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AqEDT AEE d9ukg-o WAy T therst ogske s o
5 = T (CD4"CD25"Foxp3™)AlE9} Thl17(CD4*CD25*IL—

ITHAIEE Zzt delwkg el olAlE el molat: Fow

AEolth, TigHESE Th1TAZA g AR %S Fal
"eRge fEE 9L F A B AFdNE oUw
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AAZE F o OAEe] wHE I9FE BAs A&
Aot A Aol s dobr gkt

W C57BL/6 wH-229] HIZ o2 E CD4'CD25— T AMXE
sttt BALBe vh¢A9] HFOoRRE HEFE  Fsto]
AL

SHAME(C57BL/6) + AFAIE(BALBe) 9] HIES 11423k CO2

& 2R F BFUGAT AR Bew AZ:

o
&

HjF7]e A 37°CE wjeFstsitt. Zb A5 Mycofenolate mofe—
til (10 ng/ml, 100 ng/ml, 1000 ng/ml), Tacrolimus, Sirolimus (1
ng/ml, 10 ng/ml, 100 ng/mD-& ZtZ} F7FsE wiA| ol A Al Eulf &
Alggetick. ZA7tel 2 vAl IL-2, TGF-B & F7isho]

TregMES] #3835 FH = T3 TGF-B, IL—6, neutral INF—y

=

ada IL-4% #H71eel Thl7Al29 R3le FXse Fo=
Utk TrepAlEE 39 Th17HAEE 543 vl $ Foxp3,
RORy =T, IL-179] #&HE FAELEAS B8 SHsk3At

A3} Mycofenolatge mofetil 5% S7Fol W} Tre A EQ}
Th17A32] &35 FAlel AT, 53] 1000 ng/mlol =

T AIES) weo] s oA EH Y. Tacrolimuste EE XA
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FoAEe] FAde EF dAEit & oRAle] FoE AlHE
2477t AT A5 TregrlEO]l E3FAAZE FA] FofLo] HlE)
AA e AE7F WAL 53] TrepMEY 237F §A Fofatel nlE

=74 YErS Sirolimus ©E WG GA A O vl T AXEQ]
Hlsl AMES T2 XEZ B S Qe AFAMERE T3 =7

ZAE: Mycofenolate Mofetil ¥} Tacrolimusi W72 &
THES] TeME 2 Th17AERS] 23 9 F2& oA
A9k tacrolimusollAl  oFE9 RS AAEH T AEY
gAHol FA Fog ol BlE| Frheks S Kol W AA
For s AAsA xdste] AgAxEe] #3tE 24T F Qe
7Fe/dS Rtk WA sirolimuse 7 Al3Ee]
orom AEe] E3kel TS v WAAAle Bluste] A

A8k tE. ©]i=  sirolimuZF  Tree™ Thl7AXe] st A
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23t ARE AF dgsiv, e A4 Euoss A

olF AAsHA olgF oA oA gk Ak WAdg=

AAlsh= s she Zlem deA v 2-5). EFF o] F
AR g8 EAS 71 = d A= IL-17 & #8)8a
Foxp3 ¢S 7HAa glom 3% o=z CD4 ¢ CD25

7 ¥zc) ole]  wel HAE CD4TCD25IL-177 A=,

CD4"CD25"Foxp3™ AlxZet W &k9low 7hds] Thl7 Ax &

Foxp3™ T AlXE =& regulatory T (Trwp) AlEZ} H-Er}

of F A¥= MR ANEAE A T Al¥ES Thl7
= oAkl HoR Thl7 AH¥e Te AEY 245 9

WekEo g ZE3H(5). Tree MES E4d3= Thl7 AXE 4

Wopkgel] wolshe T A% BYS AT F b B3S 24

olel3t FAL ATFAAT welold YEH vl WMol

GAlIA Tree AZES] GASF Th17 Alxe] &4 9 ASNes



oAstel WelAge WAL eS BAFAUCHE). oldt A5l

Treg A3 9 Th17 Al3E9] & 2485 3l o4 7|9 dgdg<=

—

o AL Folate] o)Al s Welghg olFiv Apeigiot

ol fsiMe v S T AEE A7) S%E AlRER|Gke]

AgAolr] AAz do oM Tey AMES 2R EAE] ol

Wge] frie] B W] FEH 79 Ty ALE D7) FahilE

%

wolzkaby T Axrt AFHOeR Thl7 Axe 24S FustAY
AL Tree AIRE APAIO] Thl7 AEZ WHSEHR= ARo] 8He] A
Treg AIES} Th17 AlE] A&y} 54 LR o] tish A=

Azro] A QA HArh(12, 13).
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FAAZD Th17 AZS 84S oAsel weRgg A% ¥

+

2de AL Tee AES S FXFo] FAEH14). ©

ATAIE Fall SHkEol A4 Al &0l ME vE T

L

Al 7P del ARSEE "dY9YAAe disie A9 A3
=Holom Z7Ee] WHAAAMATE Treg ME 2 Th AEZe] w|X= e
st 4ol EoJ%th Demirakan 5 (15)2> WASAAY] W3lE F3H

Treg M3E T8 T7He BA8E3aL Ma 5 (16)

rlo
offl
of\
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X
A,
=
>
t:
[

oAl o] F o] Al Fol GO O[AH Ty AL
o] FAFE Bste] FES ol §30] T ALY BHE FAF 5
= TS AAIGTE 22kl o] MoldEe] AT BE JFS
W3 QAR Weleldle] el AES olAlehA e Weugo

polsh= AEE AgHow AT 5 vk ol Hgska FabAsl

sirolimus © Tree AIES] S JAISH] L= Fo=Z HATH(1R).
mycophenolate  mofetii  (MMF)&  thAF] A4l (antimetabolite) &
T AES AMEEYE o] Foste] A FIE HILh

ZAFAAA L g7 Wteros del 2ol ofAlolxRE Z7]o)



5 T Ao Agroz njx= gl tfgt A7-el4] mycophenolate
mofetil & Treg MES}F Th17 AEel= JTFE wAA| Xshs o=
HAATH19). sHAIRE o] 28k}l A ZAl R S A4S mycofenolate mo—
fetil 2 AgstdE vl CD4FOXP3* AE Wde) T/t HaEglon
Tree A1 3E2] adoptive transfer & ©7]7F 2%2] mycofenolate mofetil &
Folgro gz o]AE T, AES S FAsk] olXHe] AEE
A&8 £ Qltk= ®a7b 9lo] mycofenolate mofetil 2] Treg AIE @
Th17 Ao thst Aelzel a3= HolW mycofenolate mofetil ©]
Treg MEL S FHIE] Tree AIESY WY 2EA 249 76
XA s TS ®BATH(5, 16, 20, 21). OiF-=e] A
2}2Fe] AAAA A7} Treg A PRI D&l TH= 7L om B=
Treg AIREZ}F WA} 28] GF= vIA AL Slvkals shy dd#o=w
HoIRES-o] WAl ofsli= Thl7 AES] o wxli= &k tiaire
TR HFo] o]Fo] AA Aklot H: Aol Thl7 A st
Holwke-o] whge] Fod A2 b o] AES Tlwel HE ATE
3l AppHeAs o, A 28ar oAEokeld ks e AR

257k | 5 ks ATANE Hol ofEe oa wilo] Tk

ATh(22, 23).
e T A A vielEQl o] HARE-FH o] FQ3 S
sl %7] wWonkSo|A Thl7 AEe Z7h= 9=HkS-S =xs

2

S 27] Treg AIXES] B4 F717F Thl7 A 84S oJAS =

2

T Aol wel S AlE el mRls "WoAAle] dFE HFE

La7t 324, 25). BEj 54 APlETIRIC] S71ste] Th17 A2



o] F7hE Astoll A zbzke]l HAAA A7} Treg AIE 2 Thl17 AEQ]
whg]o] njx)i= Fek 53] A5A S A T AlIES] S FA51L
Th17 AlEo] WS A=A tja] Lo} FHOZN T, AE ¢}

Th17 Aol sl 7 28291 deiefAAlel thell & 5= & Zlou.
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late mofetil 2] TregAIE 2 Th17 Aol thdt gk Walselx] 9k} ush
o] A pEo] HAAAA S} Treg AELS] A3 tfFa o
Thl AMEE] Fslell vX= &l disire <8 vt glok 2
Ao A= mycofenolate mofetil £ ZAFAA 2 sirolimus ©] &%
HATAE 2= TrgM3E 9 Thl17 AL 238} oA Z42ke] Al F2] o
n A= Fee GRlstar T Al 243t Al 22ke] A AT} Treg AIE
¢} Th17 AlRE Zo3te] vjAl= &S 2Rl do=H HAR=S T Al
AL el A JAAAATE Treg AZSE Th17 AEZS] 23 3ol
2= Ay gla] Bazp siglow Ve A7Adele] xolE



male wild type C57BL/6 w}-2~(SLC, Tokyo, Japan) £} male wild
type BALB/c "2 (SLC, Tokyo, Japan) & AFE3te] 23S &t F+
/WA= SPF (specific pathogen free) 3FgolA ARSI O 8 FHof A
125 % MAE Aoz gtk =43 ae9les] TACUC No.

10—0217) &) 59l& do] A3l Al3siict

(2) HAAAA ] WE Tree AE H Thl7 Al3ES] Wy} F2 o

a) CD4"CD25™ T cell #¢

C57BL/6 wR-A8] wjgy) A fxdoa] fXg-5 25 5ko]
CD4™ T cell isolation Kit II(Miltenyi Biotec, Bergish Gladbach, Ger—
many) ¥} autoMACS Pro Separator — Starter Kit(Miltenyi Biotec,
Bergish Gladbach, Germany)< ©]&3te] CD4'CD25 Tcell <
skt B9 A¥EE= RPMI 1640 ¢5do] & Aldate] AEE
palo] 4ol BB

b) AFZAE (stimulator cell) <=H]

BALB/c w22 vHIES AEste] MExE Ao AFHE
AEE 30Gy HAbsS A 2st & RPMI 1640 5 AJg ko] B:3)0]
4°C & Rt

L AlERek



we)® C57BL/6 RSl CD4'CD25° T cell & 5 xM
CFSE (Carboxyfluorescein succinimidyl ester, ebioscience, SanDiego,
CA) & %A 3tk x 107 cell/m 5 M CFSE). ¥ AEXES
Treg AT Th17 AETORZ L0} T AlE AT IL-2(100
unit/m¢; ebioscience, SanDiego, CA)+TGF— 48 (5 ng/m{, ebioscience,
SanDiego, CA)°] 7} wjokel (DMEM/high glucose supplemented
HEPES 10 mM, B —mercpatoethanol 10 mM, MEM 1x, FBS 10%,
gentamycin 50 pg/ml, I—glutamex 1x)ol HESA|XES} A=AEE 14
(5x10* : 2x10”) 9] Hl&&E £33t} anti—CD3 antibody (5 xg/ml, ebio—
science, SanDiego, CA)Z F®¥ 96 well plate © Z+zF 200 1
TR Treg AME THTS oFAlo] Wk tHA] tacrolimus (5 mg/md,
Astellas, Tokyo, Japan) v, Mycofenolate mofetil (50 mg/m{, Sigma, St.
Louis, USA )%, Rapamycin(l mg/ml, Sigma, St. Louis, USA) - O.%
wRrodth Thl7 AlEEEES IL-6(20 ng/ml, ebioscience, SanDiego,
CA) +TGF— g (1 ng/m{, ebioscience, SanDiego, CA) + IFN— y (9 pug/ml,
ebioscience, SanDiego, CA) + IL—4(9 wg/ml, ebioscience, SanDiego,
CA)o] H7hel wiekdell REgAE S} ASAES 1:4 (3x10" 1 1.2x107) 9]
Hl&Z &3l 96 well plate o EFsiglom olE thr| zHz+e]
AefolAAlel wEb T, AES A9l o] Al TLoE Utk
Lol Al JRe) w2 TRAL Rl FoqARk) Bkl wet 6 7))
olro R A EiF oflom ok WREAEZS} AAE 3 FAC

= FoIgt (0 3 7 AZEE EFet] 24 AR v § A

15
o

12

AA S Fost (24 h) 22 739tk mycofenolate mofetil & 10

ng/ml, 100 ng/ml, 1000 ng/mé= 515} © ™ sirolimus ¥} tacrolimus &
9



1 ng/ml, 10 ng/m¢, 100 ng/ml= FoIsiitt. 2H7+e] k=& DMSO =
gaflet oy S sskR wigdow  sdeE) AREsISith FHld
AlEE2 37C2 COz mi7]old miFation T, A= 3 4 3T
Th17 M= 5 Y 1 oS skAth Tre Al2ZE 91SF 3 IA Foxp3 41
=l M E (eBioscience, SanDiego, CA)E o]&sfe] JAS 3 v}
FAZ o]ge FAE ¥4 (FACSCANTO II; BD, USA) < 3k3loH
Th17 Azel distel= Wik F 5 AR T AES}F TLS Wow
RORy =T % IL—17 o] thgk FACS #415 Alaaqltt.

(3) T2 F TAES] &3t DAIAM Tregcell 9 Th17 Al
g v WejelAAe 9%

7F) CD4°CD25™ T cell ]

C57BL/6 wh-2~9] spleen AlESL A3l fxdea H=ZE
2FH 3] mouse ant—CD4 antibody—bead & ©]€3}] MACS sort—
ing (autoMACS Pro Separator — Starter Kit, eBioscience, SanDiego,
CA) 3] CD47CD25 Teell & FelatSinh. w2l¥ Al¥= RPMI 1640

M Al o] MEZE FF5k] 4TE W Baski
) A=EAE (Stimulator cell) <5H]

BALB/c m}9-29 HZS AZslo] MEES AFsHch AW
A= 30Gy WAFsS A2ldt § RPMI 1640 ¢H59) Al@ate] &35

4C 2 W B Stk

B3k & MEE i (reaponder; C57BL/6) @ A= (stimulator;

10



BALB/c) = 1 : 4 (5x10%2x10°) 2] H]&2 anti—CD3 antibody —coated
96 well plate °l =53tk 217te] plate = TAl (1) ARIEZRIS
FofshA] &2 I, (2) TGF— B Foii, (3) TGF—p +1IL-6 Fofro=
TFE3TE o) Folsk TGF—B8+ 20 xl (2 ng/mleBioscience,
SanDiego, CA), IL-6 = 1pxl (10 ng/ml.eBioscience, SanDiego,
CA) St olgdAl 73t Al ol thalf z4zke] WA Ao w} Al
Al 7HE] o (subgroup) &2 T-2sl3ith (tacrolimus +*, mycofenolate
mofetil ¥, sirolimus ). tacrolimus = oA+ 2+ well o 22} 1, 10,
100 ng/mé®] tacrolimus & Foi8lo] w53 2™ mycofenolate mo—
fetil TIA= ZH2F 100, 1000, 10000 ng/mée] §%EF sirolimus 53t

77} 1, 10, 100ng/mt] 5= Folaith. z7te] ok A4 %

o[ g3to] el T ujple olgde] HAstel Mol BLY HEE
TSIgor] Hx AR Sue B4l Hzeh ¥ F YES AR
2adeh o] F 27ke] FeolEl 37C 9 COp Mol Wi

PN
aiglor Wik 3 A Wit o] weks Atk

747kl A i 3 At 7 A A Tree Al 9 Th—17 ©]
A EFRATS ATt AES] L PerCP—conjugated anti—
CD4 mAb(RM45; BD phamingen, San Diego, CA)S} 1%
APHAFUBSA) F 0.2% sodium azide 7} H7H8 PBS & o]4-3}o]
AA 4 ellM of 20 2 3 Al e Al APC—cy7 anti—

mouse CD45.1 antibody (ebioscience, SanDiego, CA)E ©]&3}

CD45.2% AEE B8}t T AEZS cytofix/cyperm (BD pharmingen,

11



SanDiego, CA) €M o2 17313 o IL—-17 A3 tjalA PE conju—
gated anti IL—17 (TC11—-18H10; ebioscience, SanDiego, CA)E
o] gste] AEZ U S 3FITh Foxp3 &3k FITC—conjugated anti—
Foxp3 antibody (ebioscience, SanDiego, CA) =S ©]&3d}o] oA 3kt
Aae] #412 FACScan cytometer ¢} CellQuest software (BD Biosci—
ence SanDiego, CA) & ©]&3lo] Al3Yst3lict.
(4) dlolE] #4
Zh Aglze] wep AEe] s X A4S Bl AE 5
S7gstelon Y ZelA ke A= vE Al 9] well ZHH
AZE g5sto] ol Barsidth AR WSS FAERA oA

4% CDA"ME F Foxp3™, RORy —T7, IL—17A" 9] A&l vl&S

(f

S7skolth st 7} oRAle)] W Tre A28 Thl17 Ml3ES] 2ol WA=
AR Al Faks dRlsh] sl ATFAMEHIEE (precursor cell fre—

quency rate)e FFSIRTE ATAZNEES AHETSE oF FAR

AAH ATFHY] oNE AT 5 RET BAPHOE o

AddellM= "HodAAZE 242 AREY FAe] vAe A=

(=RARP 2 Pro] ATAEFE THALED. % F 4-8

THE ATEAS AATez slod ol AAl ATAIZFE

12



ne

o] dlole ] FAIA 242 Mann—Whitney U test =
oS AFsRN o™ 95% AlFTIE (p < 0.05) A

[e)
o
AAEFITE AZEE SPSS. Ver.18 (SPSS Inc.) T2 738

13



4. A4}
1) HASAAT} Treg ME L Thl7 A F2)of vjx]= 3k

Foxp3™ AlZe] Wale] x|z wHelolAA|e] ks R Wiz}
Al WYAAAE Foist 7+ (Oh; ©]3} Oh ) oA mycofenolate mo—
fetil &= FE(1000 ng/mb)olARE Foxp3*AlxEe] F41& AEL.
Tacrolimus Fov2 EE FE0A T AIZ ALY &3t AAE
BHYOoW sirolimus & gt oAlE Holx] Agith(Fig. 1). A=
24 AZF F FolTH(24h; o3t 24h ) °|A% mycophenolate mofetil <
EA Tl Mg} o] T AEFTAS AAIE HoF]Ieh W tac—

rolimus + H|FoTe] H|3] FAo] JA|FI oY Oh el HF|

X
fu)
X
lo
H
i
rlo
=
;
ke

o] ®3} 4l F2Jo] ®ATh sirolimus + Oh
ol el ol Ast SAll= vEhA eksktt (Fig. 2). RORy —T % IL—
17 &9 Thl7 Axe £33k A5 Yl T3 344 o
Th17 A= Aok 9 A5H-e-2] el S8t ogs st whebA
Thl17 AIEZ #3} 9 S0 a32]l oA B3k o] = HHAE {9
Q3% 9d2]o|th. mycofenolate mofetil oAl RORy—T" % IL-—

177AIEZS] #3h= Foxp3 AHXEoAM et o] as® Iioa ehdst

T~

AAE HATE AT Ase oM AEe] e 9 FEFdol
ohae FolahA o BTyt fARE FdeR dERETHTig. 3).
tacrolimus o & RORy —T" Al3ef| tfgt 73t oAlE wch
olef Hl3} sirolimus & A YE7} wgkoH

mycofenolate mofetil ©|4 tacrolimus oA} 22 743t JAE HolX]

AdTH(Fig. 3). 24 AlZF & Fof oA tacrolimus + A £ T}

14



Hlasto] AxEe] kg 9l o] b wglony thE oFaure] w3
A5 2 S Bk sirolimus ¢ A9 3% % mycofenolate
mofetil ¥ % tacrolimus T3 H|Wsl] HlwH =& A HdS
Bolom 1 ng/miarold= vlFo w3t Ao fARE HS ®elvh (Fig.

4). IL—17"A3% T3 RORy-T" AIZAAS A8 AdaE Ho

T tacrolimus & FAFYT(0h) Y BE FholAd Has sl
o
—

|

Al

¢}

Sirolimus & IL=7"A|322] wo] A2 oJA|=#] ¢kokt) o]gsh di
24h oAM= FARH YERgth o tacrolimus = 24h oA g
Azde]  oA7E Oh  wellArrh oFshAl uebgow o] @Ak
Tres AIESF ROR 7 =T A EAAME frAlabAl LrebstTh

solsti oty CFSE @4 8F AlXEdol 2gt FAE Frsh]
ofelglel (Fig. 1). whebs] oFaa} A7AllEn]&ate] dAvte] oigh 42
RORy =T A9} IL-17"Axe]  ghefgiey. vlFolrela  SA3
RORy —T AIES]  AAES] HIES 86.8%% FHHANCH o]
WS AL tiiato] Falell #hejshE AJALetTE mycofenolate mofetil
1000 ng/mlollA AFMER]ELS Oh 3 24h oA ZH2F 0.1%%+

0.3%% Ko HlFoel] s =t S2AE AAteral o (p<0.05)

15
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AL odlXE Gl F29] A7t o]FofAA] kshrh(Fig. 7TA,
7B). tacrolimus 2] ¢ A= FAlY] FoIgk o= 1 ng/ml, 10
ng/m, 100 ng/m¢ oM Z2t 51%, 1.8%, 2.1%2 AFAENES
HAo 24 AIZF FollME 35%, 33,8%, 35% = S7Fst] FojAlito]
AAENE v Fo] A BA3bE T AL F2e tdt oAl T
a5 Holx] Y9kt (Fig. 7C, 7D). sirolimus &= H|% oFE9] Fiof
wje} Falo] Aoz 7ras AT tacrolimus 9F Bl Ete] FojA 7t
Aol FA FoI7-(1 ng/ml, 10 ng/ml, 100 ng/ml) N4 58.7%, 50.8%,
46.6% % =& ATMEHES Btk 53] 24 AIRE § FolelA 77t
85%, 79.1%, 74.9%% AFMEHEo] A Yept FEsh AxEe
ZA A7 HA4 22 AAksta ek (Fig. 7E, 7F). EFIL-17"AE9
FA A= A A9E B9t mycofenolate mofetil 10 ng/mé
ol AEZTAL uFoITI) Blwsle] AAE Holx| egkont my-—
cofenolate mofetil 1000 ng/mlx=oA = 0.1% = 733t oA15 WAt (Fig.
8A, 8B). tacrolimus 7 %3+ 1 ng/mf, 10 ng/m¢, 100 ng/ml “55=°f tjj3f
Z17; 5.1%, 1.8%, 2.1%2 &2 73 A4S Btk whd 24 Azt
T Ssle] Z42E 35%, 33.8%, 35% % Ao FU1E BlES

Hoy Folalx gk ol wla] W vl HYTHFig. 8C, 8D).

=

Y sirolimus + RORy —TH A|ZEo A} o] tfE F 3 v|wslo]

Hir
flo

SAES HYoH FA] ol 1 ng/ml, 10 ng/ml, 100 ng/mé-l A

N

Y2t 58%, 49% 67%= RO 24 AZF o= 83.8%, 77.9%,
63.6%= HFAATY o7l FErt WHE4E A9t (Fig. 8E, 8F).
o3 AF}AO R tacrolimus 9} sirolimus ©A4 RORy—-T"¢} IL—

1774 A2 FolaRtel] w0 Arrb gebAw A
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Folal7]e] o] atael MOAEY] Byt wHHe] e &4 F

ddAoR A WS A F AT Aol TAEh

T18ar o] F A= MRAA dES vIRA Het o] oA 24
[e3]

Thl7 M2 S FHg Aol ddodAAe s Rzt
Skt

2) TAI2E st =xdollA] AGANA 7L Treg ™ Th17 Al2zel] wjX]=
33k

TGF— & TF74AE T AFNA Tre AIE 9 Th17 2 Ao
gojsty] 53] T, AES gl Fod 9SS s
At E7Fe] (cytokine) ©]tH(28, 29). TGF— 85 Fol3t -9 49 Tac—

rolimus 7 Tree AIE 2 Thl7 AEZE Z71(0Y $ 3 D A= BT

Zpol7F QA YERFAL Tree MEA tiafir= 33k A4S By whd
sirolimus & *%7] Thl7 AIX°e A2 {3t JgAE H
Foxp3™ A2 W& usEoAtl AR A5 HIo F-23HA]+=

sttt vl ¥ 7 A A Foxp3 AR nlfFolre] HlE] frofd qAlE
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Hath AELoAs 93]8 Thl7 A¥e] ZAJo] H|Fo]T] H|F)
Z7teE = S HAtk(Fig 9).

3) Th17 A¥ &3} 7oA HIAAAA 7} Ty D Thl7 A|3Eo]
n|x]= o gk

IL-6 = T AXx° st ¥4 T wWId=d T AEES

Thl17 AEZ E3AZ 5 Q= st A=A AlolEFkelo|t), wat [L—

6= 2H3HE TieM3EE Th17 AR Wgs SXehs 7sa UG,

13). WA TGE-B9 IL-6 = s542" T MXEE Thl7 Ax=
w7l st anes w3t o]y & e AHH &% 2
T FAAEC] Gs dkg 9 dFNkgo] sk o] I ellA
TGF— B¢} IL—6 = Thl7 Axe] &dste] Ta3st &= st} o]fdh
Ao Ztzke] HAAAA7F Treg MESF Th17 Aol w|R= FTE
Bz} stk AdtolA tacrolimus & 7]k & 72 AlZHHH
B Treg AIZESE Thl17 Ao digk st AAE HAFID wgF &
7 AR o= T A gk AEAQ AAE BT sirolimus © 7]
Treg ME 9 Th17 M| A= HolX] At AT AJ7HE w}of|
upet wjek $- 7 A Al @3]¥ Thl7 A2 &40l Frtelion olgh=

HE 2 Treg A2 &2 A QT mycofenolate mofetil & %7

_4

Tree A 9 Thl7 AE] AAE HAFIUL A9 Hrs &
nlgste] F7HIATE 53] Tie AIES] A9 AELolA fojsh &4

AAEZ B Treg A sl =3 AI2E-S Hola ik Mk F
7 A Thl7 AE AL HlFo Lol vls| 23]y FUtehs H=

Kolal lom T AE= siol vlalste] oA = Ath(Fig. 10).
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(Fig. 1) Differentiation of Foxp3* cells in Oh group

A; Foxp3™ cell expression at each drugs. Expression of foxp3™ cell is significantly
suppressed on Tacrolimus group, and 1000ng/m¢ mycofenolate mofetil group also sup—

pressed.

B; relative ratio for Foxp3™ cells in CD4" cell group. CD4" and CD45.2 cells are
selected by negative selection method using anti—mouse CD45.1 Ab Tacrolimus group

rarely express the Foxp3™ cells. (*; p < 0.05)
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(Fig. 2) Differentiation of Foxp3* cells in 24h group
A; Foxp3* cell expression at each drugs. Expression of foxp3* cell is less suppressed on Tac—

rolimus group, although 1000ng/m¢ mycofenolate mofetil group also suppressed.

B; relative ratio for Foxp3* cells in CD4" cell group. Foxp3* cell expression on Tacrolimus group
is relatively increased in 24h group. Although the total population of CD4" cell is smaller the other
groups compared to mycofenolate mofetil 1000ng/ml group, ratio for Foxp3¥cell/CD4" cells are

similar compared to others. CD4" cells are selected by negative selection method by anti—mouse

CD45.1 Ab and select the CD45.2" cells that represent C57BL/6 mouse. (*; p < 0.05)
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(Fig. 3) Differentitation of ROR y =T cells in Oh group
A; ROR y =T cell expression at each drugs. Expression of ROR y —=T7 cell is sig—
nificantly suppressed on tacrolimus group, and 1000ng/m¢{ mycofenolate mofetil group

also suppressed. B; relative ratio for ROR y =T cells in CD4™" cell group. Expression of

ROR 7 =T cells are suppressed on 1000ng/ml mycofenolate mofetil group and tacro—

limus group. (*; p < 0.05)
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s Jam
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“ MMF " 10ng/mi”
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e

-

Tacrolimus

*

*

Sirelinuy

(Fig. 4) Differentitation of ROR y =T cells in 24h group

A; ROR y —T7 cell expression at each drugs. Expression of ROR y =T cell is sig—

nificantly suppressed on tacrolimus group, and 1000ng/m¢{ mycofenolate mofetil group

also suppressed. B; relative ratio for ROR 7 =T cells in CD4" cell group. Each group

shows expression and division of ROR 7 =T cells. Although relative cell counts are re—

duced but cell division did not suppressed by immunosuppressants. (*; p < 0.05)
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(Fig. 5) Differenciation of IL—17A" cells at Oh
A; IL—17A" cell expression at each drugs. Expression of IL—17A" cell is signifi—
cantly suppressed on tacrolimus group, and 1000ng/m¢ mycofenolate mofetil group also

suppressed. B; relative ratio for IL—17A" cells in CD4" cell group. Same patterns are

shown compare to ROR 7 =T group. (*; p < 0.05)
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(Fig. 6) Differentiation of IL—17A™ cells at 24h
A; IL—17A" cell expression at each drugs. Expression of IL—17A" cell is signifi—
cantly suppressed on tacrolimus group, and 1000ng/m¢ mycofenolate mofetil group also
suppressed. But cell division does not suppressed by drugs. B; relative ratio for IL—

17A" cells in CD4™" cell group. Relative increase of IL—17A* expression on 24h group

compare to Oh group. (*; p < 0.05)
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(Fig. 7) Precursor frequency ratio of ROR y =T cell proliferation

Lower precursor frequency means inhibition of proliferation affected by drugs. tac—

rolimus shows inhibition of cell proliferation of ROR y =T cells (C, D). High dose my—

cofenolate mofetil also shows inhibition of ROR 7 =T cell proliferation (A, B). But pre—

cursor frequency rate is relatively higher in sirolimus group. In 24h group (F, red), pre—

cursor frequency rates are similar that of no treatment group. (*; p < 0.05)

Blue; Simultaneous administration of immunosuppressants and allogeneic stimulation (blue)

Red; Administration of immunosuppressants 24 hours after allogeneic stimulation (red)
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(Fig. 8) Precursor frequency ratio of IL—17" cell proliferation

Sirolimus group does not suppress the proliferation of IL—17" cells especially in
24h group (red). In high dose mycofenolate mofetil (A, B) and tacrolimus(C, D) group

suppress the proliferation of IL—17" cells. (*; p < 0.05)

Blue; Simultaneous administration of immunosuppressants and allogeneic stimula—

tion (blue)

Red; Administration of immunosuppressants 24 hours after allogeneic stimulation
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(Fig. 9) Differenciation of FoxP3™ T cell and IL—17" T cell in TGF— 8 with immu—

nosuppressants.

A) At 39 day, Mycofenolate mofetil and tacrolimus shows both suppression of
FoxP3* and IL—7" cells. But sirolims shows more suppressive effects on IL—177 cells

and protective effect on FoxP3" cells.

B) At 7" day, all agents show suppression of FoxP3" cells expression but the sup—

pression for IL—77 cells are not significant. Furthermore low dose mycofenolate mofetil

show enhancement of IL—17" cell expression. (*; p < 0.05)
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(Fig. 10) Differentiation of Foxp3™ T cell and IL—17" T cell in TGF—8 * IL-6

with immunosuppressants

In the circumstance under IL—6, inflammatory cytokine, differentiation of IL—17"
cells are accelerated. At 3" day both sirolimus and mycofenolate mofetil did not suc—
cessfully suppress the activity of IL—17" cells (A). At 7" day Foxp3™ cells are sup—
pressed by all type of immunosuppressants but only tacrolimus had suppressive effect
on IL—17" cell differentiation. Even certain concentration of immunosuppressants the

activity of IL—17 is up regulated compared to control (B). (*; p < 0.05)
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Treg A3 thal] o]
°]5 Z tacrolimus &= Treg A ES
NF«B ¢} #&d T HE 25%
A FH(32). NF 4B &=
Treg ME2)
Treg AIZEE] MHS AAIShH=

A& % tacrolimus +

oigk 7k o

limus 'LL; %ZHU}'X] Q‘:}_Eﬂﬂ Eﬂo’_ﬂ]%—]xﬂxﬂ % Treg H]—L'/] % g

Treg AIE BT

sirolimus = mTOR A=

Treg AI22] A7 AT AlE

23HE Al A=l K8kl

23] Treg

Ao A =

AZe] 2=

FOATANA Treg A ES

mycofenolate mofetil <

ATH20).
Treg AES] AL AA AAHA ¢

AR oA Bk opAe

A A7}

S Treg A2 TS $I3E A5 A
ST Rl
YFow
A=t
Aad=S B}y shA Rk

Treg A2 HEL] A7} FA] Fo

Aol

Fal T Mo E4ds
AT HALAA AN mTOR +
FAel= WEFo g 2-8-31th(33, 34).
olgist Apio] dTHE
W 2 H]Fol 73} v w sk
AEgixE SAAe] purine R
dine 9/] ?:]L}\é‘ﬂ]' %%6‘}01 Treg /(ﬂ_:]i__fj/] %)\C_)] g

mycofenolate mofetil

v e T
F9e
AgAE

SHA YER=E)
78l A AIE tacrolimus =
AAlste] T AMES] &=
&
TAEt] NFeB 9] oAl=
oJwlghh(18, 33).

SAlell 7o 7 739 Treg Al

il

PA-K 22 B

HAXIT 24 AIZF & FolFo A=

ol Bl w2 qAlE B3l siro—

o

CRe: e

wehs Ao

2
o
fol

1

1A

ro
nw

SHA| R
A3

2ol mTOR &AAQ] sirolimus +

Treg

=
T
o™ sirolimus

Zpo] 7} AT

pyrimi—
A= Hoz e
10 ng/m, 100 ng/mFoItolA

o= Hbd 1000 ng/ml FoIT-olM+=

SE7F S7Vske| we) Treg Az 27dol
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AlfEolte] HlEl] olAlE= oS BT 1000 ng/mirtelAs AlES]
o] A yEhuA] ks RS AIE Hlow o= tacroli-
mus oA et FARE A3t mycofenolate mofetil ©] Treg AI3E2]
el vR= Gl disiAe AdHkE ool EAIEH e (15, 19).
ol ATEL mycofenolate 7} Treg AIES] FAS oAE= Fo=

Bl Qo] & d7te] AdE s dvhal & = qluk(18).

Th17 M= Teee AlESE G 54 ALCIETRRIC 3l fw
[L—17 & Wnlsto] WAMxe] B3} ofr AFAHES] e FEshe
ks sto] o]9] ARl AAE Sl oAl tigk AHES olF
T Ao T A T WA RS] HxEA ZEEa Qlrh
Thl17 A= 2139 EXx2A IL—-17 ¥ RORy —T ZAILS 7M1
o] &3l Thl7 A2S THRFE ¢ F UTh Thl7 Alx TdES 9t
AZ W AF AGAA 5 mTOR = Treg Al EoIM 2= &) Th17 AlE9)
s SRR o3ks FR(35, 36). W mTOR JAAIQ! siroli—
mus = Th17 Aze] dfs A=zl JAVls= 7Kvk. 1 A3
Th17 X FAA IL—17 3 RORy —T 9] WS ojAstc}. sp«|nl
= A¥eA sirolimus & ©] 7 7FA Thl7 AME 3A|Ab] ot F2-3t
FoAAZEe] H Ao et

7H~3ttt  tacrolimus = Thl7 Az Wy =4S 7St

AE Hold gtk oA A

rlr

AA TR o AR wiel o] T Al Adke] sk A3k AR
UEeRJ 2t mycophenolate mofetil 2] Th17 A|3Eo]] thdl JA]2] kAL

Treg 3] 1203} frAFSHA ekt

el

18

Hbgold gzl ol WAy BAdstE . 243k
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UF Treg A A5 W9 F7h=
Holou Aare] Fd2 3] yEhbA] efstth Thl7 Al 4
Az T FEo) ool vluA Ergeil gklEo] AT nEE
T = AT AFAER]ES sirolimus oA F2 &S HoH
tacrolimus oA 73 WA YEFATE mycofenolat mofetil oA

Aol ATAEREo] WIFI T fABIGOM e F7tel upet

HlES sty 53] argkedMe ATARe] vE 78 ¢ Qe
o) ARt AlE Holal St

mycofenolate mofetil & Tree % Th17 A|3Eef thsl 282 AeNz o]
obd F Alx EFE SAlshs FYOE BT T AlE Z7A8
sk o]d A= FHse] B w mycofenolate mofetil = A3£9]
24 FAG Sl 7]oskA] e Aow dAdsta gigler
A= e T Aol tish AAEHE BT o= Te AlE 2
Thl7 A3xe] waat #Ask= AEAS AAA mycofenolate mo—
fetil & T A28 @At ASADAA ] FH3do] obd HFdA 9
AZdirbE AAe R H] SolzQl Mo AAdss ®Helcka &
otk & A&oA mycofenolate mofetil + 1000 ng/méxEolx 73k

AE Wtk AW ABES 10 ng/ntelNE A oAzl Aojux]
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ko™ 1000 ng/mlrollAwt Zst GAIE BT v ol Hld

mycofenolat mofetil oA+ IEEoA] A7} ZdsHA LERE O
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Az T4 me A oA Btk e okl wd we A%
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ne)
18
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Jdo
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mycofenolate mofetil & A3 AA15E(ICs0; 50% inhibitory concen—
tration) &= 25 nM 2 H.18kal ItH(37). mycofenolate mofetil ¢ 1 mole
F5+ 433 g/ & mycofenolat mofetil ¢ ICs0 Q1 25 nM < °F 0.108
mg/L o] FA/F] w2 $kd  3len 108 ng/mee] gk 7tk
sHAEE AAA O 7 mycofenonlate mofetil 2] QA & FE=
1 pg/ml oA 23 pg/mee] W95 7HAH & Aol AMEE o &3>
AREAQI QA Fase FHawgo|mr 2 Ao Ayprt oAy S
el o3 Aur BI)= ofeer @3y Aol kAl
sEMLE vlwd WA AAEdTh T3k mycofenolat mofetil <>

obAlel o3t MEAtd fErF AE ZAY FE O AgUIHeR

1o

HRITHE8). IRt (Fig. 9 - 10)0lM 2] Aake HH Y =M Tre
ALl A4S Ao Thl7 Al¥Eo] AL 23]8 HFo T
ulel S7kehs M I HoFglvh ot AykeE  Hol 1000
ng/méF oA T AlEe] thdt mycofenolat mofetil AFA|2] AMESA]L
A & AoE s 5 glom AEA O % mycofenolate mofetil o]

o1& T ML A= Tiee AIFE T Th10 AES] WA oz}
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Azow FA vehkth ddxdeld dwtHow T cell 2443}

TR APRIEZRIQL TGF-8E o83t Ty AEE

i
i
oL
o
_O|L
2
o

st T Axe FAS 8] A IL-2 & FA Fofsielrh
Mucida((14) 52 TGF-p8¢F IL—-2 %3o] TGF-4 w5 Fo9
B4HT}E Trog MEEHO] tlsA Yehhs 21E Busigloh IL-2 &
Thl AMZES} treg MES] S FHshs TS $HH2H). Treg AlI2ES}
Thl7 AIPES] dE2g3 AdoAAe Faks 2 Ayelxe= TGF-
BREE ARESIO] Tie MIES] WS FEFOEZMN 1 WdSFo] IL-2 &
SAll Folgh TrHUR= WA UeRd Zo®m ydkdtk CD4'CD25”
T AMEZHE Thl7 MEES Fslele= TGF-p% IL-6 7} 583
ogkS 3} Bedoya 5(39)2 Thl7 & A¥zFo= Fiwsy] 3
707 IL-6 9 TGF-BF8AS olop] ata 9lom CD4'CD25~

MEZHE AFHOSR Thl7 AEY THU5LD) S FEees

T

wEQILh o] ATt B Al Ao]HE Bedoya 5(39)
Th17 A3Ee B8S IL-6 9 TGF- 4 " o]g3lo] Frstglont &
Ao FEEY AFHEBALB) S olgste] T AEE 43} 3
e TGF— B9} IL-6 5 T892 anti—INF— 7 antibody 9} anti—
IL—4 & BAlel Folate] Thl7 Alxe] 45 FXsith A=AES]
83} anti—IFN—y antibody % anti—IL—4 antibody 2] &go] *

Aol Thl7 9 =2 A d3=2 = 5 Slvh o]de Thl7 Ax
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F3 mTOR + Thl7 M2 @43t el #ofste] mTOR 2
oAl &= Thl7 Ao &S AT AARITH(34, 40). T84
A3loll] Thl17 Ao th3t sirolimus & FIF 7|9 47 vlel=
U2A Th17 AIES ¥AA RORy =T % IL-17" A2 24o] 1
SA2 oAAZE v WAl nlwste] okstAl ueRdth HE
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©
A= 4 F e ANg-e] A7 FE3] o] FoAA] EEhe
AAFRE AR B 5k webA] T AES] 8-S fXI8hHs HellA
tacrolimus ¢ AAFI7F {7 & Zoz RHQIth SHHATE $HHY
A8 oA tacrolimus &= Treg AE2F Th17 Ao thal =& dt #&52<l
AA 2o Kol glo] AANM 2] 7l HSel Fasitt
AT e] ARE Hof Tre S &S Kot 2 fAT + e
HAAAAZE o] AFAINNE AFH %ol sirolimus 7} 7H
Aot ok FdEnh A= WA A =2 T MRS S
FAgro ZH Wonkg-o] WS oAE 4= Qlth tacrolimus o] - Fo
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Abstract

Effect of immunosuppressive agents on differentiation and proliferation

of Foxp3™ cells and IL—17" cells after allogeneic stimulation of T cells
Jeong Hoon Lee

Immunology, Department of medicine

The Graduate School of

Seoul National University

Introduction; T cells play important role in the development of immune
reaction. Among them Treg (CD4"CD25 Foxp3™) and
Th17(CD4"CD25"IL—17")cell are important in egulation of immune
reaction. Selective suppression or activation of two cells may obtain
suitable immune suppression and it can be achieved by using adequate
immunosuppressive agents. In this report, I investigated the effects of
variable immune —suppressive agents on Tree and Th17 cell differen—

tiation and proliferation after allogeneic stimulation of T cells.

Material and methods; CD4"CD25™ T cells were separated from the
spleen of C57BL/6 mouse as the responder and stained with CFSE.
Allogeneic stimulator cells were separated from the spleen and lymph
node of BALB/c mouse and irradiated. Responder and stimulator cells
were mixed with 1:4 ratio and cultured with 37°C in CO2 incubator in

96 well plate. They divided in two groups, one is Treg differentiation
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group stimulated by TGF— and IL—2, the other group is Th17 dif—
ferentiation group stimulated with TGF—, IL—6, anti— [FN—y and IL.—
4 antibodies. Each cell groups are divided into three subgroups de—
pending on immunosuppressive agents (mycofenolate mofetil, tacro—
limus and sirolimus). 3 days after cell culture, Foxp3* cell differenti—
ation and proliferation were analyzed with Flow cytometry. RORy—T
and IL—17 expressions were analyzed at day 5 of cell culture in Th17
cell group. Precursor frequency ratio was analyzed in RORy—T and

IL—17 cell expression group.

Results; Mycofenolate mofetil suppressed the differentiation of Threg
and Th17 cells with dose dependent manner. In 1000 ng/ml group cell
differentiation were significantly suppressed compare to other con—
centration groups. Tacrolimus showed suppression of differentiation
and proliferation in all types of cells. However in delayed administra—
tion (24hr after allostimulation) group, Tre. cell differentiation was in—
creased compared to simultaneous group. No significant suppression
of Treg and Th17 cells was shown in sirolimus group compared to the
others. Precursor frequency ratio for RORy—T+ and IL—17" cells did

not significantly suppressed in sirolimus group compare to others.

Conclusion; Mycofenolate mofetil and tacrolimus showed non—specific
suppression of Tre and Thl7 cell differentiation and proliferation.
However, delay administration of tacrolimus showed increased differ—

entiation of Foxp3™ cells compared to simultaneous group. Sirolimus
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did not significantly suppress the differentiation and proliferation of
Treg and Th17 cells, suggesting that sirolimus is a candidate of suitable
Immunosuppressive agents to maintain the immune tolerance without
significant suppression of Treg and Thl7 cell differentiation. In this
study, immunosuppressive agents showed variable effects on differ—
entiation of Treg and Th17 cells. To enhance the selective effect for
the Treg and Th17 cell differentiation, Study for combination and tim—

ing of immnunosuppressive agents administration are necessary.

Keywords; ROR 7 —T, Foxp3, IL—17, Tyeg, Th17
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