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Role of physiological hypoxia in follicular helper T cell differentiation
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Follicular helper T (Tfh) cells are crucial for humoral immunity. To
elucidate the molecular mechanisms underlying their differentiation, an in vitro mouse model of the
differentiation has been required. We found that stimulating naive CD4+ T cells with antibodies to
CD3 and costimulatory molecules in the presence of IL-6, TGF-B , and antibodies that block IL-2
signaling induced the expression of Bcl6 and Rory t, master regulator genes of Tfh and Thl7 cells,
respectively. An additional culture without immobilized antibodies upregulated Bcl6 expression but
downregulated Rory t expression. Adding an aryl hydrocarbon receptor (AhR) antagonist upregulated
expression of a key Tfh marker, CXCR5, and further downregulated Rory t expression. These findings
suggest that AhR activity and the duration of T cell receptor stimulation regulate the balance
between Tfh and Thl7 cell differentiation. This in vitro system will be useful for elucidating the
mechanisms of Tfh cell differentiation.

T Thl7



1. #FZEBIA S FI DY =

F A —7 CD4+ T HIfEIL Y >/ SRR C IR X 29U R 2520 IRtk L, fEx
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Tfh #ifdiL, M2 PD-1 (programmed cell death protein 1, CD279). ICOS (inducible T
cell co-stimulator, CD278) 72 & O LRI Z HIRK LR A~DOBANICHL TR 7 EH A VU2 RKIR
CXCR5 (C-X-C chemokine receptor type 5, CD185) & 38l L. IL-21 24T 5, S Ik
DHERIZHENILA R EEZFEAT H EEBZ LT,

F A —7 CD4* T fifidn> & Tfh MfE~D /M LFFEICIX, TSRS OB, SV Tl
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T& v, LFA-1 (ymphocyte function-associated antigen 1, al.82, CD11a/CD18), CD40L (CD40
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(B FTIXIL12) 23U E LT, IL-21, IL-27 R ERBEET 5, 72, b~ A ¥ —#EsT
L LCHRERFZ2a— K15 B b Tunsd, LasL, Tfh e b o+ i3k 72
ICARHOENE L, B~ T AZEB T 54 —7 CD4+ T Mg 5 Tth fifld~0 bz B3I
HHLT 5 invitro EERROENIZE > TV e, w7 X2 AN 556 ., BETFIE L OSRETN
RYFREEL LS T O 2 Z ERARETH V. & hTO Tth Moo B %
5 ETHLHEETH S, In vitro TO Tth MM EFHE RN AL TVZ2WERITIE, in-
vivo Tth fifd /b % X 2 2 EERBER D EE & S TOWD RN H - 7=, W, —E LD
FE £ C in vitro Tfh fild/MEFFE R Z MR TR, ZNEHWTEZICE HIZE L O 5K
RFMEAT ) == T BN TE, ZUT K o Tinvitro 0EFEERORBEEZ X HITED
B ENTEARBRMND D, FHUTHETE, in vivo ~DT7 1 — KRXw 7 L A[gEL 0B L& %
DAV, YW a3 SRR ORI E DA 2 I ETEHE Lz, B f#ild T,
U RO F L (germinal center; GC) DAKERZRMU/NREE DS, PUKY T AAAL v T &
TEEAMIA~D IS EH G-I 5 Z L DVRIR STV (J Immunol 197:4014, 2016), ZiL5H DJI
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OIS, 2 E TICHE SN TWATE A O Tfh Ml LSS R . 4212, TCR ¥ 7 F /L,
ICOS., LFA-1, CD40L 72 E 6By 7, IL-6, IL-21 2 EDY A M A kB2
TV Z, KRR AR, xR Z A U7 TINA T, £33 Tfh Mo~ 2 % —#fil## A+ Bel6
HUOFHEEZRL D,



(2) &6 Th MifuOFRH~—H—4FTdh 5 PD-1, ICOS., CXCR5 72 & DRE A iHET 5
AT ONT HIERT 5,

(3) HOREO/HMEFEIZRI LTS, ZO0LiFER%E AW T, Tfth fifao bz /edE £ 7= 1%
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(1) HLCD3HifkL & 12 ICOS, LFA-1 7 Pkl 2HiAZ AL L, F A —7 CD4+ T ##
Moz dig R T AR IL-6 e E bIc -2 > 7V F a7 ay 7+ 55K AR LT &,
Tth MDD~ A ¥ —3&{5 T Bel6 DFEBENEE S, Tfth Mo~ —h—45+ PD-1 &£ ICOS @
FHLFEINZ, Lo L, Thi7 Mo~ A X —Ein+Th 5 Rorc(yt)DFEBLE RIFF L <
iz, F7-, Tfh iz & > CTEERFHE Y T ThbH CXCR5 FHHLIT Z O TITE) - 72,

(2) ERROLMT SRR L2, BEAEEURN O ORI LTI BIZEET D &, Bel6
FHIIEFT 20U, Rore(yt EEBIZK T T2 2R LA, L, Cxerd BEO
CXCR5 EEIZHOWTIE, RE0 EANE SN oT=,

(3)¥A b B A > TGF-B & IL-6 DAL, Th17 Ml bz FE 5 Z L A5 TV 5,
—Ji. TGF-B i3t k Tth MO EFFEIIIBE S T2 2 LML TS 2, ~ 7 A Tth #ifia
IBIT BT DIRENIRARRT ~ 72, Fox i, BEig (2) OFEBRRIZ TGF-B i L1854 Bclb.
Rorc(yt), X Cxers OFBINMEME S, BERZOMIES EAT5 2 2R L, 1IL-21
PEAE B BIZE L=, Flow cytometry (FCMIZ X Zf#HT Cl, 12 & A K ORFEMIEA Bel6 2381 L
TWz, Ll KPP OMIIE RORyt & [RIFFICHBLL Tz, £ 2T, & 52 RORyt FE
EIRTSHELEME2RE LT,

(4) In vitro T T M ZTEMHLT 2 &, —i#@PEIC aryl hydrocarbon receptor (AhR) DiEHEAL:
PR D Z &, £ LT, AbRFEMALIE Th17 flfas b e 2 L AmbhnTns, £ 2T, Hhx
L. FE THW TV 72 B2 H# Dulbecco’s modified Eagle medium (DMEM) %, AhR VU 4> K~
EEBLO D NI T N T 7 IR EEERET X BOEERD LV D7y RPMI 1640 I8 8
LT, EfT (3) OFMTHR L Thlz, ZORER, Rore(yt) 3 XU RORyt FEBMET L, Bel6
FHUITIZ & A ERENIRNT LDV Lz, Z4UEn 0 T < FAESMNT Cxers 3 LTV CXCR5
HUN EATLZ 2R L,

(5) AhRTEMA & I+ 5720, AhR 7 o Z A=A F&2IRMLIZE Z A, Roreyt) X
RORyt HEMN I HITIKT L., Cxer5 B LN CXCRS EELL S HIZ EH- L=, o7z Tfh £
HfElE, CXCR5 VU > K CXCLI3 IZX LCHEX 7 VAR ITHENEZALTEY . HiE
fI72 CXCR5 3 HLL CWA Z EVHI L2, 26 0OMIIE, in vivo THEE S 72 Tfh i
E -~ — T — 7 FRBLE LT\,

(6) AhR JEMEITEMREIC L > TSNS Z DO TS, FEEE. Fhx ITARBFSE THESL
L7 Tfth BHIED in vitro /MEFBERZKIERFE T TITH 2 L2k > T CXCR5 #8i2S EH3
HZLERMLE,

(7) AWFFETHEZE L7z in vitro Tfh fid /LB EE 7 VEBR R E FAWT, 00 bikE 2 e
F 2T 20 BOEMENIR 2 T Z SIS HRT L, 20T VERZOA AN E
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PEXY, ~oRAFA—7 CD4+ T a5, hOMIaFEDOIETFAE T, in vitro T Tfh BRI
ZOALEET 5 2 LN TE T, ZOFEBREEDOE T, TCR fIIH O —EHIMFHk & £ DR,
LT, TCR &I X AIEMAKIZEE S AhR 7L L~ULs Thl7 i e Tfh &ML o
NI UVRACEBETHHZ AR LE, (¥2)
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Y MTIET DA b I A & EAT S cTthl, ¢Tth2, cTth17 MifldZs E4H%L 5 5 2 &Ml
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Regulatory mechanism of Functional differentiation of immune cells
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