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a.u.: arbitrary unit

CD: Cluster of Differentiation or Cluster Designation
COX: cyclooxygenase

DAO: diamine oxidase

EB virus: Epstein-Barr virus

ELISA: enzyme-linked immunosorbent assay

HE: hematoxylin and eosin

NSAIDs: non-steroidal anti-inflammatory drugs

IgA: immunoglobulin A

IgE: immunoglobulin E

IgG: immunoglobulin G

IL-6: interleukin 6

IL-10: interleukin 10

MMPs: matrix metalloproteinases

PGs: prostaglandins

PPARYy: Peroxisome Proliferator-Activated Receptor y
TB: toluidine blue

TEWL: trans epidermal water loss

TNF-a: tumor necrosis factor-a

7Z0-1: zonula occludens-1



&

H AL 1970 12 65 LA EDONBR T% %8 2 2 mlinbAtRIC8A L. 0% b &k
FITHT, 1995 FFITIT 14% 22 5 milnthe, 2010 1213 21% 2 2 5 B & vl 200
ZTo. 202344 HIZ, @lbEIL29.1% L 70 . BARTIIZ 0L @bt & PHIS
NTWD, @I EAETIC R, L a =T 2 RET D@Eig 238 L, B n
BB 2R~ K 91207z, E61T, 2020 4 12 HIZlEE -~ FilanF U o1
AEIGIEILRIZ LD . P aX=T 388 ICER V| JFAEFZLD NTEL R0 15K
ThHIEAT A FHEFiZASESR (Non-Steroidal Anti-Inflammatory Drugs: NSAIDs ) Offf
METEIMO—EZR L T\5H, NSAIDs Off &L, R HEML TEHH 2, 2022
ELCIX SR T EGHE)S 386 (K R/AVICHEIE L, 2030 FI2IX S HITHI % 613.9 ik FLis7z
L EHERI S LTS (Figrl),

NSAIDs O{EfMBFFIE. 70 2% 75 2 ( Prostaglandins: PGs ) A pL O L HEEHE T
»HDv 7 utx 7 —+E (Cyclooxygenase: COX) #FH5E L, PG EAZMEITH Z & T,
HEBRIEM 2T S 9, COXITIAT A Y 7+ —L0 2551 ZnEh COX-1, COX-
2059, COX-LIFBHIZHFET S, COX-2 X RIETMMIZFHES I FIT 5, PGIX, Fix
RAEPNEEA AL TEY, AEROMERICEEE L TW\b, COX-1 iR NSAIDs 1%, FIC
COX-1 ZfiEFET D70, B - +FIBHEEG, BEERTOV AN ERTLZE0mbN
TW5 9, LiL, COX-2 R NSAIDs DBAIE, COX-1 IR NSAIDs (ZH~T
B« T HRBIBRGOREY X7 BDIRNZ ERRFETH D,

2014 45, HZMFFE=E Tid. NSAIDs & 5%ICHR SN DR ORBUTEHR L, 818
i~ 2, A RARY Yy vax YT a7 F NI UA(U TR Y a7 b
) BROELax T2 E L, AN NGRIEZ A S TR B A 1 = X A

IZOWTERE L 0, ZOHEIZL Y, NSAIDs #5112 L0, /INEIZB W TAMERIENFE



BLL, IO ESNDRIEEY A NI A e ERVERMFICRY | SRR EREICE
L ENHLMNI RS T, T2, MNBRIEICL VA CERIEET A A R eRAZ I
DB Y TR D Z L Shi 7,

INESRIE S AT DBV CHEZMBETH Y . HEROEFME (RAFAZ T R) 29
WETHD 8, ERES. AENH L OER M) BERHE T, PNERERGE S 2T
LRFELTNDZ b, /MG & DORERIUTONDORERBFET HLEZ2 6N
. BEETIE, A= AFRAEIZIATWRY, £ T, Fxld, NSAIDs (2 X5/
W RAEFS K OIS G RBLO A ) = X L DR %AT 5 2 LT /NG & BFOBRIEZH 5
MIZTHZEEHHMNE Le, £72, ZOFEE, NSAIDs 2% 5 Lz @ ORIEH B X
NTWDHIZHED LT, NSAIDs D5 &Nl & 2 & A FHERE D ZIZ DV T H AR
I MBS IS &> TEB 2R+ & o B & ff§ O B RE~ D BT O
THEBRL., L7z,

% 1 ¥ T, NSAIDs BN~ AF o Y — A #E R &ML % B4 ( Peroxisome
Proliferator-Activated Receptor: PPAR ) y ® U A > R & L THIK Z Enmbn<Tiy,
THA Y RAZ T URY T ROBERBNEORERH L LMD 9, f U KAX VY
B GAT X D/ NBHRIEF B & SR G RIUCE D A I = XL TD PPARy D% 5 &t L

—o

B2 ETIE, A RAZ D HEEIZE DM~ 7 ADYT I A% 4 —F ( Diamine
Oxidase : DAO ) {54 & B APRERE DO ZLIZOWTRET LTz, WAL AZ VAD—hi%
5TV 2 DAO (310, /NGB TAMR S BRI~ & I SN HBERE T, £ A X
Rrparyhr—7— LTH ZERMBATND W, 2072 ZOFFHRIL, 1980 F
RIEENST P E—MRERLRIEMENGRE & OBRIZ OV THIFEAYToiu, DAO DK
ZICKYV B RAE I URMPEERRIET H Z EBWESH TS 12, L LAaMNS, NSAIDs

B ERFO/INMBRIEIZIB VT DAO TEMEDZAL0hER & DBRURIZOWTOHENELE A ER



W ZOZEMNL, A RAZ AN (40 8l ) ~ U AIZEE- L, DAO FEMER/MY
BROBREOEEBIZE LT,

%3 ETIH, H - FEBEGOREY 27 < COX-1 R NSAIDs L9
BEMENFEH WA TH L LR F SN T DL ax T ORNWERBEIICOWT, Il & &
JEAEFBSRE DL L WO BLEN DG LTCGmsUId e n 2 e b | M~ 7 2% VT,

LAk TR K DR ERBLUC OV TG L,



B1E
AT A FERRIERA v FX2 2 #5125 5 PPARy #

ITLTHERSNDEBEERIE A B =X b DR

H1E WS

BEEFIERIZB N T, /NBRIEIZ LY | RIEVEY A SO A O WMEE, ~ Y v 7 R
A X u7ns 77— (Matrix Metalloproteinases: MMPs ) D36, 1R aZ—47 00
Wb, #EFR K& (Trans Epidermal Water Loss : TEWL ) @ 5. g K5y &
WOWAET, HIREEIZED LW REEITo 919, F/o, HERARA  MI~ A M
R DHMNE X ONE DOBIERLOREL L B HILTWDD, T LT U AELE L7 REBIZ B W
T, <A MO BEERI I L2 A D = XL OWTHIRMBHADO L E TH -T2,

Al EDOAN=ALzRATH 2 EEERRE L,

AERTIER, 77F PG PGH: 260 L. S HICfAx D PG 25 LTWD, &
ST PG IRV BENERY | B2 EIC L0 RIENE UTEBEORAE - FEEL - 55 O3
BUX PGE: Dz iz k5 b0 TH D (Fig2),

NSAIDs X PG A O EE ThH COX #[HETHZ & T PG OAKEREL, &
i« FEEN - BR AR L, K E T D,

L7L, —H T, PG OBEMEREFENC, MREFENZEES2ZL T B +2
FEBRIEORBT 5 V) 27 N EFT 5 1916, COX-1 13k~ 2tz 3o THEE IR B
LTWa2, COX-2 IFRIEICHFTIHI S, LB TIREFIICHEBLL. PG OA A
Fa2LTHHE -+ HBEGORIAY 271 3m< 2,

AEI OB TIX, COX-1 EIRME NSAIDs & LTA » RA X COX FEBEINME



NSAIDs & LTrFY7Fr 7z COX-2 @AY NSAIDs & LTELaFv 7 a8HRL
72. NSAIDs 1, PG OGRKFLFEIC L0 EWREBLT 57217 CTe<, PPARy O U T K&
LTS ZenmbnTesY, NSAIDs O THA & FAZ T, VA ROMEH
RN EDEEDNH D, PPARY 13V H > MEKFMRH Y | BNZAMERER 1 CHE-CIRE
DORFUZBIHE L TWAIET TR, IR/ w7 v 77—V L, VA M A VEAE
T2 2 L THREEMEM, o a s be—HElEZHF LTS 1018,

A5 CliE, NSAIDs & PPARy OBfRMICHEH L, NSAIDs #% 5., /NMERIERBL, %

U CHAB R RERBUCE D A = XA OWTHRE - i35 2 & & LT,



H2M EBRGIE
1. ZEBREY

8 Wi, HEE~T L 2~ A2 (HOS:HR-1 SLC: Hamamatsu, Shizuoka, Japan ) % ik
B 23+2 °C, 1% 55+10%. BARG YA 7 /L 12 B (8:00~20:00 Light ) MEREE FIZIHW\ T,
K4y« BB HEFAEE ( CE-2; Oriental Yeast Co. , Tokyo, Japan) &9 %, 1B, £
BR(A) T, AV RAZTURE, nxY7n 7o, BLadxy THBLay hr—
JVEEIZARE 5 VLRV 431F . EH (B) Tid, GW9662 HAMEE, 1 v KA X 2 +GW9662

BECULTPRRBEL 95 ) I8 5 VLR D 4310 7=,

2. A

BHEARGHEL L O a e — VB RE LEEFAIT TRROEY Th 5,

- B (A)

1. A > KA %> (Sigma-Aldrich : St. Louis, MO, U.S.A.)

2. 1% Y717« (Wako Pure Chemical Industries, Ltd. : Osaka, Japan )

3. L =% 7 (TOCRIS Bioscience : Avonmouth, Bristol, U.K. )

4. 0.25%DMSO; DMSO: Dimethyl sulfoxide : = > k7 —/ L (A)

- B (B)

1. A > FA% 3 (Sigma-Aldrich : St. Louis, MO, U.S.A.)

2. GW9662: PPARy 7> % =2 bk (1 mg/ mL; Wako Pure Chemical Corporation )

3. PFHRE A > KA % (Sigma-Aldrich : St. Louis, MO, U.S.A.) +
GW9662 (1 mg/ mlL; Wako Pure Chemical Corporation )

4, KT a3 he—LE (B)



3. HHFAF GBI L OB

- EB (A) COX1 &R ME NSAIDs ThoHA > RAZ T COX @R XY S~

= B LV COX-2 #IME NSAIDs ThHhLHEL ax v 7oREGEIZTELOHEY THD,

1.AVRAZT Y 40 mg/kg AEPRAIEIK
2. Xy ra 7z 30 mg/kg 7K
3.ktLraxyr 10 mg/kg 0.25%DMSO

( Kuzumoto et al.1¥ , Shimada et al.29, Liang et al. 2V ®J7EICHE L T FEfi )
“FEBR(B) A v FAZ VB XU GWI662 DEERIT TRLOMY ThH D

LAY RAZ TV 40 mg/kg AEHLAIEK

2. GW9662 (: 1 mg/ mL; Wako Pure Chemical Corporation) 0.1mL / ARk

3. UFHRE: A KAZ 2 (40 mg /kg) + GW9662 (1 mg/ mL % 0.1 mL) :

4. FFREK o fa—1

4. FEBRFIA

R (A) 2B N (B) I2BWT, 1 HEEEIb#E, #3551 % 4 AfRO&EE L, 20 24
REF 74 235 A o TEWL OJI5E ( Tewameter TM300 )22, fiJg Kk %y & ( Corneometer
CM825 )23 ORITEZAT > Toth, v bV E X — VR TICB W T fERIL. KA. /N
DY TN E L OMIEY 7V AR LT,

TRCOBWERIT, SEEFRB PR FEYERIES KRBES 1 8 34 5 ) ITE->TE
e L7,



5. HHE§ D TEWL I X OV Jg K 4y & DRIE 71k

TEWL., Ky REIx, TGN TR Z K 5 K& MED~— 07— & LT
A&k, TEWL @O _EH AREKDEOJRI TR RE DR 2R,

TEWL (%, Tewameter TM300 ( Courage + Khazaka Electronic GmbH, Cologne
Germany ) Zffi ] L, HHEREICHIER 5% 10 HEM LY TT, WTEHHA L& D,

T UH N3 RIEIRL, WIERROEEEE R T 5,

AlEKSEOWES, TEWL [ZHET T, 724 A2 3 s L, Corneometer CM825

( Courage + Khazaka Elecrtonic GmbH) Z i L. FHEAEFHH L=,

6. ~ U AD/NMEI L OBE O/ H N MR Y > 7 L OEEIS X OMRAE S IE

TEWL & fAJEKkSBEZRIER, 22 hoveZ—F kU oA (50 mglkg ) 2PN
B LT~ A CEEL, DIEZEANC LY 1 mL OFFRMZFR -0 B2, /MER LU0
JE DR A BRI L . BASERTE L7z,

PRI LT B2 R & ANB o T T 2 7 V=TS0 MERIRAF L -80 C TIRIEL., BT
JIRTG ARV LT ILT b RIRiR (4%, WAKO ) THEE L. #ifE L7~ Tissue-Tek O.C.T.
Compound ( Sakura Finetek, Tokyo, Japan ) (28 L, -4 °C THRF L=,

NI 7 4 M UTCHEIE 5 pm DU EZER L, A~ XU e AT
( hematoxylin and eosin: HE ) ¥4fa TR 35 L OVNGBOMIBL O TR & Y P BRMSE Thesd L
7o

BEL L 72l -30°C THRAFE L 72,



7. SR bR LRI TR

R LY ta ¢, MMP-1, ~ X Mifd, CCR7, CD163, CD23, CD21. PPARy
ZHE LT,

~ A Mo N Y &2 —¥, MMP-1 ® #1213 Imaged Y 7 F 7 =7 R # i,

& 512, PPARy OB 284 57202, PPARy 7o X I=2 s ThbH GWI662 %
B U, [RIBRICHZ IR G 8 Bl % LU L T,

CCR7; CCL19 X° CCL21 @ G # > /37 WAEFUZ R TH 0 | S il Aa-CRRME 2/ 7
EOMEMIRN DM END, 2t M1~/ 077 —YTORENEL L, SRIOSE
IZBWTH, Ml~vo/Rr77y—YO~—A—& LTHEH LT,

CD163; A B R V¥ —% KK AT 4 U v F ( scavenger receptor cysteine-rich:
SRCR) A——7 7 IV —IZBTHREEL NIV ETHY, ~EZrE-NT N/
EVBEEERDAI R Dy —ZFIKTHY, SEIOHETIE, M2 v/ 77 —YD~—
I—E LT LT,

CD2329; %y 1- & 45,000 O » > 37 T, A Bl L B BIBNGFEET D, #Bis T IEg g
19q18.3 IZfAE L, BIERY LAF —RISIZES- L Cnb, CD23 1% B fillfd, 4FfcEk, H
BK/I~ru7y—v /MR ED~—I—Thsb, TOELLHEREITREI 0T v
(Immnoglobulin: Ig) E ® Fe #3281 IgE L& 7% — (FeeRII) TH Y | IgE
PEAOHIENCEE 53 2 PR CTh 5, CD23 1TAMAE N O N RKimDEWZ LY AR L B A
IRy E&d, SRIOMRE TR, BMldo~—h—& L THERALE,

CD2125); 43 -8 145,000 OREH > /37 T, Bin 1Y AR 199138.1 IZFET 5,

CD21 iZ, FRZA BHE, EBV EHRH Y L 83EER7 & O~ — B — T R I Tl

gk B Maick S, T ffa, NK Mg BRIERIC I S vy, CD21 filslid



Epstein-Barr (EB)V A L ZADEH L F 2 —Th 5,

CD; ( Cluster of Differentiation & %\ X Cluster Designation ) &%, [Fl—DHlfutEMH

F R OMREFRCHREDE N7 28T 5/ T u—FAbiiEE . 1 oOh T
T —IZFLDHEHDTH D,

8. v AKX I v, A& —nrA%x> (Interleukin: IL )-10, ®E /' n 7 U »

(immunogloburin: Ig) E OHE

NG L BRERRR O B 22 X RIED TS NG E BREIL, 100 mg Ok E N
Ml L, = 212V U eiEEL ( phosphate-buffered saline: PBS ) 1 mL #JEA L. K ET
REDVFTA X% AT, # T, 15600 X g T 15 spfilimOmlt L, EEZ. o8 HICERER

L7,

NG, BIEO BT o AX v mEF O IL-10, IgE FLADOHIEIZIZ T

RO
ELISA (enzyme-linked immunosorbent assay: ELISA) & v b & H L7-, Y P ENE
25 . ~A( 7 a7 L — kU —4%— ( Molecular Devices, Sunnyvale, CA, U.S.A.) THlE L

77

b A& I HIE: Bertin Pharmacol, Montigny-le-Bretonnux, France

IL-10: Proteintech, Rosemont, IL, U.S.A.

IgE: Yamasa Shoyu Co., Ltd., Chiba, Japan

NT T 4 A LIRS b um (ISR EZYIV L, TOWEREAT A N T A

#HY., TR LEZ0bL, AT 7 4 VI AZIT - C, HE $ea, ML AP T —

10



( Toluidine Blue: TB) Y0 %35 = 72 o 7= 26),
HE Gt % W7o ik Gt Clk, fRk Ok 2/ L=, TB Yt L7-f%kiX. Image J
v 7 b =7 (National Institutes of Health, Bethesda, MD, U.S.A.) #ffH L T, =)

BAMIEEIC K0 ~ 2 Magca B L7,

10. U= RZ T ay NMENT

GEBRL G 7L & iR TR ( Kurabo, Osaka, Japan ) 1 CHREY A XL, HiE%
BRI 2728, 8000 X g T 10 4yl Loy L7z, $RELL 72 i30T £ T -80°C THRE L
7o

fifmits, bug | L—r DH LRI E . 4%~12% BIS-TRIS Bolt %7 /1 (Life Technologies,
Carlsbad, CA, U.S.A.) (23 L. 200V T 30 47X IKE) L 7=,

ALTVLANEE %, 4 C T, AFLINITTryF 7 LIEOL, 256°C T
WU & FUS SR T,

—RPUKIT TREOEY TH D,

I8 =5 —4" :1:1,000; EMD Chemicals Inc., Gibbstown, NJ, U.S.A.

MMP-1: 1: 1,000; Santa Cruz Biotechnology Inc., Santa Cruz, CA, U.S.A.

TEHA LT H—T: M1 macrophage marker, 1: 1,000; Santa Cruz Biotechnology

Inc.

CD163; M2 macrophage marker, 1: 1000; Abcam

PPARYy 1; 1,000; Santa Cruz Biotechnology Inc.

P-PPARy; P-PPARy (1: 1,000; Bioss Inc, Woburn, MA, U.S.A., CD23; 1: 1000;

Proteintech )

B- actin; 1: 5,000; Sigma-Aldrich

11



TRPUATHLEE% . ImmunoStar Zeta ( Wako Pure Chemical Industries ) . B8 451 #s

( LAS-4000; Fuji Film, Tokyo, Japan ) Z Tkt L 7=,

TRTCOT — X L FEBIHE + EYERFZE ( standard deviation: SD ) fET/R L7z, fifRix
Microsoft Excel 2010 ( Microsoft Corp. ) Z i L/y#r L7z, &EEMOFFHAEMEIT,
Tukey’s post-hoc test {2 & ¥ 5#li L7z, fEBRIFEN, 5% KiiDGG 2 Mt FRICHRE L L
CHIM L7z, MEHIENTIZ. SPSS software version 20 ( IBM, Armonk, NY, U.S.A.) (2T

FEh L7z,

FIME MR

FR (A)

TEWL (X, 4~ RAZ U URBHCBWT, AR ER L= (Fig-3a),

AIEKTEITA V RAZ U UBHZRBWT, AR Lz (Fig-3b),

HE Jeta U7- SRR O TIX, A RAZ VU TITIRERA NN, vax V7
D7, BELadi BB LINar he— A BORIC, KEXAREITED LN T-,
NI, RERETRD SNen->7-(Fig4 ),

[ BT =7 OETIH, A2 RAZVUBHIZBWTAERICHED Lz, Zhix, 1#=
T =7 U RS T D MMP-1 ML 72720 Th b, ZORRIT, YxAZ T ay
MEIZ LD 1B 25— 5 o OFBURHTHR & &L 72> 72 (Fig-5 ),

MER EREDOE AZ IV E2HR LIZE Z A, WHIZBWTA v RAZ T URIZRENT

HEICHEML W, FRCEBIZBN T, 2 har— L E0f 4 5 Th o7 ( Fig

12



6a,6b ),

NG & B E O~ A Mg E TB e CHER L2 2 A, 42 RAZ U U, HHIC
BWTay b — VBRI HEATHEIMEA 2ABHE THY . ThiThnTr® Y 7 n 7 = U,
L a7 HOIETH 72 (Fig-7a,7b), ~ A ML, FEHEICHEITH DA, NSAIDs

DEEIZLY, BN 2 2 ERHLMNIRo T,

FE (B)

PPARy D¥ELZ Gt 7Y lE TR L7z & 2 A, v & Millfld, PPARy DFHL,
AV RAZ L URECTHMMBRD 5= (Fig-8), A FAXZL R, BLafdFi 7R I
WT, P-PPARy., PPARy # i L7z & 2 A, AV RAZ T UBEIT/DBIZHBWT, P-
PPARy WA EIZHM L, PPARy OBNZHEZEITRBO b -7z, (Fig9a~9c ), %
7o BIECRBWTIE, A > RAZ U R P-PPARy WA EICHII L, PPARy IZfliO#E L b
i L CHECRED Lz (Fig-9d~9f), UIEDOZ Ent, EBR(B) X, 41> RAZ U &%
RELTERETOZ L L LT,

WNHED~ a7 7 —=DEHE LT ZA, A RAZV VD M2 v 7 17 7 — U3,
fhOFE L i LT, 49 2 IS L7223, M1 ~7 u 7 7 —VICAEETRD SN2 0>
7= (Fig-10),

KO~ 777 —UxBELIZEZA, AV RAZV VRO M2 v 717 7 —U0,
MOREL I LT, 6 fFITEML7en, M1 ~7 a7y —VICARBREITRD LN
7= (Fig-11),

B M, A > RAZ BN, 2 br— Uit K OMLo NSAIDs #5-8f & bhigg L T,
)3 fEHehn L= (Fig-12),

IL-10 1%, A > RAZ VBN, 2> ha— B o/ 5 FEMm L7 (Fig-13),

IgE HUiRIZ, A v RAZ T URHIZBWT, 2 hr—/L#E0K) 5 (5H#I1 L7z (Fig-14),

13



PPARy 7 > 4 A= T % GW9662 HM#ED TEWL 1L, = b — A # LY H&ET
KT L7z, £ FAZ U BEMBEEOFHRE © TEWL (Z=2> e —AREL 0 & EH L7223,
AV RA XV U HEMBEZ X TORHEED TEWL 1%, &2~ 72( Fig-15 ),

AIEK P EICBWCUIAEAITED biv/eh - 72 (data not shown ),

NG ERED N Y 74—, PPARy 7 # =2 hThb GWI662 ZHHT 5 &,

A2 RAX VU BMEEL Vg L7 (Fig-16a~16d ),

Fafi BE

AEIOBFFETIiE, NSAIDs # 512817 2 B O A BBERE D AT DWW TRt L7z,

B IE, Fex OHRREEB N, EROREHER O 7= DI THRE, (RIRFIEIHERE 2
Ex b oMl TH D 27,

B ORERE X (Fig-17) 128\ T, —FSMUNAESE T, NICIh - THERE, AfE.
HIEERH Y | HIEBRZ I U TRE AR L TWD, FEEEL D RRNS, #EHEET.
a7 =R TR VEBRTFIET AEEN D D, REOEIIEH 0.2mm TED 95% |%
Altiilacd 5, AERIL. 10 BUENLRY | 2O TOMEKEIL 2~5 B THDH, ARk
JEX 5., £ L TERRO—FENNCHLEERTI1IETH D, BRFIZIZZA Yy
> 2 > (Tight Junction: TJ ) 3% ¥ | FILORRRE 2D TN DITE KEFHNTWD, K
ShEDBERICHLAER L, BREICH D TI 3, KIEANY THRIC W CEEREE %
floTs,

RN R DRIAEIE, RF AR e R (Trans Epidermal Water Loss: TEWL ) TEWL
EAJEKIIETIT), TEWL X, AEEAE LT, WATHIKNEELRLTHY ., 5
ZRBZRE T 0.3 205 0.5 mg / em?/ Rl T, BAFIEIRE <722 & RGN U T HERE OAR T &

R, £ AEKSDEIL, AEBICEENDIKGEDZ LT, BEREE T 20 025

14



30% THY ., ZOHIEIT/NS < 72D & EEAY THEREDIR T M &2 777

WX, TEWL 28 EH L, AEKSDEMEFT LTS L XIZELD, 277 U3,
RRIE S R ETHY | RIEEHETRNH DR, L7z~ A Milfarb e 242
YOLSWHBHEMNT D Z & T, TORBHREZETSETND 29,

ERAZIVIIT VAR =25 ER T IMNAT 4 =—F—L L TELHBLA TN,
IgE #ifAA~ A Ml £ FeeRI L7 % — LG L. Z0 IgE Bk L HURDHEA LTz &
T2, v A MilaolERIic Lo i sh, T v AaxF—ERE 275, £72. IgE HUA»
FELLSHEMULRHIZ S~ 2 MIIER 2 BB 5, 612, v X Ml h ) 7% —
CaIEHALT 2 L4 O MMPs 23t S, MMP-1 131825 —5 % MMP-9 (% IV
BaZ—Fralh S5 29, ZORR, REAIRREOMGENE L 5,

AT L7 A ORHEITIR DB ThH D, A FAZ T 0F, COX-1 EIRMER GRS |
Fo, ERPBNDLONRL, SRR GBNTHD Z L2b, FEEIFICITHE S Eh
RIBTHLHEE ) U~ TR SN TWEERITH L, vy Frn 7z id, COX FE
P NSAIDs ©, BUECTHIRASEHA S, A vy F OTC ICLV KT v A T Th
JEATED A Tho, ELaxr ik, COX-2 BIWE NSAIDs O 77 I —TiRHH
IWTWDHEAIT, FH - +HBBEEOREN DR @EnE I, L<MHEH I TV DIEHRIT
&5,

NSAIDs % #45 L7z~ 7 AD/NBERIEIZ L D~ A Ml OZ b a i Lz 2 A, A
Y RRAZ VBT A M OE LW A bz,

M85 T, NSAIDs #8512 K 2/NBRAE & B2 A B RE D 281k & D BIE D BFFEIC
BT, COX-1 BIRMEDIRNA > R A X 2 U EHIZ X0 3B LT/ MBRIE T~ A Miifatk
DS L, TSy S 7 EES AR - (tumor necrosis factor: TNF )-a <> IL-6 72 & D%
JEVES A A Rk A I 72 BN MMPs 5L T2 2 L2k D a7 =703 L,

T ORR, FBRBE 258 LTz Ll LT 5 30,
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PPARy 1%, U W ¥ FRFEMET, BN OBBCEBNCEO L 2 X7 BETHY, v/ 1
7y —V RZHREB L, MEXZHHIT5BE 355, PGD2 O EREND PG OfRH
PEM) T % A12-PGJ2, 15d-PGD2 2AWNKM Y 7 K& LT PPARy # &ML TV D
303233), NSAIDs (%, EANT COX ZPHE L THBh A BT 57217 T2 <. PPARy D4t
Y B FELTH 22BN T TS, NSAIDs ODHFTHA v RAX T
Hy RELTOBENEBNZ ENMOENTND, 2 RAX U EROKREG LIEER, /N
ABRIE DS v, RIEFALD O RIEVES A S A R0 AZ I UNBRRINZ S S, 78
BRI ED, A RAZ 2L PPARy #IGM L L7-/ER, PIRIEER O H 5 M2
~ /7y —VEENEES, M2~ 7 a7y — YOIy, SIRIEEH %2 © 2 IL-10,
IgE HUAD S LTz, £ ORHR, BHlAORM, IL-10 12X % B fifadpkidb, IgE
PUR OEMAFER S, v A MIRROBER 2R L2 LB X oD, MMERIEICHEN, <
A MBI L T iz, BER CHRIE SN IANAT 4 == — bz &
Ex bbb,

A2 RAZ 525 % PPARy OiEMA, B filaof N L Obds KOV IgE #i
KOBENMD A I =X L E . INGRIEICL D~ A MOz LD, ~ A Nl o Bk
PRSI, ZORR, SEREERBICETLEZ LN,

FHR B I2B8W T, PPARy OB G ZRFET 5720, PPARy D7 U X A=A N Th b
GW9962 % 1 v RA X v v LRRpIZHE G L 2 A, TEWL K FEm 27~ LT,
MMP-1 (X, MY 7Z—BIZL0iEM b a3, EiR B C, /MNEB X OO LY 7%
— BB LI2Z & L0 MMP-1 M 2R L, TR = T —5 o5 S vz
EBZ BN, LLEDZ LX) PPARyY 134 v RAZ U EHIZE Y &N T HEHE
DIRTZFHEET L EEZLND,

A RAZ L FBEIZBNT, /INBRIEFREI, RIEMEY A NI A BN X 2 o

FRERBDA =X L L LT, PPARy DAGETHA D =X LNEZ b,
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AV FAZ VB O/NGRIEE, BRFFEZRICHEEL LI 24 RIS O T Mm-S
HILAA SN ZENHY, ZOMRERITE - + HRIBRGRAELVEAETEIT L L
WOHEDRH Y, BRIERDI DT, 4 RAZ TV UEGIZE /NG RIEITER T
RN E WX D 3935),

SRIDOHFET, A2 FAZ T URHTRB W CHIRBIENREBLT 5 A = A L2, gy A
TLALEboTEY, ZHUME, BRERTORES AT ML 525 L) AlRetk
bEENLTND EEZ LIS,

W1 EOR L Fig-18 ITF & 7=,
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COX: cyclooxigenase ¥ 7 0 4% v 7+ —+ PGL,: MR, M/MRERKEE
PG: Prostaglandin 72 A% /7 v ¥ v Ry

Fig-2 7 7% R A7 — R L OV NSAIDs OIERET
ARNTIE, 77F RV, D PG AL Tn5, ZoMEiEEN COX-1, COX-2 T
b5, GRINIZ PG ITHEA O 20 AEOBAFTAZ VAL LT 5,
ZD 150 PGE: TH Y, BEERIZEFEMZA L, RIEORKBRHI R & RIS D,
NSAIDs OIEFEIFIE. 77 % Ry 6 PG AROHEEHE TH 5, COX ZHEL,

ZOREFR, PG AR HE S, ERHAICED,

19



Tukey’s test
*:P<0.05

. — LAx1NZ
%! — ARATLoLAAixd X
" 8
! 1h
| ARG EL A 5
| — A—oyd~Ac
_ _
%m TMAL
0
«

x

(a.u.)

Lixo1a

ATLBLAFH

AELEA AN

A—oy o

80 —

40 —

BOOVEY

Tukey’s test
*:P<0.05

FE5FEH

Fig-3 NSAIDs # 5:K50> TEWL & )& /K55 &0 Hig

20



Skin

Jejunum

Control Indomethacin Loxoprofen Celecoxib

Fig-4 HE %t L7=fid L OVINEHRE O ik

BRI NBHEMMEOUIT SNz & ZAHEZRL TV D,

21



—

oy ha—)b

Collagen type I - csmn -”

2, A RAZT

MMP-l _ > “ .
3, BV Fu T o
B-actin G e G— 4 BLaxss
1 2 3 4
* AN
T H
5 1.5 e N
-+
3 | {3‘\
@ N
= Y
= 1.0 — fr
o 'S "\k’
: SR
= 1 22 N
[l
05 2| 2 #
= A AN
& n N
0

Tukey’s test

________________ N

H

8 | N

S H
& 1.0 N N
5 D i Y
3 | op
2 05 - i}

AV FXZ

B E5IA Tukey’s test
*:P<0.05

Fig-5 1 #laZ—/4r MMP-1 O i

22



(nM) 80 —
*
(]
g 60 |— AY
g H
) 3 PN
= J N i
5 40 — o N "g
= N N ¥
opr={ ’\ r,\ ul A
S I N I ‘ M
8 | X
"y
3 20 — \
an 2
‘\V
0 3 Tukey’s test
B E5-3EA P 05

Fig-6a NSAIDs %5\ X 21t A % 2 B g

23



*

LAXEAD]

HND&?A%mu

— ALK XA )

A—Od o

(nM)

80

o o
<H N

60

UIYS Ul QUTWRe)STH

Tukey’s test
*:P<0.05

RO

52 A

BNVRY 3 R N

-
—

Fig-6b NSAIDs # 5

24



o

Loxoprofen Celecoxib

thacin

Fig-7a /MBTO~ 2 MEOFHE O i (TB Yta )
RFENT~ A MR 2779,

A —)L3—% 100pm %7577,

25



Indome-

Control Celecoxib

thacin
______________ * o ____._
(/mmz) * *
mmmegmmmm————- g
______________ P et
AN
H
@ 100 |— N
'7'8 ul
- N
= N
s A N
Qa |D' ‘r
W A
2 50 |— N N Y
g | r AN
S ™ M
Z jut =~
~+ i
A N
L %
0
B 53K A Tukey’s test

*P<0.05
Fig-Tb BFEIZH1F 5~ A Mgtk o i (TB Yuta)
TRFANE~ A Mz R,

A —)L3—% 100pm %777,

26



Control

Indomethacl
n

Loxoprofen

Celecoxib

Mast cell PPARy

Fig-8 ¥ % Mfifads L O PPARy OFELO e (Sl b e, )

D RFILFEE L=~ 2 Ml L O PPARy %7759

27



- e

P-PPARy

PPARy

S

3, uXxyruroy

4, EFraxyr

[
=1
-

Q

©
[« o]

§7
Ew
’SO
. )
LAixo1a gy — Lixn13
2 5
AT Ld = R=
LLxd] = — ATLnLi¥xo g
2 K
o 1p
x AAGEL AN &
1
“
x !
1
_ _ _
0 o 0 o 10 =) 10 o
— — o = 2 o
o o o

uryoe.g j wnunfe( ur Agvdd-d urjoe-g j wnunfel ur Ayvdd

28



& e W .

2, A KAZYY

PPARy » e, e
- i 3, ¥y ra sz
Bactin N SN . .
1 2 3 4

e g 1.5 — %*
A N
@ ,\ \
p I
)] ~ \ A
o J . N ‘
o D- ‘r ‘,\ F‘\J
> L N &
g 05— D = B
s B | =
A N
- Ay
0 Tukey’s test
e e
f k= 1.5 —
~
Q
J; *
3 | . |
i 1.0 — .
® r
= | |y N
K
%‘ ol 22 ‘; AN
05 [— | + AN A
p-‘ -
~ N |‘v DQ 2
! ¥ Y
ul
0 5 IA Tukey’s test
*:P<0.05

Fig'9 /I (ab,e) & (def) I2351F 5 P-PPARy. PPARy OJHL &0 bhis

29



M1-macrophage / B-actin

M2-macrophage / B-actin

M1-macrophage

M2-macrophage

-..M-

..

no

oy ha—)b

AL RAZ

B-actin b-.b 3, m¥YTHT =
1 2 3 4 4, Eraxys
1.5 r
A
H
1.0 )
' 3 D S N
] e N r:\
ul ) i &
A K 3l
0.5 | N w H N
1 AN A
| Ay |
0
B E5-3A
1.5 — *
|
= N
l H
1.0 —
. 5 <
- A o N
N N ~N »
0.5 — " H g
N | = Py
2 |
0
B B IKH Tukey’s test

*:P<0.05

Fig-10 /MBICBITZ2 M1 BLXOM2 ~7 1 77— 0 i

30



M1-macrophage / B-actin

M2-macrophage / B-actin

Mimacrophage ™ W . ... .

M2-macrophage 3 R e 2, AV RAE Y
1.5 —
1.0 — N
N H
N
R » o N
| - N »
= ~ ~N A
0.5 — -z e e n
N N B -
| 5 I < | | A
0
B 5-3EA
L F
1.5 —
1.0 — N
N N
N X .
[ ~ n N
B e = BN
05 | — = N N *
N ~ - n
| n | o v
7 ey
0

E. 3K Tukey’s test
B RA *:P<0.05

Fig-11 KEICBIT52 M1 BLOM2 v7 177 —I 0 i

31



B #fa / B-actin

, A hr—v

1
N
Bl eSS S
B-actin -‘ a 3, ¥y rasol
4, vraxs 7
1 2 3 4
*
1.5 —
A
H
N .
A n 3
1.0 — | N N o
D ‘r "\ n
-~ x A \
| A N l H | Ay
| n o=
0.5 \
%
0
Tukey’s test
B 5-FKHA| *:P<0.05
Fig-12 & Bl OR B D i

32



(pg/ mL)

150

100
o
™
=
|

50

0

_____ * .
’\ ’
H N
Q N X
: ul Y
S ) N i
K
| "y N AN
ul N A ‘P
A - |D
AN
| 1
j{lh = %ﬁ” Tukey’s test

Fig-13 IL-10 O3 81L& ik

33

*: P<0.05



(ng/ml)

IgE Bk

300 —
R
200 —
AN
N )
N 13 N
X »
100 — S - . e
| 72 N 1
il \ ; AN
L
- A
N | B |
)
0 5 Tukey’s test
&5‘%%‘] * M P<0.05

Fig-14 IgE HUAFBLEO Mg

34



(g/mzlh)

__________ *
ok e T
12 —
N
©
©
o)
‘ :
= R z
= 6 — t, ’\
= 2 ’
2 - :
, S\
J (| L Ny
H S N -
~L N X_
N = N
¥ O Ay
0 Tukey’s test
&5‘%%” *P<0.05

Fig-15 PPARy 7 v % F =2 k GW9662 % # 5 L 7= TEWL O Ltk

35



AN

NoH
2N NN
| ox oD
oox N4
<~ N N
NN A A
oy o M
= a5 F

B-

Tryptas - ---
—— — —

G996 MO + 2 g ¥ <V
! T ARGEL AV
x!
! G996 M\ D
%01
h U—O A&
_
0 . 0
— A S
urjoe.-g

/ ourjsejur ur asejdLa],

5 KA

Tukpysdoy

36



moase |
YRAZ Y
acin - -

L

|3 A = A

1 2 3 4 4, Fraxs 7
*
______ * o
_____________ 8

e o
g 1.5 =
ev 2 ©
) | N
5 A | "

o )| N i
= | ; 22
2 0.5 & Z
£ g2

&
0
= 53K A Tukey’s test

*:P<0.05

Fig-16 PPARy 7> % Z=%  GW9662 % ¥ 5K D/ NMEk L O EICHBIT 5

N T H—E D

37



T e
Pl

s/
A f‘
/\\ / o/) u/ \\{,"‘\\,‘a

Vb
’" "AM”&IA&. A&ﬁ&k

N > ."‘:"o 2000
A IO I O T A A A AN A A
LY XX XX LY YO

X r X ir X X X T T X 1

e e ER

Fig-17 FRGHAKR OB

B IFAERDNI L DEERZTERR T D/ CTH Y . EEREE > TWD, REDNY T

BEICK OANS DT LT RofiE 72 EDOIR AL KNS DKL EZBHNTWND, #

BLORERIE L 2 ~ 5 TR SN TERY 5 2 JFIC T 25, MlaFOREZ#D TH D,

38



EHH /NME1

 — | AVIEAXZT YV
: |
:;IZFI-Q t ?415[;’77;‘3777’;;‘/;:’\1[:%5&
|
BN Ty 1_
. R . AT — |
YA Wt & 0T L
[t

= 2014 FOHF5E

Fig-18 A > FA X v D FIZ L 5 PPARY Z4r L Cahde SN 5 HRBUEHRBLA T = A 1

A A DOFFE DS R 1T .

HRAITCR LT, AV RAZT ) PPARy DU T RERD

M2 =7 177 —UOHNNB IO B MO XY, IgE FUAREMLI-ZZ & T, v X

MR OB AME S e, ~ A AIROBIREIC XV | IS S AL AT 4 T

Z—E, PERMIEICRY . 22K | FETIEa 77— N L, R ERBIcE

STebDEFZEZIDBND,

39



w28
M~ RZBITDAIAVRAZ VBREICED OTIvAFY

Z—¥ (DAO) & FEABEMIBIET ORBR A b = X L OMHEH

BLE HEE

A RAZ U REFIZEY, B -+ HBBEEOU A RHDLZ EIFEmMENTWD,
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S, ZTORE, RIERBUCED Z L bWME SN, BM/NBRIEIC L VBB LI
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. ThX=r Trly eXFV P TR T 7 COMREIBERIZEL, e RAZ I
DRI D8 FE ThH D, DAO DI TIE, HE ORERREE T LV F—MREDOFHER
DOWMENDHY 30, ZNHOEEN DAO HHIZEL > THET LR ETFIINVAT 4 =—H
—L LT AZ I UDEEGTLHRAICENTRFEELE LTERA bR, DAO L, /MEH#E
A CAER S, BHITHFET D0, —FIEEO WM/ NETH Y . /NBHEED ~—
—L LTRSS 39,

AV RAZ L OEHIZ X D/NGRIEF X ORI EHBL & MIZ L 5 2> DAO O
AL Z MR LTITZE T v, £ 2T ARIOMFETITA & A Z 2 5RO K
DI IRAEPRE DAL L v 2 X I U ERESE D 1 > Th D DAO DZE{KIZAEHR L,

AENTIE~ v AR EHT 5720, 42 RAZ VU RE H LD LD THERIZE

THERL., E1ZL0) bIEHEOCTEREITI L L L,
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H2H EBRGE

1. FEBREWY

~T7 L A< 7 A (HOS:HR-1 SLC: Hamamatsu, Shizuoka, Japan )

9 Hlin, 40 M MEME ASHE 4 DA 1 EICHEL T 1 EMBMEEE L,
BESCEFREBAHBR LA Y RAZ VOB I a b — LBECARE 4 [T v X AT
ot L7z,

LAY RAZUURE

2. oy ha—)LEE

2. il FHEEA
1. A > KA %> (Sigma-Aldrich : St. Louis, MO, U.S.A.)

2. FFAIEK: v ba—/LEE

3. FIHI BB L OV

1.4V RAZY 20 mg/ kg AEFAHEK

2. EFEEAK (= b —/LRE)

F1EOMETEHMARZAE LD, FHABRZITV, LilokGEZER L
4. EEIE, /MR L QUK > 7V OB IR L OMRTE T ik

YU TNBRBITIETSE 1 EOY T UERGIEES S

HEBEE D> TEWL, @Ky BMERIC, BRI L2, Mk, Mkt 7 nico
W, B 1 REICECTRFLE

fABEEREL, AR Gk, ERIE, o VBB, ROEICOWTIE, # 1 ED

FTERFBEICHEL D, SRR T 7 0 a#ling, JES 6 um O 2B/ L7,
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5. SRt gt & FHil 5
e AL e B T 1
DAO, MUC2, ZO-1 iz, BiiT 7 1> L, Frd—KkFilke A4 v Fax—hL
Too WIT, ZRPUKE A o Fa— R LTz,
— AR
DAO; rabbit polyclonal anti-DAO (1 :100; Santa Cruz Biotechnology, Santa Cruz, CA
U.S.A.)
MUC2; rabbit polyclonal anti-mucin-2 (MUC2 )( 1 : 100; Bioss, Woburn, MA, U.S.A.)
Z0-1; rabbit polyclonal anti-zonula occludens-1 ( ZO-1) ( 1 : 100; Cell Signaling
Technology Inc., Danvers, MA, U.S.A.)
R/ 7RI
Alexa Fluor™ goat anti-rabbit IgG ( Thermo Fisher Scientific, Waltham, MA,

U.S.A.)

FEATE 7
DAO 7EM: 3 45 S (FV1000, Olympus, Tokyo, Japan ) % f U CEAf L 7=,
DAO i&EPE1E. image J software ( National Institutes of Health, Bethesda, MD,
USA) #ffH L, 7% A2 DAO [EMEFRBLEFTZ 5 RUBIR L, HIE L7z,

MUC2, ZO-1 i, = emAMEE (BZ-X800, Keyence, Tokyo, Japan ) Z{#i [ L CHEf L

TRTCOT— XL FEHIE + SD TR L7z, FEHRIEL. Microsoft Excel 365 ( Microsoft
Corp. ) ZfEH LW LTz, SR OMEHIAEEMIX, — i ES o ZEH L, 3 2LL

D7 N—T% Tukey’s post-hoc test (&K VFEAN L7z, fERREA, 5% Al & fatFrIIC
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AEE LTHIE LT,

FIME MR

IR D~ 7 ZAD/NGORREIL, 40 WA > KA X U EEOH AR THER TE 21T LK
EAENERIITRER S D L IR 2, o~ AFEE RE BTz, (Fig-19 ),
S b2, HE 4eta L7/ NBHRE A Ll % &0 40 iAo > B A Z ¥ VBB W TMNEHEE
FHRRMEGHE L THR 0 | /INGHERE DA T A3/’ S U7z,

£7-. DAOTEMIX, MERICE VKT L, AV RAZ VU BEDRELZIT T, LI
T4 5%Z LRGN -7 (Fig-20,21),

MR X OREO~ A MifalX, ik X O > RAZ o BB O G ORBELZ T T,
HNL Tz (Fig-22,23),

INBIZIRWNT, /NBEANV T ZHS | T OWEST N7 Thd ZA Moxy 7 vard
> 737 % (zonula occludens: ZO )-1 & ERZHIfAOR#EEZHH 5 2F 2 (mucin: MUC) 2 73,

40 A > KA X URECB W TR LT Z L0 572 > 7= (Fig-24 ),
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Fati EBE

DAO X, E A IV ARICBEHD DR THY, ERAFIvDarte—F—L LToO%
FHaHoTEY | NEMEMIE TAEESIL, ZOEMET, BEHITRSR, —FmWoidvh
Bchsn, TOD, NEEREO~—F—E LTHEASIL, EAZ I UPERT HEED
B It ST g,

1980 4Ef, bR & I UBHEETH D, T B MRS R ME R (2 %6k LT
DAO O# 52, ENFEITORE T DT E W IR ANITOIL, KRB Cl3ib
FICEE L. DAO ORIEZATV, FHl L, 1SRN EIZ 272 7o i n & 5 10,
LRIOFEBRIZINT, 40 A > KA X T UBEO/NGIE, 9 #iliiA > KA X VU REE I
LT, WIRTHMERTEDIZERE RN RBD b, T OEWIE, I X 255K
ABREEEDIK TG L TWD Z &R, o0dhbille, £z, /MMEik4s HE e, TB %
B, TOEPREMBIEF RO THRRLIZEZ A, M, 4 RAX VU EGOREIZL
0. ZNELTWed, /INEOIRTEN DAO IEMHEICKE S BET L Z LR Iz,

BT FNT, MBI ORHETZ 1T TR <. 40 Wil A FA X UBET, Z0-1 B
FOMUC2 BMETFLTWAD Z ERH LN o7, Z0-1 1%, /MG TS OREETH S
7 v—7 ¢+ (Claudin: CLDN )-4 Z % L C#Y 40, CLDN -4 (14 15 23kDa DOfE 4
FIEWEY 7B ThD, BEIZBWT CLDN-4 (3/h5EA Y 7Ti{blE D & 523, TNF-a
TR 5, 72, TNF-a 73, CLDN-2 DB ZFHLET 52 LT T 2iEkd2 2 &
Do TG 2, Z0-1 OFAICE Y, CLDN-4 B3 5Z &k, BEONRYT
FEREDJES N4 U7 &8 2 Hivd MUC2 I3MAlifa )~ & BEAE S D /MG 7 /VIE D FEE 55 C
bV HLERNOMEYSCR A S OSSN D LRz fki#E L T D, Z0-1BXIT
MUC2 OB O TIL, LIZHE N 7RO T 25559 % rlaett 2 R+ 2,

LLEDFERN G /MBI T, RIEWET A S A D53, ~ A MHIFIOBEMA AT |
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INIGSY THEREDME T L TV D 2 &EMBZEZ HbiD, 72, DAO DD INHE A X I DX
BUL, BN THD L EZBND, EAX I VIIERILKICOV 2HZDHH | v A b
Mifa D BRI LY MMPs OpbafR L, 227 =5 AT K0 B g ) 7 BRI e
ERIFLTVD EEZ DI, KT 40 B~V RTBWTHETHD Z LB L NI -
Too AV RAZ L OREE, PG THERERS KOBRE N Y THRRICEEE KITL, &
HIZEOBREEAIER TSETWD LEXHND, IHIT, ML W ERNIIMDDHZ & T,

WY TR TIIINET S EEZXHND,
W2 BEORE I Fig-25 ICF & 7=,
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Fig-25 A v RAZ T O8E5IZK2 DAO IEMEAR T L ORE /N U 7 HERE~ D38 % 5
BlI A=K L

9 Jlin & 40 WD~ 7 ANZA V RAZ L U ERET D & NBREBMRN S A —V %
%, DAO {EMEITEA T2, R, 40 Bl TIT/MNEREMIEA KL TVnD Z LIz X
V. DAOVEMEIZ, ARICEAD L, exFIvary e — Vi IRRERD, ZORE, &
AL 2T, 40 Bl 2 R A X URHCBOWTE LB L, BEA) THEE~DR AL
REWEHETE D, £, NEAY T 2S5 /NG T ORERLS 7 E T 5 Z0-1

b, BE ORI ANY T O S X EThDH MUC2 b 6, 40 HlinA o N A X U BRI

BWTEAD L TWDTI2D, /NEANY THREMETLTWD EEX BN,
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B 3E
M~ 2B TFBELaxy THEIZ X HEEBEERE

A T = X L DR

FH1E S

Tl afo7iE, 2007 2 AR TRINICKR S iz COX-2 BRI NSAIDs TH Y |
B+ HRIBRIGORBEY 27 MES, BATIE, ®mliE Bl IND r— A%,
70, DIMER~OEER, fESN TS COX-2 BIME NSAIDs & st TIEFES
DM, ABEHTICENT, L aF o7 1 A 400mg 2>, b L IEZhL EOELIZR
VIEDRDH Y 3 BHRE~ORE L, IMIFICTHEHI N TWLIED 2 5 ERMA LTS
FIREZR o T LV ) WEN S W ZaetEinEmn ERish T

mlE IR, A R ME T L TR, 612, FEREOFER EEAED
REWZH, NSAIDs OiERE COX-2 iE R PE NSAIDs RAEIZR->TWNHEBZ BD,
-+ THRBEGEORBY 27 Nl L af e 7iE, COX-1 #IRME NSAIDs L9 %

EMEREOVEATH S LRSS TVER, v axs 7 I, REERBEREDOZE(L,

EWVWIRUZHER L, B Lizistdd ey,

Alal, oz id 10 R L0V 40 #fi~ 7 AZHAWT, B L as TR X DR E

FHD AT = XL HONTHE LT,
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H2M EBRGIE

1. EREWY

Wl I & O 40 BEsHELE~T L 2 < 7 2 (HOS:HR-1, from SLC; Hamamatsu,
Shizuoka, Japan ) # 1 BEMBHLETE L. 40 Hiih~ 7 A, 10 s~ A&zl axv 7
BE, 22 b — LBRICIEY 231072, 1#E4E(n=4) & LT,

fAH HIEICOWTIEE 1 BICHET S

2. FEAIE, FEHE G 8k X ORI
L axv 7 (10mg /kg) % 0.25% DMSO ( TOCRIS Bioscience, AVonmouth, Bristol,
UK.) ML, ELaxo 7 EckE L, a2 br—/LEEIZIE 0.25% DMSO ## 5 L

7o EEFIE, SHEBRREICOWVWTIIE 1 |ICHET 2

3. FEBRFNE. HEEE O TEWL B X O JE K45 O RIE 71k

FE, FREERCOWTIEE 1 =TS,

4. EEEIE. NEB X ONIE Y TV OEREUTIER X MR E G E
B PR ITEIZOW TS 1 J|ICHET S,
WES R G > TEWL, faJE/Ka &R ERIC, BRI L7236, /NG, Mgy 7 il

1 F|ICHEC THRIE L 72,

5. ImiEe 7 Lo e, TNF-a. 7 L7 F =2 DHlE
miffEFe 7re VBB L O TNF-a 1 FEEd ELISA v F2FHA L., Faeom v HlE Lz,

ELISA % v F( R&D Systems, Minneapolis, MN,U.S.A. ) . X2 EHIEHL - ~1 7
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7 L— k J —#%— (Molecular Devices,Sunnyvale, CA,U.S.A.) ZfH L. T DHEE %5
flfiL7=,
s vrF =

7 V7 F=EF v b (Cayman, Ann Arbor, MI, U.S.A.) Zfli /i L CHIE L7z,

TARTOT =2 TV £ SD TR Lz, #RIE, Tukey’s post-hoc test (2 5V FHli L

oo JEBRFRD, 5% A LU 1% Rl DG & et FRICAHE & LTHRT L7,

FIME MR

Wi & 40 Wiin~ 7 AOEKEIT, BEIC X D8IMEH 50, FEBEGIC L D RKERE
LIFFE® B n o> 7= (Fig26 ),

G D TEWL I BTGB bR o203, fAJEK B 40 A > R A % v
VEGHTHEICHD LTS Z e D, HIREE OB R T X 7= (Fig-27,28),

HE Yt U=/ R IT, RE 22580 5oy~ 7= (Fig29), LU, HE L
TR TIE, 40 Bl L 2 U TR, 40 Bl b e — U REE L T, REE
EHPELTCND Z DR TET (Fig30 ), MEDES 2R LIZEZ A, 40 Hint
Va7 RETIL, 10 i~ v ARE, 40 Moy e —L~ U RS L CTHEIZE
B L7, 10 #lii~ v AR, BLaxr 7 oRGICERRL . AEETROLNRN-T-
(Fig-31), A v RAZ LV UFERHCH OGN L D 72, /NBRRRICZE T2 < S-EIME RN
WBIIEITHER CE R o e, MRV T AZHWT, e 7 vr fgE, TNF-a, 7 LT F
U ERANTRER, 40 Wl L a R TR VLT, LTV D Z E AR ST

( Fig-32-34 ),
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Fafi BE

ElLako T, ZOMEIC COX-1 LR HNARF I VEITES ALKRCT IR
B, COX-2 DN LB T 2 LItk v, EHEHkIT 5 (Fig-35), COX-2(E, COX-1
EEWSIETAICRIT 5 2 BRI TIEH 508, Bl & M T COX-1 [RIBR & REAFIET
D ENHESNTHS 9, BEicid, COX-1, COX-2 NHIFFEET 5 Z b, COX
BERPEICBAMR 72 < NSAIDs #5102 L 0 Bl COX 2fHE S, PG A bE I &
ZEZHND, ZHUCE Y., PGl 72 81T L 2Bl Om AMBINRILZ ILRIEHAMET L, KBk
ARTOWRBENMETN T2 LEZXOND, £, L= —T 0 V47 U UROIEENMET
THZLICEY, m KMECERENE T2 & T, AMEANEREERBI L D LE
ZBND 40, —MHIC NSAIDs #4512 L 2 2B AT, BrikaERRr2Th b 17,

RIEICEVFEHEEIND COX2 &, L ax v 7IHERIICIET 2, BRI T rE
TEET D700, Blif~DF2IT COX-1 iR NSAIDs EZEbbinWetEX bbb, Lo
L. BLay 7 ReDA( L a—T74—LTiE, R0 nbinsE - + 1B EED
FERLD b, BEERBERIIERNZD, BiE~ORERREN LKL b (Fig
36), £/, BLaFT 7B LTL, FLU COX-2 BEIRMAEI TH 5 rofecoxib & ik
L CEREREE(LY 27 BAEBITY A7 BABIZERNE VI HE 90t afxi a1
H 800mg #5- L T, eGFR ICZ/LB 2ol Vo @t O H 5, bk v, IE
B NSAIDs & bl U CHEEER D2, @il ~ORGICE L TRZEMER E &l
L., BIESEHENTWDEEZEZBNLD,
AEOBFERERICIBN T, ERREGORBEZ T 5 2 &7 vV RITME L. @RIKE
ICHRBEIT RV X D ICH BN, B L ax v TRE 40 Hlin~ v A CIXRRE SR L,
Mg o 7 e CEEEOHINS bz, NEOBYERIE G BT R G MR T 220

-7-7% (datanot shown ), 7L 7F =D LHENE, HRMEEMEBEEEORBICL , &
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FEVES A R A 2 ORI X 0§ U THBE~ORBN R L, W B
Sl EEZ b,

M~ 2L ax v T EEET 52 LT, BIR~OEERBEO LN LD, &
Lax o7 ofhbT, COX-1iER M NSAIDs [FER, BHEREIZEE A KT L TV 25 rTREMEA
HY, M ND 777 2 —=0nMbb e, BETHERTLIEZEZ LMD,

BREIZHEWT, BT e CERITPRE A S BB Th D3, RIER & TGN LI
HI 2, Braxi 7RG 40 i~ v 2T, e 7o CRRESEMLZFERE LT 2
DEZOLND, —HIE, KENDL, b9 —HiE, BlENDLTH D,

ETvm UL, REEKR AT A2 ERTHY . LSO THY | BRI
THM S, TR COMISNL2MWETH D, KT TR AROMIER O T 72
BENH Y, BRI HARICZEENTVWIHETH D, £, BHEMET D
ETNRCBRIIRER AL EZIEK L, AL CRICREOKEZRFFTE L2 L0 b,
RO ARILERENIZ BN T e 7 i URRIFEHERFZE 2R LT D ERES TV,
EMEME O 7 v o R EISKFR TE < FURR TIHEW, ZOFEEZTe T ve iR
RENENZ LICL VBB COKOBFRINAIEZTONLZ EEZRLTND, KOFK
PUZPENHEO e 7 v =2 —BEES BA L, e 7ve VRO FEREE 5, B
THRB#EIND T2, BRETHE 70 VEEENBINT 5 2 &AM BTN 50,

W3 DR EIL Fig-37 I & 7=,
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wkz2A
=i |

WNEF LD . BAROE EEFRIL, 20654 F THIMER A HE< &R I T2, ka2
FOFFZNTHARUTBIR A < BB 2R LT Y (JBA5#E NDB 4A—7 7 —% ), &
F B LRIz H OEIEFIC NSAIDs (ZM4ERF KA 38#41 & L CHEEL TW5, NSAIDs
L DRt NGRIEIT, IRAZEREM T E Y | ST 5 & 24 RIZ I3/ NG RL IR
DFMASHIMIZ D722 D E VI |ERH D,

% 1 B TIE. NSAIDs #5012 L 2/NIBRIESS K OB AEFRERE ~ DR BTS2 Y T T,
R G DRBUCET 5 2 7T R0 A T = X LD %1T -7, NSAIDs (. PPARy ®V
v RE7Y PPARy #TEMLIED 2 ENFHNTND, FRIA V RAZ U TY T
e L ToERITE S, EH b7z PPARY 13, M2 ~7 n 77—V #INSE, £OH
B AN L, IgE BUADEANE L HINT 5, ~ 2 Mk, fMlaRmmic, IgE
PUREBAMED FeeRl Z AR A2 BB L, IgE Pk LG LIDIREETHIUR 25> T\ 5, #i
Jil IgE BUAMNEAT 2 L. ~ A ML, BBk L, 7 UAX—BRISEAEL D, F7z,
BIERLIE, SUMIZIIN L7z IgE HUAAS A R T —E 75 2 L b HLNTR> TS, 4
BEIOMFFETIE, A RAZX T UEEIZED, v 2 MIRBEOWEMZ RT A D=L L
PPARy OiEHALZ I L IgE FUADIEID A B =X LD T DA = A LZE D, v A |
AL DRI FEBL L, 7 I WNVAT 4 == F =PRI SN B2 b,
THHAEERMITICR > T, BRHITEITN, RGO THEMENOEREO 27 —5 2 3§
AL, TEWL O L5 &30, B ER BB L, BEAY THREOK TR &R INnDd
IZEoTo B ZBND,

B2 BT, AV RAZ VU OEEIZE YA U 2§ OAETEE DAL N & B L
TWDDONZEFHTe, —IIC, EEROABERITIEIC L VIR TEmZ R~ & IhT

Do TDID, A2 ALY OEGITE Y /NGB OMRE /NGO R HFE D
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9% 70 IS K AHXENS, DAO IEMER A L, & A X I O EA3, s~ 7 A
TIHBHETHY . HEANY THEEOKRTEZ L7 LTS I ERHLMNE T,

%3 ETIX, Al Icx L CEABEENEWE L aX s T REICK DR ERELA B
= A LZONTHHANTZ, COX-2 iR NSAIDs THhHE L ax 7%, BRICIRALT
HHEE SR ERIATEIE B (estimated glomerular filtration rate: eGFR ) Ik & & 726 &9,
BHERE~DORBEN D7 | BAMERENE VI BERH Y | ElEE 12 BRI LT VA
ThodEINTWnD, LnL, RIEFRICHESIFEBLIN S COX-2 1%, Bh#gL KM TiX COX-1
R EET DR TH D, £ 2T, SRIOMETIE, ELax o7 k5B aEREE

I B LT, B RERBLA 1 = X BZOWTHENT L7z, 10 #iks (b ) & 40 @i (o
) O~ ATHAREEMSBR, ELrax 7RG L~ Y A0k, &7 va OB
ERIEVEY A NI A LV ORBLB LV LT F =00 EADPHER I, BREFICID KL
JERFEBLT D Z L BRI T,

1985, A 77 u 7= DAL vF OTCALAE S, BE, FT7 v 7 AT THiE
ATE S NSAIDs OFEFESH R, FRICAFTE L L9107 >7, NSAIDs OffifHi%, &
GO 13 %< Bbiv, £lc, BHICAFTE L2 LD, F—— =X 8 3tk
FICHMEE 2> T D, RIEHELTESKHLNRTWVDE « +ZHEBREIZLHAAD
L. TNLSOREMICHIEREZ AT 2 06BN H D, 2023 4, R—FT7 L F (72 V7
BRE, AL FTN) THBEINE 14 [FIEEE 7L e R 2 (International Society
for Hyaluronan Science: ISHAS 14th international conference ) (23T, fEF#R S
D, EREIR ORIV ELS 22D 2 & REOE T b u VERE & IR SR
EDOBBUZDONWTHRRE Lz, MECEWRE N 25 &, WEBEERBO Y 27 235 <
7% & PRREND, NSAIDs 7215 TldZ<, RIEZHELT D284 AN L0 | gAY
THREDIRTREL D LEZbND 2D, REOEIT, EHELEHT HIBRICB W TE

FAMERE R I L Ebnd,
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B 1 ENDE 3 EE TOMIAMIIT Fig-38 I2F & iz,

SEIOWZEHN S, PPARy OV > RE L TH < NSAIDs IO FEAOEEIZHBN T,
VA REIRDIRF ., AERNORIE 59, I & D BERICKY | BREIEHBLO ) 27
WEEDZEWFREND, Fo, NEE RIS, REEEICIBON T, T 23EhLE O
AEREABH 2 BICHEEL, FEANY 7T E2EER DI LTV (Fig-17), KED
TJ Ti%, CLDN-1 N EHBERTH S Z b, SHOMZETIL, DAO, /MEB LD

BB RAEIT & 2 B TI ~DEEZHALNCT 2UEN DL EEZD,
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Abstract

Research on the effects of NSAIDs administration

on skin physiological functions in mice

In Japan’s super-aged society, the incidence of bone fractures and joint pain is rapidly
increasing, and the demand for NSAIDs is rising.

NSAIDs exert anti-inflammatory and pain-relieving effects by inhibiting cyclooxygenase
( COX) and prostaglandin ( PG ) synthesis?. COX has two isoforms, COX-1 and COX-2. 2
COX-1 is constitutively expressed in the body, but COX-2 is induced by inflammation.
NSAIDs with high COX-1 selectivity increase the risk of developing gastric and duodenal
ulcers owing to the inhibition of PG synthesis, however, COX-2 has a lower risk ¥, making
it safe for older adults. Nonetheless, questions remain regarding the occurrence of dry skin,
which is often observed after the administration of NSAIDs.

In this study, we investigated the changes in skin physiology that occur after NSAID

administration.

Chapter 1

The mechanism of PPARy induced dry skin expression via PPARy induced by the
administration of indomethacin, a non-steroidal anti-inflammatory drug.

In 2014, our laboratory reported on the development of dry skin associated with the onset
of enteritis due to NSAIDs administration®. In that report, the administration of
indomethacin, which is highly COX-1 selective, resulted in the development of enteritis and
elevated levels of inflammatory cytokines and matrix metalloproteinase ( MMP )-1,
resulting in a decrease in type I collagen and an increase in mast cells. This result
suggested that mast cell degranulation had occurred, but it was unclear which signal had
caused degranulation.

This study aimed to clarify the mechanism of mast cell degranulation expression.
Indomethacin is known to act as a ligand for peroxisome proliferator-activated receptor
(PPAR) y . PPARYy is a protein that is highly expressed in adipose tissue and
macrophages. Although it is mainly involved in glucose metabolism and fat accumulation
by binding to ligands 6.7, it can inhibit inflammation ®. Indomethacin is also known to
activate PPARYy, increase interleukin ( IL )-10 expression, and promote an increase in

immunoglobulin (Ig ) E antibodies. Mast cells wait for IgE antibodies to bind to Fce
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receptors expressed on the cell surface? Allergic reactions are triggered by the binding of
antigens to IgE antibodies, which initiates degranulation and triggers the release of
chemical mediators. A rapid increase in IgE levels has been reported to trigger IgE
degranulation.

The approximately 10-fold increase in IgE antibodies in the indomethacin-treated group
compared to that in the loxoprofen sodium and celecoxib groups may have triggered
degranulation. As indomethacin induces the expression of IgE antibodies, it was thought that

mast cells in the circulating bloodstream targeted the skin and induced dry skin expression.

Chapter 2

Changes in diamine oxidase (DAO ) barrier function following indomethacin administration
in aging mice.

NSAIDs are used when homeostasis is inadequate for recovery from inflammation and pain.
Certain reports have focused on the relationship between impaired homeostatic function and
age-related adverse effects of NSAIDs due to age.

However, only a few studies have examined how the homeostasis changes as the body
ages.
This study investigated the relationship between DAO19, which is thought to be one of the
defense mechanisms that operates in the event of drug-induced inflammation, and aging.
DAO is synthesized in the apical portion of the small intestinal villous tissue and serves as
a histamine controller to reduce the effects of excessive histamine discharged by
inflammation!”. Serum DAO activity, which is also used to evaluate the physiological
function!?, is reportedly decreased by small intestinal mucosal injury®. A comparison of
the changes in skin physiology and homeostasis of DAO induced by the administration of
NSAIDs in aged and young mice revealed that indomethacin-induced contraction of the
small intestinal villi tissue and a marked decrease in DAO activity were observed in aged
mice only.

These results suggest that age-related homeostasis may exacerbate indomethacin-
induced small intestinal inflammation. Chapter 2 revealed the involvement of histamine in
the development of dry skin induced by indomethacin administration, and that the age-
related decrease in DAO activity may be one of the causes of the exacerbation of dry skin

development.

Chapter 3
The development of dry skin in aging mice administered celecoxib.

Celecoxib, a COX-2 selectivity NSAIDs, is considered safe for older adults. However,
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adverse reactions to NSAIDs should be noted not only for gastric and duodenal ulcers but
also for impaired renal function.

In the present, aged-celecoxib-treated mice exhibited thickened skin and elevated
creatinine levels. This suggests that celecoxib administration may have caused acute drug-
induced kidney injury, and that the expression of tumor necrosis factor ( TNF )-a,due to
renal disorder may have caused the development of dry skin. The development of dry skin
due to drug-induced kidney injury and age-related factors should be considered in addition

to celecoxib administration.

Conclusion

These studies have revealed the involvement of PPARy, which has an inhibitory effect on
inflammation, in the development of dry skin induced by the administration of NSAIDs.
Therefore, it was thought that a drug that would be a ligand for PPARy could cause similar
adverse reactions. Furthermore, even with celecoxib administration, which is considered
safe for older individuals, age-related renal disorder and associated dry skin have been
observed. Awareness of the occurrence of adverse reactions other than gastrointestinal

symptoms, including COX-2 selective NSAIDs, has been suggested.
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