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atRA all-trans retinoic acid

CRABP-2 Cellular retinoic acid binding protein 2
CYP26Al1 Cytochrome P450 26A1

ELISA Enzyme-linked immunosorbent assay

HA Hemagglutinin

IgE Immunoglobulin E

19G Immunoglobulin G

IL-1B Interleukin 1f3

OVA Ovalbumin

PBS Phosphate-buffered saline

PBT 1 % Tween 20-PBS

gRT-PCR Quantitative reverse transcription polymerase chain reaction
RAR Retinoic acid receptor

RXR Retinoid X receptor

Th Helper T

TNF-a Tumor necrosis factor a

TSLP Thymic stromal lymphopoietin
TSLPR-KO TSLP receptor knock out
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WE, EPEIZANBEIC L > TIRROIEDER TH Y | BUET HREGVEIZ ANFHDFER D
LSBT D (1), 72 & Z20E, 20 HHARICIsIT 2 KRB OWMAITIE, 3MEANDL 5EAD
xR HI-H Lz e S, % 1000 FHICHF AN O 1 FREZEC SE- & AES 5
NTW% (2, MAT, g —o v 2B 52X FOFAFIZYRFOAOD 4 50 1
N3O LITRERFELESEZESNTND (3), £7o. IR > THRAE Lz A~
Y EFBOFATIZ, UERFOHRN A OK AR L, BT HADEEZH LIL T
W2 (4), ZOXIIT, BIEDWATIZ, EFH - @FE LOAFEORR LT, KER
SRR EL RIF L TE 7z, BRI . FUEWESIY A NV AIKOBRF R 5
HEENZBWTEIN D OBEIMEIC L > TRiad T aRiIRE b L, L, %
ik EEICBWTIEA b 7228, BT X 2 FRIMEZR B FTRIBRYC K D5EH A, JER
DREHE HDTNWDLONRBIRTH D (5), F7LEERICB TS, Hifl - FHEEYE
72 EOBBUIIAARE L T\ D, IE TR, EESMEMEREEGERE (SARS), #HiiA 7L
T UV ORE, FEEOETATR ENBES N TS, 2D ORYYEE T4 5 H807%
FEO—2IZ, VIFUBRbbH, LNLY I F AL HSEOMBEPRERGERH 5 Z
& (6,7). VI TF UNIRAFT DIEGERC, T ORRMELR LI L DEk & ZREIWER D EFH
MRE & 722 510> (8,9), FFICHARIZEWTIRENWERIZ X 23R E . RSEAZEN
FEBAFE IR 72 572 E O AN EZ T 25608 < S5, TH DB LY |
BRDDHN IR0 7 F Lo R T H72DDOFRETRT Z ENRDHNTND

WRDU 7 FATBN T, BEED D WVIIATEL LERRERZ O b o8MER ST
Wb, BAIOU 7 F oL SNAAEOHRII L E L, WAy b 7T UREOA
HE VRIS BCG, ME - MZRED, BUEMEH SN TWORMY 7 F b, il
JFARD 2R G TBEl e LCTEESL, K<FIHERTWD, ZhbDT 7 F Ok



i, BEREMICKRE K Zolen i 2 2 L3 CT&E 5D, — DR Z RT X LV BHTH
D UK DB A S v, MR R IRIC K D YTk L TR A RS S
5o b —DlE, WERKISEERT DRI Th 5, Lipopolysaccaride, 71 /LA
DNA 72 & DR FUARE R M R E SO 2 ¥R+ 5, 7o 23 7P s F o
IZE&END 7 AL A RNA I toll-like receptor 7 OiEMALZ I LT, WNIKM: O Gz
# (TYansh) ELTHET S ZERHESNTVDS (10), ZDXLHIT, AfRg
PEWETRAL 7 13 B ARG R 2 TRV U T RS B e BRI R 3 2 50 O MG 2 {2
T LML, ZNEDT 7 F U ALZ QRGN BRI~ DRIE - FER - LR ED
BWERZ LIZLIESI &4, . A v 7 A2 FU T F oD X 5 ICHERINA{H A
THUR L 2 o RR RS 256 WaRHIZ, TOoBREMHE TSRV LR E 2
Do

ZOMEZ MRS D72 ITENTE - BN ESR OO H L ON, HikR) 3 e) v
MUROHBZ ANl Y 7 F o Th b, IO TGN BB PR O A2 L
12U 7 F T BRGER TGS 2 RO RBIFARK D & £V, Tk T
B L 70 o TGS - R EORWEANRRE B SN TV D (1), £z, HE
Mifa7e &2 W THURZ AE BT 5720 A VI NVT PO T Iy 7R 8T
VBERGUR A TRICHER L, V7 F o2 AETDHZENTED, ItbxiE, Vare s,
VRV TINT AN INT = B E Ry L LIc T 7 F T D Flublock® 13, K
ETEBRIEN SN TWDIRA Y 7 FrOo—fTho (12), 2D—FHT, —KIZZD
KOy U 7 F L 3HUREAFERNT | R 2T 572 0I2iE T P an
Y hORMELEESTD (18), BIfE, 7TVa30 hE LT, FUREZWSE L TRATIC
LD, ETAFEYA N IA L ORBEED TREMSEHRT D, TVI=U LT L
DI HWHNTWS, £72, A VINZ P REDO—FHOU 7 F L TlL, TLI=U

L7 v & toll-like receptor 4 {EENHEZFHAGDHETT Va2 X FELTWDLIHDOLEH S



(14, 15), L)L, 27V a Ny My ER, WEMRED & RIS, FEERIR e K
JEME A N AV OFFE - BRGEROIEML EE2 S Z 3729 (16-18), fEkD
U F o LRBEORIENRAEL D 2, TUOOMBELY | KO HIOLERT 7 F %
BT T 2720, HileR 7 Vany Nl TLIMNENRS DL LEXBND,

AR, 7227 V2N R E LTOFRIHAPNRAL LN TND S DI, R a5
ZUNRNTETED, YA M IA U RdD, & 20X, EEEERT (TNF) 77—
DY A "1 A 2T 5., TNF-a, a proliferation-inducing ligand (APRIL), TNF-like protein 1A
(TL1A) %, PURE E BT~ T RATREES LTZBRIC WX D PUREA B A =D
L2 EDNWEINTEY, ZORICHPENSD IL-4 728D Th2 %A A D3
HEFEZN LTS AR RSN TS (19), /2, 181 Z—7 =1 (IFN)
THD IFN-0/p (X, T A~D LY ¢y 707 Y o OBIECBW T, REEICHURES %
DL ENREINTEY, ZOKGIC IFN-a/p 1 L BRI OEME LB 5 L
TWDAREMEINRIR SN TV D (20), S B2, S%EHIEY A N A TH D thymic
stromal lymphopoietin (TSLP) (%, ~ 7 A 2BV T, HIV FUFRIZHT 2 MiET 1gG <okb
R 1gA B AR T 2RN D L5 2 ENPILNTR-TND (21), 2D XkHIZ, &
BOYA S AT, TP PIRPBOOND ZLPRESNTND,

TSLP (% interleukin-7 (IL-7) #%-A S A > O—FET, YPMRCELESIND B #l
N DO YEHE « TEMHALZ R TR 7 & LTRSS (22), 20 TSLP 1%, £ D% DS
0 EICEE - RE - BERED LRI Y ALFWE - WA - A A
VIR EDBRFERFN K-> THEAIND Z & BRIRMROTEML 2T LT Th2 BiER
IGEFET DN TH D Z EIVRE Tz, TSLP ZFK (TSLPR) 1E IL-7 &K o 8
EHEEIRE72LTEY (23, 24). TFii® Signal transducer and activator of transcription 5
(STAT5) DIEMALZN LT V%52 %, TSLP o 7 F 1 & 0 iEMAL L 7= sk

fali, OX40 ligand (25) <> CD80/CD86 (26) 72 &, T A OIEMEAL-CHURIE NI B



RO TERBLL, U URfliEET D, 0%, BRHINIE OXA40 ligand/OX40 FHA{E
M7z LT naive CD4 [tk T #faz i L, 70 A &k CXCR5 #H EFIC X
% B Mg ~DWEE - LR, T a T A v — B iEMALIC & B A,
c-jun n-terminal kinase (JNK), activator protein 1 (AP-1) OiEMAbZ2 E&k = L, T Milao
Th2 73t IL-4 72 XD Th2 YA NI A 38L GURPEA T E OIS ZFHET 5 (27-29),
Z DML, TSLP [ XAFHEHER 2 il L. major histocompatibility complex (MHC) I 431®
FHEH G2 LT, AR HURTR R AIIE & LT & 2881 S 5 mlRetE2y me S
TV (30), 2D X 912, TSLP [IHlifrmsfifa ofustris KON £hicfki< T #
fa D53 « TEMHALICHEERRFTH D Z Enmbh TV 5,

AWFFENZITBNTIE, A NOA T2 T Va2 M LTEAETHIEHTZD
Z@ TSLP IZ3EH Lz, ZOHEAEIX, TSLP O 7 ¥ 230 b & L TOM N RIE G &
B2 EF (21), EFREE~Dk A RS TALEM OB L - TREFHFEI NS Z &
MHHITWDENL TH D, KIEVET A M A THD TNF-a X IFN-o/fp &7 ¥ =2
YhELTHERT 256 RERITRIEZE IS Z EMESh D, MA T TSLP ¥
VRV BHEETIF DTV anNy N LTHAT 256, 0 X7 ETH DD RIT,
TRAF « RIS I W THREE - R R LWE) NREZZR SN D WREERH D, £
To . REAPEVRHEET, a2 YT HZIR LD T ENTHRIND, £ 2 TRIFFETIEL,
TSLP #HlZ&HE T 51K T{bAEW T, TSLP Z v X0 Ba{ET 5 Z LIZER LT,
YHFIEE T, 2 E TOMZEIZ LV 12-O-tetradecanoylphorbol 13-acetate (TPA),
m-xylene, nonanoic acid 72 & DR FLAEMIT, ~ 7 ATV T TSLP B4 7HE
THEANS D Z ENHLMNI/2 > TS (31-33), 7o LOMFIEE & DI LD |
B2 D T7FIr7THD MCIB X°, BX I A OIFEHRREHTH S all-trans
retinoic acid (atRA) ZHEfiix 5925 2 & T, v U ZAKEIZIWNT TSLP HERFHEI N

DT ERTFENTND (34, 35),



ZDX T, KA B TALAWIC L D TSLP ORBFENRRE SN TVDHA, A
eI DT, atRA (25 H L7z, TOHEMBIEL, TPA X° nonanoic acid (ZIZR
(X DA B RN H Y (31, 33). m-xylene ° MC903 &4 HAI & LT
FERRN—5T, atRA ZIXL O L THHEL T/ A Ri, AL L CoRMOEH
EERDH DG Th D, B, VF /A MMVARNISFE g AR R & O/
JEER BN S AL, R ORI - B e EOABER 2T, RITER &
LT, RHIOEEIZI\THLEE - F8FERK - JE Ol EORWER A s (36-39),
L L, BEMICHT 2EMOMEHFEERH L 2L L0 oy HbA L v =4a
TSLP #FigAI & LTHEMATE 5 2 LM RIAENT,

atRA Z XL ETHLF /A Rid., %< DA, retinoic acid receptor (RAR) ZHEE
LCZEDOMEEHET S (40), RAR IZ1F RARa, RARB, RARy d, K& < 322/l
SNV T XA THRFEEL, WIh retinoid X receptor (RXR) & DA~T XA ~<—L
720 ERERF L UTHRET 5. 2O OEEGA X DNA Lo retinoic acid response
element (RARE) (25659 %, 2@ RARE [TV OOfENRHY, B h v 7R LG
|2 TSLP i&{5¥-® promoter (2. direct repeat (DR) 1,2 & FEEXILH WK D02 RARE
NHDZENRENTND (34), Ganti HOHEIZ LA, @ RARy-RXR #HAMKIE
DNA LT TSLP promoter % A{GMRAEIZ LTV A, atRA HIIL T CHAIEKIA 1 & 45
A L., TSLPpromoter Z{EME(L3 2 & & TWD (41), ZD Xk 9Hiz, atRA @ TSLP ¥
BFHEICBIT 20 THEIC OV TH, e R@ERREINTN5,

INETHENZEBY | atRA (ZIT~ 7 AR FFIZIB W T TSLP B AFHET H2/EM N
Y (34,35), TSLP |ZITHUAFEAZIGTRT DIEM D & 5 2 E WA SN TWD (21),
Z ZCAMIZE TR, BRI O LRI I T 7 F T P a Ny MRS BRE LT,
atRA 7% TSLP PEAZIT L TT ¥ a Ny MRER T et Lz, £ LT, [TSLP %

WA FHET ARG TALEMDORET P aNy e LTORIA] EWH ., B o v F
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2. REAF

2-1. EBrEY
ICR Mt~ 17 % HATZxT /L —E St
BALB/c M~ T AAT 2oL —kA St
C57BL/6 MMt - it~ o7 & AAT 2> )Ly —kea ot

TSLPR-KO ~ 7 & (C57BL/6 back ground)

Dr. Warren J. Leonard CK[E NIH) X v fit5

Y FEBRO T 0 b )V E R R FPEELZEEZE ST FEREMEESITB W TTK
S4u (2017 3E#H-003, 2016 #H)-014-1) . TESZKFENRAL KIS DB R

BT AHE] RS To T,

2-2. RAFK

Acetic acid Tt T3epklath
Acetone FOCHisE TRMA S
Albumin, from bovine serum (BSA) SIGMA-ALDRICH
Albumin, from chicken egg white (OVA) SIGMA-ALDRICH
Alexa Fluor® 488 Thermo Fisher
AIK(SO,), * 12H,0 FOEpisE TEMA S
all-trans retinoic acid (atRA) SIGMA-ALDRICH
Al(OH); Frfe i T3k Nt

10



2-Amino-2-hydroxymethyl-1,3-propanediol (Tris) e HiE T3kl tt

Anti-Ovalbumin IgG1 (mouse) ELISA standard Cayman

anti-TSLP rabbit polyclonal 1gG Santa Cruz Biotechnology
BMS189961 Axon Medchem
BMS195614 Tocris

BMS753 SIGMA-ALDRICH

Can Get Signal® Immunostain TOYOBO

chloroform FOGHRE TR A
4' 6-diamidino-2-phenylindole (DAPI) EPNIse=5 50
Diethylpyrocarbonate (DEPC) SIGMA-ALDRICH
ELISAPOD A/E TMB % v I ThTAT A
EosinY MERCK Japan Inc.

Ethylendiamine-N,N,N’,N’,-tetraacetic acid, disodiumsalt, dihydrate (EDTA - 2Na - 2H,0)

EPN(oE =5
Ethanol FROGHEEE T3kl th
Goat-anti-mouse IgE Southern Biotech
Hematoxylin MERCK Japan Inc.
HsPO, TRl TRt
Isoflurane FOCHisE TRMA S
KCI FOEHESRE TN AL
KH,PO, FROGAHEEE TRt
MM11253 Tocris
Mouse IL-1B/IL-1F2 ELISA kit R&D Systems
Mouse 1gG HRP Linked Whole Ab SIGMA-ALDRICH

11



Mouse TNFa ELISA Ready-Set-Go!

Mouse TSLP ELISA kit

NaCl

Na,CO3

NaHCO;

Na,HPO, - 12H,0

O.T.C. compound

Ovalbumin, Biotin labeled

Paraformaldehyde

Phosphoric acid (HsPO,)

Polyoxiethylene (20) sorbiton monooleate

PrimeScript® RT Master Mix (Perfect Real Time)

2-propanol

Protease Inhibitor Cocktail for General Use

Recombinant influenza hemagglutinin (HA)
AJCalifornia/7/2009 (H1N1)
B/Brishbane/60/2008

RNA iso plus

Sodium iodide

SYBR®Premix Ex Tag™ I (Tli RNaseH Plus)

m-Xylene

KGR

12

eBioscience

R&D Systems
FEHISE TSt
FroemliE T3k Ut
FEHISE TSt
FromiE T3k Ut
VI TTrAT VT
Nanocs
FEHIZE T MRS
Froemli T2kl th
FEHIZE T MRS
2 51T 34 RS
FEHIZE T MRS

FTHITAT AT

&4 UNIGEN X v #2{it

BT T A AR &AL
FROGHEEE T3kt
BT T A AR &AL
FROGHIEE T3kt
KGRI A



2-3. Primers

* mGAPDH
Forward: 5>-TGTGTCCGTCGTGGATCTGA-3’
Reverse: 5’>-TTGCTGTTGAAGTCGCAGGAG-3’
* mTSLP
Forward: 5’>-AGCTTGTCCTGAAAATCGAG-3’
Reverse: 5>-AGGTTTGATTCAGGCAGATGTT-3’
* MTNF-a
Forward: 5’-CCTCCCTCTCATCAGTTCTA-3’
Reverse: 5>-ACTTGGTGGTTTGCTACGAC-3’
* mlL-1B
Forward: 5’-GAAGAAGAGCCCATCCTCTG-3’
Reverse: 5’-TCATCTCGGAGCCTGTAGTG-3’
+ mCYP26A1
Forward: 5’- AGAGCAAGGGCTTACTTTGC-3’
Reverse: 5’- CCTGGAACCGGAGGATTCAA-3’
+ MCRABP-2
Forward: 5’-~ACCTCCACCACTGTGCGAAC-3’
Reverse: 5’-CGGAAGTCGTCTCAGGCAGT-3’

PLE, #RA&F FASMAC

13



2-4, BREDOFHM

+ 10 X Phosphate-buffered saline (PBS)

NaCl 409
Na,HPO, - 12H,0 145¢g
KCI 109
KH,PO, 109
MilliQ 7k 500 mL

Tt A — h 7 L—T7 P (121 °C. 15 W) &1T-o72. #E. MIilliQ /KT 10 %

AR LT 1 X PBS & L. BEREICET— N L—7WEZIT-> 72,

- 40 mM atRA acetone AR

atRA 100 mg

Acetone 8.35 mL

hEFIRE L, FIEF acetone TAR L CHAMEEE L LTHEM L=,

* 5 mM BMS195614
BMS195614 10 mg

Acetone 4.4 mL

+ 5 mM BMS189961
BMS189961 10 mg

Acetone 5mL

14



* 5mM BMS753
BMS753 5mg

Acetone 2.8 mL

- 5mM MM11253
MM11253 10 mg

Acetone 4.4 mL

4% NIRNLLTALTE R
NIBRIVAT VT E R 29

PBS 10 mL

PLEZ 3 L CHRsER T L. HARAE L. PBS T 5 fFmIR L THW -

+ Hematoxylin staining solution

Ethanol 5mL
Hematoxylin 1lg
AIK (SOy), * 12H,0 259
Sodium iodide 029
Glycerin 100 mL

- Eosin concentrate solution

EosinY 5¢
Acetic acid 1mL
IEW 100 mL

15



« Eosin staining solution
Eosin concentrate solution 100 mL

80 % Ethanol 300 mL

* 5% BSA-PBS

BSA 509

PBS 100 mL
- PBT

PBS 50 mL

Tween 20 0.5mL
- DEPC /K

DEPC 1mL

MilliQ 7k 1L

I<IEAE L, SBEIC—BBW-1% 121 C T 40 WA — F 7 L—7 W E 1T -7,

+ 75% Ethanol
Ethanol 30 mL

DEPC /K 10 mL

16



s WHRBROSEE (1Y 7 2720)

PrimeScript® RT Master Mix (Perfect Real Time) 2 pL

MilliQ 7K

TR R RNA 1317

5uL

VBEIZIS U CEEATY— LT v LT,

- Quantitative real-time PCR SUSIEIK (1> 7 n$47=0)

SYBR®Premix Ex Taq"™ I (Tli RNaseH Plus) 5 pL

Forward primer
Reverse primer
MilliQ 7k

WilR B A cDNA IR

0.05 pL
0.05 pL
3.9 L

1uL

72k, primer (ZLLF @ TE buffer T L.

100 UM & L7z b D& vz,

* 1 M Tris
Tris 6.06 g
IEW 50 mL
5MHCI T pH80 & L7,
+0.5MEDTA
EDTA - 2Na - 2H,0 9.31g
IEW 50 mL

5MNaOH T pH8.0 & L7,

17



-+ 10 X TE buffer

1M Tris 10 mL
0.5 M EDTA 2mL
IEW 88 mL

121 C 15 3l 4— b7 L —7WuEEt% . HEE, IEW T 10 FA R L CTHW,

s W GRS (L7 2720)
PrimeScript® RT Master Mix (Perfect Real Time) 2 pL
MilliQ 7k 3uL

AR A4 RNA 3K 5uL

VBN GE U CHEE A — 7 v 7 3 5% 2 MilliQ /K THAIR L 7=,

- Quantitative real-time PCR SR (1747 0)

SYBR®Premix Ex Tag™ I (Tli RNaseH Plus) 10 pL

Forward primer 0.05 pL
Reverse primer 0.05 pL
MilliQ 7k 7.9 uL
WG 7 cDNA TAHK 2 uL

< KAk AR E A XA buffer
HEMLEEO PBS (ZxF L., 1/200 & Protease Inhibitor Cocktail for General Use %l 3.

Tb oz W,

18



* 1% BSA-PBS

BSA 5.0¢
PBS 500 mL

- 25 X PBS
NaCl 100 g
Na,HPO, - 12H,0 36.25 ¢
KCI 254
KH,PO, 259
MilliQ 7k 500 mL

+ 25 X wash buffer
Polyoxiethylene (20) sorbiton monooleate  6.25 mL

25 X PBS 500 mL

HRE, IEW T 25 fFIZA IR L T L7z,

* 1 M H3PO,
HsPO,

MilliQ 7k

- OVA itk
OVA 20 mg

KEERE 1mL

FRRIRAEEE., REARET 1 £7203 3pg/S0ul E25 X 9L THEH L,

19



HA ¥ (A/California/7/2009 (HIN1))
A/California/7/2009 (HINT) (536.5 pg/mL) 100 L

KIGAERTE 1690 puL

HA 7% (B/Brisbane/60/2008)
B/Brisbane/60/2008 (760.8 pg/mL) 100 pL

PNy e 2440 uL

2B HA PUREFKIX. -80 C ITMEFEL TW=Hd% 30 °C Ok CRlE L . onice T

THR LT,

20



3. EBRFHE

31 < RES~ORBEE

3-1-1. = U RALE

~ 17 A% isoflurane IR T, KFEHY) 2 08 O & (acetone 20 uL (Z¥RfiF) CTHAMFZ
JEIZEAG LT, RO O E%E, ~ U 2 2 MR I CEBE S, HIrkik 2 =1
L7z, ELISA oY 7z L Tk, EEBREIE LTz, /o, LEISL T, &5
BLOEKE I EANCE MM OE X % gauge (DIAL THICKNESS GAUGE G,
PEACOCK) (ZCHlliE L7=,
3-1-2. ELISA A 7

[l U 7z BTkl Mk« X buffer 500 uL/sample #01Z., 77 v a
e —2 (B 5mm) ZMHWT, 5000 rpm T 30 BEAES T A XA LT, HTIh
5% 21600xg,4 ‘C T20 /MmO oBE L7z, Z0%, EiEARIL L, ELISA {&I2 Xk %
HWEy T E Lz,
3-1-3. ELISA i L B2 Z V7 B ORIE

REYFR— b EJETO TSLP, TNF-0, IL-1p OHIEIEL, FHIESF ~ OBV Hu i
B TITo 72, TSLP OWEICE L Cid, % @IE & LT ELISAPOD & TMB
v M Lz, BESOEIERIZIE, WTFhoEE s IMHPO, &Mz, 723,
MR R — N X X EIREIL, Satou D% (32) 120> CRHFE L7,
3-1-4. RNA HhiH

[0 L 72 BT #H#% 12 . RNA iso plus 500 pL/sample %%, 3-1-2 & [AEEIC crash L7z,
eV T chloroform 100 pL/sample Z /A%, X <iEV EET=OHIZmEO7BE (21600 xg,

4 °C, 15 min) Z{7o72, Z® KJEZEUL L, 2-propanol 250 pL/sample Z /X, RNAT

21



v 7 AL T 10 i Lz, T A BERERICE DL, BB L7 RNA Ny bz
75 % ethanol 500 uL/sample T 2 [EI¥e L7z, ez O~ L vy MIFEESE7-0 5 DEPC
KT 50ng/ul L7250 XD IZWfR LT,
3-1-5. FEERIE
96 well PCR plate (WATSON) % F\VNCifilin G S ISR % /E#L L. PCR Thermal Cycler
Dice® Gradient (% 7 /54 ARAEH) &2 HNT, BUTFO&M: CHlsG S &1T
7
37 C 85 C 4 C
15 min 5 sec oo
3-1-6. qRT-PCR
8 # PCR F=a—7 (ARY =747 A) ZHWT 24 ®iFE Y Quantitative
real-time PCR S i% Z /EHL L. Thermal Cycle Dice™ Real Time System (% 71 5 /34
ARt 2T, BLFORMET PCR 21772,
Hold 2 Step PCR Dissociation
95 C 95 C 60 C 95 C 60 C 95 C

30 sec 5 sec 60 sec 15 sec 30 sec 15 sec

40 cycles
3-1-7. qRT-PCR Df#E#T
K27 L@ threshold cycle (Ct) fElZ 2nd derivative maximum A2 X 0 B L, £i8&
B DFRBLEITH % DY 7LD GAPDH mRNA FELETHIEL, = hr—/LOfH
Z 10 L LTHL LT,
3-1-8. BAEE) A DR
[N U 7= B #k 2 iR 22 36 Tk L=, ZH % O.T.C. compound H~F& A L. &Ik

2% C compound ZURAFESECEE L, oMM E, 7 VA2 X Y RERAWT

22



10 pm OFESIZHEYIL, APS a2— FDAT A K7 TR (RRAYSTT3) 1ZED T,
BRSO & U=, Y T 729171, 4 % paraformaldehyde &% C 15 4y FIALER L C & &
L7,
3-1-9. N bFV Y- F Yy (HE) B

[ EALEE U 7= 5082 hematoxylin Yefaiiki2 7 70 12 L AKIEK TR KBEL 721 IEW
210 3R L, i LAE4T 572, RV T eosin Yeaiigic 2 3R L. ZKGEZK TR < K
Peliz, &= LT 70 % ethanol (1 [A]), 100 % ethanol (2 [A]). xylene (3 [a]) DIEIZR
L. BRI ZAT o7, D%, I3—T T A% HWTE AR EIT 572, KEHRIT
TSI T, 53R 200 fiF CTHIZE LT,
3-1-10. fefERe

Paraformaldehyde #LiE#% Okl %Z . PBS T 3 [EIPEE L7z, %\ T, 5% BSA-PBS T
AT A4 R7T A% 1RFHALE L, blocking #1T7-72, £ ®%#. can get signal T 1000 f%
R L7z anti-TSLP rabbit polyclonal IgG TAZ A R7 T A&MEL, 4 C T—HpA
Fa_X—h L7, BH, PBT T3 EPEHLZOL, FIRESM T C, can getsignal T
2000 7B L 7= Alexa Fluor® 488 T 1 BEALE L7z, & 512 PBT T3 [HI¥EH 4. 5%
BSA-PBS T 1000 {547 L 7= DAPI ¥ T, L L T=ER TI5 A E L7, £ L TH

N—Z7'F ZTE AL, HHESEMEE (Carl Zeiss) THIZELT-,

3-2. v U A~DHIFRRANEER

3-2-1. v W A~D OVA BIEER
FIE 0 BIZ, v A% isoflurane LT, W REEZHIE L=, £ L THEIBIC
acetone F7-IXFL#HIHED atRA (acetone 40 pL (ZIAfR) Z WA L, 24 B IGE L=, i

WT, 1 HIC, atRA 285 LICEML & A UEAZIC, FdkiEmd OVA % 50 ub D KE
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ARECERLIEbOZ NG Lc, BIERIZ 7T BRZLDr—URiaiTol, &
21 BT, v U A% isoflurane WRIE T, SHENIR A GO L CIik 2 BN, BIES ¥,
A L 7-1figiE 860 xg, 4 °C T 15 il OB L. EiE&2 RN L, —20 C IZfR1FL
77
3-2-2. OVA-19gG DH#IE

% 9. bicarbonate buffer (0.1 M Na,CO; & 0.1 M NaHCO; % 3:7 TiEA) T 10
mg/mL OVA %% 1000 {77 L. 96 well plate ™% well ~ 100 pL "oz, =ET
—WpA % 2_X— h L7z, #H, wash buffer T3 [E[¥E#4 L, 1% BSA-PBS %4 well (Z
300 uL ANz, =R T 1EEfA > % =~<— K LT blocking %#17->7-, Blocking 7%. wash
buffer 3 ¥4 L. MY 7 /L% 1% BSA-PBS T EAR L T4 well 1Z 100 uL
POz, FIRT2EE#A > F 2X— kL7, i\ T wash buffer T 3 [EIZEF%. 1 %
BSA-PBS T 6000 47 fR L 7= Mouse IgG HRP Linked Whole Ab % 100 pL 32437 E L.
ST LR A ¥ 2 _X— |k L7, & 51T wash buffer ¢ 3 [E%Ei4 L, ELISAPOD /%
TMB &% 100 pL 92012 THEE L, |IET 20 04 &% 2_— L7z, &%kIC 1
M HsPO, 100 uL 9" 2MN% TG % Ik, 450 nm DOWLIEEE Z #l7E L, Anti-Ovalbumin
IgG1 (mouse) ELISA Standard Z HW CTIER L7 EHRZ b L2, &£ 7o
OVA-IgG REZFIHE LT,
3-2-3. OVA-IgE DJlE

% 97, bicarbonate buffer (0.1 M Na,CO; & 0.1 M NaHCO; % 2:3 TiEH) T
Goat-anti-Mouse IgE % 500 %47 L. 96 well plate ™45 well (Z 100 uL 21 %., 4 C
T—WiA v F2— kL7, FH, washbuffer T4 [FIBEF L. 1% BSA-PBS %4 well
~ 100 uL Foh1 % | FiE T 1 KA > % =~X— h LT blocking %17 7=, Blocking #%.
wash buffer T 1 [E¥E4 L, MY 7% 1 % BSA-PBS THEANL TH well IZ

100 pL ANz, SR T 2 B A > &% 2X— b L7z, fit\ T wash buffer T 4 [BI¥E4 . 1 %
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BSA-PBS T 10000 {47 L 7= ovalbumin, Biotin labeled %4 well ~ 100 ul 3200 %,
IR T LR A % 2 ~— h L7z, & 512, wash buffer T 4 [RIBEy% L 72D 6 | avidin-HRP
a4 well |2 100 pL 200 %, =R T 30 oA > F=2— kL7, £L T, wash
buffer T 4 [RIBEVE L7 5, ELISAPOD #E TMB &= % well ~ 100 uL 3211
THEYE L, EET20 A v Fa—b L, &#EIZ1MHPO, 100 ul %24 well ~
Mz TR Z 18, 450 nm OWLYEE A HIE L, Anti-Ovalbumin 1gG1 (mouse) EIA Kit |2
4 %5 Anti-Ovalbumin IgG1 (mouse) EIA standard % FIVWTIERR L7z &2 & &1,
KV 7D OVA-IgE HEE & FHE L,
3-2-4. v A~DY a2l b HA BIEER

FTH 0 HIZ, v A% isoflurane R T, W8S A2 HIFE L7z, & L CHIETRIC
acetone (40 pL) F7-I1XFCHEH B D atRA (acetone 40 pL (ZIRfiE) 2 AT L. 24 BFREITR 12,
atRA Z &5 U7 HL & [R CHEALIC, FhaliiE o HA % 50 uL O REAERIEICHEM LT
LOEENEE Lo, BIERIZT RO —URMaiTo7-, £7-, 5200 L 21 H
2. ENEN atRA OG- & HA ODRIEZ TN ENREIT>7-, H35 HIZ, vV A%
isoflurane JRIF: ' SHEANRGIWTIC X 0 MR 2 B Huth | B8 S8 7o, BRE L 72 ik 1% 860 xg,
4 C TI154pME LBl BiFZREI L, -20 C IZfRFFLT,
3-2-5. Hi HA HifRfiglE

IRIMEREREEANH] (HI) 52 XL D80 HA FURMMORIEIX, XSt UMN 77—~ 12

eHE L 7=,
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3-3. FigtaE

BT — 2L EEEEARRERRZE TR LU, 7272 L. B HA HURARI R 4

R LTz, 2FEICx L CHEAIME % Thompson’s F-test (& TITVY, A B ZBKEIT

Student’s t-test F 7~/% Student-Newman-Keuls test 12 X Y 47o7-,
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4. fHEFR
4-1. atRA (2 X% TSLP REOFHE
4-1-4. TSLP REHUxI$ 5 atRA OEA
SO ED atRA % ICR MM~ 7 AD BT KEIZEAT L, 24 FFf##% D TSLP %
VONTE LV E ESICHEERAICEN 2 (Fig. 1),
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Figure 1. atRA induces TSLP expression in ears of mice.

Indicated amount of atRA was applied on the ear lobes of ICR male mice. Twenty-four hours
later, the mice were sacrificed and their ears were collected. The mRNA and protein levels of
TSLP in the ear homogenate were measured by gRT-PCR and ELISA respectively. Expression
levels of MRNA were standardized against Gapdh mRNA expression in the same sample and
the mean value of acetone-group at time 4 h was set at 1.0. Data are shown as mean =+
S.E.M. from 6-8 ear samples. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. atRA (-) group.
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4-1-2. atRA @ TSLP RBFHED~ U A R#HE

~ 7 AN EEIZBIT S atRA 12X 2 TSLP BIFHEM, ICR ~ 7 ALSD RO
v ATHRLNDDERF L7, ICR, BALB/c 3 XN C57BL/6 ~ 7 ADHARJEIZ,
2 nmol/ear @ atRA Z AT L, 24 FFffj#% D TSLP # RV EREBI &L ME LT, £D
R, MEICETIHHHDOD, WTFNORMKO~ T A TH, atRA 12X 5 TSLP IO
FHEPRBDOOLND ZEPRENTZ, T2DH atRA IZX 5 TSLP FHEOME (X ICR <
7 AZBN TR B  CS7TBLI6 ~ 7 A B\ TR 83> 7= (Fig. 2), = Z T, LT,

FRICRLH L2 VWEAIE, kb TSLP PEARA FN -T2 ICR =7 A& Vi,

20 - %%
= 1
s 15 ek
(73]
a v
- = — B Acetone
l‘i) o 10
--.E.. * O atRA
D
o
S
o ; | -
C57BL/6 BALB/c ICR

Figure 2. atRA induces TSLP expression in ICR, BALB/c, and C57BL6 mice.

Two nmol/ear of atRA was applied on the ear lobes of ICR, BALB/c, and C57BL/6 male mice.
Twenty-four hours later, the mice were sacrificed and their ears were collected. The protein
levels of TSLP in the ear homogenate were measured by ELISA. Data are shown as mean =
S.E.M. from 6-8 ear samples. * p < 0.05, *** p < 0.001 vs. corresponding atRA (-) group.
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4-1-3. atRA 12L& % TSLP B DOREE/L

~ 7 AENZEIZ atRA 284 L7254 O TSLP BIEGFEORRLLZ R LT,
ICR Kt~ 7 2ADHAIZ 2 nmol/ear @ atRA Z¥A5 L., 4, 8, 12, 24, 1 K" 48 B4
OESFF D TSLP 3B A Mt Lz, Z 055, TSLP mRNA % Hilix atRA %Atk
12 ¢, TSLP # /R B HBUL atRA @itk 24 A v —27 L LT EA T2 LN

BH &2 72 > 72 (Fig. 3),
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Figure 3. Timecours of TSLP expression by atRA.

Two nmol/ear of atRA was applied on the ear lobes of ICR male mice. Four, 8, 12, 24, and 48
hours later, the mice were sacrificed and their ears were collected. The mRNA and protein
levels of TSLP in the ear homogenate were measured by qRT-PCR and ELISA respectively.
Expression levels of MRNA were standardized against Gapdh mRNA expression in the same
sample and the mean value of acetone-group at time 4 h was set at 1.0. Data are shown as mean
+ S.E.M. from 4-8 ear samples. * p < 0.05, *** p < 0.001 vs. corresponding atRA (-) group.
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4-1-4. atRA DRIEFHFEVER OFAM

~ U AZIESD atRA OBAN, RIERISZFHET H1E et L7z, 2 nmollear @
atRA % ICR HEME~ 7 A B4 L, 4,8, 12, 24, B X O 48 W[ O EAfLik -+ o
RIEMES A NI A OFRBLZ T LT, ZORER, (REWRRKIEEY A N4 ThD
TNF-a, IL-1B8 @ mRNA, BXOZ )7 HIZ, WIiLd atRA ICL 2R LA 2R
E7phods (Fig. 4A), FEio. BIEDOIIEFTROEED oL LT, KRMICHIT 2 H
MR DOE S ZFHAIL7- & Z A, acetone LT atRA MM TOARERZEITRD BN
oty AT, atRA #5-14 24 RFFRER CO BT R 2 /FR L. HE Yefaff s
B L72L 2 A, atRA BAAFECI W T H I S22l fdiiE o B, Ao LR e & o

RIEAT IR D bz - 7= (Fig. 4B, C),
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Figure 4. Topical atRA did not induce inflammation.

(A) Two nmol/ear of atRA was painted on ear lobes of ICR male mice. Mice were sacrificed
4, 8, 12, 24, and 48 h after painting, and their ears were excised and homogenized. The
MRNA and protein levels of major inflammatory cytokines (TNF-a and IL-1f) were measured
using qRT-PCR and ELISA respectively. Expression levels of mRNA were standardized
against Gapdh mRNA expression in the same sample and the mean value of acetone-group at
time 4 h was set at 1.0. (B) Ear thickness was measured before and 4, 8, 12, 24, and 48 h after
2 nmol/ear of atRA application. (C) ICR male mice were treated with acetone or 2 nmol/ear
atRA on their ear lobes. Twenty-four hours later, ears were collected, sectioned, and stained
by H&E. Sections were observed at 200-fold magnification. The scale bars indicate 40-um
portions. Data are shown as mean + SEM from 4-8 ear samples (A, B) and the pictures are
representative pictures (C).
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4-1-5. atRA IZ L W FHE SNz TSLP Z U 7 BDRTE

~ 7 AHAIZ, 2nmollear @ atRA Z¥&AT L. D 24 Kl » TSLP O RIfEE., i
TSLP HifkZ W= deikic L 0 it Lz, T OfEE. TSLP X EICE kIR

FELTWD Z ENH ST~ 7= (Fig. 5),

Acetone atRA

Figure 5. Localization of atRA-induced TSLP. ICR male mice were treated with acetone or 2
nmol/ear of atRA on their ear lobes. Twenty-four hours later, mice were sacrificed and ears
were collected. The frozen sections of ears were prepared and TSLP was immunostained.
Sections were observed at 200-fold magnification and scale bars indicate 100-um sections. (A
and E) TSLP-immunostiaining, (B and F) DAPI staining, (C and G) differential interference
contrast image, (D and H) merge. The experiments were performed twice independently and
representative pictures are shown. Brightness was increased by 10 % in all pictures.
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4-1-6. atRA 1ZL 3% TSLP BEIZEE L CWAZRSE

atRA |21 % TSLP BILFHFEIZE TS, RAR XKV T X A4 T ORG%, K% FIED
antagonist #H W CTHRET L7z, 7238, F£72. KEMARIZIT RARa BE O y BSFELL .
RARB ITIZFEAERELL TWWARWZ ERMEINTWNDH 2O (42). RARa BL T
RARy DPBHHIZHOWNTDORMR LT,

ZORER, atRA 12X % TSLP JBLF%EE X, RARa antagonist @ BMS195614 (43) I
LA EICHHI S iz, —J7 T, RARy antagonist & &1%5 MM11253 (44) 1% atRA |
K% TSLP #HFEZ, ARICHM L7, £72. MM11253 [IHMTH TSLP #Ei%

B L7 (Fig. 6),
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Figure 6. Effect of RARa and y antagonists on atRA-induced TSLP production.
Acetone solution (200 nmol/ear each) of BMS195614 (RARa antagonist), and MM 11253
(RARy antagonist) was administered in combination with acetone or 2 nmol/ear atRA on
ear lobes of ICR male mice. Twenty-four hours after administration, mice were sacrificed
and the ears were excised and homogenized. The TSLP protein levels were measured using
ELISA. Data are shown as mean £ SEM from 4-8 ear samples. ** p < 0.01 vs. control
group, # p < 0.05, ## p < 0.01 vs. corresponding atRA (-) group.
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4-1-7. TSLP EEAIZHITS RARe & RARy DO EIER

RARo agonist @ BMS753 35 LT RARy agonist @ BMS189961 (43) Z W\ T, Mz
BRD TSLP pEAICXT HDIEH 25T L7z, £ DOfE4. BMS189961 [FHAH T TSLP %
A4 L5 SH7-, BMS753 IZHM TIT TSLP A2 G BB ST R o 1208,
BMS189961 (Z L5 TSLP REGFE A MRS 5 Z L R/RE 7z, BMS195614 [T HD
B4t BMS189961 & HEH L7=8iA 6. TSLP BEAICH EREAE RIES o 7= (Fig.
7).
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Figure 7. Effect of RARa and y on TSLP production.
Agonists and antagonists of RARa and RARy, (100 nmol/ear each), were administered on ear
lobes of ICR male mice in the described combination. Twenty-four hours after administration,
mice were sacrificed and the ears were excised and homogenized. The TSLP protein levels were
measured using ELISA. Measurements are shown as mean = SEM from 7-8 ear samples. ** p <
0.01 vs. control group and ## p < 0.01 vs. BMS189961 only group.
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4-1-8. MM11253 @ RARy agonist J&##:

4-1-6 BELW 4-1-7 OFEF LY. RARy agonist ¥ BMS189961 F5 L T* antagonist &
Ehd MM11253 &%, TSLP FEHAFHET L Z LAVRENTZ, Z 2T, MM11253 #*
HifliZa RARy O antagonist Ti&7g < . agonist iEME S EFOFREMENE 2 b2, i
R E~ T AEN LGB Lz &0, TSLP %3k LY RARy {HMED~— I —i&
51 TdHD CYP26AL 5 LT CRABP-2 (45) RHL &z Mat L7-, T OHEE, BMS189961,
MM11253 & TSLP % /37 E, CYP26Al 3 L1 CRABP-2 mRNA DIHI A4 i
IZ RS, HoZOIERIIIIE O S REN o7, ZORRLY . MM11253 (TR
RARy antagonist TIE72 <, D7 < & HH#AYZL agonist EMEA RS> Z L3RS

(Fig. 8),
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Figure 8. Agonistic activity of MM11253 on RARy

RARYy agonist (BMS189961) and antagonist (MM11253) were administered on ear lobes of
ICR male mice. Twenty-four hours after administration, mice were sacrificed and the ears
were excised and homogenized. The TSLP protein levels were measured using ELISA. The
MRNA levels of Cyp26al and Crabp-2 were measured using qRT-PCR. Their mRNA levels
were then standardized against Gapdh mRNA expression in the same samples; the mean
value of control group was set at 1.0. Measurements are shown as mean £ SEM from 7-8 ear
samples.”p < 0.05, ** p < 0.01, and *** p < 0.001 vs. control group.
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4-2. atRA DT TV 2/ MR

4-2-1. atRA DHi OVA HilkpE £ HsaiEA

atRA 7% TSLP FEFHFEA N LT, BT Vo b & L THRET 2 AIREMENE 2
Bz, £ Z T, atRA DEE~DE LD, v T ZA~D OVA FAEERIZF VT, H1 OVA
PURDPEA A T8RS 5 A it LT,

FT.ICR Mt~ U ADOWE L REIZ 4~40 nmol/site ¢ atRA %A L7, TSLP F&H
WY —7 L7275 24 Bifth, HEMNIC 1 F721% 3 pg/mouse @ OVA TRE/EL, 21 H
FE L7, 21 H#E, ~ U ADbIMEEERIL, MiEH D OVA R 1gG (OVA-IgG)
BL O OVA HHEAY IgE (OVA-IgE) &% ELISA JEIC X VIE L=, TOfER, ~ 7 A
H7=v 3pug © OVA TESEL7ZHE . 12nmol LLED atRA ZRILET S Z L2k,
OVA-IgG FEANAEIC EFH L, 72, 4 nmol @ atRA THIINT 2D b

7z (Fig. 9A), Z DIf, OVA-IgE FEE & [FIRFICHIE L7z & 2 A, atRA4nmol TIIAE

il

e ERIIRONT, 12 nmol UL ETHEZR ERFRITI ERBERMERTZ ENDbIoTz
(Fig. 9B), F7=. OVA DG ENR~ T AHZY 1pug OGS, 1LY OVA-IgG AT
atRA4nmol UL ECHEXR ER., i EREEmZRT Z Lo (Fig. 9C), 2D

BE. OVA-IgE [ IWF ol Thit &henoiz,
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Figure 9. atRA enhances antibody production during OVA sensitization.

On day 0, ICR male mice were painted with the indicated dose of atRA on their dorsal skin.
Twenty-four hours later, the mice were administered saline or 1 or 3 pg/mouse of OVA
intradermally. On day 21, the mice were sacrificed and their blood was collected. Serum
OVA-IgG and OVA-IgE levels were measured using ELISA. Measurements are shown as mean
+ SEM from 5-6 samples. ** p < 0.01 vs. control, # p < 0.05, ## p < 0.01 vs. OVA alone.
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4-2-2. atRA DHL hemagglutinin (HA) HiikpEABEMRIER

atRA 7% HA JE/EFEBRIZIHW TS, OVA JEIEFERR & FERICHUR IS 2 fiikpE £ %
BABRT D ARG L7, AERTIE, HA BHEERICBW T BIICER ST b
BALB/c Mt~ 7 X &l L 7= (46, 47), BALB/c Mfith~ v 2 D5 ER &1 40
nmol/mouse @ atRA Z &AL, 24 FFHZICEMOMED HA (A B U 7 4 =TFk
F721E B TV ANUER) HBCTFES Lo, HA IEHURMEDMEW 2D #160 DIEAED S
20 A1z & 21 HERIC, BE atRA OB LU EZ TN ENAT T2, 1D DEIEND
35 Ak, v~ U ALILRZEREL L, MG T OH HA Jiifiiz HI I X0 RlE L7z,
ZORER, A BV TNV =TEEBIELT284A . atRA 40 nmol/mouse % HLJFUEAED 24
RERIATIC G35 2 & T HA IS 2 HURMEIA B bA 213 EAT 2 aR L
7o —Ji. B TV ARUVKOGE, MERTIZRBURER A B Y 74 =THRE DKL,
atRA FIALEIZ X D HERZITE DN Rh oo, 2EMNIC atRA ORILEIZ XV i
A28 EF- 28m 2 A bz (Fig. 10A), Kt T A B U 74 /b=T1 HA Z v,
U &% 0.003 pg/mouse/time (Z[EE L, FUAPEARICKT 5 atRA O &EKFM A
[FERD L TR Lc, ZORE, atRA O EICIKFEL T, PRI a R LAEk
X EHF 2 MEm %~ L7z (Fig. 10B),

W U HA FURMGIT 40 DL BT+ kBt 2 < U, HUAs s Btk o i L
TEHESND (48, 49), T—ZIIRLTWARWA, EFROEBRICBWT, atRA ZH]

AUES 2 Z L2 &0 PUisfioBisiRbm L5 2 LR ST,
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Figure 10. atRA enhances antibody production during HA sensitization

(A) On day 0, BALB/c female mice were administered 40 nmol/mouse of atRA on their dorsal skin.
Twenty-four hours later, the described dose of recombinant HA (A/California/7/2009(H1N1) or
B/Brisbane/60/2008) was administered subcutaneously at the same site. These treatments were
repeated after 20 days. On day 42, mice were sacrificed and their blood was collected. (B) On day 0,
BALB/c female mice were administered a described dose of atRA on their dorsal skin. Twenty-four
hours after this, 0.003 pug/mouse recombinant HA (A/California/7/2009(H1N1)) was administrated
subcutaneously at the same site. These treatments were repeated after 20 days. On day 42, mice were
sacrificed and their blood was collected. Serum HA-neutralizing antibody levels were measured by
Hl-test. Results are shown as the geometric mean £ SEM from 5 samples. (A) * p < 0.05 vs.
corresponding atRA (-). (B) * p < 0.05 vs. atRA (-).
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4-3. atRA OT T 23 MR OEHE

4-3-1. TSLPR-KO =7 R IZHBITH atRA 12X 5 TSLP EEAFE L7 U2 MR

TSLPR-KO ~ 7 AIZEW T, atRA @ TSLP FEAFFEEM &7 V2V MARBED
LT 20 E MG Lz, REBRTIL, TSLPR-KO ~ U 2D R#IZHHE T,
C57BL/I6 ~ 7 A% L=, £3°. HIIZ 2nmollear @ atRA A &AL, 24 KD
FfRR TSLP pEABAZMRHFILZE 24, wildtype L V5V H DD, TSLPR-KO <~ 7 A
IZBWTH atRA 12X 5 TSLP HIFHEENFRD b iv/-(Fig. 11A), #i\ T, TSLPR-KO
YU AIEITD atRA OT TV a Ny "R EFRD 12D, 4-2-1 LREDOEREIT T2,
ZOfEFR, B4R C57BLI6 ~ 7 A TH atRA OF Y a3 FhRIE ICR ~ 7 A LA
FRICH D=2, TSLPR-KO ~ 7 A IZEBWTIXZ DT ¥ =23 MhRITIFIER 2T

& L7 (Fig. 11B),
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Figure 11. Adjuvant effect of atRA is canceled in TSLPR-KO mice.

(A) C57BL/6 wild type and TSLPR-KO mice were treated with acetone or 2 nmol/ear of atRA
on their ears. Twenty-four hours later, their ears were collected and homogenized. The TSLP
levels in the homogenate were determined by ELISA. (B) C57BL/6 wild type and TSLPR-KO
mice were treated similarly as described in 4-2-1. Acetone or 4 nmol/mouse atRA plus 1
png/mouse OVA was administered to all mice. Serum OVA-IgG levels were measured using
ELISA. Measurements are shown as mean = SEM from 5-6 samples. ** p < 0.01 vs.
corresponding atRA (-), ## p < 0.01 vs. corresponding wild-type.
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4-3-2. atRA DTV 2/ FIRIIBERATICREL T3

atRA 12XV B ICB W CHEARE STz TSLP 23, EORERHITIHT 5 0%/
FtL72, ICR v 7 AHS KGICFE O M &D atRA Z %A L, 24 Ktk o Bkt
BRLOUEF O TSLP BEAWE Lz, ZOMRER, BARFE~D atRA O 5%, 1M
EH TSLP REZAEIZHMNMEIE DL L 00, Z ORI R EIX H /& T
WL MTRNZ Lo 72 (Fig. 12A),

FENT, B G L7z atRA OF ¥ 230 MR, RFTHR b ORon, 25D
HLORON G Lz, AFEBRTIL, acetone E721% atRA 2 EEEH D5V ITEHIC
BAT L, 24 W12 OVA Z NS Lz, Z4LE T OVA EAEES & Ak
ICHLVE L7z, i OVA K5 1gG MREAZMIE L=, TORE, atRA & OVA
DOFGHERAL A [R—IZ L7=HE (Same site) TIZZHNETHEY atRA OF ¥ 230 FEHREN
PO BTN, BEENLAN R HEE (Separated site) Tid atRA O 7 ¥ =32 MR

B Lo 7= (Fig. 12B),
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Figure 12. The adjuvant effect of atRA is limited in local site.

(A) ICR mice were treated with acetone or 2 nmol/ear of atRA on their ears. Twenty-four hours
later, their ears were collected and homogenized. Their serum was also collected at this time.
The TSLP levels in the homogenate and serum were determined by ELISA. (B) ICR mice were
treated with acetone or 40 nmol/mouse of atRA on their dorsal skin (Same site group) or left ear
(Separated site group). Twenty-four hours later, 3 ug/mouse of OVA was injected intradermally
on their dorsal skin. Twenty-one days later, the mice were sacrificed and the serum was
collected. Serum OVA-IgG levels were measured by ELISA. Measurements are shown as mean
+ SEM from 4 samples. *** p < 0.001 vs. corresponding atRA (-).
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4-3-3m-Xylene D7 ¥ =280 MERIZOWT DORKE

m-Xylene I atRA L [FEEIC, ~ 7 ARG ~DOBA CEAHR 24 Biffla E—2 & LT
TSLP RBLAFHET D Z L RWLNITR>TND, £ I T, i TSLP FHEAIA atRA
LRBECT Yoy MRAEFT N ERET 5B E LT, mxylene 787 V=3 b
AR A RTINSOV TG L 72, Acetone 40 pL [Z¥# L 72 atRA 40 nmol % 7= (F[FI% &
D mxylene &~ 7 AFELEZEIZHAT L, THETO OVA EIEFER L FfEC~ 7 2%
AR L7, il 2 FUL L, W0 OVA-IGG IIE & HIE L7z, £ OREHR, mxylene

IZ% atRA & [RIERIZ, OVA-IQG HBl%E L5 SEHMRDBPFBO b,

*%

OVA-IgG (ng/mL)
&
3

0

Acetone atRA m-Xylene

Figure 13. m-Xylene also works as an adjuvant.

ICR mice were treated with acetone, 40 nmol/mouse of atRA, or 40 pL/mouse of m-xylene on
their dorsal skin. Twenty-four hours later, 3 pg/mouse of OVA was injected intradermally on
their dorsal skin. Twenty-one days later, The mice were sacrificed and their serum was
collected. Serum OVA-IgG levels were measured by ELISA. Measurements are shown as mean
+ SEM from 3-4 samples. * p < 0.05, ** p < 0.01 vs. acetone group.
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5. B

HTHL - PEBUECYE I K D R 0. FEIR REICRT D BRI INT 5585 B5 <
7o, B2 U 7 F UBIR OIS AT D 2 E AR DT E 2, ABFSETIX, KE
~O atRA DAL, TSLP EEAEZIT LT, [FEMLICH G S AU HUsi 9~ 2 ik pa A
FWIRT D2 E0RENTe, O LIE, atRA BT F TV aNy b LTHRET
5T L. IHITIE TSLP B A FET K0 TLEMRNRNULTFET V2N &

LTHEATE 2AESRZ ST HOTH D,

- atRA X fd> TSLP #HEH| D Lk

ARRFFEClE, atRA IZFEIC®BAT 5 2 & T, FEMAT T TSLP REIZ%HE L1z,
TRESMT G, BUES TSLP EBUX, kkx RIRD FL AW Z B8 ICBA 5 2 L T
BENDLZENMESNTWD (31-35), TSLP IXTICHE 2 & o LRI CREAE - 1
Hansd (50), ZOMWEN, KO TALEWOBATIC X 5 JRETHI 7 TSLP FEA & i85
LZLEARICLTND EEZERDND, AWFEETIXZ L E TIZ, TPA, m-xylene
nonanoic acid 7 K2, FJEICRITDH TSLP BHEFEEALH L L2 R LTS
(31-33), L2>L,TPA <> nonanoic acid 1%, Ff&IZxt3 2B O 7Rl R0 H 0 (36, 38),
SAH O TSLP #HEIE L L CIIR#EYI TH D, £/, m-xylene [TH[FEIHGIZBIT DK
HIZIFE ARV 00, BRECHER LT EERE LT (32). SMHTHEM
T LB, HEOHRE NN TH 2 lRetEndH 5, A TIE, atRA 1T~ U AKZEIC
BT, HEMKRAERIIC TSLP FEAFBEEM LR LTz (fig. 1), 20 Z &1E, SMHO TSLP
A& LT OBRIC, H&E - TSLP EEAFESEOMREINAEL ThDHZ LaE R LT

Wb,
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- atRA OARICBIT 2EERIC OV TOELE

AWFFECIL, atRA [IAAHAIE LT LT, atRA ZIELH ET2 LT/ A ik
SMAFIE L CORBOEREFE SV | BIETEbl R HEZERT 2R ITL2TH D
EEZBND, L L, DT N—T EOEITHIZEICIBWN T, VF /) A Fodfeix 523
BT TSLP HELD ERAZE -2 & EREITIBEZR & ORIERROEIER % =
T ENHEINTND (36-39), S HIT, REFFED TSLP N T AV xz=v I~ D
AP, TSLP % @RI 2 RE RN RXR KB~V A EHAWMRET L0, TSLP @
BEIZ 3T 2R 22 5B EEREDORIEZE Z A RetE s R ST b (51,
52), = Z CTAAFZE T, atRA MWK L ¢, Bl TlRRE M2 R0 E R LT,
Z OfER, ARG O atRA 13 TSLP BEIIAEIC LA SEL DD, FIEWEY A
A CFBO LR REOILE, MiRE e & OB &R RIERT HIToR S o 7o (fig.
34, INHDOZE LD AR THWZHED atRA % EEICHRIE G-I 5BV Tk
RIEPS 2 S TSLP B ZFE T S aReEtkrvR SN,

atRA ZZ LD LT LF /A Pk, EERNICEBICFET 2WETH D, Linl
Z OBPZRBEUL, L TR BFRRIER D A7 6 B, EoLIEr-72 & OFEIEM

DIE, EIZB O CUIRIBICEFEEEZ R T Z N6 TWD (53), FRCIEATE
PEIXLVF /A FRFIZENT 25 ECROEBEBRZBEMNTHY . Wik - /MO TZ 0
LF ) A RRIFIN G ~OF A ZEE L STV, @HEERIZH9 5 1 H 5000 U (79
Sumol) LLED LT /A RARRIIEAZ L SN TWD (54), £/, FHEIEESE I LTl
Hans, LT /A BHBICTHDLT 4 7= U U7 ME, S TH - THILRIC
KT EHITEERTHD (B5), LarL, AFFETHZ atRA O &L, 50001U LV

0720 4~40 nmol/site (K 4~40 IUfsite) T 5, 7=, AL F /A4 ROLFMED

g

BIIHNARE D HIXD 0702 & (66), ERIRATIEICI W T bitm~D/H VT /A

RNBTEDRAEREZA BB ESE R o228 (57, 58) RENMES N TS, =
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NHEEZDHE, RFECHEALZHAED X O, Yl HED atRA Z#E L i
T 57 6IE I L CHOEHFEHED Y 27 266 S TIEATEL LD EE X
55,

* atRA (2L % TSLP EEAEE

Mihaly & OJEATHFZEIZ WV Ti, RARy agonist 23~ 7 A7 &2 C TSLP 8%
7 L. RARa agonist [TFFE L2 2 EDNHEIN TV D (35), ARFFRRICEBWVTH,
RARa agonist 35 & U8 RARy agonist % Z iV ENEIMCTHEH L7254, 2 & REROREE
PGB, Ll AR TIEHZ2mA L LT, atRA IZK 5 TSLP PEAGEEN
RARo antagonist THIf| &45 Z & . RARy agonist (X % TSLP JE#iE )Y RARa
agonist OILHPLIZ L VRS ND Z Enboo7z (fig.6), 2O Lidk, VF /A NI
&% TSLP PEAMIENIZ, RARy DA T/<, RARa HEGLTWHZ EARTHRT
H5HELHIZ, RARo & RARy 28 TSLP BEAIZBWTHBMIIIERT5 2 & 2R 7 4]
DTOHRTH D, BH ., RARa [$EH ORI L T\ 5 —7F T, RARy 1TFREZHM
MRICHBL TND L IND (42), ZOEFEENNREGHABANTEE TWDH b0, &
DUMNIRZ EMMOHIADH TE Z > T2 b OMNIRHTH 5, Ganti HOWMEIZ LN
X, U AT TF YA MZEBWTIE RARy-RXRB HEKN TSLP BT D7 1 E—
Z—IZHEELTEBY, LF /A FRRIZ L > T TSLP EIaF DG Z1EMALT 5 2 &
DREINTND (4l), ZOZE LY, aRA [I~¥ TV ADEFIZE N TH, KT O
RARy Hll %/ LT TSLP FEAZFEL T DI b0 EHMSND, v~V AKETO
RARy (21 % TSLP PEAFFEITHT 5. RARo DOVEFMEICE§ Ao —> & LT,
heparin-binging epidermal growth factor-like growth factor (HB-EGF) @ P50 RJREMEA 5E
515, HB-EGF (3 epidermal growth factor (EGF) 7 7 X U —®—fi T, RARa ~®

R L0, #EEEEBICBWTEASH (59). EGF ZRKEZRILT D Z & RHmis
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ENTWD (60). M T, EGF ZZAAR~ORLILRECXHE O FRHIICF T, TSLP
KBEZFETDHZEINRENTWS (61, 62), =D HB-EGF Z i L 7= Bt R 2

RARa (2L 5 TSLP FEABESRNEICEE L CW D AREMERH D, LvL, 2O
7 TiX RARo FIHHIM T TSLP BEANE Z 57202 LT TE 2z, TSLP
AITKT %D RARa 3L T RARy DIEIBEEICOWT AR I LR OIMAPMLETH D

LEZLND,

- atRA DHLAEAFENR

AWFZETIL, atRA D7 ¥ 2y FIRERET 2720, atRA 2~ U ARFICRE L
7o 24 B2 RMAZO BN E 72T FICHR 285 L7c, Zhid atRA I2X % TSLP
BN G4 24 Bl 2 v — 27 & LT EF-L (fig. 3), £72% D TSLP MNERFHMIC L &
FoTWNHEEZEX LN THD (fig. 5), AMFZETIE 4~40 nmol/mouse @ atRA %
L, TSLP R ZFHE L7=2%, fig. 9,10 OFER LV, ZOHED atRA 1ZHURICKT
TAHPUAPEAZ R DI 072 ED TSLP BB ZFE L L E2bND, D —JF
T, Fig. 12B OfEFR LV, atRA ICX 57 V230 FRIT atRA & RIS HUR 2 #%
HBLdhiElmoninole, Z0ZE XD, atRA OEFE~OFEGIXMIEF O TSLP
BELDLTNRNS EHEE5H00 (Fig. 12A), 7 ¥ 2y M REZRTTEDIS 5
2B TSLP JEHLUL, atRA 25 LRI TLVEL RV D LHEIESN D, Tz,
TSLPR-KO ~ 7 A ZHAWTZRat L v, atRA O7 ¥ =232 MEAIE, TSLPR (2K %<
BIFL TN D ZEDPRENTZ, TSLPR-KO ~ 7 AIZHWTIiE, atRA # &5 L2 EEC
BWTH, wildtype v 7 A & LA THUREFRRR 196G EAENE L <Ko 72 (fig. 11),
TSLP (ZRIRMAEIZ 1T 5 CD80/ICD86 43172 & D, PSR HE 2R MBI 5y 1
R AFETHEANME SN TS (26), TSLPR-KO =7 A B W TiE, ZoEx

WRPONT, PURIRRICE D T MIOIEHALN TE R o722 L8, PURPEARNK
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ERFLIEHBAO—2THDLEEX DINLD, £ M TSLP #FHEAITH 5 m-xylene
Z atRA OOV IZHWEZHAE D, atRA L RIERICHUFREFRMN 1gG FEEA D MMRFRD
bz (fig. 13), ZDOFERIL, TSLP N7 Va0 MIROFHRICHELS LWL L %
RSB THHDTH D, RIS, REFICEBAT 52 LT TSLP EAZFHLET 51Ky

FAbEMIE, —MKAITRZ T 23 & L THRIHIT& 2 alREMED R S 7z,

- atRA DERICL D IgE EEBE LT VAT —KED Y R

Th2 A " A > DO—FETHS TSLP 1%, HuCxtT 2 IgE FURDEA ZHRT D
Z L (63), TSLP v 7 vz ilid 2 = & THURSFRN IgE HBENEAD T 5 2 & 23
HENTWD (64), ZNHDOMA LD, TSLP O7 ¥ a3 k& LTORIHIZIE, Hii
FRELM IgE FEADTHFEIZ LD, 7T VAKX =S OFR N FRIS ED—2 LD,
LU, VanRoey HOMETIZ, HIV Z o 7 ZHRE LCTHEALEZEAIE. 7TV
Ny hELT TSLP Z4EH L THHURKRD IgE OEAFEITZ D bR olc &
BRHEATND (21), AEBRICEWTS, HURRFRAY IgE FEANFES DL LD D
720 atRA - HUR O T, HUFERA 196 DELADAHANFEEEIND Z LN LN
TW5 (fig. 9), IgE FHFEEAE ST TSLP IC X% Th2 S OiEE L, TSLP (2 X v
DA _E o> 0X40 ligand DORIFFE LN L7z T foiEElick -T2z 5, —F T,
TSLP ZIr L727 ¥ a sy MEH DA< &b —Ei, Bkl oo CD80, CD86 7«
ED, FURIRTIZIR T 2RSS T ORBEZFET L LICL 50D TH D LIS
N5, REBRIZBW L, EHED atRA THURFFRL 1gG FILO B3NN35 #H A
DR, X0 EHED atRA TIXHURFF SRR IgE BB b LA 2PN R o7
(Fig. 9A,B), Z D Z & kv BhiAIIcx LT, (KD TSLP 1T CD80/86 F&HLD &
ML CHIERRA 196G FEADREZR Z 373, L0 EBEO TSLP (3 OX40L FH,

HFELT Th2 UGz A5 L THURRRE IgE EA LIRS, & 5 alRe ks HER]
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I D, TSLP IREEIC K D BRI O SOS DEWNZ OWTIEB 6 TiIR< . 267225
BRIPBETH D, LaL, ZOMRGICHED T2 &, atRA CHUR O I & % 5@ U112 3%
ETDH LT, FURKFERM IgE OEAFHE, BLORENCZL DT LAX—RISZEIEZ
ST, PURKRRE 196 EEAEDAEFHFET L ENARETH L Z L AR LTS,

- atRA ZHWe U 7 Fr ORI TORE & BER
AMFFEIZIBNTIE, atRA Z4 5 L7z 24 BRI IC R &2 5- Lz, LLZDOHIET
3, B 2R L L 2[EAET SHERHY . VI F Ll LTEMET DERICK
TRAMICRD EB X BD, —JF T, atRA EHURA RIRFCE ST 254, atRA 12X
% TSLP HBLOFE R LI < &b 12005729 (fig. 3) atRA D7 2
YIRIRPRONIRL D T ENBREEIND, TOMBERRT LR E LT, [WHE
N7 70 —FIZ L DPURD R ~ORFFREH Z M L L, atRA & HUR DRI G4 AT g
T 52 ERnbITF b, =& 21X Wilson 5%, poly (dicarboxylatophenoxy)
-phosphazene DI LV | £ DIEER N AER 2 FFOPURZ 37 B EWHE L,
DJFFT~DPRFFRFRIIER 5 2 & T, JURFFRAPURORELE IR T 5 Z L 2R LT
W5 (65), £70. B2 —DODHKREL T, ~"A ReF i NyF (66) L DOOFHRH %,
NA Ra TRy FIIE G 2 FROIERBE T 7 F o B&EHETHY RNy
T2 OHUR OV HHE 2 FHI T2 Z & T, atRA 284 L7ZERZIC A Fr iRy
FEUMTT 2 LV I T, atRA EHURDRIR G2 REICT 2 L HIFFT& 2, £,
—fKIINA R F Ry FIIEAEE & AR TREOHIRN LI D7D, atRA &
DMAGDETHRBEHEZE O T 2 LI2UHFET 506 L, 2 b Ol &
HEDE, PURORFHFHE £ 723 HEE 2 H#9 5 Z & T, atRA LHURORR&RE-
NHREIC/R Y | BEHERFOBHEZHO T Z LN TE LD LM SN 5,

atRA 27 Vo M e LTHIT 2 Z LT3N < on0Rar b 5, £1. Ko+
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IEEMTHLIOIT, NI HEERXTROVPNRES THLENWI ZETHD, Y
arv etk TSLP X VA ET Vay b LTHEMAT 256, 1B - 1B -
PRI Y. XV EERSECRIET DRERD 5, iz, RIS 2D 0%t %
SFOMENRD D, S DI, NEUREIE TR - MR SNTZGE. ¥ OB
L, ERRCEME TSLP AHUsEZ R LT, TSLP (x5 7 L¥—% i 23 fa
b THRIND, — T B HEEWmTH S atRA 1T—ixi7e &2 X7 EH LD
ERECAEMTH D, KT L 5 R, BROMREIC L 2BILOFREMIZH 223, 1
BT M, BE LT L, BRSBTS CICERT L EMUE T2 LT ¥
YR D LD BB ORISR LIS, BRIV BNATE D Z ERHIfFEND, b
5 —OOFRIE, atRA IXTZMMIC, K&, BEMIAEET L2 LERESHTHLE VD
ZLETHhHD, MIRRESTILAMTH D atRA X, V7 F 2 LEIG - D OMLE R FRE
EROTZENTEXLAEEMENH Y, Var ey MR EMAEbLES Z LT, YL
M BEMEORIERA LS T 2 LN TEL L BT, NUT Iy 7R SIGREICY

I F o hpE G T 5 LICHE T EERABND,

AAFFETIL, atRA 23~ 7 AFEIZB T TSLP BHAFHFEL, 7VaX e LT
BiET o 2R Lz, ZoOfEIE, [TSLP XE 278+ 280 LA oT v
Ny hELTORM) EVWORTBIETE DAMEEMERH Y | RO

U7 F BT D007V ay FIRBEIEO —mAH O b DO LRSS,
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EiL5E

AR ED HITER L, #ha ZRE R D THE, THREZ Y £ Lz, JUERFRT
Be AT R TR B IR IR 0B e R B ICEATEHIOEZ R L
£7,

AWFFETER L, #InZ K722 THE, ZTHE 2B £ Lo, RAERFRFB R
FHETE BRI A0 P EHoL R, ALK RGeS A e R A TS E1E
IRIGREZ DY TR BiE MR FALRZER R A TR A TS B IR R
S KMy BFE BhEER. 72 6 NI HRALR LR GEE A FE R AT B B R K25y
Bl BIE BT ICEATEHHOBEERLET,

K LDOHEIZHT= Y | AN E LIRS ZEHFNT22E Z<ORBERRIDE%
W50 £ Uiz, AL RS HE R o A b2 B FA BEE iR ZR5CNTK
AR AP IER M REARAT 250 B RIEF R MEEUR ([SEATESIOBEZ R L
£,

BRI, BIFROZTICHT20 . 2 K05 ZHhE. ZWHhiznweiZEE Lz, BJdbk

FREEN G ETE B IR IGRE B OERIEH OB ZR L £,
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