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AENTRIER S D\ ITHUR e E OBREEA LIS UCTHEFEMEZ MRS 2R L L CoE s
AT LEFEL, MR, A, BT LoV THIBIZIT S 2 & T LELEFIT T D
ol SO Z B W TR O IS EWE & 5 W IXE B 2B R & L CTHhH Méﬂéﬁ%
NI A CEAZ, MIRERmICEE LI2ZNZNOY A b A 3T 5 R R 72 /R

DRI S, HIRNICZE OB REIRZ D 2 & THAEROIE MR I BB 2/ L~ v
T@%“/F%ﬁ%?éo;@ BRSO O WMAZE A S REAIRREE LT, ¥ —
WX DMENEAD U Vb E I Loy 7 VRERBE DA HIL T D

YA MIA ZFRIROEE 2 7T I RERE & LT JAK-STAT (Janus kinase - signal
transducer and activator of transcription) 7 VRN EI Hi TV 5D, JAK-STAT &
TF AR TIE JAKs 7 7 2 U —I2@ 7 % JAKL, JAK2, JAK3, TYK2, 72 5 NZ, STATs
77 U —IZJ&7T 5 STAT1, STAT2, STATS. STAT4., STAT5a/b, STAT6 75 EE 727 E|
O, ¥ —ETHD JAKs 1TV A MU A UZFEOMPAN KA A i L, A b
A DZFERPC L0 U bz a3 22 (Figure 1), S 52, &ML LT
JAKs D ixikax ) Vb L, RO THES SR STATs @ U v Eefb 7 L CRifaNIZ > 7
NEARET D & ThR % IR AR F O FE I & 2 Mo mfb, A b A o 5i%e
HHT D, LD JAK-STAT & 7 F MREREEIIY A F A DA R P Lt
BT HHADORK E L THER STV D,

IL-23

p—

p40 ;1; Ligand binding

Autophosphorylation/
Crossphosphorylation

/ STATs phosphorylation

Nucleus T~ - Dimerization
3 \

Translocation

Transcription |

Figure 1. JAK-STAT pathway



JAK 7 7 X U —®WN, Tyrosine kinase 2 (TYK2) (% 1990 42 Krolewski J.J. %2 L Y
RRENETmT A Funr X F—CTHLHY, HE T hD U L/ EKcDNA T 77V
M5 cfms tyrosine kinase domain probe Z W CHHDO T a T4 o Fri o —E%
RE L. TYKL, TYK2 BEXOVTYK3 # L L7z, L2, TYKL [ ZBEIC~ 7 XA TR S
TV BRI T 1 v % F—+ leukocyte receptor tyrosine kinase (LTK) @t F7RE
7 ChY . £l TYK3 [ZIZIFFEFRFHNI I W S NIRRT o v o FF—E O fps/fes
related (FER) Toh o7z, TD7=®, BEIT "TYK” L4 DfH 7 —8ITZ TYK2 DA TH
5. ZD%, AR N—71C kD) TYK2 DMEEE N A A U 2R lo WIS /R T o o
VX F—BTHDLH I ENHLNI ST, 1992 121X Velazquez L2273 TYK2 23 T A1 o
% —7 ) (Interferon-a/B: IFN-a/B) D 7 FNEIRFET H Z &9, & 5T 1993 H121%
Shuai K723 STAT S TYK2 (I2 X0 U b SN T 7T NEBZADH T LA BT LY,
TYK2 5570 5 34E1F & DRI REMAT 2N R & < HEA T, )57\ JAKSs 13 1991 £F(C Wilks ALF.
S8 JAKL 72 5N JAK2 %9, 1994 422 Takahashi T8 JAKS # % . L7279, JAK O
20X, ETEVA SHA UZRIENEDOT T FADR ERICHD L, ZRENY H
RORE %% T TIEM LT 2 & JAK BEPNAC Y U baiE 2 L, & oITiEM b s®Ic
FEETHERGRT STAT 2V Vb T 5L W) THENRH D Z L, v—<MEEoR %
FLST 2 WY X 2 (Janus) I[ZRA Td Shiz, JAKL, JAK2, JAK3 & TYK2 (2iE,
FF—E FAA MEEOIBERHVFE L7 7 I Y —IZHhESN, b 4213 JAK 7 7
TY—LFHTR TV D,

ZOEHICTYR2ZJAK 7 7 I U =D TRONCER SNIZHFTH L0, BisF KA
~ U ADFEHTTIEMO JAKs & i L T ORBAIHE S Hh) o 72 (Table 1), 725,
JAK1 Oi#fs /x4 (Jakl gene knock-out: Jak1™) ~ 7 Z A% T IZH T L, Jakl ™™
MRS A N A @z 5 A v 88 (common y chain: cy chain) #3495 IL-2, IL-4,
IL-7, IL-9, IL-15, IL-21 R0, IL-6 D cy A F A T L TUINEERKTHZ &9,
Jak2 v 7 2 TR MEROPEAIC M D erythropoietin (EPO) /K 7 Aicflb 57
DOISMAREREE 2 = L CHAEBSETH VY, Jak3 =7 A cy A b I A x5
BEORKNG, T A, Biifd, NKMROWEAREZ R, HAET D00 X B HEIEE
A EALAE (X-linked severe combined immunodeficiency: X-SCID) %7/Rr910, Z D X
712, JAKL, JAK2 B XN JAKS OB RIA~ T AT TR L IEFITHNEH 2R L
7=o —7 T, 2000 4EIZ Shimoda K.2(Z XY &7z TYK2 O#faF K8 (Tyk2™) <
UZFIEFICHAELZZ & £ LT TYR2 13 IL-12 O3 7 FMBREITITMA TH o 123,
il TYK2 AAET % IFN-a/B R° IL-6 D> 7 F L ~OEBITRIMTE o 7= 2 L b | VY
WCREFREZR 7y - & B 2 b=, TYK2 BE 7122V Tl gene targeting knockout 7217
T, BRBAEOZRRERIZ L H2REM LI HNIZI TS, Ortmann R T —%HY
707 V) —4—@ B10.Q ¥ A & t#k LT Jackson Laboratory T/ S5 B10.Q/J v



ZHN IL-12 3 7 F il BREGEZ 5N o T — 4 L F A& (collagen-induced
arthritis: CIA) 7 /VIZEWTRIERIIMEZ R 2 L2 R L721219, Z20#%, B10.Q/J
~ 7 A1 TYK2 @ pseudokinase (Janus kinase homology 2) domain (Z E775K mutation
W DT OFERER 7 TYK2 Z 38 L TWRWZ EAVHIBA L7239, 2l BT ixitE £
inotz, Tyk2 =7 22BN TR, = FhF vy a v 7okt L TRV 2R
T LDNEE SN b D D158 G R KRR BT DRENTEY L TR 2R AIR5ER
HERD o7,

TYK2 1% IL-12 B L O IFN-a/B OZFK S 7 FIUREICE DS Z L3 5TV 728,
ZD%, A NI A UIFZEOHRIZ LV | IL-12 12872 IL-23 OZFILY 7T /UsiEic b
DD EBHLNI o721, 1L-12 B IO IL-23 1ZZE 4 p40/p35 35 LY p40/p19 &
WOBEREY V2= MPREAEKREEK L TA~T XA ~v— Lozt A b AT, 4
WOV 7=y & LT pd0 267 518, [FAELIC IL-12 &AL IL12RB1/ IL12RB2, IL-23
ZARMRIT IL12RB1/ IL23R O~T & A ~— |2 L DBk & 519, IL-12 & IL-23 2394 b
A VZEERERET DL, WTHOHA FhA b TYK2 BEONJAK2 OV VL%
WL T STAT4 & 5\ & STATS 2 U U LC. U »fR{k STAT R4 A ~—Z Ik
L CENBAT L ERG R & L CHRET 5, — 5 IFN-a/B D FIK S 7/ REICIT TYK2
& JAKL 5T 5, 20Xk 912, JAK-STAT BRENED LY A I A VZR/IETIZ 2O
F 7L 3 2D JAK D x B DI I Y T T MREEIT D

Table 1. Representative phenotypes by JAKs mutation in mouse and human

Defected gene Phenotype in mouse Phenotype in human

Tyk2 Impaired response to IL-12 Hyper IgE syndrome

. . (Impaired response to IL-12,
Pertially impaired response to IFNa IL-6 and IFNa/B)
Impaired production of nitric oxide upon

lipopolysaccharide induction

Resistant to collagen-induced arthritis*

Jakl Decrease in birth rate No report
Failure to nurse
Perinatal lethality
Smaller thymus
Abnormal lymphocyte development
Impaired response to class Il cytokines (IL-10,
etc.), gp130 cytokine family (IL-6, etc.) and cy
cytokines (IL-2, IL-7, etc.)

Jak2 Embryonic lethality around day 12.5 postcoitum No report
Absence of definitive erythropoiesis
Absence of fetal liver BFU-E and CFU-E colonies
Impaired response to Epo, thrombopoietin, IL-3,
GM-CSF and IFNy

Impaired development of mature B cell, T cell and
NK cell

Small thymus

Impaired response to cy cytokines

Jak3 X-linked SCID

* Tyk2 mutant mouse (B10.Q/J)



TYK2 #F52i%, 2006 42 Minegishi Y.2£ 7235 IgE MAEDREFE O F 6 v b TYK2 KIEE
Blas R L2 & CREREHA TR 7220, & FTO TYK2 RIEBORIMN, ~ 7 2D
MBI BT > Tz IL-12 & 7 F Vil EE Sz Thl Mlaind] o RBEA 2R Uz
721 T/ <, IL-6 X° IFN-a/B ¥ 7 F/LiZkt L T8 TYK2 REOEENTED HivizZ & T,
TYK2 (3t MZEWTIEIMO JAK ICRF SN WEHERFE I ZzFS LB 6N L |
S7-, FEREEIZIZ, SLE OZRFERICEB VT TYK2 O—#E%£M (single nucleotide
polymorphism: SNP) 23 L S 4L T 2232122 FURAZ IR S22 s 7 L BE AT
(genome-wide association study: GWAS) 75 & TYK2 (2B L T B & R 2R
22l TYK2 OBEEMEZ B ST DI Ha7toTc, ARSEIZR W THx 2R EICK L
TREAHNZAT OISR, B8 | CORERA TH D 7 m— 9 (Crohn’s disease: CD)
2320 L EMET U7~ h—F X (systemic lupus erythematosus: SLE) 25200 3L,
JE (multiple sclerosis: MS) 27.2829.  Eifif (Psoriasis) 300 GWAS (2B T, ExTYK2
&5V TYK2 By Th 5 IL-12 X [L-23 R°FOZFIE, &5\ ik STAT3, STAT4
DRBEZ MBS L LTRESNTZOTH D, RENRH CRERETHLHHEE ) v~
F (rheumatoid arthritis: RA) @ GWAS TiZx TYK2 D4 13203 > TV e, IL-23 %
> STAT4 OBFHE R FERI STV D Z L2 5318 (REFERZRE OfEREA L TYRK2 Offic
EREEMEN TR S R STV D,

H AR BIFZEIC Tk, 2004 41 Th17 MO BRI K 537 44 Ly 7 R AR
&7z, TAVE TIX IFN-y ZEAT % Thl Mifla & IL-4 X° IL-5 Z#fEAET 5 Th2 Mifao 2 &7
YA bHA L EN L TEHOOBEZIIHITD X NRT AN E L, TOMMR T 2
FIEOBEFEIC L 0 EIRBRSH D WL T LV X —EBEZRIET 5 &9 Thl/Th2 ff T v
ABMBERIZ 5723339, Ll IFN-y ~ 7 2 i3k T filfiaoht IFN-y FRHiA Tt MS
ODEMET N THDFERME C HREMEMET KA (experimental autoimmune
encephalomyelitis: EAE) %l X& 2% 2 & <0330 Thl flifd 2 #5895 IL-12 D& 512 &
VD EAE 23 &5 2 L2530, Th1/Th2 721 THELT L b B CE R ERIE A 1 = X 4
DA TE DI TIHERD o7, Ll EMAEDH DL TL-23 (28 LT IL-17 2 pEA
T 5~ 8—T Hifa & LT Th17 MM ET7- 125 R S hses040  TL-17"~ 7 204 IL-17
HPRIPUARIZ L W BEAE 230 S v D 2 ERBA LT o 724142 Z 9 LC Th17 M2 |3 2
TR BBV ORIES EMEICE < 2 & 28 < R &, Thl #AR &I A TH kS
FEIENZ BB 2 FF o~ L3 —T il & Bk S DI e o 72, & 512, Sakaguchi S22
K ORI TOHINE T ML (regulatory T: Treg) FifiEA349, Thl filds X O Th2 #
Ja721F T7e < Th17 MlaFERE 2 & I35 2 & A 5072 0 49 BIFETIX Thl #ila, Th2
FM, Th17 Mk X O Treg MO FIZ 4 DD~ R—T MY 7 & v kD3R DOEE
PEHERF D 2 WITREERICEE AR EH 2 H-TWnEH EEZ N TWVWD, T2 CTRMBREARL
TeDIX, DM BEFBUZ ML B A N A O TH 5,



BN =T HilaY 7 &~ M Figure 2 (2R3 X D IIEMEALRINR 252 0 7= 2 &£ D7t
A —7 T M2kl 78y MElChix 2858 T CEICBMGMIE (Dendritic cell:
DC) Mo END A b A BB TWDED, F A —7 THifa~n IL-12 #giz &
0V STAT4 iEMEAL % LT Tbet ZEAFHFE 4, @\ IFN-y EAREZFF > 72 Thl fila~
Do fbEZTF 5, 20 Thl AlIX ISR GRE Z ) R EE Ch 5, IL-4 #
1% ¢l STAT6 75141k %2 /i L 7= GATA binding protein 3 (GATA3) REFEIZ LV | IL-4 X
IL-5, IL-13 ZpEA « 43tk L TR UERGLBA T L L — Otk fesZ 20 5 Th2 filfi~
Dok EZ T 5, Thl17 Mo F5E L IL-6 & TGF-8(k FTIXIL-18) @ 2 >DH A hhA
VI XV retinoic acid receptor-related orphan receptor yt (RORyt) FHNHE SN
TR Th17 flifa~& b3 2%, ZORMKHAZ Th17 M2 RORyt IZ L W FFE I
7o TL-23 R FBL L, B L7z Th17 i~ & 53k 540, fil Tl ex-Th17 Hifia &
FEZAL D IFN-y & IL-17 Z EAET Dl i STl Y | Thl17 MiladR& o biEie s b
A 6, ex-Thl17 M@ L TO IL-23 ORI &R STV 54748, £z, 4] Th17 #l
Jeid TL-17 pEA M & L C R SN2, IL-17 7200 T < IL-22 OFEARE L mW 2 &2
BN > TV, Th1T AR EAT L IL-17 B KOV IL-22 & Th17 ¥4 M A LI
5. TGF-B #il##% TI% forkhead box P3 (FoxP3) HFEIZ LV Treg ML NFHE S,
TGF-8 <° IL-10 Z# pEAT 2% & I Al E O cytotoxic T- lymphocyte antigen 4 (CTLA4)
DFBLEIT L TLO A~V S—T MAOEREHIEIC T35 L EX 6N TS, £/, Treg

IEN- Cellular immunity
v (Intracellular bacteria, viruses)

IL-4 Humoral immunity
IL-5 (Extracellular parasites)
IL-13 | Allergy

IL-17 | Cellular immunity
IL-22 | Autoimmunity

IL-10 | Immune Reguléﬁén
TGF-B | (Peripheral tolerance)

Figure 2. Helper T (Th)-cell differentiation and immune responses



IR OMEREHERT BEBER T I X ey A P A L D—DOTH D IL2 MO DRIENEETH S
ZEBRMBNTVWD B, ZDX )T HIICE L TELN T HMAND, FAT
H O Bl 425 2 285412, Thl Mg X OV Th17 M~ /1t - HilargEe 2 HE4
52 ENEETH D LFERFC, WIEMEOHIEE Sl Tod 5 Treg Ml IZEEL RN &
WG FIETH D EB 2T,

JAKs 13V A NI A VZRIKS 7 F BT ERO X9 ICEE R EE 2> Z Lvb,
JAKs il 37206 JAKs OF 7 —BRHEFIFAIEEN & L THEH ST\ 550 (Figure 3),
JAKs Hli#ENC £ 5 B O R BOREEZ HIF LA A ER L- & & TYK2 1L Z D~ 1X
—THIED Iz 35T Thl MIEEIZ X280 TL-12, Th17 flE OFEREHERF I M ZH D TL-23
WCHER JAKs THhH I ENDENTCAEENE Lo 7 7 A VEFFOEEZILND,
JAK? & [FREIC IL-12 B X OV IL-23 O3 7 FUREICE D 5725, JAK2 13 EPO Z &k 7
FICBWTHNAEATH Y JAK2 B HEIZHES B MBS R B OIS FER & L CH S
TH DD, H OERBIRRE L L Ol m R ORERGSSHRONEE XD, —J7, JAK3
IXEMERICIRA L CTREL, THROBEICHBESGT 2 cy A b hA U EILLS T2 2
ED D, HORERBIRKICBWTHZEHEIN TS JAK Th b, LarL, TRz A<
HIEIT 2720, WIEEOREFITEH 2 5 Treg Milaz KT 5 2 LR TFHRHISS, JAK]
t JAK3 L[AIERIC cy A DA &I 2, IFN-y &K 7P B8535 2 &
MO, GEGE) A7 BNEE D T EPNREIN D, TYR2 (ZE MR CRED &N H DD
WA IE IS BB 5, L, B hTO TYK2 KEORE LM

IL-2 EPO IL-6 IL-12 IFNa/B
IL-15 GM-CSF IL-23 IL-22

Inhibitor T T T
JAK1 + - +
JAK2 - + +
JAK3 + - -
TYK2 - - +
. Immune cell T-cell leukemia  Anti-inflammation Th1-Th17 Immune regulation
Efficacy - ; . ) .
suppression suppression Th17 suppression  suppression Th17 cytokine
. regulation
Side effect Anemia

Neutropenia

Figure 3. Predictable efficacy and side effect by JAKs inhibition
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FRSENTND Z L5 TYK2 OFERE & il 2 AN TSR BIBRICAE TH 5 L FAIT
EX D,

AHFZIZ BT, FATH CHER AT 5 TYR2 O%EICER L, Tyk2 <7 2% M
WeR 21T o 7o, BH— = T, T MifladgrE s Blds L O~ —T Hiflasrkic 317 % TYK2
DEF % in vitro7: & ONZ 1n vivo THENT L CTHETZ N RIZ DWW TR 5, 55 8 CIIBIHEi%K.
B CIIRIEER R, U CENE IR O A CaR BT T V2R L CREE
FAIZH T D TYRK2 O&E], 72 50N TYK2 BLEAIZ WA LW R 2k~ 5,

.11.



£—E THRIZEITS TYK2 D&E

E—H WE

TYK2 BN 7 F AREICEET 59 A4 A > Th D IL-12 B L OIL-23 (X, Zh
ZAVIFN-y A, TL-17 PEAE RS FHET 2, £/, =7 =7 2 —T il EFEHIN L T 1 —
7 T MR 54k Lic~ L 3—=T gy 7 v hOFEIC LT 5, =7 =7 % —T #fl
R id, JERYLBAE 72 Sz TRl S 12 B9 535 Thl Mifads KO Th17 #ifa, i
LT LVX—ZB 59 % Th2 Mifd, Th1/Th2/Th17 #HAdO @ e e s % 4 5
Treg AN FIE L. ENENDO~A =T a7 &~ NP EHENEIFEET LA K
HA L DIEEN U THEICEBE LA, b0 NT v 2% L5 2 L CHAROIE R MEHER
Zi{T> T2 9, L L, Thl fifla< Th17 #fes 8 EPiURE S 5 W idshkatsics LTl
RIARELAFET L LICE o TEDAT U AN & XTI H CHRERBD X 5 7205
H7RiEZ 5] & 23R RMR & 72 5,

RIEFINL % LT 2P/ U > 738 (draining lymph node: DLN) T IL-12 <° IL-23 (2
LY Thl fifad AW iE Thl7 FEE DO~ L I—T Ml OS5 bRNFE S, E~ L 3—T #l
fat 7 > MIFEETALCHEASNI T T A N X DEEVER CRIESAICER L THK
JiE S 7 TUE S %52, Thl #ifd<> Th17 Ml D X 5 2= 7 = 7 & —T Ml sk % F A
—7 T, WRZBWCERBMRN LMLl Tdh D, T4 —7 T Hild~D%
{BIZBWTIEZEDOY A b A U5 Z & TT gL &7 % — (T cell receptor: TCR)
R CD3 72 £ T HifaEA D4y 72 3B L TRE L | BT © CD4 ° CD8 72 X X BT
TAEST DT EFRBL L TRMO IR Y v g’ CAEERIEICED S, 20X 57 T
fRl D pRGEFRIZ BV TR, JAKT/JAKS 23R 5425 IL-753, JAK2 2357 % c-kit 23B 5
T o850, TYK2 BG4 b A 3G Ly, Toizd, TYK2 3L T
HRIZ DB E KT T EZ 2 B D,

AKETIL, Tyk2 = 7 23 LT Tyk2 natural mutant ¥ 7 275557 #if % AW T, in
vitro TOFAN e T MSENE, TYR2AKFRIZR YA b A V% &~ =T il sr b
DFEEA | FRIC Th17 MlIZER L CTHRET L7z, E5IT, in vivo lZBIT 5528 570
9570, T MRKRFEN 260 EIRE CTh D IR TR EEK)IE (delayed-type
hyperresponsiveness: DTH) ~®D #2822 it Lz,

-12.



E_H EBMEEAE
i) Tyk2" =™ X

TYK2 j&f5 1 ® knockout ~ v A% ES fifaiZ BT TYK2 (= 7 A tyrosine kinase 2 :
NM 018793.2) s fEa o —> 2 =0T 1 > 7k (v U A2 TYK2 BiRFO=7 Y 10
4.2 kb Xbal-EcoRV 7 7 7 A > b & XA~ A ¥ VRIS FIZEH) (X - ThdE L, =
N~ ZRICHEBIEAL THF AT U AR L R L > TR~ SN REXRE~
72 (Tyk2" <= 2) £i3~Tu X~ 2 (Tyk2" <7 2) #H\\ 7= (>8 generation
onto BALB/0)1), = hu—~w 2 (Tyk2""~ v %) & LTix SPF {Licflifl L7z
BALB/cAnNCrlCrlj %t (HAT v —/L & « UN—) ZffiH L7z,

ii) Tyk2 mutant 72 X

B10.Q Ny 7 7T 7 RO~ AD H b, Taconic Farms, Inc. (NY, USA) TAEFEIIND
wild-type ® B10.Q/Ai ~ 7 A1Z%f L. The Jackson Laboratory (ME, USA) CTAEFEII D
B10.D1-H2q/Sgd (B10.Q/J) ~ 7 A% TYK2 i#5 1 ® E775K natural mutation |Z X ¥
RERZ2 TYR2 A ZFBL LW 19, i~ T 22842 D7 U —FZ—=1bE A L CRERIZHE M
L7,

i) BhinimE
AREBRIIUTOEEB IO A RF A AHERL L TER LT,

(Ehi D R OVEBRIC BT 2954 (FRFn 48 45 10 A 1 BIEA 105 =, “Fak 11
12 H 22 ASkiE, Rk 1746 A 22 H—HdE)

[ BB O fil s K OV I NS W ORI BT 2 5L ) (BREEE & R"EE 88 5,
PRk 184F 4 A 28 H)

@i FEBRIC B3 5468 [(fh) B AREREM 2, B 6245 A 22 A

iv) T #iRa s sEET M

~ U A A R T CHRUMEE Lo~ 7 A B IR AR Lo, BB T A e R
v ¥ 2 VT ER 2 & e lE5iiia Z B L . ACK buffer (150 mM NH4C1, 10 mM KHCOs,
0.1 mM EDTA-2Na) TIEMALEE L T, 10% FBS 3 X O 100 units/mL penicillin 3 X OY 100
png/mL streptomycin % & e RPMI1640 5512 ka2 58 L 7=, MilakssEid, CO2A1 »
F 2 N—H—NIZENT 37°C. 5% CO2 DA T TIT -7z,
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T U 27 EREW AV SRR Tid, 96 well plate (2 1x106 cells/well & 725 X 9 AL 25
FEL., T Miffd~~4 h = concanavalin A (Con A) (Sigma-Aldrich) OF&EEN 0 — 10
ng/mL & 72 % 3 O W ZIEMAVRIT 2 N 2 7 FI 45 Rl # 0> © 48 IRefH1#4 0O [H] D Hi%H 2 WST8
(FUAE) TRl 2 & & bia, B L7z g IL-2 J2 % % ELISA CHIE L7,

A NI A FEARER TIX, 5x104 cells/well & 72 % X 9 anti-mouse CD3
antibody-coated T-cell activation plate (BD Biosciences) (Z /A% #5fE L. mouse IL-2
F 721X mouse IL-12 T 48 BRFHINK L 7= & & OR5#E R IFN-y ¥ % ELISA THIE L 7=,
Mouse IL-23 Z JAWVERAZIE, 72 KB L7z & & OR538 1IE T IL-17 R %4 ELISA T
HE Uiz, AR W =91 b B A >1d . mouse IL-2 3 X 0 mouse IL-12 (% PeproTech,
mouse 1L-23 /X R&D systems 22Ol A L7z, ¥ N7+ ] ELISA %> ~E42TR&D
systems " HEEA L7,

V) AJLR—T (helper T: Th) #ifas LA EHER

Dynabeads Mouse CD4 (L.3T4) (Life Technologies) % fi /i L TSR A> 5 CD4HIN %
ROT47®vLV 7V ar iz, Dk, DETACHaBEAD Mouse CD4 (Life Technologies)
ZRANWTCE—X71Y—0 CD4fila %z [EL L7z, & 512 CD62L MicroBeads (Miltenyi
Biotec) # £ L T CD62L+Milu &Ry 7 4+ 7L 27 va v L, KERER>95% D
CD4+*CD62L+F A —7 T Mz =M L7z, W L7=F A/ —7 T #HifalLX. mouse IL-6 (50
ng/mL), human TGF-8 (5 ng/mL), mouse IL-23 (10 ng/mL), mouse IL-12 (1 ng/mL),
anti-IFN-y antibody (XMG1.2) (10 pg/mL), anti-IL-4 antibody (11B11) (10 pg/mL).
anti-mouse IL-12/I1L-23p40 antibody (C17.8) (10 pg/mL) 3 X' anti-CD28 antibody
(37.51) (1 pg/mL) & 42, anti-CD3e antibody (145-2C11) % 5 pg/mL CT—BEF{L L 7=
7' L— N T 72 WEHESEE L. Th17 fifd, Thl Mild £ 7213 Treg Ml ~D b 28 L,
HIZHWZ A 14 21X, mouse IL-6 35 & U mouse IL-12 |% PeproTech, human TGF-8
B LW mouse IL-23 1% R&D systems 7> b i A L7z, HLiAIZ, anti-mouse IFN-y antibody,
anti-mouse CD3e antibody. anti-mouse CD28 antibody (& BD Pharmingen. anti-mouse
IL-12/IL-23p40 antibody /% BioLegend 7> 5 [ A L 7=, anti-mouse IL-4 antibody (% 11B11
HERE 2> & FERL L 7= Bk & e,

vi) 2A—4A kA k1)— (Flow cytometry: FCM) fi##fr

SHCFHBEOMERITMIAN YA S A v BERF, MR ETURORE LT D
ZETHER LT, T2 5, Thl Mildds LY Thi17 filaix FITC-IFN-y Hifk7e 5 NT
PE-IL-17 HifkZ FiVC &Y L, Treg | PE-FoxP3 Hiik T _HE Yt L C, T DORE N
— % 7n—H% A h A—%—BD FACSCalibur (BD Biosciences) 5 X OVfg#t >~ 7 k
CellQuest (BD Biosciences) F 7-1% FlowdJo software (Tree Star) THENT L7=, N HEHT
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Ji7e b NTHBEN T A R A > DY LR Alexa Fluor 647 labeled anti-CD4 antibody
(L3T4) . FITC labeled-IFN-y antibody (XMG1.2) . PE labeled-IL-17 antibody
(TC11-18H10), PE labeled-FoxP3 antibody (MF23). FoxP3 ®O#lifidNfa i3k Mouse
FoxP3 Buffer Set |% BD Pharmingen 7 HlA L7z, IL-17 35 X OV IFN-y OMIfaN 1 k
A Yt i3 BD Cytofix/Cytoperm Fixation/ Permeabilization Solution Kit with
BD GolgiPlug (% BD Biosciences 7 HHEA L7,

vii) DTH R s

Day 0 {Z 5 mg/mL @ methylated bovine serum albumin (mBSA) (Sigma-Aldrich) & 1
mg/mL H37Ra % & 1r Complete Freund's adjuvant (CFA) (DIFCO) # 1:1 TIRA L CT=
<N arERBML, 50pL O LY a CEEEHO 2 FETICENE L THRE LT7Z, Day 7
EEFD (2> v 7 3225 —2 (PEACOCK) % AW CTlif DR D pre fE 2 HIE L7z,
0.5 mg/mL ® mBSA V&R % 4 %O~ 50 pL BN LTz, A% o~ 3SR
50 nL # FZNIE L7z, Day 8 (il 24 Rfi]#) [ZHZAK DR ZHE Lz, DTH GO RFfm
X, BIEEIZOWT, day 8 IZBIT D% DELN G, day 7 D prefiz72L5I< Z & TH
H L7z,

viii) #EEHERHT

TR E O H 72 & N O/ERIT Microsoft Excel 2003 F7-1% 2010 (Microsoft
Corporation) Zfif L7z, #aH#NTIL SAS System Release 8.2 (SAS Institute Inc.) % fii
ML, AEAKYME 0.05 (W) 26 THE L7, HEHFFER, 2 BER o8 L 728l o k.
BT ¢ 10 E F 71X Weleh f7E & W2,

B BRELUSEER
F—H TYK2BEFREYIVATHRORRY

7 =7 Z—TMROREIZEBT 5 TYK2 O&E 2 52T 570, Tyk2™, Tyk2""
BLOTyk2 ™= 7 2Ol 2 T T HIKSE 2 Lz, THlR~<A FY=>Thb
Con A Z AW THE 4 DY CHIAZ K L= & =, Tyk2"", Tyk2" B L O Tyk2 =7 2D
JEK AR X [R) 2 O HEIREg S L OV IL-2 PEAERE 27k L7z (Figure 4A, 4B), 72, JAK1 B X
WJAKBIZ L > T 7T DM SNV TYR2 3B G- Lo R A > Th D IL-2 #liKC
BWTH, MM CHE IS IFN-y MEABEISEWVITRD b Lo 7o (Figure 4C),
ZOZ EmEB, TYK2 KIBIC X - TRARNZ T AIRHREIXMRRFS LD Z E N LT -
7=
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Figure 4. TYK2is not required for T cell specific mitogen reaction and IL-2-

dependent IFN-y production.

A and B, Isolated splenocytes (1x105 cells) from Tyk2"*, Tyk2*", or Tyk2™ mice were analyzed for
proliferative response (A) and IL-2 production (B) after stimulation with or without Con A (0 — 10
ng/mL) for 48 h. Results are representative of two independent experiments. C, Isolated splenocytes
(5x104 cells) from Tyk2"*, Tyk2"", or Tyk2™”~ mice were analyzed for IFN-y production after stimulation
with or without IL-2 (0 — 3 ng/mL) in the presence of anti-CD3 mAb for 48 h.

WIZ, TYK2 B L OV JAK2 3B 532 TL-12 RIS x4 5 285 et L7 17, 2 Of5 R,
IL-12 12 & 280 L 0 . Tyk2" 3 L OV Tyk27 CIEE B 7 IFN-y FEAE RO L= DIkt
L. Tyk2" @il Tl IFN-y EAD ERANRD i 7- (Figure 5A), = IL-12
ISR 2 BB D R KX Tyk2 mutant Th 5 B10.Q/J ~ 7 ATV T H [AARICHES
h7- (Figure 5B), HWFZEICHV = Tyk2" <~ 7 213 BALB/c R TH - 7273, B10.QIJ ~ 7

A% C57BL/10SnSg R TH D, £/, ZILE TOHIEIZIVT 129/SV & C57BL/6 DIE
HERFRD Tyk2" ™~ 7 22BN TS IL-12 (26T B ISEMER K KT D 2 L 2R L TWA =
s W IL-12 fKIFR972 IFN-y BEEAEICRIT 2 TYK2 OB ER R TH Y . BIBH7RT
FOEWOEBLZ T 202 LRI,

IL-12 13 p40/p35 Tl SN H~Ta X A ~—D% A A L ThH Y, pd0/pl9 Thipk =
NDHIL-23 &idpd0 244G LT 5 189, TYK2 B L ONJAK2 I IL-12 2 BIK D H 72 53 1L-23
SREICHEE LY TR EICED S 19, 1L-23 13 IL-17 EAEOFHER T+ THLHDH Z &
N, Tyk2™ | Tyk2" 8 LN Tyk2 ™~ 7 2 Ol % TL-23 THIPE L7- & & o TL-17 BEA
[ZOWTHE L 72, Figure 6A (Z~3 X 912, Tyk2" Tl IL-23 HIE B 12477 L T IL-17
PEABOHMMPRBD bz, —J, T\/kz‘/'f TIL-17 BEEAIRIEIER K L, Tyk2" Tl e
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ED IL-17 PEA 2 /R TICia & 220> > 7= (Figure 6B), Tyk2 mutant T& 5 B10.Q/J [ZEBW
TH IL-17 FEEDOKRKPRD bz, ZOZ L, TL-23 kA5 7e TL-17 BEADN TYK2 (2
RSARIE L TWD Z ERHLMNTR Y | ZOIRFORRE L IL-12 (K{FA97% IFN-y A & 1%
B0 2 I REME DS R X T,

(A) (B)
15000 [ —e—Tyk2+/+ 800 - SO oA
= —O0—Tyk2+/- = 700 A —o—B10.Q/AI
%,12500 Tyk2-/- % 600 | —0—B10.Q/J
& &
= 10000 - = oo |
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o 2 200 H
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01— . . . — 0 LO—0—=0—"0—0
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Figure 5. TYK2is required for IL-12-dependent IFN-y production.

A, Isolated splenocytes (5x10% cells) from Tyk2™", Tyk2"", or Tyk2”~ mice were analyzed for IFN-y
production after stimulation with or without IL-12 (0 — 3 ng/mL) in the presence of anti-CD3 mAb for
48 h. B, Isolated splenocytes (5x104 cells) from B10.Q/Ai or B10.Q/J mice were analyzed for IFN-y
production after stimulation with or without IL-12 (0 — 3 ng/mL) in the presence of anti-CD3 mAb for
48 h.

(A) (B8)
700 - 200 -
5 o—Tyk2+/+ ~ —e—B10.0/A
E 600 7| To Tyka E —o0—B10.QJ
= —0— Tyk2-/- E | -
& 500 - Y 2 150
c
S 400 c
5 2 100 -
S 300 3
3 S
= i (]
= 200 5 50
< 100 - o/o‘o\o/o N
= A O0—o—0—0—"0
0 — = ol -
0 01 03 1 3 0 01 03 1 3
IL-23 conc. (ng/mL) IL-23 conc. (ng/mL)

Figure 6. TYK2is required for IL-23-dependent IL-17 production.

A, TIsolated splenocytes (2x105) from Tyk2™*, Tyk2"", or Tyk2™" mice mice were analyzed for IL-17
production after stimulation with or without IL-23 (0 — 3 ng/mL) in the presence of anti-CD3 mAb for
72 h. B, Isolated splenocytes (5x104 cells) from B10.Q/Ai or B10.Q/J mice were analyzed for IL-17
production after stimulation with or without IL-23 (0 — 3 ng/mL) in the presence of anti-CD3 mAb for
72 h.
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PLEDORSEED S . TYK2 2 /K U7 fla<iE T fifao AR 7o 3258 70 5 N TYK2 JE
RIFE 72 A DA VIREIIT B2 MIE ST . TYR2 B ET 25 IL-12 B X OV IL-23 12 &
VFHEINLIYVA DA EAICH L COLBEELREE 2R S>Z EBHALNIR T,

ETIE TYK2BEEFREOAILA-THEIME~ADRE

TYK2 @i+ XD ThiT Ml b ~OEEEZR 5N+ 5 BT, Tyk2" <~ 2B &
CTyk2 ™~ 7 279 5 B L 7= CD4*CD62L+ )+ — 7 T filla % IL-6 36 X O TGF-B f#1E£ F T
BELEEEXO IL-17T BXO IFN-y PEARIZOWT, MIENYA M A v az vz
FCM Tfight L 7=, Tyk2" it L O Tyk2 fifalc CD3/CD28 Hlik o 2 % I Z 1= 554 Tl
IL-17 FEAEREZ R - 72400 (Th17 MR 1 X1E & A EFRO 5720 A IL-6 + TGF-8 @ Th17
AR R 2 00 2 7235 8 X B DRI Th17 il oFIE 238 L7 (Figure 7).

— 75 IL-6 + TGF-B 1212 T IL-23 2 %A L 7= M 35 u N T, Tyk2 Mz b L Tyk2 ™™
iR TIX Th17 Ml ~DENB BT L, TYK2 28 IL-23 7 W95 2 LT
Th17 HkE O BEFE F 7= ITHEREHERFICH 535 Z E NI LN o 72,

IL-12 12 X 0B S5 IFN-y PEAREA £ - 7-#iffe (Thl i) OEIE & F7- Tyk2™
Ja IR R L, TYK2 28 IL-12 > 7 Vic24 5 Z & C Thl Milaosb, HE8%E F 72 138
RERERFIC T 545 Z LN o T,

TYK2 73~ /Lo3—T Hifg D53 kiz 38T Thl il {bds L O Th17 Ml {bic SR ez
BT DONEW LT D720, Treg Ml bizxt+ 584 K5t L7z, Figure 8 I[Z/R
T L OIZ, TGF-BIZ XV FFE I Treg HifdD~ A X —1L X 2 L—F Th 5 FoxP3 FEH
1T Tyk2 5 & Tyk2 ™ Hila CRIZICHEE S, TYK2 KB DT~ 8—T Mt 7
Ty NTERLZ EBHLNTR T,
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Figure 7. TYK2is required for Th17&Th1 cell induction.

A and B, Isolated CD4*CD62L* naive T cells (2.5x106 cells) from Tyk2" or Tyk2”~ mice were
stimulated with plate-bound anti-CD3 mAb (5 mg/mL) and soluble anti-CD28 mAb (1 mg/mL) in
Th1/Th17 cell-inducing conditions. Seventy-two hours poststimulation, cells were harvested and
immediately subjected to intracellular cytokine staining for IL-17 and IFN-y. IL-17+ and IFN-y* cell
populations were gated, and their ratios were compared. Representative dot plot of CD4 gated cells
and averaged values (A) and averaged results (B) are shown. The results represents mean + SD (n=3).
*p < 0.05, **p< 0.01, ***p < 0.001 compared with control; ##p < 0.001 compared with Tyk2"".
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Figure 8. TYK2is not required for immune regulatory T cell.

A and B, Isolated CD4*CD62L* naive T cells (2.5x106 cells) from Tyk2" or Tyk2”~ mice were
stimulated in the Treg-inducing conditions. Seventy-two hours poststimulation, cells were analyzed by
FoxP3 staining. Representative graphs of three independent experiments are shown (A). Dashed line
indicates the staining of naive T cells without TGF-B stimulation, and solid line indicates staining with
TGF-B stimulation. Results were analyzed based on the percentage of FoxP3bigh population in Tyk2"*
or Tyk2™ cells. Histogram shows representative result of %FoxP3bigh population (B). The result
represents mean + SD (n=3). NS, not statistic.

PLEORSED S . TYK2 13REFEENED Thl fifnis L OV Th17 MO bikE, #ahl,
FEREHERFICIRB W CEHEERRE 28D, S HlEMED Treg MO/ LiFE I L CIIB L
PR & D IR A G R RIS RE A FF > Z L S BT AR o 72,

$£=1 DTH R

In vitro EHRTRO b R IL-12 B XV IL-23 (IZx4 2 2% % | in vivo DS T
MR L X9 &E A7, DTH E IV T LV X —S & bR, =7 =27 %2 —T Hifa
DSBS R LTRSS Ly 24~48 BEMiR 2 7 & L= AR AR b D, MIMESIE RS
WAzt #RIC T ORGSR TS | IL12pA0 s FRH 0 A LU
TL-23p19 A5 T/~ 7 A TISEDRET 5 2 L7 5 112 3 LT L23 ORIE2R3 < R
W SN TN 555560, Z = T in vivo TO TYK2 KB D 88 % 395 B A9 T, Tyk2™" Tyk2"
BEOTYRZ v U A& OB 21T > 72

Tyk2" ~ 7 2 CIZHUH T 5 mBSA EWIEHE 505 24 FERIH2IC R 5570 6O F 510
T CHRWEAE2SZED B v, SO R~ saline #&5- CIZMERIZZRD vz o 7= (Figure 9),
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—7J5. Tyk2" =7 2B XD Tyk2"™ = 7 2 TlZ TYK2 O KB OFLEIZHE DTH G2 & %
FEAE 2N B 29 L, TYK2 28 in vivo IZBW T IL-12 B L OV IL-23 (KAFH) 72 T Hifa A2
WCHEHERERZETHZ ENRB I NI,

1200 1 | i O Saline
#
g_ 1000 4 e BEmBSA
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©
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Figure 9. TYK2 plays arolein T cell-dependent immune reaction in vivo.

Mice immunized with mBSA were induced DTH reaction by the antigen injection into left heel.
Antigen-specific swelling 24 h after challenge was calculated as footpad thickness over the value
measured just before the challenge. The results represents mean + SD (n=5). *p < 0.05, ***p < 0.001
compared with saline; # p < 0.05, ##p < 0.001 compared with Tyk2"".

Fmfi EE

Tyk2 < 7 23> JAKs a1/ v 7707 b~ AL LT, BXo-KHA
RS THMERIC S BEIIFE O By 891010 (iR R 7R B QNS MR AL IR 2> 5 D
AT b ARET L7223, D JAKs BT RE~ T A0 K 5 AR KRB 28072 L
AR L F—2IFR), &6, b Fo TYK2 KBMEFTldm IgE M OER 2R3
e MiET O IgE BARIE L2 20, Tyk2 '~ 2 & Tyk2 < 7 22 EIT3 0
biiehotz (F—4 IERR), Tyk2 ~ 7 A Tik Th2 RO GFERERMESIEN LT 5 2 & 7
557, TYK2 % K48 L7235E I3 PR B & D W I3 20 WEBREE FCik T il ©3 7
O ADHER S, BRI PUR RIS L0 R T U ZDEERE LT A iR Th2 LS E Bk
B ZFF-OLEZ N, O, & F TYK2 XKETHIHEGEZRERE T ThiLEE IgE M
FED X 572 Th2 MO a4 = &7 Tyk2 7~ w7 % L [REEIC T A 035 o 2 &
FF9 25 2 EMAMRETE o720 LivZey, Lan L, Fix OEIREREEIZIX Thl & 5% Thl7
OGS Z HET D 7 A NV AAEMZEOHURS Th2 BOGE G & HET 2 5 =X
ERFEOHUR (7 LAF V) DR L, IR L0 ER DT v R &K - HEFF
LTWA72H, b~ TYK2 KIETIHEIETE OETRRE TITFET 27 LT A Lo TAER
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o E Y AT LS Th2 BALZRRIBIC L LTI 8 BEA D T LR TE 5,

Tyk2" ™~ 7 2T AL - - R E R E R o T2, AR D Y A N A 2B
Tyk2" <~ 2 Lid k& < Bpn | IL-12 27 F B LW IL-23 3 7 F /L2 T TYK2 73
EEARE O ENHA LN ERoTm, Fm, ~AA—T MlaSLICIHBN TS Tyk2 ™=
7 A i3 CD4HMIfiE Tl Thl Ml ~D 53k 7 & QN Th17 Mg OB MK T35 2 & 3R
STz, —H T, PRINTZEBVIT Treg Ml ~D 3 LITITHEL KT I W2 E 036
MERD  TYK2 2 H CAEREBOREREIC %béﬂnmmﬁgo Th17 Aok -
BB 2RI IC a2 > b — LT 5 41T, ﬁﬁﬂ@%@ﬁ%ﬁm LN E Vo
RN ERRICE Y SEDZ E A O LT, AlEEEZE 2 728581213, TYK2 FREZED Thl A
72 & ONT Th17 Ml U CRIREZ2IMENEN 2R3 2 & S 51213 Treg Ml ZHE L
RN D Treg MMEIC X 2 S MHIER O#B) b M T& |, TYK2 FLERKITHR X <
SR 2 B E 5 2 L A EIE SN D, JAKS [HESR G F /- A L2208 13 T % 28,
T ML ORI e TL-7 X° Treg MR OBEREHERFICMZHD TL-2 > 7 TV Z Wi+ 5 2 &
2 T ez @< Mfl+ 5 B2 5, TYK2 [LEHRK S JAKS LER, HH0ET0
> JAK PLEFEHR L X5 T 201 MO A UHEROEN N, & RRHFEHRELT 07 7
ANEFFSTIFNZ 72 D eEDR B 5,

ZO X Hiz, TYK2 i Thl Mifas L O Th17 MiE 2 SR A HIE 3 2 BRE 71 7 7
ANEFOZEBHLNI -T2 e D, RIEWEED 2 WX H CAERBOFREET
LTD TYK2 ORENZFRET HEHIRZINE E 2, RELETIE, HOREREDR

REFSIEIC I 5 TYK2 O&E 72 5 NI Z D & % Thl 3 L Th17 OREE(Z>WT Tyk2 ™™
~ U A% AW RE E D TR I OW TR 5,

EhE F&H
ARETIE, THIEREICEIT S TYK2 DEENZSOWTLLTFDO Z & #H LN L,

TYK2 [TFARM 7 T AR I T BET, v 7T eI 535 IL-12 B L)
HﬂShiéﬁ@@ﬁéugﬁﬁuﬁﬁféo

TYK2 3R e E M0 Thl filaze & NS Thl17 MO8 2 HI5H3 5 23, S il
D Treg ML OB 6 L TITREL 72,

InvivolZBWTH, TYK2 1T IL-12 72 HONT IL-23 238840 5 T MM sz i B 12 4%
HxzHT D,
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FFE BEERICEITS TYK2 D&EE

E—H WE

RA ZH CREREDOT THR OZWEFEH L LD, B COREENEITFEOREHSH A
LOEBEE FRIEL o TR L, Zhic XY B, BEEIOEENE L HRENRRIE
PEH OB TH 55859, B U ¥~ F OFERITRFRMEICRIAE U, A4 R o F 212 B
RELELDH T ENZV, RA OFEIEH2ITITHA L NIT o TRV, B—DEER L W)
IV EFL LAEGNRERRNEZ S A TND EE X LT 560, RA BEORIERECIX
CDAHMAE DR GR D H AL Thl B R RIEZ RT3, 24Uk Thl B 2B R Z R~
DADCIAETVER TS Z EnD, CIAET VX F RAODEHET L THD EEZ
HNTWD, £/, IHFEO Th17 MIEOFFE 5, Th17 fMildd £72 RA 72 5 NZ CIA €7
IVOFFIETERRIC B D Z & AVURIE ST 561,

II WaZ—r o TREINE~s U ATa T =7 ST 25URzEA L, B OO
I =T = AT e 2 2 & CREIRZRIET 5, LarL, ZOBEIROBETY YA
@ major histocompatibility complex MHC) ~7'v % A FIZ k755, 27— IC
%95 1E DBA/1 (H-29) ~ v A2 B10.RIII (H-2v) ~ 7 A Cii< ., C57BL/6 (H-2b) ~
¥ 22 BALB/c (H-29) ~ 7 A CE55\ 60, RAFROBAFI SIER 2 355 T 2o Fik & LT,
Pia 7 —7 U PuRiBE RIS 78 (collagen antibody-induced arthritis: CAIA) 231 54T
W56, ZhiE, a7 —4 v O b= T B EROT ) 7 a—FAfiRO T 7 T
ARG LCRBIGET D 2 LIk Y MHC T e ¥ A T IRIFE I @I Bk % 758
T HHET, CIA EZMEDOEV DBA/L ~ U ADH 72 53, C5TBL/6 ~ 7 AX° BALB/c ~
U ACx LT H M CREISIRIER A FE T L 2 E N FRETH H, @, CAIA £7 /4
LPS Z[ARFIZALE T 5 Z & TTNF-a 72 EORIEMY A N1 A > OFEAZ AN L TRIGZ L
s, PEROHI T -7 PR TIROBEEIR ZFHE T 57363 LPS ZfHINE LIZKED
Pilkza b5+ 2 LIc ko CHMMAZHFET 52 ERAHETH 560, Tyk2 ~ 7 AITH
W, LPS v a v Z7iCxt L TR 2R3 2 &5 1510 LPS 2 L7256 O8I
DOWTIERIEMET A M A  OFEREOEVNEET LRV EELET S, £,
2D CAIA T VOB, CIANRa T =7 7V aNy ML RBITHRED |
H R 0E R OTEMA L, B O Ot T — 57 U HUROEATE S, BAFIRISIED X 5 7o
IR PE UG L CEEIRORBIEICE D A D= AL EFFOO L3R fiaTd—F o6
AR 72 B ET RFETEIBFE D I TR R 2 VAT Z E N KD R TH D, FrIZ,
B10.Q/J ~ U A DR TITHUAAR OAR T 2N BEEi R FIERIED —K & L TR STV D
B2 ZHE CRFIRIIE Y = — ADOHREH LI-RFHERA A< TYK2 O BEigkss
JEIZR T 2B 2t 45 ECTEHELEX b,
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AT, CIA B2k B10.Q (H-29) %t~ 7 2% FU T CIA O%JE~0 Tyk2 mutation
DEBEHR LT, S5, CIA IEEZIE BALB/e R0 Tyk2 ™~ & 2 % I\ T CAIA %
FE~DFEERE L, JRIEOMATIZINZ T ThU/Th17 OB HIZ >\ CTHE L=,

E_H ERAE
i) AZ5—4RBEHEI% (CIA) ETIIL

B10.Q/Ai v 7 A E£721E B10.QId ¥~ U A~ v TR a T —5 2y (2T —7 U HIHES)
& 1 mg/mL Mycobacterium Tuberculosis 5t iE H37Ra % & ¢e CFA % 1:1 {RFf0 L CTER L
o=~ /L a2 100 pL % day 0 ([Z13EE6, day 14 ([ZIZRRTBICENEEG L THRZE L, M
I BAfiZ 2 38 Ui, BIfR OFHBIIA I DV T 3 Al & 1T\V ), #dh 12 88 LTI
AMICBEEAROERELZ 7 V=N AaT7 L LTCIFiLz, 7V =2 a7 oHER
Table 2 DILHEIZSE S T2,

Table 2. Criteria of clinical scoring of CIA.

Graded clinical score/paw Clinical Observations
Score 0 Normal paw
Score 0.5 At least one toe inflamed and swollen
Score 1 Mild swelling of entire paw
Score 2 Entire paw inflamed and swollen
Score 3 Very inflamed and swollen paw or ankylosed paw

Maximal total score: 12 (0 to 3 for each paw, adding the scores for all 4 paws)

i) A= UHRAFBERES R (CAIA) ETIL

BfixERHAT ) 7t —rbikh 77 (5 72—, 10 mg/mL) (Chondrex) % 0.6
mL/mice THRMNIZ L L CRSIR 2 A0 L7z, BSIROFNIZUEIZ W T 3 slakihi 4
1TV, #REF 12 A CRRAMICEEIROBEEEL 2 V= 2a7 & LMl L7z, Bk Y
U=inZ2ar7fEidsikzts. FRIOFE - 5 - BIZoT, SRR =7 ok s
LCZ U= RarzRdiz, 7V =hLAa7 OHET Table 3 DIEUECHE S 7=, B
O H (day 7) ITIZEAREHEERE MK-101P GERTEEW) %2 VW TR OEIRZ HIE L
7
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Table 3. Criteria of clinical scoring of CAIA.

Clinical score/paw Clinical Observations
Toe(s) Score 0 Normal toes
One toe inflammed and swollen = 0.1
Score 0.1-0.5 Total score of 5 toes = 0.5
Instep Score 0 Normal instep
Score 0.5 Partial swelling of entire instep
Score 1 Mild swelling of entire instep
Score 1.5 Severe swelling of entire instep
Heel and tarsus Score 0 Normal heel and tarsus
Score 0.5 Partial or Mild swelling of entire heel and tarsus
Score 1 Severe swelling of entire heel and tarsus

One paw score = Toe(s) (0-0.5) + Instep (0-1.5) + Heel and tarsus (0-1)
Maximal total score: 12 (0 to 3 for each paw, adding the scores for all 4 paws)

i) AERAARIRAERT

I3 BRSSO AT L ok BRE AR 7> D AERK U 72 i BRAZEAS & BAPAEE T CHIZEEHM L7, TR BRAE
AR 10% P HEREfE AR L~ U i@ L% B EDTABUK L7-fika2 3T 7 ¢ A L7126 pm
DJE X2 U729 /1% Hematoxylin&Eosin (H&E) Yea 217\, BT /5 DR EZAL
Ze w Al L 72,

iv) RO EETFREREBEN

MRS 2B FRBLEBMNT X TagMan 7' 1 — 752 X %5 E &/ RT-PCR
(quantitative RT-PCR: qPCR) |Z TE#HT L7z, CAIA #FiE~ v A% O T mRNA FHL
LERNTIE, IRIREESE COllhs L Ol L72fifk (%2150 % ISOGEN (HAY —) HTRE
V)4 A L. RNeasy kit (QIAGEN) % i\ T mRNA Zfiti L7-, 5ng ® mRNA /X High
Capacity cDNA Reverse Transcription Kit (Applied Biosystems) % T cDNA [Zififis
G L7, Hilo TagMan gene expression assay D% primer/probe > b~ (Applied
Biosystems) & TaqMan Universal Master Mix II (Applied Biosystems) % f\>. Applied
Biosystems 7900HT Fast U 7/ % A . PCR A7 A (Applied Biosystems) THEHT L 7=,

v) #BKA ST F IILEZED Western Blot analysis

ET Y o 8Gifilaiz BT 5 v 7 F G ENL Western Blot $EIC TN L=, fEATAY 7
Vid.day 3 DIE TV A EiZEI L CRifaZ A m o A w2 2 W TH L7, 1x106
f#l > DLN #iig % 20 nL @ radio-immunoprecipitation assay (RIPA) buffer (Santa Cruz
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Biotechnology) Tiafi# L CIERLL 7=, £ D% SDS-PAGE TH > 7 /VHOEHE %08 L.
EH'E % 7V )5 Polyvinylidene fluoride transfer (PVDF) # > 7 L > (Perkin Elmer)
WCHEB LTz, ZORA T L AZhiff%z s S8, Western Lightning ECL Pro (Perkin
Elmer) # HHWCHMEHA DAY REfgi Lz,

BHUZIZA T Ofifk 2 Fv iz, 5t STAT3 Hilk (sc-7179), #L STAT4 Hifk (sc-486) I
L O IxBa UK (sc-371) (Santa Cruz Biotechnology). #t pSTAT3(Tyr705)Hi{& (9131)
(Cell Signaling Technologies). #it pSTAT4(Tyr693)Fi{k (Y011047) (Applied Biochemical
Materials), T Actin H1{&(A1978) (Sigma-Aldrich),

vi) #EEHEEHT

HAHEMNTIX SAS System Release 8.2 & ff ] L, A B /KUE 0.05 () 2 & - THIE L7,
FEFTE. 2 BER e L 7= Bl 0 Ll T ¢ E £ 7213 Welch HiE, 2 BRI O A =27 0
Feig: ¢ % Wilcoxon A FIFR E CHEAT L 72,

F=H REBRER
¥£—1 CIAETIL

CIA U&= D H 5 B10.Q Kt~ A% MW, Tyk2 wild-type @ B10.Q/Ai & Tyk2
mutant ® B10.Q/J ¥ 7 AT CIA &t L7z, BI0.Q/AL ~ 7V A Ea T —F7 U4l K-> T
8 #ild 7 2% CIA Z3&4E L7- (Figure 10A), —J. B10.Q/J ~ 7 A [FRMLEIZ L - THE
SNTBEERIZ THIF 1B THY | ZORRD 7 V=TV 2 2373 B10.Q/AL THE 4L
7o PSR & bl U TN TT, AR bt (Figure 10B),

LLEDFERING | TYK2 AR FICE R ZFF > 72 B10.Q/J ~ U 273 CIA 7 /W% L TH
JEHBUME 2 7R3 & O BE O FHMED RS S Tz 12,
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Figure 10. Loss of TYK2 function leads a resistance to CIA model.

A and B, Tyk2 wild-type B10.Q/Ai mice and Tyk2 mutant B10.Q/J mice were immunized with bovine
CII on days 0 and 21, and arthritis was induced after the second immunization. Incidence of arthritis
(A) and clinical arthritis score (B) during the course of the experiment were strongly reduced in
B10.Q/J mice. Each value represents mean + SD (n=7-8). #p < 0.05, #p < 0.01, ##p < 0.001 compared
with the B10.Q/Ai.

$£-1 CAAETL

ATIEIC T B10.Q/J = 7 A28 CIA &7 /W% U CRIERPIMEZ R4 2 & 2B 52 L727s,
BER OGRS TIRME T2 7 — 7 VPR O T 2RO 6D Z ERWE S LTS 12,
Thebb, TYR2 3= 7 — 7 U HiRO AR ET 5 2 & ¢, T Mias b 5%
OIFETEBGRFE 2R INE S du, BIEIRRIEICE T 5 TYR2 O &% fi#4 5 ET CIA E
TS T DA+ LB 2T, £ 2T, BIERFFRN R0 KNCBIT 5 TYK2 O
BEIZH HNTT D120, fia T —7 UHUKKFRRBEEI X TH 5 CAIA 7 L ZMFL
7o

Tyk2™ = 2 Tldfia T — 4 L Hilkh 7 T Of52 kv . 3 B%ICiE 8 B4l )3 BIH
KAEFIE LT- (Figure 11A), —J. Tyk27~ 7 2 Cl% day 3 Ti34 < BIfi% OFIEITZRD
HALT, day 6 (2 8 il 1 FISHIE D 1 HBIZHIWVBIEI %R 2~ L7z (Figure 11B, 11C), %#l
By L LT, day 7T ICERBEABEAZHIE L, Tyk2 <~ 7 2 Tld CAIA FHHEIC L DA
FEOEMMPHAREICIHI SN D Z L 2R Lz (Figure 11D), ZDZ b, TYK2 MBHUA
(RAFRY 7 BREI R DO FIE MR C W CHERER 2RO Z L BRH LN T,
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Figure 11. TYK2 plays a role in effector phase of arthritis.

A and B, Tyk2"" and Tyk2~~ mice were intravenously injected with an anti-collagen antibody cocktail
on day 0. Incidence of arthritis (A) and clinical arthritis score change (B) during the experiment. C,
Representative appearance of the hind limb on day 7 after CAIA induction. Tyk2"* mice limbs showed
obvious swelling. D, Hind paw volume on day 7. Tyk2"" mice showed a significant increase in volume,
but Tyk2”" mice did not. Each value represents mean + SD (n=8). ***p < 0.001 compared with Nctrl;
##p < 0.001 compared with Tyk2"*.

Day 7 D% AR BIET O EHARARNT T1E, Tyk2" ~ 7 2 Ti% CAIA FHEIC X 0 B
R DG, VEIEE N AR~ DRV AF BRI 2358 0 Hav, BIERKE 3R R E D 22 ks A
bz (Figure 12), F72, BRI TIE/ v X ATE L OMEMINIC X RE L . — 0
BITITEBIEICSUE L TR E 72 L B2 b2 E ML X 2B bz, —J,
Tyk2™ ™~ 7 2 TILIEH 7 BEIEE 22 O ONCHCE KRB 2R FF L TR 0 . B H BIE%
DFIEITFBD Bie oz,
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Figure 12. Pathological appearance in the CAlA-induced paws.

Representative H&E-stained tarsal joint sections from CAIA-induced Tyk2"* and Tyk2” mice on day 7
as described in Methods. Tyk2"" mice joints showed inflammatory cells infiltration, erosion synovium
(arrowhead) and bone destruction (asterisk), but Tyk2” mice had no critical change (x200
magnification).

BB A FIENIH O day 3 OB mRNA RHELABFHTIC LY, Tyk2" =7 2Tl
CAIA F#¥82 XV IL-1TA B X OV IFN-y (21X, p40 @ X 5 7¢ Th1/Th17 (ZBJ#T 5 53 73
FBIUE AR L Tyk2 "~ 7 2 TIZA B RAE T332 b 7= (Figure 13A), KAEZ I O day
TIZBWTh ., ERIICIEBLANTHE L 7= pd0 28 Tyk2 7~ 7 A CHEIZEL | IL-17A B LW
IFN-y (Z2W T HIRWMEAI Z R LTz, S 512, CATAIC X WFEIN L RIEMEY A R A v
IL-6, IL-18, TNF-a 35 & U8 IFN-B8 ® mRNA FITHEN Tyk2 =7 2 TIIAEITKF L
THY, Tyk2" ~ 7 A TIERIELEBBAICIZ N TWDE Z ERHL MR- 72
(Figure 13B),
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Figure 13. TYK2is required for Th1/Thl7-related and other pro-inflammatory gene

expression in CAlA-induced paws.

A and B, Three or seven days after CAIA induction, gene expressions of Th1/Th17-related (A) and
other pro-inflammatory cytokines (B) were evaluated in the hind paw of Tyk2"* mice and Tyk2”~ mice
as described in Methods. IL-17A and IFN-y was significantly increased in Tyk2"* mice at day 3, but
not at day 7. Results are given as fold expression, compared with reference GAPDH expression, and
then normalized with averaged Tyk2"* control expression. Each value represents mean + SD (n=5). *p
< 0.05, **p < 0.01 compared with the Netrl; #p < 0.05, #p < 0.01 compared with the Tyk2"*.

& B2, BIFIRFIEYIA O Mok mRNA SBUEB 2> 5, Tyk2™ ~ 7 2 T CAIA
A2 LY day 3 IZ monocyte chemoattractant T& 5 CCL2, 35 X O neutrophil
chemoattractant T& % CXCL1 OB FHIEN LA L, day7iZiF~7 v 77—V BIC
I ERMERAE D~ —H — & 72 5 F4/80 (Emarl) 3 X O Neutrophil elastase (Elane) D%
HRTLETH 2L, £ LT TYR2 = 7 XA TIEEN L OBIEFORAPAEIK FH 50T
K FEA 2R T 2 ERBH LN/ 572 (Figure 14), X SIHifast~ t U v 7 R figfgdE <
&% MMP3 3 L O MMP9 O3Bl Tyk2 =7 Z TIHEF L TH Y Tyk2 < 7 2 Tl
HiR L OSHAR OB S B B 1 L~V THIH SN TV 5 Z E B B MIZ > 72 (Figure 14),
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Figure 14. TYK2is required for inflammatory gene expression in CAlA-induced

paws.

Inflammation-related gene expression in the CAIA model. Gene expressions of inflammation were
evaluated in the hind paw. Chemokines gene expression, Ccl2 and Cxcl1, were highly elevated at day 3,
and Emr1 (F4/80, macrophage marker), was elevated at day 7. Elane (elastase, neutrophil marker) did
not significantly changed in this experiment. Mmp expression was significantly elevated during the
experiments. Each value represents mean + SD. *p < 0.05, **p < 0.01 compared with the Nectrl; #p <
0.05, #p < 0.01, ##p < 0.001 compared with the Tyk2"".

Tyk2 "~ 7 2 TR SN B30 5 Thl B XL Th17 HA F I A VELEDIK TR
Th1 #ifuds & OV Th17 ML O & 2 WITERI R IENZ DS O EB 60T T 5720 i
DLN T® STAT U %1k 4 Western blotting 1 THEFR L7-, CAIA Z#HHE L7~ Tyk2" <
7 A® DLN #ild Cix IL-23 v 7 /v & 5k Thl7 filaisibz x5 &2 6D
STAT3 U et L3220 b 7=78, Tyk2” < 7 20 DLN #ifaTiZ U o FefbidiEgs L
7= (Figure 15), F£7-. IL-12 > 7 F1H D Thl ffaist bz K35 52615
STAT4 U > fgfb b [RIERIC Tyk2 ™~ 7 2 TIZEEE 25585 541, TYK2 238 DLN #10> Thi i
BIONTh17 ffE OIEMEAL & D VTN ST 22 Z L VRIB S LT,
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Figure 15. TYK2 plays an important role in STAT3 and STAT4 phosphorylation of

lymph node cell lysate from CAIA model mice.

Phosphorylation of STAT proteins in the lymph node cells from the CAIA model. Popliteal lymph node
cells were collected at day 3 and phosphorylation of STATs and IkB expression were analyzed as
described in Methods. In cells from CAIA-induced Tyk2"* group, STAT3 and STAT4 phosphorylation
were observed, but completely diminished in Tyk2”~ mice. Data represent independent cell lysate from
three mice of each group.

utw Z B, TYR2 3BAEIR ORIEBEE, FFlhia 7 —7 U HRIC I D a5
RORIEMFRCTIB W TEHEAREEZHS 2L, 2L T Tyk2 v 7 2 THRD S5 %
%E?ﬁim' (Z Th1/Th17 ML OINHE N 5 L TV D iTREME A RIB S 7z,

Fmfi EE

TYK2 O HOHREEBET L TORGMIITE A ERFT SN TR > 7228, Ha—, CIA
it 289 B10.Q ~ 7 ADHZEN S, TYK2 Bin - ~D IR F N Z OEPTEIC B 5 L
TWD AR RIZ S, TYK2 2B RFIEIC B e B 2RO 2 L VRIS L TU e,
LovL, ZRLSNORATIZIEE A LT s 2 LS | B OREREEIEN DY S
TR le> Tz, LarL, & k TYR2 REFEFIOF G, A2 EHHT TYK2 & H O K
PR & OBMRICIER LIZMERM T D L H1C o7, 2009 HI2iE Tyk2 mutant O
B10.Q/J ~ 7 A7 5 NC Tyk2 ™~ 7 2728 EAE (25t U CHRIEBGIME A 7T 2 & BSHEKWT
s &N 726560, EAE | Th17 KIEMEREWET L EEZ 5N TEY . Oyamada A5 35T
JiiC&% % myelin oligodendrocyte glycoprotein (MOG) #4112 %F3 % DLN fifd o> IL-17 3
A TYyk2 = 7 2 TIHE T L. #Fhi~0 Th17 MAOBEE LD+ 2 L2 ELTV5
66, EAE /X MHC #H MR H 2 Z ENMBALTEY . BICABSEIC V- BALB/c A#ti
MHC 78 EAE #%JE L72H-24 Th > 72720  EAE T 7 V& W TZMREHIIT 2 T,
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CIA £/ MHC #iftEn & 5 Z E A 5L THEY . BALB/e Z#tix CIA 126 LTH
B MEN I, 2 2T BB O B10.Q/d < 7 A IZEIT B B RIERTIE I OV TRET L,
BIEI R FIERPIME N R SN D Z L 2B L7, Lo L, B10.Q/J ~ 7 ATl CIA #E#%
DL T —7 U PUREMEN Z E RS TWS 19, F72, B10.Q/J v 7 A TO CIA ¥
SEHHIME IR R RS TIEH 53, B10.Q/J ~ 7 2D L 5 7 BRI L DR E R~ 7
IIARMERDOBIE T EREZFF > TV D A[REMEDR S E TX /20 729, gene targeting 121V
Tyk2 #1514 knockout L7- Tyk2” < 7 2 CRAGI R FIE~ DB L TR T H Z L NS E L
Exl, LML, ZHETIC Tyk2 ~ 7 2 THEEIRIIE~DOFEE L Bt LS5 138,
BficET L L LTI &N % CIA £7 /1 DBA/1 = 7 2% B10 ~ 7 A Tl B 72 B
REFETHHOD, MORKTIILEL TRELZFET L ENH LV ERZD—K
ELTETFLND, C5TBL6 R THIITIH N BEEIRZFHET L Z ENAETH D03,
BALB/c A TIHIF & A CBIEIRZRIET 5 Z L 13V, 72, CIA 2O F 21 T
<\ B10.Q/ ¥ U AR HIERBINEICHL = 7 — 7 U HURREE DD D3 B o T2 ATRENE
WY Jia 7 —7 UHUREALZ OB ORIE - BEOBRE T TYK2 O&RFENZOWT
LIFNT T D MER DD LB 2T,

Z T, ZERRRMO~ U A THEBIRFEN AR T — 7 PRI X ) BT S
N5 CAIA &7 L OBFE 21T > 7=, Tyk2 "= 7 273 LPS shock #2774 2 &b 1516
LPS & UICEAEI A 238 T & 5 Chondrex 0 5 clone DH L2 7 — 7 U HK T 7 TV %
AWTHE L, Tyk2 < 7 228 CAIA FEICK L TRV 27T 2 L 2R L, 2
FELA OO 9P BEAHARARAT C & RIEMGRITRD BT, RIEICEE L 72 IL-6 X° IL-18 © mRNA &
B ERLRO N0 -T2, — T, TYK2 2385 IL-12/1L-23 BEO Y A F A > D%
BB R FIEML O day 3 IZHHIARD DN HOD, LT LE Tyk2 < 7 2055454
WEIEI R FIERHIEZ R L 9 5 b DO Tik/es o7, IL-12p407 < 7 22~ IL-23p197
~ 7 AT CIA BIEEPEN TR RO BN D Z LD 56769 CIA IZBWTIX IL-23 ALY
BB 2O RN S D, £7o. IL-23 [ZITSRWEE HIIRERAIER RS & 5 = & 23t
s SNT269, ZD7=0, Tyk2 = 7 22BN T IL-23 AR 22 B /il X 2 R il
ENEHERICHIE SN TW B AR D 5, Tyk2™ 7 Z 03R4 30  BE T J FAE Ml /R
D5, BIEIEEIC BT TYR2 IR TE AR WEEREE 2oL B2 b, HEMICE
IR 5 i TO TYK2 OFEFENZOWTOMIENSHLELEZ D,

AIFFRICHBWTITER D 2 DOFEEHRET VAR L, vU 2 b B10.Q RHd Tyk2
mutant B10.Q/J =@ 2 (H-29) 72 5 N BALB/e %D Tyk2 ™~ 2 (H-2d) &5 7
HET NV B2 MHC 712 A 7T TYK2 BSBEERIIEICE DD 2 & 2 5 Lz,
T2 b TYK2 ORI RRIEICI T 2 EBEMITET VB IO MHC ~7'a & A FI2HER S
Ny, HRENRIFE T DL EEZDND,
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PLED X 51z, TYK2 BEIfIRFBIEICEE /2 Z & % Tyk2 mutant v 7 A THER L, &6

WZHia 7 — 7 U PR 7R BAFI R ok LT TYK2 NEEREE 2> E 2L
Iz L7z,

FRE F&oH
AECIE, BEiAICEBIT A TYK2 DEENZHSOW T FOZ & #5202 L7 (Scheme 1),

TYK2 I~ 7 Z B 7L Ty Re e /A I B A B 2 F o,

BRI 2 TYRK2 OBEEMEITERINE ZR R 5~ ARICB W T H iR < RTF
ShTnb

TYR2 (3912 7 — 5 U HURIC L D RIEFFHE 72 & NS B EE 2 E B2 il %,

Normal joint Inflamed joint

- Joint swelling/inflammation
- Loss of cartilage, pain

Synovium

/

Cartilage

IL-23 receptor/
TYK2

IL-12 receptor/

TYK2

Scheme 1. TYK2rolein arthritis.
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F=F REEBEBICEITS TYK2 O&E

E—H WE

RIETERGR B (inflammatory bowel disease: IBD) [Z{H/LE CTORIEL £ &L 3 2 JFIA
R DEMERIEMEIR B T, EITHEBEMERE K (ucerative colitist UC) & 7 v — L
(Crohn’s disease: CD) 75l 570, IBD 1ZFCKIZHEE 3% < HAR TIIFREB TH - 72708,
THEOBRETEOBCKILIZ L 0 BEFIIEMO—&%2il->Tnd, LinL, ZORIERKIL
FESNTELT, MEREFNCEENE ROKRE, BNMESE T AR EREZ LN
L2600, H—OFRK LD X013t LABBOBERIMEEOZAUICKEL TWD EER
5 T2, UC & CDIZTHILE DIRTHRA &\ 9 sl THRELL TV 528, UC IEEICKEG
HERE OO TE TR & B OMIZIZ - Z 0 & LTEERDN & D IEESCBEM 2 Frf & Lo K
IR U7 OVE AMEIRRe B RE C BRI RIEZ AR U, REILEE, T, HEEL
SER & T 272, —J5 CDIXIHLE D7 7 ZAREGBARIMEL, S a v, nibH,
MG KIG. B, I E TT X TOWMEME ITRE D Z 2 WEFEMERAE T, Bkl ik
WCRIEZAEC, MR, Nl ILPYRASEZ TR E L Tl EM R0 KT,

PIEMERGIR BBV T, T OIRIEICY A DA A ORERRLS RIB SN TV 5™, TNF-a
2 IL-12 RERFICHEMLCRBY . 5 LizVA Mo U EENE L EMRBINEGZ)
PEZRLTNDZ END, WRE~OBSIXMENTH H™, b b IBD O DL b, FEEIC
I% Thl #ifad 2\ ik Th17 MR ER S TRV, GWAS IZBWTH TYK2 72 5 NT
IL23R DAFEE & AREICBE T 5 Z LN dE I T D 2829, L)L, IBD IZ81F 25 TYK2
DEFENZOWTIIARAREETH D,

JRIKARBHO IBD Tixdh o0, 8ET /L E L TEIEL DT ANRERLIMEITHNS
NTNWDHM, ZOHTEH, TFA N7 UHiEET h U U A (dextran sulfate sodium: DSS) %
BHTHKREHKT D Z L TRIBRDFE I D DSS FHEMARNEZRN UC ET /1 2,4,6-

MY =baR_oE o ALK R (2,4,6-trinitrobenzene sulfonic acid: TNBS) % B imN¥&
H35Z L THEIN5D TNBS FHEMEREGAN CDE7 /v E LTEHINTWAS™, DSS
BRI R EIE OIS, i XL OB M2 EDfEk, KERERLAR 31 5 BER
DB ERE F UC DRI TV D Z L6 UC DIFREET L & EZ BTV 5, DSS
IZ L2 ZPEO—FET, Wk LR EEZGEEZ L, DSS MO GEMIcEREIND
T ETHREREIEMHALT D EMBIEDOA N = AL EEZ BN TV D80, F 7t T,

IBD FJEIZ I D NI O BEENE & [F U <, DSS KIGROFIEIZIB T & INAIEE 2
PEAET % toll like receptor (TLR) U 4 o REEMFEEREEE D & 5085 R 275 L L T IBD 0%
JEICEDD BN TWDHS), — 5T, TNBS FEMEKRGRET MVINT T THD
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TNBS 25535 T MlSZIZ L 0 b b CD KBl L= RIEFT R & A (b RED 2 &
NS CDDOEFNLLE LTHWSALTUL A8,

AE T, TYK2 @ IBD OFFREHER ST 2 E#IC OV T DSS FFEMRIBRET VI &
U TNBS #FE MR 2 E 7 V& IO TR Lz,

EH EBRAE
i) DSS FEMKZERETIL

Day 0 7»5 day 7 & T 3% DSS (m.w. 36,000-50,000, MP Biomedicals) 7213 milliQ 7K
HBEOKSE, RIBREZFHES Lo, BRI RIGK OB BIEEIM: 2 IR RT3 5
FELE LT, FIZR L7z Cooper HS.ZE D disease activity index (DAID) 2k 5 A= 7 Y v~
7 % AW T28380, 7 H RO DSS BROKALEL T~ 7 A VZRRIE T2 TR L CRumEBsE L, K
BOR S Z20E LT,

Table 4. Disease activity index.

) Stool Occult/gross
Score Weight loss (%) ) i

consistency bleeding

0 None Normal Normal

1 1-5

2 5-10 Loose stools Guiac +

3 10-15

4 >15 Diarrhea Gross bleeding

The disease activity index (DAI) = Weight loss score (0-4) + Stool consistency (0-4) + Bleeding (0-4); Max
score: 12. *Normal stools, well formed pellets; loose stools, pasty stools that do not stick to the anus;
diarrhea, liquid stools that stick to the anus.

i) TNBS FEMXKBLXETIL

FREET, ~ U AROY TR EIN1mL T 4 AR—F 70U P12 0.15 mL @ 3.5 mg
TNBS (Fluka) & 40% ethanol & e 548 (LN TNBS#R) Z 7 L, ALM7A 54 0.5 cm
DOFFZ TNBS # 0.05 mL Z#7EA L7z, S5V U F2BA LT, LM 55 4 cm OFT
270 © TNBS #% 0.1 mL #{EA L7z, Day 0 LAMIdH HARAMER L, EFEL2iRLE
< 7 AZOWTIIAREZRIE LT,
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i) KIGHESOBEFRETBBENT

KAGHLARE T mRNA FHRAFEATIZ. PBS TX < ¥4 L 7= KB 2 RNAlater (Applied
Biosystems) T{R1F L. #% H ISOGEN H T4 )1 XL, RNeasy kit Z > T mRNA
AR U7z, DIBROBIEIZS % 5 (O FEICE- T,

iv) MEHERAT

HERHEMTIX SAS System Release 8.2 & ffi ] L, A E/KUE 0.05 () 2 & > THIE L7,
WAt IR, 2 BERE o U 7= EE o Ll Tl ¢ M@ £ 7213 Welch B@ & V72, 2 BERI D
GO ETIZIN ST o~A Y —ik - 0l T 7 KRE « Cox AR THENT L T-,

F=H REBRER
$F£—I18 DSSHEEMKRBRETIL

IL-12 38 K ONIL-23 135E ORIEICB N THHOLRFREZFE L Z EXMbNTWnWDH 2
L) 58586 8D RIEME KRIBERICEIT H TYK2 O%E %2, v F UC DEF /L ThH DSS iFE
MRIGRTET V% O TR LT,

Tyk2"~ 7 235 L O Tyk2" ™~ 7 2% day 0 2> HEAM T 5 day 7 £ T milliQ /K F721% 3%
DSS % HHHK S 72, milliQ K% 5 272 Tyk2" = 7 25 LN Tyk2 < 7 2 TILREZL
{b72 L ONS KRIBRIEZ A 27k L7z DAL A 27 O TR o O Z(LITiR o S /e
~7- (Figure 16), —7J. 3% DSS # 5% 57z Tyk2" '~ 7 2 Tid day 2 7»5 DAL A= 7
D FRANRED S, day 5 LIRS Tyk2 = 20 DAL 2 2 7 72 b NCEREHEBIZ BT
miliQ k% 5 2 7=~ 7 A & b LA B KRR 72 H NS DAL A 21 7 OF BB EE &
. KIBEOFERHR SN, — . Tyk2 =7 Z TIZEEDOZEILITRD s 7=
HOO, FELA HONCEE L Tyk2™ < v 2 L RggICEIE Shiz (Figure 16), T D728
3% DSS ik L7= Tyk2 = 7 2 DAL A2 = 71 HEIZEEM L 7= 23, Tyk2" < 2 &
H# L CHBIZIE ) o 72,
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(A) (B)
—0— Tyk2+/+, Nctrl
—&— Tyk2-/-, Nctrl
—e— Tyk2+/+, 3%DSS
—a— Tyk2-/-, 3%DSS
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Figure 16. TYK2 plays an important role in DSS-induced experimental colitis.

A and B, Body weight change (A) and disease activity index (DAI) (B) during the course of DSS
treatment in Tyk2"* and Tyk2~~ mice were monitored every day. Each value represents mean + SD
(n=6). **p < 0.01, ***p < 0.001 compared with Nectrl; #p < 0.05, #p < 0.01, ##p < 0.001 compared with
Tyk2+/+.

DSS P RAGE Tix, DSS DALEIZ K » TH U= RIERLIC & - TiRfeD R & 42
KIBHARR OB, IRE RS S 589, Day 7 [CHR LM CIE, Tyk2” ~ v 2B L0
Tyk2 "~ 2T 3% DSS fiKICE W ABERKBEOEMNMBIE SN, T OREIT
Tyk2 "~ 7 2 THE 2B FED St (Figure 17),

(A) (B)

Tyk2*/*, Nctrl Tyk2/-, Nctrl

-

120 1~
T 110 i
E
= 100 A
5 *hk
E 90 A
S 80 | *okk
)
o 70 - ﬁ

60

Tyk2+/+| Tyk2-/- Tyk2+/+| Tyk2-/-
Nctrl 3%DSS

Figure 17. TYK2 deficiency attenuates colon shortening.

A and B, Colon feature (A) and lengths (B) in control and DSS-treated Tyk2"* and Tyk2”" mice were
evaluated on day 7. Each value represents mean + SD (n=6). *** p < 0.001 compared with Nctrl; ##p <
0.001 compared with Tyk2"*.
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c 5 OTyk2+/+, Nctrl
o 4 OTyk2-/-, Nctrl
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Figure 18. TYK2 regulates Th1/Th17 cytokine production in colon.

Effect of TYKZ2 deficiency on expression level of cytokines in colon tissue at day 7 after DSS treatment.
Each value represents mean + SD (n=6). *p < 0.05, **p < 0.01, ***p < 0.001 compared with Netrl; #p <
0.05, ##p < 0.001 compared with Tyk2"".

Tyk2"™~ 7 ZDFEF MARFINED X 1 = XL HOWTHET 5720, day 7 TOKIBMERED
mRNA FEHLEHZ B L7z, TOME, DSS ZALE L= Tyk2" ~ 7 2 Tl p35. p40 @
RIEMEDT A S AV OFERFBIITTE S IFN-y BL O IL-17TA OFEEITTHE T A HH[A 2358
H 57 (Figure 18), —75. Tyk27 = 2BV TH p35 BL U pl9 OFERFEIK T
MDY A BB A DI FEEEED D, TYK2 2 KB, T Th1/Th17 %A S h A >~
DIEBULHEIZ LT e T L R ST,

¥"IH TNBSFEEMXKBRETI

UC &35 KIGRIZE T 5 TYK2 REBOZE LT 5720, 8 h CD DET L TH
%5 TNBS #FHEMERGRET Vet LT,

K~ TNBS OF 512 L v | Tyk2""~ 7 2 Tl TNBS £ 5.3 H 7 & A 22 (K B o b
ERETHINRD L, day 3 F TICRHIAEL Lz (Figure 19A), —J. Tyk2" =7 2T
1T 50%DIETIT & EE VY, BEEMICHE SN TNBS KIBRICH LT Tyk2 < v %3k
TR EZ A EICERE L-, £7-. EFELE Tyk2 = 7 22HOWTITE LVWEERD 25O
mIENRD b7 (Figure 19B, 19C),

-39.
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Figure 19. TNBS-induced experimental colitis in TYK2-deficient mice.

A, Mice were treated with 3.5 mg of TNBS in 40% EtOH by rectal instillation to induce colitis or with
40% EtOH alone to serve as colitis controls. TNBS-induced colitis-associated mortality in Tyk2"* and
Tyk2” mice was monitored every day. Data represent the survival ratio of mice. ***p < 0.001
compared with 40% EtOH, #p < 0.05 compared with Tyk2"*. B and C, Body weight changes during the

course of TNBS treatment. Data represents mean body weight + SD (n=6) (B) or body weight change of
each mouse (C).

Fmfi EE

UCBLUCDIZRFE SN D IBD IR TEWRBTIE 7203, ITFEORAFEOZ(L &3t
WCHATHBEEEDNE L HIL TRIEFHZER SN TV D B EHRERRTH 5 107,
TYK2, IL12RB1, IL-23R %23 #51D GWAS CTHRBEZMRR T & L TEMICEDN > TH
v, TYK2 BEE s & IBD & OB 5] < /Rl ST 5 282489, EME 7 /LICIB 0D
TIFIL12 R~ T 2B IO IL-23 K~ TV AZ AL TIBD £ 7 /MIIx L TiRELH 20

VI L O LGSR H 0 | IL-12 & IL-23 OEEMHIZOW T L IIEEN T
VN2 85,900
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AHFFEICBNTE N UCET /LD DSS#HEMEKRIEK & b N CDE7 /L0 TNBS #FE MK
Js & DT RET 2170, Tyk2 = 7 2ANWE 7kt L CHRFitE 2 R4 2 L 2B Hic
L7z, IBD TiX IL-12 - IL-23 ©4@EY 7 2= F ThH 5 pd0 OHFIHLIAED ustekinumab
e R CD X5 E LIHRRBRICIB W TR L TnD9, 295 L2 &b, pd0 DEED
% IL-12 B X OV IL-23 OliFE 2 IBD OJFRREDHERICREDL D B 5 Z LN TE, WA b
AA DT FIMRZEICE D 5 TYK2 (350 7R IR 22 D TR B D, Lo LR As
5. TYK2 KEBIZWTNOET K LT HERRIEPUETIE R o7 2 L b FEETH L.
F7ebbH, DSS KIBRET L TIEEE O MATRD Hiv, 72 TNBS KIEKET LTI
PRI E 5T, KIBR TIXIL-23 OBEEMENFER S TCWDH—F T, Th17 A M b A
Y D—>TIH 5 IL-22 BB 2 E 2> TW A ATREERIER STV 59, $7abb,
TL-22 [R5 R O TEHE PERERFZ MDY A R A o Th Y | IL-22 2675 Z & 1%
W% bR DB 70 & ONC RS IE OMERF « EEICEAD DHEREN I b D Z &2 D,
ZDi=, Tyk2 =7 273 DSS KIF%KE T /L THmMSLTHIZ £ %2R L0k, Th17 fij
IG5 2 & CREEHEM O IL-17 282 72 & RIS, BIRICHERES 5 TL-22 b £ 7=
M- e EELZOND, —F. IL-22 13E 2B\ CTHAMZRBGEPEY A A > &
L COEEIZFODIT TIEa < | RIEM & B TREIN R D Z LR ENTE Y9,
IBD (231 5 1L-22 DEENC O\ TITER DR NMIE L Z 2 b b,

NG DS S AT MIFEEITEMETH 5, IBD OFIEFA & 0 I3 BiE ST
N, IHEORZM IR BEROEND, BHFEH D WVITHAER OB L BHICET D5
PNATEE #7% IBD RIEICBIFR L T 5 ATREMEAVRIR STV 599, g v AT ATk kTl
B, a7 DN & NT v Ak L0 ) B IGE OfE M ERERE 21T > T
BY . BERETHRIIGE &) — Ol DRSE S AT L2 TIER L, B ORERE
REDMEFFIZ b HEREHIZ RO L EZ b D, B TIE Thl Ma<° Thl17 Mifas 5% E
ZREOLEZ BN TV, Filt, HRY %K (innate lymphoid cell: ILC) & FRIEN %
BrLWY U SEREMA R STV 59, ILCs (T~ 8—T HlaD K 5 2250 b ikiE 4 w88
LTSN A D AA CPELEDNATRE T, MO AEEENIC TG L TnD EEZ BT
W5 ILCs (21X IFN-y & A4 5 ILC1. IL-17 Z e+ 5 ILC17.1L-22 % pEA 4 % ILC22
ENER S, ATV =T fif & [FERIC TL-12 2 W T IL-23 12 8 0 TFN-y,
IL-17 & 5 \WNE IL-22 % pEAET 599, ILCs 1T~/ 3 —T fili & 134 < 872 5 5 LRk 43l
5600, Thl 12X ILC1, Th2 iITIZILC2 DX HiT, ~A =T HlaY 7+ v MY
% ILC 2MFEET 5, IBD ICBWTIZIL-23 28 ILCs I X W EEA SN 5 IFN-y, IL-17 & %
W TL-22 MR REIEAIC B0 D 2 & D3RR S 4L TV 59798), ARBFZEIZ IV T DSS KGR
E7 VT IFN-y, IL-17 OEAZRBDH T 5, CDATFN-y Hilas L OV CD4IL-17+/E
HAINT FCM THER L TV 22 (7 —#IEBAR) . ILCs IZOWTULIFEMA 70 TIER 0o 72
ZEMBRFITTE TR, TD=®, qPCR TO IFN-y 72 5N IL-17 ORBASIZ 1%

-41-



A~ R=T M D772 53 ILCs DFBENEGEN TV DL AEEENRDH D, L LR, ~b
=T M &[RRI ILCs HIERERIUCITIL-12 R IL-23 AU ETH D Z LB DV 1T L
97,98 TYK2 NEEREE 2O Z L I0E TR VWEE XD, 4%, ILCs #FZEICB VT
FERERBLUZ I 1T 2 TYK2 OEEMNHA LN Db D EER D,

PLED X 51z, TYK2 78 DSS #FEME KGR T T /L 72 5 NI TNBS FEME KGR TR 5
% IBD BIEICB W TEERERIZRSOZ E 2P LN LT,

BRE FLH

ARETIE, IBD IZBIF 5 TYK2 DEENZSOWTETOZ & #5002 L7z (Scheme 2),

TYK2 i3~ v A IBD &7 /L CTOJRREHE R/ HERZR 2 £ 5, TYK2 R X
S THREIEEIME, RIGHEEH 2 WITBSER 2R SIEDOFEE 2 Hilil 3 5,

DSS KA TIZ., TYK2 KHEI2 X v IL-12 B X O IL-23 FEA 2 MEI <. Thl B X
ONTh17 %A b h A PEEZIHIT 5,

DSS
Normal colon Inflamed colon TNBS

IL-12
IL-23

Bacteria

Virus
Parasite
-

&

IL-23 receptor/ TYK2
IL-12 receptor/TYK2

Scheme 2. TYK2rolein IBD.
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FNUE BEICHITS TYK2D®E|

E—H WE

REHEII IR T 2~3% 3B L TS & \Wbild B B RED—DTY | KJEDEMER
RRIEMERBTH Y | BERORYIRRRALHE, AEOE, 5 2R s 9210, Rl
B CILAFHER, v 7 n 7 7 — U7 b ONSIEME L T MR - B3R 6, BT
Th17 MRS FEAT 2 IL-17 36 KOV IL-22 DM ERIRERC 7 Z F /A b b DHE AT F
K (Defensin X° S100 7 7 2 UV —EAR YY) OEAZFHET H 2 & Tz s - Bh S+
5 EBZBILTNAH0L102, 4R TL-23 2T %7 2= M Th 2D pd0 IZxt7 D HUE
ustekinumab 23 BT &AL, BREGHE TR 2R LT 5103100 F 7= L IL-17 Hrik & BifE
B AR ARER M D & VR B A2 LD 22 % ¥ | TL-23 72 & N TL-17 2SRRI B8V T
RIS =7y N TREREERY A M IA L THDHEF 2519, b ME@OBEKT > 7L
DFFFTIZIWN TS Thl17 iz Fi & L7z E 2R R 4TI Y 991061071089 Rizfif |
Th17 MR B 5- 3 5 RE\ENRBERLEZ 2 HND,

HOREOEMWET L L LTI, CD18 PL/J ~ 7 2D X 5 (ZHRERE D J AR % B 2R T8
JET HET /L, TPA &M K5.Stat3 ~ 7 AREE T /LD £ 5 ICHEiEZ SIE LT WEE %
Fro leB~HM a2 5 2 & CRERIERZFHERT HE7 /1, CD45RBuT #ifaz SCID
YUAREICBATLHILICEVFERTHET IV, b NEFORER BT 5
xenotransplantation €7 /L, % L CHERIEREZFR T L2MELLET HZ & THEET D
T NVENMER S NFEICHN B LT 109,110,

BAR T WAL MARRD & O 2Bkt b 2 LB 8T, Hix RRHOBY CHE TE
HETIVIIAIEKEZE X T HAICEFICER EE 2D, RENRGRREROFRET L
E LT, A IFE R (imiquimod: IMQ) FFHEMET L& IL-28 FHEMEET LR H DH, IMQ
P T LT 2009 4E1Z van der Fits 2812 X 0 i &=, IMQ 13 B SRS 12 7R
ZE 2 FF> TLR OW, A /L AHKDO—AKH RNA (single strand RNA: ssRNA) %589
% TLR7/8 D7 T=A N TH Y b bt B —~ 7 A )L ARG L o CTHIET 2 MERYSE D
—OThHHRET L VE—DIFEEL LT 5% IMQ &HDEBAAIE L THWSILH12),
IMQ 7 YV —2ORWER & UTBATLIC G RIER 27T 2 L BIRMSCEFIC L E T
Tehy, FRICHIREEEE I L7 & S ICHE R 2 B b S8 2 Z L 3 o 72113119, Wrfiif |
Th17 M@ < B35 B2 6TV 15, IMQ 2LV DC BNEMHL ST IL-23 ¥
LN IL-17 2358< BIET 2 RSANFI SR ZSND L), BEICHEL LERIEA =X
LEFFOZ & B SN ER DR OB A LR A L S B b A R
ZENL MW HEOETVE LTHHASNTE TN,
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H )= DODETNTH D IL-23 FHEMEET /IO RIEICEE 2 A N OA > & ERE
KB GT2HETHY , ~UAERN~ENET 5 2 & CTHEMCENIEEZ M5 RIE%
P p 16117, [1-23 FHIIC LY A —7 CD4AT #n5 Th17 #ifas ko Lz
Th17 MIfE O IEHE, £ 7213 yOT Mo L 9 72 TL-28 AR A R B L IL-17 BEARE % FF
S TR S O TL-17 FEAZFFE L1 T ffR S 0N 38 & 72 o T2 G R & o d,

R BIZB W T Th17 MO EA SN D IL-17 OBANEE /DI TldZe <, Thl7 %A
NIALDO—DThDHIL22 DG HRENEEZ S, IL-221XIL-10 77 I U —IZ@T 5
YA N AT, IL-22 ZEERIZIE TYK2 B LN JAKL BEE L., 7T Ml 53
HEZBEZHNTNDHI9, IL-22 137 7 F /B A NOBIESCHIE <7 T ROEAL G| 2
L. B OEFEMMERC U T U 7 I EE R A N A o ThD T E0Hb
T 512012D TL-22 [ Z50EHERE DR BLUT ISV TN bR RERHEIC b 5+ 2 it %
Ffoleh A b AIA > THDHN, b MERIZBO TSRS LM o IL-22 OHEMATED
HIDHZ ENB12 . HRICBWOREFEHICHFG L WL EEX LN TS, BER
IL-22 PEAENWE A HET 5 2 LT, IL-22 Tg ~ 7 A D8 D8RR O f2 & e 4 5 |
BT ZENLLHENEEZOLNH12), ZD K HIC IL-22 1T ERBTH DMV T
BETERWYA RIS U THDLEZZOND, LNLRNL, IL-22 OAFEHIZBIT D
TYK2 OFENZOWTIHIE & A ERBT SN TV o Tz,

ARETIEZ, ZHUETO Tyk2 =7 X & W25, TYRK2 HSHLMEO 5 REE 2 (- fEE
2 IL238 BEOIL1TIZEET 5 Z &6, IMQ FEMEGREE R ET LV E R LT,
ZORER AW E 2, IL-23 FFEM RS SR T T L2 VT, IL-23 24 L 72 R 9ot
THRBIZOWTHRF Lz, 512, IL-22 > 7B 5 TYK2 OEENZ OV T S e
L7,

EoH REBAE
) IMQ R BEEERETIL

Day 0 75 day 6 £ CTOM, M F T~ U AAFRICNELFZ U —A4 5% IMQ 5%5
A) (FFHHE) 5 mg 28 H &AM L CREREZFHRE L, HEROFME LT, IMQ BAiHi
W2y I R AT =T HWTHNOREZRIE L, kA (day 7) 1% IMQ B4R 24 FF
MZICHOBEZRIE L, B9 mm OHIMEMZ BRI L CHM IR Z A EE T HRF
fili L7z,
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i) IL-23 FEMEBRRERXETIL

Day 0 7>5 day 3 & CTPDfH, mouse IL-23 (R&D Systems) 1 pg 2~ A HJr~ 20 uL ®
R NG LTe, (IRBRIC IR EOE AR & 725 K 9 12 50 ng/mL BSA &% 20
pL BZAE L7z, BREROFHE & LT, IL-23 HEATNIIY v 7 R A=V 2 AV THA DR
JEZRE Le, IL-23 o b 24 REEZIC S HMELZHE L, —HOMG CTIXER 6 mm
O HI Mk A SR L, BT EAR 2 AR E T b Rl L7,

TYK2 BHEAIFEER Tk, TYK2 &+ —EHEAI D Tyrphostin Al (Santa Cruz
Biotechnology, CAS number: 2826-26-8) % i\ 7= (Table 5), Tyrphostin Al /% 100
mg/mL dimethylsulfoxide (DMSO) A kv 7 {Fik A ERL L, #IRED 5% DMSO & 725 X
9 PBS THAMR L THW o, TL-23 5 30 7rifids L O 7 W& IS 1 A 2 MR EE L7

(Gt 8 [mI#5),

ENIBE ORI, A BRI SV HJIE BIZRBT DB EN S IL-23 #5717 (day 0) 12
HELZENE (prefl) Z221L5I1< 2 THH L,

Table 5. Structure of Tyrphostin A1 and B42

Tyrphostin Al Tyrphostin B42
CN f
H
HzCO i CN

CAS# 2826-26-8 133550-30-8
Formula C11H8N20 C17H14N203
M.W. 184.2 294.3
Category TYK2 inhibitor JAK2 inhibitor

i) IL-22 FEMEBREERLETIL

Day 0 7% day 3 £ CTD[H. mouse IL-22 (R&D Systems) 1 pg 2~ 7 A HJr~ 20 uL D
WECHEHEN&E Uiz, REROFNIT IL-23 FHEMIREE BT T L TOHEICHE
L7z,

iv) FRERARRERORRAT

T3 B~ O AT | LR R IS BT 28R EL L. 10% MR A L~ U SRICIR LT
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E LTz, BEEEAI T 7 0 ol U7-%% 100 L, H&E Yoo L7z, JWHES E (X HS 47—
LA U R EEEEE BZ-9000 ((r—=x > R) TiRE LT,

HAr & O Tk, BIOREVO BZ-9000 BEHFHIE Y = —/L, F7oiL, #SA Y H—
FHEE IXT1 BXOA A=V 7V 7 b7 =T cellSens (4 U /3 R) &RV, FIEA %
x20 THIR L7 L 2 O—HEFICH DL RBEDIEARZ MR Z 22T 6 EFTlIE L, FHfEZ Z
DIERDRLZ DRI & LT LT,

v) B8t oYa Fha U EAE

YA N A CBEOREIR, RS HICER 8 mm O HS M EZERILL, 10%
Tween-20/1 mM PMSF/PBS 0.5 mL 1 CHEYFHA XL b EIEF OV A A RE
% ELISA THlE L7=, HIEMHEIL Protein Quantification Kit-Rapid ([F{=%) THlE L7=#
VORI BETCHIIE LTz,

vi) Effiigishi2iE#iads &K U DLN #ifad FCM T

B HEA H IR R A O AT C OABIREINI IR O K 9 125 b U7, R A B IZEAR 8 mm
DOEMMMEZBRERL., PHECE 'y P T28IZHEE L. 2.4 U/mL @ dispase IT (Roche
Applied Science) T 37°C, 2 WA > F 2 _X— N L THRELEEBLZZHBEL-, SDICER%
0.28 U/mL Liberase TM (Roche) T 37°C, 1EfflA > Fa~— s L CHlEZ B L=,
4 DLN g O st Tl REBER& HIZ DLN &2 A v & = [ CHifld 2 o S 1, Milaz (el
L7,

R &SRR 72 & ONZ DLN 722 S ELE L 7=/ FCM fEdTix. 85— 2 8 (vi) OFIEI
-7,

vii) 4§ & U DLN OEEFREBMET

FAETT mRNA FEILAZEfEATIL. RNAlater TR L7-/#k (E/E#k. DLN) #
ISOGEN H1THREYF A XL, RNeasy kit ZH\ T mRNA ZHiH U7z, DIBEOHBRIEILE
T OB Gv) OFEICHEo T,

viii) HaCaT #lIBA0D TYK2 / v & &9 URER

b N7 TF A Mfaik HaCaT #ili% 10% FBS-DMEM 51 CHERF L 72, HaCaT
fi % 48-well plate (2 1x104 cells/well THefEi L, TYK2 siRNA %7213 Control siRNA |%
Lipofectamine 2000 (Invitrogen) # AW T KT A7 =7 3 > LT, 48 FEiI& SN %
IL-22 (10 ng/mL) ZiRML, AWEACHIIERIELIR % /ERL L, Western blotting 75 T
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L7z,

2—2 sy NaydD v 7 X0 AT T OBYID siRNA % vz, TYK2 siRNA: 5™
GGAGAAACCUCCAAUCUCATT-3' (sense) ., 5-UGAGAUUGGAGGUUUCUCCTG-3'
(antisense), Non-targeting control siRNA % QIAGEN 75 A L7- (Cat. 1022076),

R HAICIX LA OFuflR 2 Fv 72, 51 STATS Hiff (sc-7179) (Santa Cruz Biotechnology).
1 pSTAT3(Tyr705) Hifk (9131) (Cell Signaling Technologies). #t TYK2 #ifk (610174).
H1 JAK1 Hifk (610231) (BD Biosciences), #t ACTIN #if& (Sigma-Aldrich),

ix) Tyrphostin A1 @ JAK 1) U E&{LFHERER

JAKs HC U U BR{biZkd % Tyrphostin Al XN JAK2 &) —E[H#EHA] Tyrphostin
B42 OFBITRD L 5 IZHET LT (Table 5), b b5 Sy i skliutk T % HeLa Mifaz
24 well plate |Z#EfE L, TYK2, JAK1 F721% JAK2 % 21— R4 %7 ¥ —% Metafectene
(Biontex) # VT h 7 A7 =27y g Lic, TV AT 27 a0 36 KHEZIC
fd % Tyrphostin A1, Tyrphostin B42 ¥ 7213 ToH 5 DMSO Z N L 7o, 1 KA > %
22—k L7 ICHIE %2 aia k. L. Western blotting 512 C& JAK O H 2V bz
L7z,

BT Fodikz vz, Ht pTYK2 ik (9321). Ht pJAKL Hifk (3331). #t
pJAK2 Hifk (3771), $t JAK2 Hifk (3230) (Cell Signaling Technology). #t TYK2 #ifk
(610174), HT JAK1 Hifk (610231) (BD Biosciences),

x) $REHENT

HERHIENTIX SAS System Release 8.2 #f#i [ L . A E/K%E 0.05 (ill) % & > THIE L7z,
WAt TIA, 2 BER OERE U 72 BUE O Fel Tk ¢ ME £ 7213 Welch /e, ZRER ok L7z
B O LE#R X non-parametric Dunnett % 2 8 L TRENT L 72,

E=H RERR

B—H IMQBREHEBEREEXETIV

HIEICH5 1T 2 TYK2 RIBOEZFHET 5720, b Mgfpl L L7z IL-17 3 KOV IL-23
{Kﬁlﬁ"]ﬁ&”%ﬁ CIREZE L 2R 2 IMQ FHEMERRER B S KT 7 /L 2 B L7z 10,

Tyk2" =7 2 ~IMQ ZE HBAIC LY 2 AP LA ERENOIRERED b, 6 H#
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B —2 L35SR %A LT (Figure 20A), —75. Tyk2" ~ 7 2~ L7-BAI101E
3 H% S HNOIEENRZRD B, £ ORE L Tyk2™ <7 2 LN THEICTHE - T,
Day 7 IZHELL7-ENEEICBWTHLEMEE L —EH L=2bn@Z o 5 (Figure 20B),

TYK2 73 IMQ (& X V) 35358 E 41 5 WERFRR B & 28 DFSIEIC EE B 2 FFo 2 & 3 6 2T e

ST,

(A) (B)
1000 - —O— Tyk2+/+, Nctrl 50 - o
—— Tyk2-/-, Nctrl 5
900 - | —e—Tyk2+/+,IMQ £ 40 A E*
£ —a—Tyk2-/-, IM o =
3800 1 Y Q £ -
= 30 A
H
$ 20 -
(2]
2
a 10 - ﬂ
ww
0
T Tyk2+/+| Tyk2-/- Tyk2+/+| Tyk2-/-
0 1 2 3 4 5 6 7
Days after IMQ application Nctrl IMQ

Figure 20. TYK2 plays an important role in IMQ-induced skin inflammation.

A, Ear skin of Tyk2"" and Tyk2”" mice was treated or not with IMQ for 6 consecutive days. Ear
thickness was measured on the days indicated. B, The ear tissue weight on day 7 was measured. Data
represent mean + SD (n=7). **p < 0.01, ***p < 0.001 compared with Nectrl; #p < 0.05, ##p < 0.001
compared with Tyk2"*.

HLRRSEAOMREAT T, IMQ AL L7 Tyk2 ~ 7 2 0 Je JE LR CHUBZER 722 © NIV Vi PEk
DOEENRED S, KEOPENBLZE SN (Figure 21A), RREORIEIZ LD, BALE
& Hi LT IMQ B4 L7- Tyk27 = 7 272 5 NS Tyk2 ™™~ w7 A fHik TR OA E 2 RN
BRSNS, TORET Tyk2 ~ 7 A THEICK T Lz (Figure 21B),
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Figure 21. TYK2 plays an important role in IMQ-induced epidermal hyperplasia.

A, Representative histological features of IMQ treated ear skin of Tyk2"" and Tyk2~”" mice. H&E
staining. Scale bar, 200 pm. B, Epidermal hyperplasia, as quantified by imaging software from H&E
stained ear sections. Data represent mean epidermal thickness + SD (n=5). ***p < 0.001 compared
with Netrl; ##p < 0.001 compared with Tyk2"*.

FROEEDO LRI T7F /A FORIETHD L EZHND 910, 22T, 77
F B A FOBEFEIZOWTREEMBET mRNA BEERFLZEZ A, IMQ ALE L
Tyk2" <7 2 TI3r 5 F 7 %A kOki~—H3—Td 5 Keratin 16 (Krt16) D3 LU \JEH
TCHEANFRD bz, —H T, Tyk2 ™= 7 2 Tt Tyk2" <= 7 212 LT Krt16 S EOA E 72
KT 23588 H v, TYK2 DS EZE IR 72 7 7 F 7 A S OB A SIS 2 2 & D 60T
ot

2.0 A isisid

c
9 *kk
1]
8 1.5 A
<)
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(] *kk
o 1.0 A
c
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205 -
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Figure 22. TYK2 regulates keratinocyte proliferation in IMQ-treated skin.

Gene expression level of keratinocyte proliferation marker, keratin-16 (Krt16), in ear skin at 24 h after
IMQ application for 4 consecutive days. Data represent mean gene expression + SD relative to GAPDH
(n=5). ***p < 0.001 compared with Nectrl; ##p < 0.001 compared with Tyk2**.
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Tyk2" <7 2128\ T IMQ FHEVERORIENIH SN D Z L BRI Lo
5. Tyk2 ™~ U ADFIEHFUED A 1 = X D& BEHT 5720, Tyk2" = 2 & Tyk2" =7
A CTHABEOFLEE I ZEN TR A D 5 day 4 O B #i#k mRNA EHEE) 72 & N HAr
DLN ffa Db DiE N it LTz,

RSk mRNA 33 T3, IMQ B4 L7= Tyk2™ "~ 2 TThl7 %A b A TH5
IL-17A B L OV IL-22 ® mRNA FHNTCHE L, IL12A(p35), IL12B(p40), IL23A(p19) ®
IL-12 B X VL2312 5 %4 S HA > OFER mRNARBROTTHENRD bz, — 5,
Tyk2 =7 2 Tix IMQ BAFIC LV FE SN D RERICB WD TRIEMEY A S hA VRHO

BEREBIETRRD LN, £7-. 20, IMQ FHEMRERERET VICB W TIEE
E’Jiﬁ Thl VA b B A>T D IFN-y DT HORED HAFRE N SR TE o722 &
5. ZOFEF/NTIE Thl £ 9 ix Th17 ~OEFEMRE < . Th1T &EEREWE Vbbb
MR L 72T L TH D 2 E N E T,

4.0 - OTyk2+/+, Nctrl  @Tyk2-/-, Nctrl
. # # OTyk2+/+, IMQ  BTyk2-/-, IMQ
< o.
) K,k ##
£3.0 *

*kk

117a 1122 Ifng 112a 1112b 1123a
(p35) (p40) (p19)

Figure 23. TYK2is required for Th17 cytokine induction in IMQ-treated skin.

Gene expression level of cytokines in ear skin at 24 h after application of IMQ for 4 consecutive days.
Data represent mean gene expression + SD relative to GAPDH (n=5). *p < 0.05, **p < 0.01, ***p <
0.001 compared with Netrl; #p < 0.05, #p < 0.01, ##p < 0.001 compared with Tyk2**.

H4r DLN fifno> FCM b5, IMQ &4fi L7- Tyk2" ~ 7 2 T CD4*IL-17+ T #ifa%k
23 3.7 fEIZE I L 7= DIkt L Tyk2‘/‘<7177\‘f“ X 1.9 fFoEMNcEE A EICREEL R L
7=. ¥7-. CD4*IFN-y+ T #ifa & FEEIC IMQ 847 L 7= Tyk2" ~ 7 2 Tl% 3.7 f#I2 N L <
WBDIZH L, Tyk2 ™~ 2Tl 2.1 (FOEIMNCGBEFEZICEMEE R Lz, LavL,
CD4*IL-17+ T #ifiid & CD4*IFN-y* T Ml OMAaEiE 10 f5LL s> Tnwabs 2 & £/,
HEI /D mRNA BB 0 7 7 A AR LB, RET/MIZEBWTE Th17 KFER &
WIZEMPRIBEENTND Z DD, EIC CD4AIL-17+ T fAE O EL OE N DNFREIE AL D E T
KSR TWab b0 LRI,
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Figure 24. TYK2regulates Th17 and Th1 cell induction in ear draining lymph node

from IMQ-treated mice.

A and B, The number of CD4*IL-17* (A) and CD4*IFN-y* (B) T cells from draining lymph nodes of
Tyk2"* and Tyk2~~ mice that were treated or not with IMQ on the ear. After four consecutive days IMQ
application, total draining lymph node cells were counted and stained CD4, IL-17, and IFN-y after
PMA/ionomycin stimulation. **p < 0.01, ***p < 0.001 compared with Netrl; #» < 0.05 compared with
Tyk2+/+.

FIHE IL-23FEMEEREERETIL

IMQ THHE SN DEHAEDRERITZ TLRT 7 A=A s Th 5 IMQ 73R DR A
R 5D 2 & T IL-23 PEAED TR G S FUHZREER DR RE DN TR S 41, TL-23 38 KOV IL-17 23F4
T 5b Mia KM LIZET LV THD EBEZ LTS W, FREOREBIZRIZHIT 5
TYK2 OFE| DM 2 & 512D 5 7=, recombinant [L-23 % HI N~ 5. L TREREXR

ZHET 5 IL-238 FHEM R RET NV Z/ER L nenud EpBE R S NI A hh A U 3E
@&4A:~x%%mbtonﬂ3® H# 512X 0 BN EIT day 4 £ CTRAMICEML,

AR T IL-17TA B X OVIL-22 O#Efa B L OEARB) day 2 £ TIC LR/ L CEE
ﬁ%bqhﬂ%%%ﬁ%/_&ﬁiwmw%fwf%é EEMR LT (T — IR,

IL-23 ¥R RET MICHT 5 TYK2 ORE & RS 25720, Tyke" ~ v 2 L
Tyk2 "~ ¥ 2 % A C IL-23 FHEMER ROV THBMF L7z, Tyk2”~ v 2 Tk
m23&55ﬁ®ﬁMk&% Eﬁ®@%ﬂm@%h,B&X&@Ltﬁ%vﬁzg%@b

THERENMEROTUENFED Sl (Figure 25A), —77, Tyk2" =7 2 TIX £ OIEED
FREEIE Tyk2™ = 7 2 _rtmfﬁ, (I 2T day 4 1C—E YA X THRELL 7= B HOS
HEICBWTbRABETH -7 (Figure 25A, 25B), #EEAICIE Tyk2" < 7 2 HAHHAE T
ITEF R ERE TR L LR & R DOIEEA R S NIZOICR L, Tyk2 ™~ 7 2 TiEk
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D 5V HIFIRE 22 NS R EILEOE(LiT/ E o7 (Figure 26), Z D Z &b TYK2
M IL-23 FBEM R ERICBW CEHERKRE 2O E ML - T,

(A) (B)
250 4 —O0— Tyk2+/+ BSA 12 4 i
. —a—Tyk2-/- BSA £10 |
E 200 —e—Tyk2HrIL23| o L
= < Fok
= —a—Tyk2-/- IL-23 o8 1
£ 150 g 6
°© o
7 100 2 4
5 =,
50 8]
0
0 Tyk2+/4 Tyk2-/- yk2+/4 Tyk2-/-
BSA IL-23

Figure 25. Involvement of TYK2 in IL-23-induced skin inflammation.

A, The ear pinna of Tyk2" and Tyk2™~ mice was intradermally injected 1 pglear of IL-23 or same
amount of BSA for 4 consecutive days. Ear swelling was evaluated on the days as indicated. B, Ear
tissue weight on day 4 was measured. The ear tissue sample was uniformly collected by biopsy punch.
Data represents mean + SD (n=5). *p < 0.05, **p < 0.01, ***p < 0.001 compared with BSA; #p < 0.01,
##p < 0.001 compared with Tyk2"*.
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Figure 26. TYK2 plays an important role in IL-23-induced skin inflammation and

epidermal hyperplasia.
A, Representative H&E stained histological features of IL-23-treated ear pinna from Tyk2"* and
Tyk2”" mice. Scale bar, 100 pm. B, Epidermal hyperplasia was evaluated by measuring the epidermal

thickness by imaging analysis. Data represents mean + SD (n=5). *p < 0.05, ***p < 0.001 compared
with BSA; #p < 0.01 compared with Tyk2".
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&Fg%ﬁ%ﬁ (IR L7 2 [\ L, FCM AT 217 - 7=, 1L-23 24L& L7z Tyk2" ~ 7 =
I IR Tyk2™ ™~ w7 2 BAARIC B LT CD4+ ~ L 3—T filla, ySTCR* yOT i,
Gr-1+ #HFHERB L OV F4/80+ v 7 v 7 7 — Y O GRD b vz (Figure 27A),

S BRI 5 N DLN M oM A R A o qufamns | IL-23 ALE L7
Tyk2" < 7 2 Ti2 IL-23 #% 512 L ¥ . CD4*IL-22+DEEMa0 B 82t S - (Figure
27B), F7-. ySTCR#IIE Tl IL-17+/la3 L OV IL- 224/l A Tyk2" < 7 235 L O Tyk2 ™~
~ 7 ATRZEIZFEL, TYK2 KIEOFEZIT LA LEZIT TN EAVRIE S, LN
BN T S, IL-23 ALE L 7= Tyk2" < 7 2 Tld CD4+TL-17+#ifa 72 & ONT CD4+IL-22+
MBI L, Tyk2 < 7 2 TR ERD Sz (Figure 27B), 7235, y6TCRHiIE LN
THEENZ UOMFTE LR W02, AN Yl L 5 FCM MG C& Ty, £z,
%W%%%ﬁ%yméiﬁi %%Oﬁ@%%ﬁbfméthﬂﬂmio iﬁ%/&
T BT 50T OEITIE, EAREEFFo oIl EERIC TL-23 (23 L TSET 5
IR % SR Tyk2‘/"? U A DR TR BT~ L =T flﬂﬂ’j 725 TN yOT i3
BRCIX IL-17 B L OVIL-22 EARRS MIfl SN TND B2 D,

S BIZEIE~ ORI Z TS €7 A > O mRNA BBIZ OV TR Lz, v/ 177
—¥, Th17N6T Mk, 4FHEROBEEICED L 7T HA & LTHLAS CCL2, CCL20
} LN CXCL1 OFHN IL-23 2 #5- L7- Tyk2™ <~ 7 2 JZ S ##% TI37oE L= (Figure 28),
Ty A AT E A T % VS T AR B, S AL 0 B 8
Tyk2" =7 AT LTV Z LD D—o L2 b,
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Figure 27. Acute inflammatory cell infiltration into the ear pinna.

A and B, Flow cytometry analysis of the dermal cells isolated from pooled Tyk2"* and Tyk2™” ear skin
after 4 consecutive days of IL-23 injection. Surface markers of major inflammatory cells (A) and
intracellular IL-17 and IL-22 in CD4* cells and YySTCR* cells (B) were analyzed with
fluorescent-labeled specific antibodies after the cells were stimulated with PMA (30 ng/mL) and
ionomycin (1 mg/mL). Percentage on each figure means identified cells from pooled dermal cell
suspension.

c 12 1 . OBSA, Tyk2+/+
S 101 # # OBSA, Tyk2-/-
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o
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0 l:_ll =
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Figure 28. TYK2 regulates chemoattractant expressions in IL-23-treated skin.

mRNA expressions of proinflammatory chemokines, CCL2, CCL20 and CXCL1, in the ear pinna after
2 consecutive days of IL.-23 injection were evaluated by qPCR. Gene expression level was normalized
by GAPDH expression. Data represents mean gene expression + SD (n=5). *p < 0.05, **p < 0.01
compared with BSA; #p < 0.05 compared with the Tyk2"*.
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TYK2 KETOTh1TH A S A L PEETR D VKL ER D~ — I —IZ DWW T H ks &
U'HA DLN @ mRNA 33548 % 7 L7, Day 2 (28T, IL-23 Z4L&E L7- Tyk2" <
U A B/ #f% T3 IL-17, IL-22. IFN-y, IL-18, TNF-a 72 E ORIEMY A b A O E
IRHEINANER S BTz, TL-23 Z4LE L7- Tyk2 < 7 2 BHAMRRIC BT HHEINITERS bh
s, Tyk2™ o 2 BAr#fkic b LTI BB 27~ L7z (Figure 29A), HJ DLN (280
TIE IL-22 FEELA IL-23 ALIE L 7= Tyk2"'~ 7 2 THEMICHE < . F AU LT Tyk2 "~ 7 %

TITEWMEE 3RO S 7z (Figure 29B), Z D X 5 R RIEMY A B A > mRNA 8
¥ day 4 IZBWTHRERICRD v (77— 2 IERR),

. R o T F ) A N OGRS NPT T K OFEHL % R ek
*ﬂrﬁm‘ Lto Day 4 O &IV T, Tyk2" =7 2 TRD 5115 Krt16 @%%‘fﬁftiﬁﬁ‘i
Tyk2 ™~ 7 2 TIIHEIME T L, HIE7F FD B2-defensin 3 L 8 S100A8 DFEHLIZ
DT H FIERICHBLOR T 23O H v, TYK2 23 H2fit O RETE LA mRNA L ~/LCHiffi] L T
WD ZENRHBMNI: -7 (Figure 29C),

BR824 P IA Vv EAZRE X — MOV A P IAVEBREL LT
ELISA THFL7-& 2 A, Tyk2 <7 2B TIE IL-17 72 5 ONT TL-22 PEAETUE DA B 73
RT3 5, TYK2 KIBIZ L0 82 Th17 A " HIA UHAEALNLTETLTWS
Z L ZWeER L7= (Figure 30A, 30B), & 512, TYK2 78 Th17 ¥+ b A1 »EAICERERED
5HZ L EHERT D0, BN DLN fifit% in vitro T IL-23 fi L 7= & & ® Th17 A 7
A UPEARITKIT DB A R L=, Tyk2™ DLN #ifa ©i3 IL-23 JE A f7891c TL-17 38 &
ONIL-22 PELEDHINNNERWD Hiv7=7%, Tyk2” DLN #ifa Tl A E 72 03380 Hiv, TYK2
NIL-23 (X ViFEsnD IL-17T BEL OV IL-22 OEAICEBERED D Z EBRHL N> T-
(Figure 30C, 30D),
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Figure 29. TYK2 is required for proinflammatory cytokine and psoriasis-related

molecule expressions in IL-23-treated skin.

A and B, mRNA expressions of cytokines in the ear pinna (A) and the ear draining LN (B) from each
mouse after 2 consecutive days of IL-23 injection were evaluated by qPCR. (C) mRNA expressions of
psoriasis-related molecules in the ear pinna on day 4. Expressions of Krt16, keratinocyte proliferation
marker, and defensin and S100a8, antimicrobial peptides, were measured. Data represents mean gene
expression + SD (n=5). *p < 0.05, **p < 0.01, ***p < 0.001 compared with BSA; #p < 0.05, #p < 0.01
compared with Tyk2*.
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Figure 30. TYK2is required IL-23 dependent Th17 cytokine induction.

A, IL-17 and IL-22 contents in the ear pinna. After 4 consecutive days of IL-23 injection, the ear pinna
was homogenated and cytokine contents were measured by ELISA as indlcated Data represents mean
produ/ctlon + SD (n=6). **p < 0.01, ***p < 0.001 compared w1th BSA; p < 0.001 compared with
Tyk2 . B, Ear draining LN cells isolated from un-treated Tyk2 " and Tyk2 mice were stimulated
with various concentration of recombinant mouse IL-23 (0 — 10 ng/mL) under CD3 stimulation for 72 h
and measured the secreted cytokines by ELISA. Data represents mean concentration + SD (n=3). *p<
0.05, ***p < 0.001 compared with Tyk2 DLN cells.

oz, IL-23 FHEMEERET L TOVA NI A L OEENZOWTRFT 2729, #it
IL-22 HitiR, 1 IL-17A Htik, H1IFN-y Hiikd L OB p40 Huikz 7oA R A o hfnsE
BRZAT o7, 1 IL-1TA HUiRi3 day 3 DAREOZ TR < A IEIRZ 306l L, #1 IL-22 HFUklx
¥riZ day 1. 2 BEO 3 0O B ER 7 5N day 4 TOFREZ OREIE % 50 < #)if] L 7=
(Figure 31A, 31B), Z D Z &b, IL-17TA 13 ISR IO RIAEFE ., TL-22 1T KIEQHA D & 2
JERICEERER 2RO Z LR E Tz, —F, HLIFN-y JUKIIAET VO I EIRIC
*F U CHIHIER IR S 2o 72 (Figure 31C), &5 LT\ 5 IL-23 Z EHZH 13 551 p40
PURIL 4 SDOHURD Tl b TR < B/ R A #iiil L 7= (Figure 31D), 1t IL-22 Hiik 4 AL
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LEZEMICONWTESICIHliZ#ED - & 2 A, Bk BENT TIIEAL U 72 RAE D8
JAFRD B, IL-23 ALEIZ LV B N ENFEOIREN G IL-22 FiiRLE I L > TH
BT 2 2 £ 2B 502 Lz (Figure 32),

IL-17A B X OV IL-22 (2% 2 PRHUR TR R OMEINRB D HivizZ &b, IL-23 3
HPERZ ST TL-17A 38 L OVIL-22 DEEE & 5 WOIRER 2 HIf 3 2 AN A2 727 L Th
B ENRBINT,

(A) (B) (©) (D)
—O0—BSA —O0—BSA —O—BSA —O—BSA
—@— |L-23 (control) —@— IL-23 (control) —@— |L-23 (control) —@— IL-23 (control)
—A— IL-23 (0-IL-17A) —A—IL-23 (0-IL-22) —&—IL-23 (a-IFNy) ——1L-23 (a-p40)
250 - 300 - 400 - 250 -
Sokk Fokk
250
_ 200 -
Ezoo ok 300
2 200 -
2150 150
£ i
= 150 - 200 b .
2100 A 100
g X - Hit 100 1 #t
100 A e
Y 50 - 50 | it 50 1
0 0 0 0

Figure 31. Both IL-17 and IL-22 play critical roles in IL-23-induced skin inflammation.

A-D, Recombinant mouse IL-23 was intradermally injected into ear pinna for 4 consecutive days, and
the ear thickness was measured using dial thickness gauge as indicated. Neutralizing antibody and
isotype control antibody, 0.1 mg each, were intraperitoneally administrated at day 0 and the ear
swelling was evaluated. Anti-IL-17A antibody (A), anti-IL-22 antibody (B), anti-IFN-y antibody (C) and
anti-p40 antibody (D) were evaluated. Each value represents mean +/— SD (n=3-5). *p < 0.05, **p <
0.01, ***p < 0.001 compared with BSA; #p < 0.05, #p < 0.01, *#p < 0.001 compared with control
antibody.
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Figure 32. Blocking of IL-22 ameliorates IL-23-induced inflammation and epidermal
hyperplasia.

A, Representative histological features in IL-22 neutralizing experiment. H&E staining. Scale Bar, 100
pm. B, Epidermal hyperplasia, as quantified by imaging software from H&E stained sections. Each
value represents mean + SD (n=3) **p < 0.01 compared with BSA ; #p < 0.05 compared with control
antibody.

A IL-22 FEMEEBREEXLETIL

IL-23 FHEME R FERET MZBWT TYK2 WEEREE 2 FFO 2 LB LI/ 57203,
IL-22 % FRIZH 2/ T 5 TYR2 S ED K H I IL-22 1 0&AF L= ERICH 53 2 3R T
bbH, 22T, IL-22 Z HNICEERGT2ET VEER L TR L, 7ok, IL-22 %
RDOFBUL, D 72< & H mRNA BB L~ T Tyk2 = 2 L Tyk2~ 7 2 IZ#EIT 20 »
7o (77— % IEHR),

IL-22 #5012 L 0 | IL-23 I2 G E, 0 D Tyk2Y ~ 7 2 CHAMEIE 2R 51, Tyk2™™
<~ U A TITA BRI NERD Sz (Figure 33A), 7= Mk FHI 2 ATIC L » T IL-22
B 5T Tyk2™ = 7 2 B kT2 R 0 I L 530 S8 M IR T A3 TR B LTz 23,
Tyk2" ™~ 7 2 B ##k Tl3Z ORREITHRM Tdh > 7= (Figure 33B), REEEICK L TH
IL-22 L& U 7= Tyk2" <~ 7 X TIZR L DIELOMNAZED Sh7-3, Tyk2 < 7 2 Tl
LT (Figure 33C), = k& 912 TL-22 #4512 K 5 AR b ONCE RIS Tyk2 ™
<~ ANPGRS L2 D TYK2 28 IL-22 OFERICESEAICBIS5-4 25 Z L 30 &2
272 o7,
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Figure 33. Involvement of TYK2 in IL-22-induced skin inflammation.

A, The ear pinna of Tyk2+/+ and ’ka2+ mice was intradermally injected 1 pg/ear of I1-22 or BSA for 4
consecutive days. Ear swelling was evaluated on the days indicated. B and C, Representative H&E
stained hiﬁtological features (B) and epidermal thickness (C) of IL-22-treated ear pinna from Tyk2++
and Tyk2 mice. Scale bar, 100 um. Data represents mean + SD for five mice per group. **p < 0.01,
**% < 0.001 compared with BSA; ##p <0.01, ###p < 0.001 compared with Tyk2+ ’

KROIEIZEAD D77 F 7 A MILEITH T 5 EER 1L-22 ZHEERBEMRTH S
D 20 IL-22 37 T F YA b OBEEA BEHEICTHE L TW D REEERE X b,
Z 2 CIL-22 1 X 0 EEMICHEE S D B KIET TYR2 KIEBOFEEZ  HA~0 IL-22
B #E 5 3 Wrf 30 J U0 6 BERIC75H S5 mRNA 3 CRif L7, Tyk2" ~ 7 Xk L
Tyk2" < 7 2 Tl IL-22 F4IC X 5 Krt16, B2-Defensin, S100A8 35 L TF SI00A9 D IFEH],
FRAPBEEIETH 2 WK FHM 2778 LUIL22 23 TYRK2 20 L T2 b DR T OEAD
EREAICRE S LT D Z &R &7z (Figure 34),
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Figure 34. TYK2 controls IL-22-induced keratinocyte proliferation and activation.

The ear pinna of Tyk2+/+ and Tyk2+ mice was intradermally injected 1 pg/ear of IL.-22 or BSA. mRNA
expressions in the ear pinna from each mouse after several hours of IL-22 injection were evaluated by
qPCR. Expression of Krt16, S100a8 and S100a9 were measured after 6 h, and Def2 was after 3 h. Data
represents mean gene expression + SD (n=6). #p < 0.05, #p < 0.01, ##p < 0.001 compared with Tyk2+ "

ETOE SS5F/H4 D IL-22[BEIZTEITS TYK2 DEE

IL-22 # [~ G LI2GAIC, BIDSET L2017 7F /%A FThHEEX LD,
in vivo TIXOMIZOBI 5 b EEILHIR T, TYK2 & IL-22 OBRZ I 5023 HITIER
+uaThbH, £Z T, B NI F A Mk TH S HaCaT flilaz AT, TYK2 %
SIRNAZRWT /) v 7 Z o Uiz b & 0 IL-22 RIS A789 72 STATS U U ki K I F 4 52
% In vitro THigt L7=,

Control siRNA TP L 7= HaCaT #ifid Tlid 10 ng/mL @ IL-22 #fEIZ L 0. 545, 30
sy & STATS U Rt L~ v ER B HERE S vz (Figure 35), — 5T, TYK2 % siRNA T
J w7 Z7 LT= HaCaT #ilfin Tl IL-22 #7897 STAT3 U ik L~ EFITEED 5
T, TYK2 75 IL-22 & 7 FIVRZICHWHADK T TH L Z E BN o T,
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Figure 35. TYK2 directly regulates IL-22 signaling in keratinocyte.

The phosphorylation of STAT3 in human keratinocyte cell line HaCaT by IL-22 stimulation was
evaluated in vitro. Two days before the stimulation, TYK2 knockdown in HaCaT cell was done by
TYK2 siRNA. Cells were harvested 5 min and 30 min after IL-22 stimulation and STATS3
phosphorylation was analyzed by Western blotting. To confirm the TYK2 knockdown, TYK2 and
ACTIN were also blotted.

FRE IL-23FEMEEBHREERETIVIZEITS Tyrphostin A1 I5EDOEE

IL-23 #FEMERZ RT3 L TYK2 OFSRERR E G 20 22 hilil 5 1EIZ 72 D ARl 5 728,
TYK2 &+ —FERE L TaH T 5 Tyrphostin Al 2 — /LA & L CERFEM
T o7,

Tyrphostin A1 (% Tyrphostin & FEEIL 5 5 —FBHEAR] T A 77 ViLEHDO—>T, e 4
IR —PIHEEENELS | EGFR V7 FAEAIR EDR BT 4 7T ar b a—U e
ELTHWORTWZ129, LasL, TYK2 HFEEMEDR & D 2 & 03B Liz125.120, JAK2 %
WAL CHEPRIEZ A LTV Z &b TYR2 EREDN I EWVEEM TH D EE XD
MBI LTV D, TYR2 FHEAR E L TOBEEZH LT 5720, TYK2 H 50 %
fthd JAK O BHE U VEEOMHERIZOWT JAKs O HE VU bz 3 2 BEER %
Western blotting /£ CHEFR L 7=, JAKs [T FIRELSE L LV U NfilELIcA Y
B ZF, 20D, BMERBLSE JAKs OV UBbiZk3 268 08 % 5
i+ 52 & T, @HEII~T e gflAEGbED JAKs OV 7 L& E—0 JAK ¥ —Eioxt
THREL L THRINT 2 Z L AREICZ2 5, Tyrphostin Al 1L TYK2 Z iR S & %
21X 30 M T TYK2 VU Rk 28] L. JAKL 72 5 TNC JAK2 O U U FR(bIZ % LTI
L7272 (Figure 36), —J7, JAK2 [HEH] & L CTHIH 45 Tyrphostin B42 1% 30 pM
L OV100 pM T TYK2 U VELICITREE T, JAKL U kit LTl 30 nM, JAK2
U UER{BIZxE LTIE 100 pM T, Tyrphostin A1 & 13 SN E R BHE T 0 7 7 A V&R
L. Tyrphostin A1 % TYK2 [REHI L LCHWS = &S = & 2 RER LT,
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Figure 36. Tyrphostin Al selectively suppresses TYK2 autophosphorylation.

HelLa cells were plated on 24-well plates and transfected with a vector coding for TYK2, JAK1 or JAK2
as indicated using Metafectene. At 36 h after transfection, the cells were treated with vehicle (DMSO),
Tyrphostin A1l or Tyrphostin B42 at indicated concentration for an additional 1 h. The cells were lysed,

and lysate was immunoblotted with the indicated antibodies and assessed the autophosphorylation
levels of JAKs.

RIZ, Tyrphostin A1 OFHMEE 7 MK 2 Fghakili 2 TL-23 FHEMERERE T /L2
TiT-72, Tyrphostin Al 1% in vivo TOfEHEENE EMELENZ LD, 1 H 21[H
DRGIEN G- CTlagt L7z, IL-28 #5012 & 5 AR IZ 2 35 1OV 10 mg/kg @ Tyrphostin Al
BHETIIEGRED L7203, 50 mg/kg # 5 TIEH R b NCH B EEOH
B o md Bl s iz (Figure 37, B E T — % IEER),
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Figure 37. Tyrphostin Al suppresses IL-23-induced psoriatic skin inflammation.

Tyrphostin Al was intraperitoneally administrated twice a day into IL-23-treated Tyk2"* mice. Ear
swelling was measured as indicated. Data represents mean +/— SD (n=5). ***p < 0.001 compared with
BSA; #p < 0.05, #p < 0.01 compared with I1L.-23.
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Figure 38. Tyrphostin Al suppresses pathogenic IL-17 and IL-22 production.

A, IL-17 and IL-22 contents in the ear pinna. After 4 consecutive days of IL-23 injection and
Tyrphostin Al administration, cytokine contents in the ear pinna were measured by ELISA as
indicated. Data represents mean + SD (n=5). ND, not detected. **p < 0.01 compared with BSA; #p <
0.05 compared with IL-23. B, IL-17 and IL-22 production and ear tissue weight that were shown in Fig.
35 in each treated mice were plotted.

Day 4 TOHI ATV A SO A o @EZRE L& Z A, AR L [FERIZ 50 mg/kg &
5¢ IL-17 EEAOABERK T 2 50N IL-22 FEAOK FMEM D Hiv, B ERG &
A BB A EARRDRFEREOZE(Z R LTz (Figure 38A), Z d L & Hil#k+ o STATS
U U b b gl S (F— 2 IERR), EIRZ L OB ERE BENMBETRST A ShA v
EOMBRBREZMER L= 2 A, IL-17 &% LTI r2=0.678, 1L-22 (Zxf L CiE r2=0.505
L, HNEREEETA M4 VEICEOHBENES bz (Figure 38B), Z OFHEIRY
RIZE S L LR X 512, 28X 10 mglkg D Tyrphostin Al $£5-0O~ o7 ZA|ZHNT
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. Th17 %A bhA &L BEEROMENCBEREDN S5 Z L 2R L T o bd LB X
E)o

IL-17 3 J OVNL-22 BN EAER DA 2350 D Z E X PR FER D b L TH D
(Figure 31), it > T, Tyrphostin A1 #5- TR & 7= B REARINHEI S B AfEk T Th17
A N A > OREAMGNZEEDS < FTREMED/RIZ S 7=,

Fmfi AR

TYK2 (XD R REI AU B R 2 D TL-28 DY 7T IUREIZED 5+ Th Y |
IL-23 #FEIC L 5 IL-17 FEAE 72 ©ONT TL-22 FEAE 238 < il L, R DOREE 722 & NS HIHE
TF ROEAIE Z I U TR R R ICE B AR A RO Z EARIB I N, EHIC
IL-22 O 7 F AR KT D EH#ER 2B 5 b2 S 4, TYK2 723 1L-17 B8 KOV IL-22 O
A 72 B ONT TL-22 (KAFRY 70 v B oy + D FEAE O EHAMHNC X 0 | SRR B O FIER
FOEAICB 95 Z R I T,

IL-23 12%F9° % TYK2 OB 5IET TICH L E 72> TRV | IL-23 FHEMLERET LT
L THPUMEZ RS Z I PHITEL 28 THD, L Lans, IL-23 12k 5 IL-17 A
RO G R L OV DLN TOEINNSe, IL-22 FEAICKRT 2 AT STl 2o 7z, A
g2, TYK2 KABIZ LY S ICiEE % Thi7 M3 L, DLN 2B\ TiE IL-22 %
PEAT 2 CD4 AR, 3725 Th17MfadH 5V id Th22 Mifu 23832 = L SR STz,
—TCIL23 ZHFEERB L, IL-17 B L O IL-22 OFEAREEZFFSOZ LRSI TS yoT
AR DI EAICKH LTI NREEBITR D LR o o FF 5 1E R
PMA/ionomycin fI{ FCOEARETH VD, 1L-23 &5 L1z & XI2% D IL-23 FIPIZNE
THMIE TR D, 2O, WEEAIZE W TiEMH Sv7z Th17/Th22 #ifdZ: 5 ONT
YOT Ml Tyk2 ™™~ 7 A TIX IL-23 IGEMER T+ 5 L BEx bnbd, EEE Tyk2 ~ 7 2
K yOT ML Tl IL-23 (KAFAY 72 IL-17 FEAEDME N 975 Z E A STV 512D, Z D728
Tyk2 ™~ 7 2 TIUBRETE AT B 53 D5/ 6 DY A b I A VEEAIEKL 2o TEY
ZNNEMMEART Y 32— PO IL-17 BE O IL-22 FEABOES IS S TN D EHE
gans,

IL-22 X ZHHEOH BV A M IA L EEZLNTEY  MEHT D8k, BRI L > ThkE
FHENC BRI B @< LB X DTS 120, FFFIZBWTIATE CORFNRKE VW E
EZLNTEY FRARICBW I IL-22 Z2fl3 25 Z LI E LWERAEE 2 b5,
IL-22 Z AT MECRMI TR, JEMmERRAIIC I L, B EIcs W Tidr o
F A A IL-22 ITSET DM TH 5 120, Hfif OIRREIERIC BB 7R TL-22 7278, &7
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FUBEICED D TYK2 OFENCOWTTIFE A EHFRIZSN T o7z, FL Y IL-22
ZIEH R R EOBBICEE CTH Y | FHIC Tyk2 ~ 7 2 THRIEHBIC B 1T bhenz
EMBIL22 DY 7 F KT D BT ICRERN R b DIEA D EEZ Tz, Lol
IL-22 MR OR R PUE <7 F NEOEE 2 E oMl 2> 5 TYK2 1% 1L-22 &
K T FNBEIZBDTRE SN AR WEEREEZRFOZ EBRH LMoz, RTL
IL-22 ZFKRICRET D JAKL b EBHBEREE ZFHHOZ NP LNIIISNTND 19, £
D=, IL-22 OEAICx LT TYR2 & JAKL BNZENFUCHEE 2 R>Z EBNH LN TH
%, TYK2 & JAK1 OG- OBEHEWVIZOWTIIS B OMENEENLI MY L EZ D,

Tyk2 < 7 2 THELA-BiZ%, IBD % L CHMEOET /LT LA MEN D, Al
IREOMTT D720, fbaWic k2 TYK2 [EFERAZRAAT, HTHRRF T —BEawT A
7 7 U @ Tyrphostin 28D H11Z TYK2 SR E VY Tyrphostin Al 3% 0 18114 SEERC
TYK2 ;&R A2 Rl C& 72 Z &5, Tyrphostin A1 TORHESEER % 77+ 7=, Tyrphostin A1
X ES RIS 722 © NSRS Th17 o Ml A VEEAZ I L, M 1213 EOFHEBI AR
bz, ZDZ &1E, Tyrphostin Al OFZhS Th17 VA F A VEEAMGICE S Z & %
R LTWD Z EITINA, 58 1n vivo iGPEZ > TYK2 BERIT L 0 03 27R9 2 &
DRSS,

P bEo X 51, ABFZE T IMQ. TL-23 35 LU [L-22 12 & 2 Wi ORNE 7R © NS 2 fiERS
HOFEAICED S TYK2 O%FIZMEr L, TYK2 28 IL-17 38 L O 1L-22 EAZ 6T 5
Z LK RIERS e D NS IR A O RICBI 535 2 &, £ TYK2 i
I\ L VHIHARETH D Z LA Lz, IMQ e & IL-23 FEtE 1 &0
5 RFEM 72 2 SOWHEE T VORI RICE D 2 TYK2 (X, MmECRMIES O IL-17 B X
O IL-22 FEAEIC K D RIERGR 7 © NS IEMERRABIEIC K 5 TL-22 (TRAF L 7= iz g B oy 7
ORBLZHIE L, WRHEROEN 2 LTHREESE X D,
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TIE, WREZBIT D TYK2 OBEENZSWTUTOZ & 2 5202 L7 (Scheme 3),

TYK2 1%~ 7 AMEE T /L COR e B/EANIC EE 2 &E 28D, b M Cald
55 Thl7 A R A 72 5 NIHIE T T ROFFEN TYK2 KB X 0 D3
éo

TYK2 (% IL-22 7 FAMENZ L0 7 T F 7 A M X D EREEZ S ONTHIE
7F ROFEEZRIET 5,

TYK2 OFERERLEIZ K o THME O RE A HIEH T X 2 Wt & 5,
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Scheme 3 TYK2role in psoriasis.
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SFRE BE

AWFFETIE, Tyk2 =7 22 W MEHTIC L 0 . B O REEICEB T 5 TYK2 O%EC
DOWTHH R Z 5T,

B TIETYK2 28 IL-12 2 /AR5 L OV IL-23 /AR5 D 7 F VAR FEIC B 2 5
D, FRCH OSSR BRREAFE T 5~ 8—T fllg L LTHER S TW5 Thl Hifa
72 5 NS Th17 MIlEO ML - HFHICEED D 2 & & L CHRIEHIEEED Treg MlEICxT LTIk
AL &% in vitro B X in vivo f#NT /NG ST LT,

BT, Tyk2" ~ U AN AET L Th S CIA 36 L0 CAIA 1Z%F L THRUNIRAEHE
Ptz 2 b, B3 T — 7 U B 2 B2 72 & ONC BIERk BE C BHER 72 B 2 AT
FTHZEEHLMI LI, X512 CAIA ICBWW T Thl 72 5N Th17 A M A v DR
A SR RERIAENC & 5 LT\ B RTREME A e LT,

BB T, Tyk2 7 253 UC £7 /L0 DSS FHEd: KB4 3 L O CD 7 /L® TNBS
FHEMERIBR DR D Z A 7D IBD EF M L CHMEEZ RT 2 L 2H LN LT, F
7=, DSS FFEMEKRIFRICIVTIE Thl 22 5 NS Th1T YA b I A > O FEAHNH 2395 el 1]
IZFE LTV D alherE 2 /e LTz,

T, Tyk2 7~ 7 ANEREET L Th 5 IMQ B8R 2635 X O IL-23 75
G Szt U CRIEIEHIME A2 R 2 & 2B 5l Uiz, TYK2 IESE DB Cide < | i
R OFRIEEDOHIE~DFEDOKRE SME, 7 FF /¥ A FTO IL-22 OiEHEHE
2B 5 TYK2 OEHER 2 EEZH LML, & LIRS T LAMIC L 5 TYKS KERERL
EDSRERRE 2RI D WM B D T L AR LT,

ARFZEZ IO TIIHRC TYK2 2380 % 1L-12, IL-23 B L O IL-22 (23 H L% 21T -
2o L2rL, TYK2 2MtlZ s IFN-a/B O 7 FVRZEIZEDY . oD% A M A T
SLE OJREDEHICEE 2 Z E N LTV AH128129  F72 0 GWAS (ZBWTH TYK2 IE
SLE O BEZMELE T & LTHLRIESNTWD Z L 2520 TYK2 (MDA AEH
RPIEA T = A L Ff D, SRS TR Z 5 B OB R RICBWTHE L TRER
FIZBb 2 EHER T ThDHEZEZDBND,

ABFFEIZIBNT, TYRK2 Bin T2 KK LTEHETZT TR, TYK2 7 —BIEMHEREFIC X
Ly hue— OR[N E R Lz, SO/ AN G, TYK2 BHESKIL IL-12/IL-23 ©
R 2B oS Re M D Thl MIKS/Th17 M43 - BEFE O RINAY 22 3MHIEH %2
FrH, S OITITEEER 7 TL-22 MfERIC & 0 BEF O IEAISCHT p40 Fiikie & 57 5357
BT 7 ANEROWRERD D Z b, HLWI T ADH CERBIREEKL 705 2 &
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