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BAL
BALF
BLN
ELISA
Eo
FOXP3
HPRT
Neu

IL
IL-1RA
IL-17AKO
OVA
PBS
PCR
PG
QOL
RNA
Roryt
STAT3
Th

Th2

Th17

Bronchoalveolar lavage
Bronchoalveolar lavage fluid

Bronchial lymph node

Enzyme-linked immunosorbent assay
Eosinophil granulocyte

Forkhead box P 3

Hypoxanthine phosphoribosyltransferase
Neutrophil granulocyte

Interleukin

Interleukin-1 receptor antagonist
Interleukin-17A knock out

Ovalbumin

Phosphate-buffered saline

Polymerase chain reaction

Prostaglandin

Quality of life

Ribonucleic acid

Retinoic acid-related orphan receptor gamma
Signal transducer and activator of transcription
Helper T cell

Helper T 2 cell

Helper T 17 cell



Treg Regulatory T cell

WT Wild-type



II. P9 =

KB SR KRB OB RIEIC X VRO IER . KB OREE, Wil
RO NEH A | ZE ZFTIRATH D, 2017 FoeM I IT 2 B EF I
27,268 5 N (BAHi=3.57%) . FELEEIT49 AN FELEH0.006%) Th-o72!,
SE IR, T AR Y U EROEEE R E R ED S EIE R T = ) F A
TR L, BRIRAY, AERRTH, BXOBRERFRFEIC LD BEIns & L
ML, Tx ) ZATHEOEEOR T, RENED LRWIEFINFEL, £
DIFRREIC DEMESRRME L 72> TWD 3, 207, ARheiakaEE i+ 5
IZiE, 7= A TOMIZZEDERIZH D0 FREFICHE~Te v RZ A I
XL ERTHLENRDD 3, 2O REA T L, [ERIEDR
RERDYA M IA TR E TOREISEERMRT S, T/ FA4Thbx
NREATHMRT D2 LT, HFREFR, REFRIRE D D AT RICER
FONDAREMEDR S D 4, KR, BEERKE IMEOEMICENTIZ, = R
B A TR FACIRIREIG 2 LR 5 2 LS. ShRMIRIEEORME, S DICE
IHEEROREA~FERSEL ZENHFTE D %, 20X, 7=/ 547
RT Y R A T %+ HE L, IBFETE AL TD 2 L, [EMERED
Quality of life (QOL) EH-CEG)RERAFE T 5 FCREEFEETH D,

KB EDOIRIET A RTA L OFIEIZL Y, WEIREAT v 7R RSN
L9127 6 HEIEEAHEICIERFIECO W THRE LI TEY | BIEF D
ST WM ART B A REIDNIREO T —LF v AR X — IR, FEdk
ARLTWD, EHICEF, a2 Fr— L RRIZEVZELL QOL 25 LTV 24f
FRERME U SCRIE DO EIREFN KT LT, AW FRRAINEH S D L 912k,
TR R AL Z E KD K DTl o Tx iz 478 BUEMEH ST
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%, R MBI A AR ARl LT, B IgE Bk THH A=Y
A~ 7 908 Interleukin-5 (IL-5) ZAK aHLATH LR TV X~7 100 HLIL-
4 ZHKE o R THLT 2~ T7 W RERETOND, ZOXIBRTART
A VHIE, EWFENRAIORBEEE R E LTARMIZBWT, ARRBEES, BT
FEE BITME L 7e s TS S, L LR DB 10 FFRRERL T2 AR5 &

BRI IS L TR Y, EHIECEBITITIEED & TS M2
ZORKRDOONEDE LT, BATORBICKT D HERMEMm BEOFENET LD,
HEMERGE D 7 = ) 2 A 7 & LTIE, AFERERIEDN Y TR AP ERO KB IR M %
PESIEBIAFT LS, B LCT VI ERHAEINTND B, Z O hERE

R, FHEREMORETH D Z L1307 IR ERE AW E & 2o
TWDATREMED @ B, Bl 21X, IR O ERDOEIG D 60% %A 5 K 57
GFRERME 7 = 2 2 A 7 Ol BB ORFIE, AR, BRI S HEE R

REDOOFE, MmAEORART vA NAIOMH, #OAT v FOMM, ARt

KROmENEFTEND B, & LI ERIEN EEE T, AFBRERMN B HE L
L, KIERIEEZMZDT=OICEHAEDaVFazxTa A REOREZVLEL
70, ATuA FEGIEORETH L Z LB B Fo, ERloAdwiEmi
AN, £ DRERIDPIFIRERIIEICRE D L RIZINE TH D . AF TP ERVEN B2
RIRDIFFTE R, ZOTOBAE, AFHEKIZEIC K 2 RIEZ 23 2 BIEM S
BBEICKI LT, SUEME ChH DL~ 0T 4 RRERZEGT 2IRFIENEE X
TG B RITRER TR ENTIRRIEDORL A LETH D, UL
D Z LS IFRRER AT TP ERIE B0 B O FEIEM T 2 A L. G YENG B O REDTE
Rz L, ECEBROBDICREIT 50T L ENEETH D,

VIRT, YAFEEICB N T, WiE~ 7 ZF 7 /0 Z& V7 F25k T o0 A 75 S ]

ZRUTDREMRIA U RAARD, R &P EROKERBEEZRS 232 L 2 H
4



HLTWD 1 IHIZEDO~ T RAET VT, RERAFEH ORI A h L
AAMN, RERRORSZMHT 52 L 2WsE L 78, ZoREEROMK
SEPENE, HIEEE T (Regulatory T: Treg) AHAE~D L3 H] S LTV 5D Z &0
B 57 o7z 161920, Treg MlfRIX, B CHURIT T 2 5002 PR B SOG % HEFr
L. EAFr ol 2 0EZ ORI+ 21266 2 BERFTH D
Foxp3 \Z XV MBS REZ R B L TV DR A AT 5, 2D KR HIT, RETERT
BN BT DREHAY A b U AR RIE TR DRRSLZBEIE L, 4 PERRIE A 5] & i
Z I ATREME A R LTS 1,

GIEERFEIIC BT AR A N L RAORMEMIET S 2 X, ek
DRE I BEFBL A MG T 272 DICKREELEZZ D508, SHOR ML AT
FTRXRTORA NV AEZMHEIEDLZEITAARETHD, LLRRDL, RER
RHEINCBIT DBMA R L AL 2HBEMZ 52 LR TEIE, IFEEER
FHERIE S NG OB A S e TE LN D D, LI > T, A
FETIX, FIEERFHEMICE T DA N L ADRBIZONT, A b A
ANTERAEY T, BEHUFIREICL VB SN D RETER L EOFHEHICKBT
DI A R LA, ZOHOMGET Y REZA T« Tz ) XA T\ RIETHE
AMETLHI L E L, BT, RETAFTHIZE T DA F LRI
DUFERER, i ERORGEIREIC DWW TR 2D 5 2 & T, 2 OO M5
FEAZHOWT, = RE A T HBE UM A b LA BE R K 2 EK & 2
SR D AREMIC OV TR L7z,



1. #F9E 51k

. vUX

FrEm A% & 72\ BALB/c v~ 7 XX, BAZ LT (HE, AAR) T
fiE AN L7z, BALB/c /N> 7 Z'Z 7> KO Interleukin-17A knock out (IL-17KO) —~
U A, FRERRT - HAVE - L X Rt AR B v R, —E
I T 1R2IGRIOBREY A 7 VO T THE L, FE S8 & KIZE mIZEE
TXHRETHE LT,

AL, HALERER R ZOBMEREZEXIC L VAR INT OKGEE
% 1 16002-cn, L TN 17004-cn, A2040 3L TN A2207), = HIZ, TXTOEER
X, BT ZHBIDO T A KT A U ATHE - TTV, SEBRENY) O 55 050 D FEFI
[ZFE A EE LT,

2. WEFAOFHLE, FUREME, FUREER, A ML AAKOT 1 k=L

THlE D~ U A M Ui 8B 7 VA A/ERL L7 216172 (Fig. 1A), HiJiR& LT
Ovalbumin (OVA) K O7 ¥ =23 k& L TKEE(ET VI =7 L (Wako Pure
Chemical Industries, Osaka, Japan) % 0 HH & 5 H BIZ 1 IEIZ%} L C 4mg % IE Nz
NIZEE LTz, SEERIL, -6 HE &-3 HHICKBRILT VI =7 A7 LT OVA
DOWMNZ L VFE LI 2, WATEZ, R b U ARELHR OO 30 55, =
TaY kL7 OVA (AEBEHEAKY 5 mg/mL) % OVABERFEHOTF ¥ 3 —I(C
TIRFEL: (EFE~UR), 2y ba— & LT, ZHEEKOALEZT ¥ N
—ICTIRFBE L7 (ME~TR),

A Z R LA L LTHIRA LA ZART L 2, FRA ML R, U

A EBHOBERIALEET T 50 mL O a=hLVF 2—TZHNTiT-o7- 19 R
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Z &Y, =T ZIEMLA HIEEMIIC BT 2 2 L1XTE 528, AR
F7e0, B EME LD TS LRI I L, BH 6 KRR
6 HM ((7HH~2HH) L THERA ML 2AZAR LT, A ML AEE
FTWienws 2, A ML REZITEvU R EFERORH, B8 EKE 52
MNEDIC LT, REERFEOFBELARA L AOFEIC L HEEE, A
NLUARE, EARE, BER/ANUABED 4 AR LT, PURRE®R. <&
fd Y& ¥ (Bronchoalveolar lavage: BAL) % 1T - 7= 2, & & 3 ifi B ¥ ¥4 &
(Bronchoalveolar lavage fluid: BALF) Z$%Ht L. SAEMEHIIREL & & IE 2 4k

Z T, wmL B, BEERE A REWAET v A (Enzyme-linked immunosorbent
assay: ELISA) 12X 294 b A VHRIEZAT 9 ANIC, BALF @ kiE % -80°C Tf#

F L7,

3. OVA FfH IgE B X OV 1gG ORI E
2 HH (PUsZEE% S HH) ICRIL 72 MiEH @ OVA FF 20 IgE I L OV 1gGl
DOYLEEIT, ELISA ZHWTHIE L7z 2, BHEEIX, IgE T 1.9 x 102 EU/ml,

IgGl T 1.9 x 102 EU/ml & L7z,

4. BALF i=EHEfE o0&

BALB/c ¥ U A% A FED 7 )V—1253F . 17 HH D OVA £ 6 5 A (22
HH) &, DO~ T 206 BALF 8t L7 (Fig. 1A), BALIZ, 0.25 mL @
U ViR E A PR K (Phosphate-buffered saline: PBS) % %uE & W 3 A LAY
TOMEL 2RI D Z & TITo72, %~V A0 55 0.4 mL ® BALF % [A]I[Y
L7z, £ ® BALF |Z(HET D laa e Uitz Koz, =612, 2o

BALF X V) BHIEAZ /RS U TR BREL & A P BRI 2 TRUE LT,
7



5. Zu—HA 8 A MU =004

LAY /%8 (Bronchial lymph node: BLN) (35U #&ZEDN 3 HH (20 HH)
IZEHEL L 7= (Fig. 2A), CD16/CD32 (FC gamma III/II receptor; BD Biosciences,
Franklin Lanes, NJ) (%, # O#%OFURDIER: BAVFE G 2 WA S5 T2 D12l A
L 7=, LIVE/DEAD Fixable Blue Dead Cell Stain Kit (Thermo Fisher Scientific,
Waltham, MA) ZffiH L T, SEMlaZ FRoN L7z, MildiE, T CD3 ¢ -PerCP-Cy5.5

(clone 145-2C11; Miltenyi Biotec, Bergisch Gladbach, Germany) . $it CD4-AF700

(clone GK1.5; BD Biosciences) . F 7213 isotype control FLif % HV N TR mHLIZ
DNWTY Lz, AN Tk, RimbuUR L aoOriic, Mifkd% phorbol 12-
myristate 13-acetate (PMA) (50 ng/ml) . ionomycin (1000 ng/ml) . ¥ X O}
monesin (2 uM) T4RFEHNE L7z, ZOBMAOREER L OERAE D%,
fitd 2 51 FOXP3-PE-Cy7 (Clone. FIK-16s; Thermo Fisher Scientific) . #t IL17A-APC-
Cy7 (Clone. TC11-18H10. I; Bio Legend, San Diego, CA) . it IL4-PE-CF594 (Clone.
11B11; Bio Legend) . #T IFN-y-APC (Clone. XMG]1. 2; TONBO biosciences) , #1 IL-
10-FITC (Clone. JES5-16E3; Bio Legend) . isotype control HU{A TY A %2 1T - 7=,
Treg #lld % CD3"CD4'FOXP32 |54, Th (Helper T) 2 #fifldi% CD3"CD4 IL-4%" 5
PE. Th17 #0313, CD3"CD4'IL-17 Btk 2 48R [ L 7= %, 454} 2 FACSAria
I 7w—H%A b A—%— (BD Biosciences) Tal#tL. FACSDiva ¥ 7 bV =7

(BD Biosciences) ZfiH L CotraiT-7,

6. Ribonucleic Acid (RNA) t~A 2707 LA DN, TV H A -3
BLN X, BA/A ML ABB I OEAFFICTA ML 2AMES (2 HH) (28
L7z (Fig. 4A), BHLL7- BLN »>5 RNA ZfilitH L7z, RNA . RealiaPrep

TM RNA Cell Miniprep System (Z & U filitt L 72, RNA O &/E % 7l Agirent 2100
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WNAFTTFITAY—%FEHL, RINEN 8§ 225V IAOHEHEA LT,
FDW%, w47 aT L ANA T Y XA L= 3 IR ERSHIC R L
St L7z,

7. ~A 70T VAL DT —=F 00

~A 27 v 7 LA &, GeneChip Clariom S Array (Thermo Fisher Scientific,
Waltham, MA, USA) ZHW T L7z, 5541727 —# L, Microarray Analysis
Suite ¥ 7 K 7 = 7 Transcriptome Viewer (KURABO Industries, Oosaka, Japan) O
T RLEHH L CEIG RS L~V ERE LTZ, 2O Clariom S Array (Z

T~ 7 AD 22,100 28 2 5 idin 1 % M figdT L7

8. RT-PCRIC & 2 s Z (LD FHLME

A kL AARTERE (2 BH) IZKEEO BLN #1#% L © Rella Prep™ RNA Cell
Miniprep System Z {1 ] L RNA Zf§H L7, ¢cDNA (X, Prime Script™ RT #{3£
¥ v b (Perfect Real Time) (¥ 717 /3A A, shiga, Japan) ZfEH L. fiEco
7'a kA EWA L L=, PCRIE, Power SYBR® Green Master Mix

(Thermo Fisher Scientific) % FHV>TAT>72, Applied Biosystems Step OneTM

Real Time PCR System (Thermo Fisher Scientific) % VT, Hi#7Ze PCR (95C
TI15F, 60CTO0RD 4041 7)) ZFEfL, 7L — bFEARYIC LV
WEEOGZ ) TV Z A L TE=F— L, @Rl b G L7, Bonier—
41X, Applied Biosystems Step OneTM Real Time PCR System D7 /L =2 U X L%

AWTHE&G L, 774 ~—0O#H% Table. 1 1287,

9. FIEEARSEH ORI F L A2 X D IL- 13D EAYEA(L
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TR ERFHEHNCRB N T, AR O YRR A b L 225X 2 HHEIZEW
TR 2R LAREY R — L2 b D2 HWT, IL-1p DEMZEL 2 MR LT,
IL-1B8 £ Quantikine® ELISA Mouse IL-1B/IL-1F2 Immunoassay (R&D systems,
Minneapolis, MN, USA) Z#HW\W T, fEO 717 b a VIZHEWHIE L7z, #., IL-

1B ORNEFLFHIE 0.46 ~ 4.8 pg/mL Th 5,

10. FEAFAY A B L RITxET 2 IL-1 BRSO3

Interleukin-1 receptor antagonist (IL-IRA) (140 ug/kg) (Biolegend) 1%, F&HHIHY
A b L AT 60 RN IEVENICE G Lz (Fig. 6A), W ERE, EARE., ER/A
L ARE, BER/A L A/ML-IRA BEO 4 BEZ T 72, 22 HH D~ 7 A0 BALF
AEIL, RIEMRBERE L, £/, 7r—% A FA MV —ZHWT20H
H® BLN Z 8B L, KA >V TR L7z (Fig. 7A),
1. #Eatotr
T — 2L, BHEOMNL LT ER D OFY) £ R (SD) & LTRLT,

k=(11

2 BHMOAEEIZ, /X7 A MY v 7 Toh % Mann-Whitney U test (2 K 0 fiiE
L7z, 6O, Prism6 (GraphPad Software, San Diego, CA, USA) % fii

MU7e, p<0.05 ZHEHHNCHEED D &HE LT,

10



IV. WF5eHs 5

1. SAEMERER O ]I E

ZAIVE TR A N L ALK D EEROMSLOIEA, AFEEER & 47 ERIC
EDREMORIEZFIEH T L2V AETMTBWTORLTER 1 &K
N, EEROFREE A L AOFRIZ LV KGEERE, A L AFMEE,
B FR/A DMV AREAREC T T, DURBREE) D 5 HRIZ BAL 22 52 L |
A~ U 7o RAEAR A O R MR & AP RRERER, AP Bk 2R L7z, 3. A

A
fmé O

53>
=S
=

REZ DWW, KB L i U CRAR CIXAERICHED L, AR & ik LT
BR/IA NV ARETITA RIS U (Fig 1B), RICAHFEREREIC OV T, Mgk
FECIER L€, BEAMTIXARICHEY Lz, £/, MAR L i L THA/A b
L ARECITAFBRERITA IS L2 (Fig 1B), & OICEREEL bl L CER/
A N UVABETIHE, HFHEREAAEEICEM L (Fig. 1B), Z ORI, GEE
BFHEH ORI A b VAN AFHER - GFBERRIEDBI & @17 D 2 L &R T,
WIZ, 4BED~ T AR DPURZEFEHZ D OVA FrHRAY 1IgE 38 L OV 1gG A Ak xt
THLEA NV ADORBELZFM L7 (Fig. 1C), EARIX, MEEL Y LM
TEHD OVA R IgE B L O 1gG WA RIIE o 7=, ®FRIYIC, IgE BL W
IgG11E, ALV b A ML A/ERFIZBWTHEICRE T, 2L, Wik

TELE A ML ABEDOBTIGE B LN IgGHICHBEEITED b o1,

2. 7Zu—H%A b A MU —%H= BLN NOHOHE
WA, GFFER « AFERER JSIE 2 A L 7= S B IC O W TRET 21T - 72, HUE
WA3H% QQ0HEB) OBLNZ&IL, 0OV R HANOMAZIZOWT, 7 a

—HA P A M) —=FZHWTZOMWEAZRIE L7z, Treg Mldid, TD~ XX —ix

11



GIRY TdH D Foxp3 %43 25 CD3'CD4FOXP3I I % Ml & L 7=, Treg
(CD3"CD4'FOXP3") #ifalL, BAREICHB W THREICHEINT 2 Z RO b
7=. Gatingstrategy |%, Fig.2B (27”7, KIZ Th2 fifdid, £ DM ~D bz
B 57 DICE e IL4 29 2% CD3CDATL-4 i 2 | E L7 27, Th2
(CD3"CD4'IL-4") Al Wi B L i L CRAR CTHEIZHEAD L, Z O
DTER/A NV ARETHBEISIE S 47z, Thl7 Mifaix, oM X v ikt
5 IL-17 #H 3 5 M & LT CD3'CD4AIL-175 fid % J & L 7=, Thl7
(CD3"CD4'IL-17%) #ifi@ix, EAR/A ML AFICB W TAHEICHEM L= (Fig
2C), HRECBT MR E OEE, Fig. 1 I TRODONT-KERIET =~/ 4
A 7L BELTEY, Treg HBD LRI MEER Z4F, Th Mo L&
(XAFBEERME D JRSE, Th17 Ml EFITAFPERMED IIEDFHEIRNCEHH L Z & 2R
LT,

3. IL-17AKO ~ 7 AIZHT D U FEER & 4f P ER D221 E,

IL-17 ZFEAET 2 2 E R IL-17AKO ~ 7 A IZHW T, 22 H H? BALF
FERILL ., RIEMEWE CH D HRRERE & i P ERZJIE LTz, P ERERIC DWW T
Wild-type (WT) ~ 7 A & b#g LT IL-17AKO ~ 7 A Cidid LTz, Ll
WT~ 7 A &l LT IL-17AKO ~ 7 A TOMFRERB OB 2 e 45 Z L 13

ko 7= (Fig. 3),

4. A7 aT LA K DMERIRNT & q-PCRIZEB T 2 EIYZAL

PUR RS O BLNNO TRl 7 & v s OB HEGE CE /20T, ZO%1t
DERFREERET D720, AP LVAAMEZE THSH-2 ARIZER L, REREA
FHEWNCI T DM A N L 2 DB L BRI T 27201, ~/478r7

12



LA ZHWTEEBEFRAOEZ B Lo, ERERHEHICBITLA ML
BROFMEICLY, ERBELER/A ML AFEDO 2 B4, BLN 28R L~ A
a7 A ERCCHRBOICHENL, t—F~y 7% ER L7 (Fig. 4B), <
DRI | TR U RERIERIE, AP ERMERIEICEH ST 28E1FD 5
Frr e 2B b e m B EF 2 L, EA LR L TR ML A/EATIE
Treg AR D /CIZBE 532 Tcos IFIK T L7z, & 512, Th17 MO LI 59
% Roryt 13 E5-U7z (Fig. 4B), #MFENT CHL~A 70T LA M biEbNT
fERICEDS X, HBIEMR L BREDEELIT O 2OIC, E& RT-PCR Z1T-
720 Icos \IZOWTEHRRE L I L THA/A MLV AT, ARICHED Lz, [F

ERIZ Roryt Tl AREIZHEM LT (Fig. 4C),

5. ShEERFBEI ORI A L RICL D IL-1p DEHZEL

G E R8T DR A LA DEEER Jeos X2 Rorpt \C KX L 5.
LTWADZERNH L7272, Treg flifa<° Th17 Ml ~D 3 bIZB G- L, K
A RLVARIZEO BT D ESNTVD IL-1B2 2OV T, KA b L A AfTE
%O I1T 5 EAZE(LE ELISA IZTHER L7z, IL-1B X, HA/A b L AREIC

BWTHEEICHEM LU= (Fig. 5B),

6. FEHRAY A N L 2T % IL-1RA OG- DER

REERBEINCBT DA N L AIZX D IL-1p DL, REERD
FRSEOBLIEIZER D Z N EZ HNDHT720, IL-1BOERZET 57201220
IL-1 ZR/ET 2 T=2 F (IL-IRA) 25 L7,

F 7 IL-1RA B 5- DN R % 0 BASMRIZ 361 2 RIEMIR O REIC LV IZFB W TRE
fliL7z, ZORER, RAEVEMIBGOMMBaEIL, A/ A b L AR L ik U CHERA

13



/A N LU A/NL-IRA BETITAHEEICED L= (Fig. 6B), & BT, AFBRERER. AF+PEKR
BOZEZIZONTHREREIC, BER/A LU AREL L CTEA/A b L A/IL-1RA
FECIE, ARICHED L
RIZ IL-1RA #5400 BLN WO T#lifay 7t v FOZIZ >N T 7 m—H4 o
FA MY —ZHWTHEGR L7 (Fig. 7A). € O#E5., Th17 fifg & Th2 MLz
WTC, BER/A N LUAREL I L CTER/A B L A/IL-1IRA BECIIA RIS Lz
(Fig. 7B), & BT Treg MfDUVNT, TR/ A MU ARE L i U TR/ A M LA

/IL-IRA BETIX, AEICHEM L (Fig. 7B),

14



<
3
B

AREFFE T, B EAFENCI T DA b L AP0 TR OFRBL % P
Hl L. GFERERME D RIE &2 BAL S 57217 Tha . IR ERMEDO RIE A FBL S ¥ T
WHZEBRHLMR T, TLT, ZORBMNA NV AARICL D —EOE
fBig, IL-BDOERICE DV ERINTWAD Z EBNHA LN -T2,

MAFFREICIBN T, REREAF LN T DA A b L XD 0IE TR DRk
S PHAE U, AFERER & AP ERIC K 2R 2 R B2 s S 232 LizHonT
YUAET BN THRE LTS 16, WiEET /L~ T A TR LD AR
(T, SIERAOFHE CIH S L, RERAFEH ORI R b L A2 X0 #n
L. WEIERAZ B S E D, 20T &id, REEAEORBUC LV FFRRERMEDK
ERIEDFEM L, £ OREER DN REEARFEH ORI R b L 22 X0 53
Li-72dicBI b EEZD, FIEERIT, Treg MIENEE L TEBY ., @/ %
JEZR EE MR DB TH D 0 ZITHEET L~ T AITBNT, REEAR
BB DA N AOFRE T D & EARE L R L CTER/A b
VAR ABICHBERD EH LTV D Z MR TE, 20 LT, i
BFEHNC BT DG A N L AARTA, RETEA ORI AL L, KB RIE
AEETDHZLERLTVWD, RIC, RETAEHEH L, HFHERRIEICHONT
LIEERICHT D & BR/A NV ABECIIABEICHFFEROFEE N EH LTz,
ZOX ) ICHRERAFGH ORI L AL, [GE~OFPEKIREL 726
U, WPERMERIEZ OB T = ) X4 7 3 BRIESE L et R Lz, &
SIS RS Z LIZ, RERAFEZITORO~ T ATHT S, R L
A BB, Wi EAE & PRl UAFBREREL . A7 Pk L B ICE kiT o7z, 2

D ENBRFHEA N L ZABO AR, i BFRAESCIER O E A2 FHE L

15



AREMEDR B 2 biILD, Fo. FHRIA N L AARIIHURST LT Ui Eost
IR X B REISE 2R O RSB W T, EEMEITOIEREATH 2 &
MREIND,

AR PR RE% SAH Q2AH) 12, FA/A b L AFEZIB W TAREER
O, I FEROFBL A FEL T 5 2 &L DGR T 1o, & 2 CHEEERTE D RIE %
PS5 Th2 Mia e G2 O TTHE ° & AF I ERME D SRIE 25559 % Thl7 S %
OTEVEAL 212t 3 5 FIReME A & A MHT 21T - 72 532, HURZ#E% 3 HE (20 A
H) @ BLN Z£H LGN E % et L7z, BLN @ Treg fild (Foxp3 Btk T #
fe) . Th2 flfe (IL-4 BGt% T AAR) . Th17 fAR (IL-17A Btk TR 2o\ T >
B—H%A FA RN —ZHWTHEEL, FHICBT OFELEEZHER LT, £D
FER. EARIL, REEADPKIL L TWAZD, Treg MIAAREME 720 . Th2
AT & 7o > TV D, 2O LT KV AFRRERMEDIESIHI STV D Z
Gy %  (Fig. 20), RIS, SHETRAFBGHOHFHEIA M L ZADARIZLY
GHEEROBNIBIESN TS EBEX DNDER/A NV AR, Treg MM
WAL L HIZ Th2 Ml & Th17 MO T Z L THD Z &R TE 72,
EERFEHNC BT DA S L ARV RN T 213 T Th o hEE R %
RIET 2 2 & THEBERMEDORIENE(L L, S DICHTERMEORIENHILT 5 2
& CUHBEERIF P ERIR G ENFIET DD TIT RV EBZZ bV, £ 2T, 4
HERPESRIE 2 J8 8135 IL-17A DK L COHIREEIC T, AFERER AT FPERIE A i 2.
MED L DT D0 IL-17TAKO ¥~ U A Z HW TR 1T 72, T OSSR, 4fH
ERKIZOWT WT w7 A &l LC, IL-17KO ~ 7 A CTiIEid LTz, IL-
17AKO~ 7 A TlE, IL-17TADMFIE L TOWRW T I FREROFEIH WA LT
DM, HFERER I, WT~ 7 A & IL-17AKO ~ 7 A D TE L A8+ 25 Z &0
Hok7Aehole, ThHDZ & X0 | AFREERENEIC 0 L CHIBC/ER 3% Treg
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MR O, IL-17A BNEEZEL CWeWZ ENEX LN, Lo T,
FERRES A N b A0 K2 I ER G IR BRI 4 45 & R 0uF BT, IL-17A O]
Vb BT RROREFIZE LSRR & 72 D ATREE A B R T2,

AFRRERAT FERSGERIEICIIT 2 T Mt 7 v hORZEORRKEZ AT 572
12 BLN TORIERINNE OV THEFENIIT CTH L~ A 7 n T LA ZHWT, fi
BT L, R EIVe— b~y 7 &2EK LTz (Fig. 4B), £ Ok
R R GFRRERMERAE, AF P ERVESUIE, S RAICE S L. S 5Tk
Z R Icos & Rorpt \IZ DWW THAM L, & & RT-PCR % H W THEHME A fERR L7,
FPRMAA N LA E G272~ 7 22BN T Treg MO /32 B 59 % 3 1cos
PRIBIZIRAD T2 2 & D3RS D 2 L3Sk, ARIFFEIZEWT Ieos D37
52l KA N L AT LY Treg MM~ 5L B Shu, S RO AL
SRR U, IFRRERVME DR B ORISR N D L EX D, RIT, Rorpt DIEHNRN

BEAIZHIIML TV A Z L3R TE 72, Th17 MO bD A 1 =X A%, IL-6
Ny T FinER KOG IEME(LIKF 3 (signal transducer and activator of
transcription 3: STAT3) (ZFEA L. S HICZDORF2 Thl7 Ml 7 o~ F /02
BEEFEATH T LT, Rorpt ZIEMELSH D & TH D 397, KIEBRIZBNTH
FEE) A b L 2 K0 S AR ORNLANPHLE U, Rorpt DFBLMEEE S NT=72 0,
Th17 FRE DL DMEE S Fu, HFHERMEDORGE ORI S~ 7= LB 2 5 319,
OF D EEREAINCB T DA N L AIZX Y Icos DIEBUEL . Roryt D
FHUHEIM L 720 | AFRRERIESS K OUF A ERME DO Wi B3 FEHE 9~ 2 W REMEAVRIR S h
Do

AR Z LG | SERAFEM BT DRI A b L AT & 0 BIEIR
FREITIE, A DN OB X 2 A ERER . 4 PERMESRIE DI BLA K X <
o TS Z EAHBI L7z, Thi7 ML, 4FPEROGEIREICEE L TERY
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B HERIE L L FEMEMALIE R &0 B O RBIC b L Tnd B, 2L
C naive T AEAEAY Th17 HERRIZ 3 b3 5 72 I2id, RIEFHFICE S 925 IL-18% 72
EDHA N TA R Roryt 78 £ OERBR A& B &3 5 041 CD4* THlfIZ B
T IL-17A OFEEIX, IL-1 ZBERIZE DY T FIVRERLETH D 28, X5
IL-11%. BNEREE FERICIB W TS B A X 75 Y Ey (Prostaglandin E»: PGE»)
DEREAEET HERNH D 4, £ L CIL-1B1E. Naive T fifil/>5 Thl17 MifaiC
AT DO A N A ORIZEE- L, Naive T M2 Treg M ~o
IACEIHNC B> T D ¥, EHICOVA G L EHITIL-Ip ZWASED Z
& C Th2 i, Th17 HIfRZ NS5 ENTE D EORENH D 647, KA
FETRNT IL-1B 1, A F L RAMRHIEINT 5 2 & DRk, o2k
O ERFELCRBT DM A B L AN, IL-1BDOEHICENR > TS Z
LONRIBEE NS, SIS E RSO TL-1p 23585 LTV 5 FTREME S i\
LE X, REERFBECET DG A N L A AR RO RN O IL-1p %
HE Lc, ZofEH, RN O D-1BRENSAREICHMNT 2 Z LB b e 7
o7z, (Fig. 5B), Z DR &V SGETEAB S ORI A b L 2 AR K D 4F
BRER & I h BRI L A ROEARIEIL, IL-IpOIEM &2 A 5 Z & TIHAETE 5D
TIERWinEZ 2T, BUE IL-1B 12X 2V o REROTEMHAL SO RIENEHE, PGE) 7%
R EOEMPBEA S, IL-1B ZHET 2RO FIMENRE SND L D272 -
Tn5 B IL-1p OREIEIT 2 )71k LT, IL-1B BROE (b, IL-1 &
(RBEWT. IL-1p AR E. IL-1 Z /RO T 7 F AR EMAETLE O 4 BEF 3550 5
NHEESNTND Y, ZORNTY IL-1p HIROME (b, TL-1 AR, IL-
1B ARPLEICIB W TIIBEIC B M ARG L LTaFEDNEA TV D ¥, ARl IL-1 %
BIREEW3 5 BT, SRR ERTHD IL-IRA 25 L7, £L T [IL-
IRA #5208, SRRSO A b U ADEELZ G L, 4FPER - L
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RMEXRIERIEDFIEZMA D | LW ORI AZREA T 572012 IL-1RA 58D
BALF N UFEEEREL, M HFERBOZEBIC OV CHHE Lz, T OMEE, HFEEEK,
FHERE HIZ, A ML AARTHEIZ EF LA, IL-1IRA 52K 0 RIS
U7 (Fig. 6B)s DK 91T IL-1RA 505, 4FEREK - 4FHPER ORI A #1ifi5-
HZETER, TRDOLIL-IRADEGIL, B A LRI XD 0ERTEOH
FIERZMAESEL Z LR SN, TOH, RICHFREREZO T My
7y MIHT D, IL-IRA GO EL 7 o —% A P X R —ITTHE LT,
GIEERFEH O A NV AAMIC L D Th17HIAE, Th2 MIOHEIMNE, TL-1RA #
Hilzkv, HEICHED Lz (Fig. 7B), X512, Treg Mfaix, IL-1RA BHIZ &

DERICER L, BELFAEOREISGETCHE L (Fig 71B), 2O &b,
IL-IRA OFEIX, A LV AARIZL DB LZFIHIH LT, Thl7 #ifld & Th2
Ry b O & Treg Ml b OFEAZ O X Z L, AFH BRI X OUFERER DR
ICEDRBERIEZMEIT D2 ERALD Tz, Thbb, 2 L AARMIC
K5 IL-1p DARHZIEIT 2 2 LS, AFEEER - 4Fh BRIE G0 B O SEIR DFEFn
ROFENE DB IEIZER D B FIREME DS RIR S 72,

SERIOHTENZIBN T, RERAFEIIIT DA R L AT BERE
BORMSLZRIE U, A RRERVERIE OYEEE, AF PERIERIERBUC D72 D 2 LFE
L., ZORAIE, IL-1pOHEREIC L2 b0 THDLZ EE2MH L, ZD7-
DA%, BRIREINC IL-18 OERHZ I35 2 & BNIBRIRNEE & 70 > TV D PR ER
AFHPERIE AN BB ORIRA WL L, TIHILEED Lo TV LHRELERELSH
IR T EEDZLICORNDEEZD,
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VI. B2

ABFIE RV | EEEMERG B 0 HE S D AR ER AT TP ERIR A Wi B O FAEIC X, IL-
IB ARELSEHELTWDZ ERHLNICoT-, ZO~ T RExG L LIZWF5E
FERED ., A%, AROBRICRIT HLEENS H, 4 BEIOFIEICIBVTAM
DR MENG B OIRHEIC IL-1p ZMfl3 5 Z L3, AR CTH L AR EmW T &
RE S T2, IL-1B OFER Z )3 5 72 DIid, IL-1 B EERIO—>Th
L7 FFT7 VN LB FURTHLI I T IX~TDFEHAPEI THD EHE X
bID, LLARns, TFTF ZIEAARENICBNTRERE o> TED
AT X~ TNI G REFER R R R 2 EOBEIS THARRE RSN TND b
DO, FHEERER O DBEMTIRRICER T2 Z L3 L WeEE x5, 20
72, IL-1B 28 Th17 Ml ~D 3 LTCHEICER G- L T\ D 2 & 206, [ Thl7 fila
DODERZIMEISELHZ & THROIR AR T SEL 2 e nHiksEEE2BND,
BAEAARICBWT, fik b IL-17A €/ 7 v —F AHUERRIA & v b IL-17 84K
AE /7 0 —FVHUED ThT MdOEH 2K T4 2% Z & A HR D AN L 72 - T
W5, it MIL-17AE / 7 v —F UHARANT, IL-17TAICH L THRET D 2 &
TIL-17 Z B E~OfEE 2 LT 28 A TH L, & ML1TZAEERAE 70—
FOGURIT, TL-17 ZRRICEEFREAS L IL-17A BDZREICHEST 5 2 & &k
THRATHD, 2O LIZEVENIZEWTIL-17A OIEEZFFIT 5 2 &M
Hk KN TH D S, 2022 EHARICEBWT, Bk MIL-17AE / 7 o —F L hiik
AT 7 X X~T, A F X A~TO28A, e bIL-17TZEKAT ) /70
—FAGURIZT v Z =T D 1 /RN FETR L oo T D S 2022 4FERFAIZI
T, Zhb 3 BANT, SpRECmEEFHER 72 & 00 B CoE AR B OB XIS
LTV b OO BT DS ITEAE STy, Ll 5, IL-17A
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AWFIEEAT DI HIZY | KIAHARE L MTEE & THiEZIL Y £ Lo ARILER
FRRZPITH FRAERYHE BN 28RSO XL B L BT ET,
AR AERIZ D720 THERKE TS 20 £ LI AHEERER R 35250
TRREAAT s RITUE— 2%, 722 6 NSRRI K=

PHEF 2 — iR IR EHHH L BT £

£lo. WIRICLEERTNG, - Bl SOFFETHT 2 BEE TRAGEIC, MR <
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IX. Figur and Table
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Fig. 1 Effects of immune tolerance and stress on allergic airway responses.

Schematic representation of the proocols used for tolerization, stress exposure,
sensitization, and antigen challenge (A).

BALFs were obtained from mice of each group 5 days after the last OVA challenge (day
22) . Total cells , eosinophils, neutrophils were counted (B).

5 days after the last OVA challenge (day 22), the effect of stress on OVA-specific IgE
and IgGl in sera obtained from each group of mice was measured (C).

Data are expressed as the mean + SD. *p < 0.05, **p <0.01, and ***p <0.001.
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Fig. 2 Measurement of cytokines using flowcytometry in BLN of asthmatic mice.

Schematic representation of the protocols used for tolerization, stress exposure,
sensitization, and antigen challenge (A).

The flow cytometric gating strategies used to evaluate cell subsets were shown (B).
BLN was collected on the third day (Day 20) after antigen exposure to the OVA. The
percentages of CD3" CD4"IL17A" / CD3" CD4", CD3" CD4" IL4"/CD3" CD4", CD3"
CD4" FOXP3"/CD3* CD4" are displayed. The numbers and percentages of CD3* CD4"
IL17A" cells (C), and CD3" CD4" IL4" cells (C), and CD3" CD4" FOXP3" Cells (C)

were determined. Data are expressed as mean = SD. * p <0.05, ** p <0.01.
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Fig. 3 Changes in eosinophils and neutrophils by IL-17AKO mice after antigen
exposure.

Schematic representation of the protocols used for tolerization, stress exposure,
sensitization, and antigen challenge (A).

Five days after antigen exposure (Day 22), BLN was collected and eosinophil and
neutrophil counts were measured.

Data are expressed as the mean + SD. **p <0.01, and ***p <0.001.
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Fig. 4 Comprehensive analysis by microarray in BLN before antigen sensitization and
distinctive cytokines in BLN prior to antigen sensitization.

Measurements Using Microarray and RT-PCR in the BLN of Asthmatic Mice Schematic
of Protocols Used for Tolerization, Stress Exposure, Sensitization, and Antigen Challenge
(A).

Heatmap depicting cytokines and chemokines in BLN before antigen sensitization (Day
-2) (B). g-PCR was performed for reproducibility of RORyt (C) and ICOS (C), which
were involved in eosinophilic inflammation, neutrophilic inflammation, and immune

tolerance and showed characteristic changes from the results obtained by microarray. * p

<0.05.
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Fig. 5 Expression level of IL-1f due to psychological stress before antigen sensitization.

Schematic representation of the protocols used for tolerization, stress exposure,

sensitization, and antigen challenge (A).

After the sixth mental stress was applied, lung tissue was collected and IL-1f present in

the lung tissue was measured (B).

Data are expressed as the mean + SD. ** p <0.01

35



A

Tolerization Sensitization Challenge
OVA or saline inhalation OVA/Alum i OVA 1inhalation
30 min P 60min X 2
¥ ) 3 ) ¥k
76 -5 -4 -3 -2 0 5 17 22 (day)
+ +
| | | | | | | | | |
T t t t t 1t ¥
| Restraint stress 6h | BAL
t t t t t 1 N
IL-1RA (140 ug/kg) 0 ovA 05 6 (h)
or Saline i.p. [ Al J

1h before siress exposure N~ Restraint stress —

B

Eosmophils Neutrophils
e
2 * k%
& = T=
i)
3]
=
2
x l ] 0 e
Tolerization - + + + -+ o+ o+ -+ o+ o+
Stress - -+ 4+ - -+ o+ - -+ 4+
IL-1RA - - -+ - - - 4+ - - - 4+

Fig. 6 Effect of IL-17RA on inflammatory cells during immune tolerance induction.
Schematic representation of the protocols used for tolerization, stress exposure,
sensitization, and antigen challenge (A).
IL-1RA was administered immediately before daily psychological stress during the
induction of immune tolerance. Each cell in each of the four groups of mice was counted.
The respective cells were inflammatory total cells, eosinophils, and neutrophils (B). Data

are expressed as the mean = SD. * p <0.05, ** p <0.01.
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Fig. 7 Effect of IL-17RA on inflammatory cells during immune tolerance induction.
Schematic representation of the protocols used for tolerization, stress exposure,
sensitization, and antigen challenge (A).
IL-1RA was administered just prior to routine psychological stress during induction of
immune tolerance. The proportion of each cell was confirmed using flow cytometry for
the four groups of mice. The respective cells are Th17 cells, Th2 cells and Treg cells (B).

Data are expressed as mean + SD. **p <0.01.
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Table. 1 Primer sequences for RT-PCR.

Gene Primer sequences
Forward: 5°>-GAC CCA CAC CTC ACA AAT TGA-3'
Roryt
Reverse: 5’-AGT AGG CCA CAT TAC ACT GCT-3'
Forward: 5’- ATG AAG CCG TAC TTC TGC CG-3’
Icos
Reverse: 5’-AGT AGG CCA CAT TAC ACT GCT-3'
Forward: 5°-CTT CCT CCT CAG ACC GCT TT-3'
Hprt

Reverse: 5’-CAT CATC GCT AAT CAC GAC GC-3'
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