R GC Refg
IEWTERG R GC M4ERFRSS, KA B kA T
BRI, BRE EWHIIEM, KRR
B RN D T . X g AT RE 2 K N PD-17"
1) Ty B DI RERL R, BUFE 2081t PD-L1 f£ 4 GC
B 2 ()15 54 k. PD-1 7] §2 38 #t L TCR %
S IAE52m T T-B 456 1R A A

2.1.4 B T2 0k

AT 2464 B T Tey BIIERRE AL, 10 E fL
5& Ty MEEJEME. Ty N T IEFI EAL, B24E
FF CXCRS [k H CCR7 Rk, XFEHLEE % T
Tey EHEALF T X. GC Ty £ GC I Th e K15
A e T B e S 7E GC .

Ty 3 L30T A M AL R T 2R R IE, RR
R T 32 AR 248 Ty, 28 & B 40 GC, 1M
PEHHBER] T X, ZLREEMK RS A I T o Ty OH
/DB CCR5. CCR2. CX3CR1 HIAHSE 2 41 i Al
TR RIS 2,

22 ®HRRATF
22.1 Bel6FIBcl64s &% 1

BT C 442 3], Bel6 s Ty M0 EIHZE R F.
Bel6 J&— AN EH I 435, 7% ZEA Belo SR,
BUH BTB &Mk % sk R+, E£2EFH ETxk
(1 2 ol 2 R TR AR AR R D Re . BRI, —
Be 4 Bel6 45 1) 2k K 23 52 K5 7€ 11 Belo 3L fH & )
(corepressor) 3% 15 8 0 BRI 1. CRIHIRE
55 Bel6 fHEAEH 1R ¥ 613 CtBP. BAZF, MTA3,
SMRT. MIZ1 (Zbtb17). ETO (Runxitl). PLZF.
AP-1. BCoR 1 NCoR. 5j4b, Bel6 R i it Al 5
(10 2t S5 D] 7 58, 4 TR — A S5 R (10 8 428 A7 ke 1 8 [
1) 215, 0 Bel6 45 & () DNA 45 i) 45 f1 STAT 5
IRF4 fBEIE, fe 5 eI E S P,

222 EEHA

E HH Ascl2 & — N RILII AT Tey 246153
o EARINAFAET, NR CD4 T i Ascl2
()1t Ik BE M5 % S CXCRS F£ik, R Ascl2 #%
HE Try MRS S CXCRS ZHAE Y. SR1, Ascl2
A AEASEME— ¥ CXCRS W5 ¥, FRik7E CD4 T 41
M Fo At B 2R (AT e I 45 A B CXCRS 353
F X R, Mifi5 Ascl2 7R IL & hRE B
7S Ascl2 UL B HARIANE SIEAHEE. It
4h, B EAE IR KA 4k 1d2 A0 1d3 4.

2.2.3 X :kFEH(forkhead box protein)% 3¢ K

Foxpl il Foxol J& T X kAR KH ¥, i
BRI 4 HER CDA T 41 i oh 3k, X %) fE 7
CD4 T A A AN E SRS 4E R R E B . Bl m)
W5 KB, Foxpl Fl Foxol 1E Ty 434k o ke & & 2
(A v A, AT AT R AR A T Belé B 1 i,
)T Bel 1 Ty AHHIEE RS IR RO FRIE P, It
Ab, WEFL ORI E3 2 FALES Ttch G262 F1 Foxol AH L
fER, {2k Foxol B2 ACANEAE, MIMLE Tey 7
A O S B IE PR R B
224 STATH %

STAT ZK 43 /& —JAF CD4 T 4il iy o ik 51 %
RIS T, EAS Tey 200 FE B 25 DI AR O B,
STAT3.STAT1.STAT4 Fl STATS £ Ty THIAAVER,
Ho L STAT3 &y 8 2 P9, STAT3 & IL-21 Al
IL-6 {55 7E T A B 40 i = 84 5%, Hig
W% Bel6 1315, STAT3 Refs 4 & bel6 3R £,
1E M Bel6, {H STAT3 i 2 B 40 1 T 20 i v
Blimp1 5815 5% U7, % &3] Bel6 #1 Blimpl 2
H A PUE, STAT3 i 3 X W & % 7, Bcl6 il
Blimp1 f5 £ Af] # 3 3% 328 50 Z K 60 L Ah 3% 5% R 7
fE/NR A, STAT3 IS fE S TL-21 [IE 5 e
A, IL-21 334 i1 STAT4 1 STAT3 [ {5 ',
STAT1 ] A IE [ & £t 1) i 9% Bel6 I8 F Ty 5044,
ifii STATS ] 3% 2 Hy 410 1] Ty 53 44 ' STAT3 1
STATS XF T Ty ZHAGHIVE A S, X AIEATLE Thl7
R BLA L . 22 AT g0, STAT FIRAE Ty 43
i 2 e R A .

23 ApEEF
23.1 1IL-21

IL-21 7E Tpy 1 GC Ty H E 3R 0K IL-21 J2 5
OB 0K Bl 5 40 i A6 R A B, X T
STAT3, iy H AN 5 28 240 e 1 3= 22 4% K] -1~ Blimpl
H . Blimpl /& STAT3 [ H brIEH, 47 IL-21 i 5
IL-21 %} GC B 41 fifd 384 55 1R & 2. GC B 41 Jiid 1)
Bcl6 ik 7E&A TL-21 [R5 b .

E—seiE T, IL-21 3R GC R E AR
T, XERER Y GC B /b it A, 1L-21
FNFAh Ty 2HMR A KEMITURIEM . X4 A
T4 0 RE & TL-6 A1 IL-4, H3A] B8 52 i (1) 40 fo [ -
IL-6 i i STAT3 1 STATS 1£i#i{5 5. IL-21R7 IL-
477 KO /N B GC B[ EE IL21R /N R ™ B 15 £,
R EA1E EARIhAE. IL-21 {23k GC B 40 i 1 5
(RIZhRERN IL-4 (LS IS RE AT REA 28 AR B,
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232 IL-4

CD4 T 40 Mo 0 . IL-4 ()77 42 A1k B 41 i ()
WIS, XR=FHZ MM RR—HE Nk, 1E
VG, IL-4 BN 1E 3 B 40 A7 & Al 401k
IR $ R RMBETC RN, IL-4 GefEA Th2 ks
&, HIhEER B B gl Bk Rk k. AR, 1E
FHAS T Th2 40k J5, GC B 41 & F i 1gG %
L HE A R . ILLE R LA AR A S Bl B4 i 1) 48
L B A Trs 1A AE Th2. SR, Tey Al GC Tiy
W IRE BE P A IL-4. it RIL GC Ty REHE M
Hh = A2 TL-4, T H A #86 Th2 43 461 72 4Kt SAP
HTSLAM™Y . Ty, o IL-4 )72 A %5 S B A 1 B 20
M B2 1R

IL-4 Aems B B i T, XXt GC +4r &
., GC B 4 RIAKE N Bel2 flE =1 Fas. 1L-4
IS Bel2 Z ik 7t Bel-xL FLAS B 40 BB I T
TL-4 3 R 5 27 M 184 55 7 267 R ISR ARGY, fi2 E 24H P
FEIE TG HH o
233 IL-2

IL-2 & —/ME ZHINREM A F, % CD4 T
MARAIEEE . FE30 . AL RISE T HE B AR Y,
IL-2 % Ty M504 st 20 st 3 /E H, BAE 4>
R R VR o 75/ B R R, AR
IL-2 BN E] Ty 434, FEBEES T GC [ B
R S M A S R M. TL-2 ] B L i STATS
RAEMER, EMEAE Blimpl 1A, M 22T
Try MG G T 9247,

3 TmHITNEE

fET FR R, Tey FITHEE 2N B 40 2 4L 5 Bl
I E g WA ) 40 B R LA R RN B4 i AR HAE
Tey AMUHEBL B 4008, E5E% T H Sk, 1Ak,
Ten RIS 545 DRI ORGP . Ty X GC
(T BRI | 1017 B2 LR 5 A0 = A A 0 75 1
CD4 T 20 i 35 Bh 2 B GC k& 1 B 4 g ic 42>
A B ER, I S R )45 i HR T Ty X B
Y0 iz 5 7 T T AR R A

RNT IS GC R, Ty A 01575 S GC B 4f
i 204k, 38 I Bel6 78 305 ) B 41 R R IA,
PEAL T 41 M A7 35 R I B 45 5 . Bel6 7 B 41 i
PSR —NERNERE, F5RBIELAN 4
T

B 2F 1 GC — HIE, GC Tgy ) GC B 412
HEYH H /735 A FE 15 55, Il GC B 41 f kAT il

WgRAS, WFERINH GC B 4N T — K H .
KRGS, SRR R ZEE, GCH
1) Tey —BEAEL XA TR, &4 LR GC
B 4l Ty, PLER 2 4252445 545 GC B 41 fd,
£, 5 CD40L. IL-4. PD-1. BAFF, X L i% 12 fll
Fas-FasL {5 5 % 4+ 4 §ii. GC B 40 2H i 1t b % 74
KEN Fas. 1ERARAFEESHIHEN T, GC Ty
2= 1t Fas % $ GC B 41 Jiid. Ty, 1B i CD40OL Fil
IL-21 3R LTS 545 GC B 400, B4R AL 584
Kl GC B 4l 1A 1 AID. AID 4% 1 Bel6 3L
ik, {H 2 AID 7£ GC B 4t i o ) A 4 B L AN 2E
HixAN SR EA R, GC B 41 ik 7 B4
I Tt 95 22 AID. Ty SRAEI0I R A 45 DR L A
o B,

GC S M 45 B = A8 42 B 4 Al v 5 1 )
(10 2 20 B (B K 3 A7 3 R I A7 TS T 2R 4H L )
GC Ty X FT A M IX 2 FE#CA WA 1E . R,
Ten W AU HEAS [F] 45 5 R 4EFF GC B 4 i A1 431
KA, REAEER BN, FF SRR T GC
B 2 il =y SR A R B EAE R GC B 4, e ifif
BRI KA BT B 40/, B GC. KA1k
H AT St 715 e 28 . 3R 40tk i B A 1
P, i IL-21 JCARZN AR R 7t B L 13k 2 40 i 234k »
A5 IL-10. 1L-6. 1L-4. 212 B 451k HF 72 45
R, WA OGS BN B 4 2)id
17. B AL At . TERANM A0S S R BB T,
1017 B 4 AT Be & — N BRINAR P . A — 7T,
KA 5ic1Z B 40/ A AT RE S — AN XAl [ iz,
ES2EFI01Z B A LS 510 B R i .

FREF] GC vl = AR 1w R A Bk 2 ML
FRBT R B )7 R A (I e va AR F e A )
(1) RNA 55 ) FIME—IR 42, 1 o5 A 2 ok 2 4 it
B 2 ffu (R G AR BRAE TS, BTLA, Ty HORER
Sy DIREA AR AR E B 40 B A7 TS NG FE T T o R
B 21 Jf K 2 (1) 38 B R 9 AR FT e 2 B0 E B S e 5L
WRELRE, DR, Te, M1 GC B I & & #5041
FIRE P, HHZ )2 RS .

4 FFRREIEEAAR SRR E

BEE LR BT, AATRE Try BB
%, HRTX A QB E AT oy — B AL CDA4
T AR ENIHEVIBRIZIRE, RIXS B 401152
fthih, JF HAT Belo {F v L ZRER 1. 281,
Tew HIBTFCAE A — B R IR IF 2 2 )32 R E
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CD4 T 4w, Sk H o umzhaefwt e v5a 1R
Z AR R TR B, Tey 20 M FI 5 00 B0 B
TAEMREE 5 R B A DR R4 R T A AR A SR
TR EHZARBYER 5 fERDE R AT %5,
U0 gt — 2B I 5 Ty 204K 5 75 B 5 S BV
WA AT RS BT Ty B0 AL 5 Ty 2040 5 Heofth CD4
T AR R RAT R T EMILIERATES ;
73 Belo LIEMIMLAI AT 4 5 Br T Bel6, &AW
B I S R - 0f Ty B 5 Bel6 1428 (14 4 R B A4 A W
25 Belo HL8 % 1 Ty TIREA WFLE 5 Tpy /& 1536
REAN 7 N LA RE, XLEWHAH 2. £ T
Try 7E B S B B0 AR Wi A K B2, DA
3 i R i R A E KA SRR i S

(Z £ X #

[1]  Breitfeld D, Ohl L, Kremmer E, et al. Follicular B helper
T cells express CXC chemokine receptor 5, localize to B
cell follicles, and support immunoglobulin production. J
Exp Med, 2000, 192: 1545-52

[2]  Schaerli P, Willimann K, Lang EB, et al. CXC chemokine
receptor 5 expression defines follicular homing T cells
with B cell helper function. J Exp Med, 2000, 192: 1553-
62

[3] Kim CH, Rott LS, Clark-Lewis I, et al. Subspecialization
of CXCR5" T cells: B helper activity is focused in a
germinal center-localized subset of CXCRS5™ T cells. J Exp
Med, 2001, 193: 1373-81

[4] Crotty S. Follicular helper CD4 T cells (TFH). Annu Rev
Immunol, 2011, 29: 621-63

[5] Nurieva RI, Chung Y, Martinez GJ, et al. Bcl6 mediates
the development of T follicular helper cells. Science,
2009, 325: 1001-5

[6] Johnston RJ, Poholek AC, DiToro D, et al. Bcl6 and
Blimp-1 are reciprocal and antagonistic regulators of T
follicular helper cell differentiation. Science, 2009, 325:
1006-10

[7]  YuD, Rao S, Tsai LM, et al. The transcriptional repressor
Bcl-6 directs T follicular helper cell lineage commitment.
Immunity, 2009, 31: 457-68

[8] Nurieva RI, Chung Y, Hwang D, et al. Generation of T
follicular helper cells is mediated by interleukin-21 but
independent of T helper 1, 2, or 17 cell lineages.
Immunity, 2008, 29: 138-49

[9] Tangye SG, Ma CS, Brink R, et al. The good, the bad and
the ugly - TFH cells in human health and disease. Nat Rev
Immunol, 2013, 13: 412-26

[10] Choi YS, Kageyama R, Eto D, et al. ICOS receptor
instructs T follicular helper cell versus effector cell
differentiation via induction of the transcriptional
repressor Bel6. Immunity, 2011, 34: 932-46

[11] Tubo NJ, Pagan AJ, Taylor JI, et al. Single naive CD4™ T
cells from a diverse repertoire produce different effector

[16]

[26]

(28]

cell types during infection. Cell, 2013, 153: 785-96
Vogelzang A, McGuire HM, Yu D, et al. A fundamental
role for interleukin-21 in the generation of T follicular
helper cells. Immunity, 2008, 29: 127-37

Yi JS, Du M, Zajac J. A vital role for interleukin-21 in the
control of a chronic viral infection. Science, 2009, 324:
1572-6

Linterman MA, Beaton L, Yu D, et al. I[L-21 acts directly
on B cells to regulate Bcl-6 expression and germinal
center responses. J Exp Med, 2010, 207: 353-63

Zotos D, Coquet JM, Zhang Y, et al. IL-21 regulates
germinal center B cell differentiation and proliferation
through a B cell-intrinsic mechanism. J Exp Med, 2010,
207:365-78

Eto D, Lao C, DiToro D, et al. IL-21 and IL-6 are critical
for different aspects of B cell immunity and redundantly
induce optimal follicular helper CD4 T cell (Tfh)
differentiation. PLoS One, 2011, 6: 17739

Fazilleau N, Mark L, McHeyzer-Williams LJ, et al.
Follicular helper T cells: lineage and location. Immunity,
2009, 30: 324-35

Crotty S, Johnston RJ, Schoenberger SP. Effectors and
memories: Bcl-6 and Blimp-1 in T and B lymphocyte
differentiation. Nat Immunol, 2010, 11: 114-20

Rolf J, Bell SE, Kovesdi D, et al. Phosphoinositide
3-kinase activity in T cells regulates the magnitude of the
germinal center reaction. J Immunol, 2010, 185: 4042-52
Qi H, Cannons JL, Klauschen F, et al. SAP-controlled T-B
cell interactions underlie germinal centre formation.
Nature, 2008, 455: 764-9

Akiba H, Takeda K, Kojima Y, et al. The role of ICOS in
the CXCRS5" follicular B helper T cell maintenance in vivo.
J Immunol, 2005, 175: 2340-8

Kim CH, Lim HW, Kim JR, et al. Unique gene expression
program of human germinal center T helper cells. Blood,
2004, 104: 1952-60

Foy TM, Laman JD, Ledbetter JA, et al. gp39-CD40
interactions are essential for germinal center formation
and the development of B cell memory. J Exp Med, 1994,
180: 157-63

Barber DL, Wherry EJ, Masopust D, et al. Restoring
function in exhausted CD8 T cells during chronic viral
infection. Nature, 2006, 439: 682-7

Yusuf I, Monticelli L, Johnston RJ, et al. Germinal center
T follicular helper cell IL-4 production is dependent on
signaling lymphocytic activation molecule receptor
(CD150). J Immunol, 2010, 185: 190-202
Good-Jacobson KL, Szumilas CG, Chen L, et al. PD-1
regulates germinal center B cell survival and the formation
and affinity of long-lived plasma cells. Nat Immunol,
2010, 11: 535-42

Kitano M, Moriyama S, Ando Y, et al. Bcl6 protein
expression shapes pre-germinal center B cell dynamics
and follicular helper T cell heterogeneity. Immunity, 2011,
34:961-72

Liu X, Yan X, Zhong B, et al. Bcl6 expression specifies
the T follicular helper cell program in vivo. ] Exp Med,



152

G gEEd

8%

[32]

[37]

2012,209: 1841-52

Choi YS, Yang JA, Crotty S. Dynamic regulation of Bcl6
in follicular helper CD4 T (Tth) cells. Curr Opin Immunol,
2013,25: 366-72

Liu X, Chen X, Zhong B, et al. Transcription factor
achaete-scute homologue 2 initiates follicular T-helper-cell
development. Nature, 2014, 507: 513-8

Miyazaki M, Rivera RR, Miyazaki K, et al. The opposing
roles of the transcription factor E2A and its antagonist 1d3
that orchestrate and enforce the naive fate of T cells. Nat
Immunol, 2011, 12: 992-1001

Wang H, Geng J, Wen X, et al. The transcription factor
Foxpl is a critical negative regulator of the differentiation
of follicular helper T cells. Nat Immunol, 2014, 15: 667-
75

Xiao N, Eto D, Elly C, et al. The E3 ubiquitin ligase Itch
is required for the differentiation of follicular helper T
cells. Nat Immunol, 2014, 15: 657-66

Vahedi G, C Poholek A, Hand TW, et al. Helper T-cell
identity and evolution of differential transcriptomes and
epigenomes. Immunol Rev, 2013, 252: 24-40

Ray JP, Marshall HD, Laidlaw BJ, et al. Transcription
factor STAT3 and type I interferons are corepressive
insulators for differentiation of follicular helper and T
helper 1 cells. Immunity, 2014, 40: 367-77

Nakayamada S, Poholek AC, Lu KT, et al. Type I IFN
induces binding of STAT1 to Bcl6: divergent roles of
STAT family transcription factors in the T follicular helper
cell genetic program. J Immunol, 2014, 192: 2156-66
Ozaki K, Spolski R, Ettinger R, et al. Regulation of B cell
differentiation and plasma cell generation by IL-21, a
novel inducer of Blimp-1 and Bcl-6. J Immunol, 2004,
173:5361-71

Kwon H, Thierry-Mieg D, Thierry-Mieg J, et al. Analysis
of interleukin-21-induced Prdm1 gene regulation reveals

[39]

functional cooperation of STAT3 and IRF4 transcription
factors. Immunity, 2009, 31: 941-52

Durant L, Watford WT, Ramos HL, et al. Diverse targets
of the transcription factor STAT3 contribute to T cell
pathogenicity and homeostasis. Immunity, 2010, 32: 605-
15

Suto A, Kashiwakuma D, Kagami S, et al. Development
and characterization of IL-21-producing CD4" T cells. J
Exp Med, 2008, 205: 1369-79

Crotty S. T follicular helper cell differentiation, function,
and roles in disease. Immunity, 2014, 41: 529-42
Johnston RJ, Choi YS, Diamond JA, et al. STATS is a
potent negative regulator of TFH cell differentiation. J
Exp Med, 2012, 209: 243-50

Yang XP, Ghoreschi K, Steward-Tharp SM, et al.
Opposing regulation of the locus encoding IL-17 through
direct, reciprocal actions of STAT3 and STATS. Nat
Immunol, 2011, 12: 247-54

Luthje K, Kallies A, Shimohakamada Y, et al. The
development and fate of follicular helper T cells defined
by an IL-21 reporter mouse. Nat Immunol, 2012, 13: 491-8
Liao W, Lin JX, Leonard WJ. IL-2 family cytokines: new
insights into the complex roles of IL-2 as a broad regulator
of T helper cell differentiation. Curr Opin Immunol, 2011,
23:598-604

Ballesteros-Tato A, Leon B, Graf BA, et al. Interleukin-2
inhibits germinal center formation by limiting T follicular
helper cell differentiation. Immunity, 2012, 36: 847-56
Nurieva RI, Podd A, Chen Y, et al. STATS negatively
regulates T follicular helper (Tfh) cell generation and
function. J Biol Chem, 2012, 287: 11234-9

Klein U, Dalla-Favera R. Germinal centres: role in B-cell
physiology and malignancy. Nat Rev Immunol, 2008, 8:
22-33



