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7 hE—1EEESK (atopic dermatitis, AD) & [ - FARZ Y IKT, BFEOH HRE
EERELETHHEEATHY, BEOELIET Ne—FREFF>] LERINATWD (1),
AD OREBFIT/NRTIE 10~20%, ATIE 1~3% @b sh (2). FRlEEETIRZ C
30 AR TR 2~3 TN L TR Y | AMENIC W TREBENEVVENICH D (3),
ZOXDITAEERREICL > TRERIZENDH D Z LD AD ORIEICITREER 57
5EZEZLNTND, F£7o, AD IZT—MRANZHIIR - /NEHHCHIE L, i & & HIZZDE
FRTWAD L, —EOBENRA AD IZBITT D (4,5),

AD DIFRREIZRIZ LA D EFITE R 3 2 B E O AP RE R L REEHURIZ ST 57
X —OEBEEGTS (6,7). FKIEIINRN D O~ 7P 72 & DI b Ik & 5F
5 e BT, BNOKGDBAEML2NE I L THEROIEFEMELZHERFT 2, KEOHFTH,
RENTIMIRIFB L MEFRNY 7 L L TCOREORREICHNATHY . TN Tikea i
STWEDORREDEINBTHLMER THD (8), AD HBEDKFITHEIZ T Tl
FEIREER T b R K5y 7K B (transepidermal water loss, TEWL) 732<  (9). fifaffgE <
HHET I ROGHREOEFIZERT 517 I FEOE FNICTL Y AEE DK RFFED
DIl e0 . RIA4 AF RIS (10, 11), Fio, REOHEEMEIZHEG T 2 BERRES

DESCHERT O T 0T T —BIHED LA L AD BEOKE N T HRERE & o B
RRENTVD (12-14), 612, NY THREED ALK RFFICEE R 2 N E a2 —
RT27 4770 BIETOERN AD BETROLND (15,16), ZD K REE Y T
DEREIZ. AR EDOT VAT (NTRAX AN, X=, M., B L) OREN~D
RAEEHITT DL EHIT, fx OWIR (R, KIROBENZRE) & DV bR
(FAlR, >y 7 =7 L) ICRE7RIREL 5 &K 23R, AD ORIE - MELFHET 5,

PR U2 & D BN 7 ORSRERE I X 0 BERNITRA LT Lv S okt L TR



TZENZHERT DT OICRERIS 25T %5, AD E TIX T T > 7k A &
W o Te RIERIIL O B KT T D ROSDTCE L TEBY | EHEY A M A 0T Tl A 03
FUCPEAE SN TRERZLIER T (7,17), £7z. T MO P& ~DWEITEIERIEICR
B4 B A7 42— — DM F vy T — 271X > TR Z 5, WEAMICET 5 R
BEXOTIF /A NITEDA v E2ESREIALTEBY (17,18), ¥ 7F /A b EEE
S #72 thymic stromal lymphopoietin (TSLP) (ZHPIRMINEZ 7 L C T MO b 2558 % &
& BT, BRRAMIEAYS @ thymus and activation-regulated chemokines <> macrophage-derived
chemokine DPEAEZFHE L (19,20), FT~D T Ml OWEE &R+ 5 2 & T, KIERITHE
B R SN,
INETITHESNTZEZ LS DOT VLT ORT, FRINTAZ A MIGENDL S =134
EREICARSAFEL, TUAF—OERFRLEZONTND, BERNEFTOX =DH Tl
FUVF=Fobave =P RbZ{ARBLTEY, TOFThatravey=
(Dermatophagoides farirnae) &Y/t 2 Ut % = (Dermatophagoides pteronyssinus) {43
KTHD (21-23), F=DHREMACHMD OTIZIIHEFIZEZOT LA Ty ngEh Tk
D (24,25), aFba e F=BIOV bt a v X =lEDT LK U TIEFITE W
FIEEZH LTS (25), ¥ =0 X 2BNREEOGROBRELFRENCRSIT 24 =7 1L
TUOBMHRTHIET 5L, F=7 L7 ORHFIIRERRHN LY b BATELS. H
ATRHIFFEFEN BRSNS (26), AD BH TIXMH O & =455 immunoglobulin E
(IgE) MmfEZz R L (27). BZOEIERE & 4 =FrRHY IgE O HERBHEET 5 2 & (28),
X =R R T MY AD BEOM P THRIHSNLD 2L (29, AD BEDEZI NNy FT7
Z P TH =T L THIESUG 2R3 2 8 (30) 22D, # =X AD DEERT LALT U ThD
EBEZDLNTNWD, £z, O =T L7 37 n T 7 —EBiEHEEZHA L (25). TEWL
O ERHNY THEBERE ORIEE FHET 5 (31,32), ZAUT AD OJFIR, HEK - TH D F

ENT VAT =RISEFEST D720 TR BENY THEREEOIEIC LS 5 miEttz



REEL TS,

AD IHBIEMFERN b FE AT ZHREORBE TH 508, TOIBRRITHEICE ST, KEFD
APERER T I T AF 7 (Ri) & RIERUSOIMGIZ B E LTe AT v A A
o 2DWEE 7 1) LAABEIZ L DEMFENER L 725, £, SMHANTIMA T, B8
TER B XL O—EHIIE R 2 LT MiBnuichie 22 I U3 b 20T LrF—3K
DA TOND, AD BEDZ L NAT A FAHAIE X 70 ) AAREOMEHIC LD %
JEZ 3 b —/LTE DN, REEMCIIEE R EORIWER O 7= WA A 1 25 i R
ENBEAENDH D (33-36), £z, Hib 2 Z I VEPLHT LAF L ZOHENTL | &
Frtoarbr—ATERWEERHDL 37, LR->T, AD OIREEGIZH W T
T s AR L, BITER O WETBIAREEARD LI TE Y . FHBAREOSRIVER O
fEHTIZIX AD OJRREZ S L 72BYET VDM E L 0 D,

AD OEET VL LTI, ovalbumin, % =il £ 7213 oxazolone 72 & DA E D AR
(2 &0 &R EIIE S HET /L, interleukin (IL) -4, IL-31 721X TSLP 22 EDYA S A
YEBRIEBRODWET ARG XTI nT T =B ThLHNT S B R EEREIEIL
5T EET /L NC/Nga X° DS-Nh v 7 A7 R % AREIET HET AN I NETIC
WA SN TS (38), ZTHHEMNET /MTWVT s AD ITHEL L72REBZ BT 2 H DD,
BRICBNTILEN TN DR A B E 2 TEET AEIREND (39,40), B 21T,
PR Z @A 5 ET /WL, BENPEHIICHEBEO LR EERTE, ~ T AD%R
IR T OFFEIC LV KRB Z 2 e — L L NWE WO e R T 5, BIET%E
BT, BKFICERT HRETH DL Z LD, AD OFIE - BEIZEE D 553 7 OIRE
R EN 203, AFERH LW EORMESRH 5, BRBIEETT ML, ABRREEE
MATWIRNWTZ®, TRREDRIFH R ZLOFERICHIA TE 5238, —RIICEE R DFIEIC
T LN R, MBEREICE D BERIELDENEL D, LR LEEBET L OH

TH, NC/Nga 7 AL AD BREDEERT LAF L ThH A=k > THRIEREZRIET S



ZLnh, AD BEOFREICH L-8E T L L L THEA 2RIV SR TV S,

Z 2T, AWFFEIXNC/Nga ~ 7 A0 AD BREZJER OfFHT 218 L, AD OJRREMRI, FrlZHE
HDOIIEREFFOMIAZ AR & Uiz, 5 1 3 TlX, NC/Nga ~ 7 AT T /LOGESR, ik
FRFER A I HNTT 5 & & bIs BFEITBIRE ORI ZI OV TR LTz, 55 2 =TI,
ET VB ORFETBIOMF 2P ST 570, fixe O3pE AVC, X 0 aEil7e ke
EIFEMLT, FIETIE, & NOROT T F 7 A MEHWT, AD DA OFIERT 1%t

TH77F YA NORBEEIZOWTRE LT,



F1E XohURSBREEKERETLVOT a7 7 AL

AD OEWET L L LTI &5 NC/Nga ~ 7 A%, specific pathogen-free (SPF) B
T CITRERAZFIEE T, conventional BrEE T CRIET 5 & £ 6~8 1T AD ICHEEIL 7=
FERG 9% % BARFIE L, i IgE D EF-3 L ONE R ~ORIEMMIEORE & & I3 L&
FEATENDN RO biLd (41-43), 7o, 2O~V ZAORFFIZH =HUsH Y & AR5 &
HUVTIENELT 52 L COSPFEREE FIZk W CHLEHIRICHIR R S BFEEE ) HERZ5
JESHDZ ENTED (44-46), SHI1Z, aFbave = (D farinae) HIRHNRRD %G
T 54 =HURGEAERBEORERA T, FRORERBRIET D LMESINTND (47,
48), X =HiEGAREICEAINDS 2T a Ve X=X AD BEOEERT LLVF U Th
HZEND, F=HREAREORKERMICL > THESNIEERET LV (KRET )
I3 AD OIFREMIICH N REMMET L TH DL EEABND,

ARET I LTI, NC/Nga~ T ADOHRIIEET L EREE, 2 E TIZ AD BRO K&
ROFIEL & I, M IgE ED AL ZER B 36T D SIEMEMAR ORI, U o/ HilZ
155 Thelper (Th) 1 %A K71 > (interferon (IFN) -y) 383X O Th2 ¥4 b4 > (IL-5,
IL-13) FEBIRRREEATENE I DM HRE STV D (47,48), L L3 D, ZDfthod
Th1/Th2 YA N A » DFEAR K =HUREHEE OB L > THE I 2 BEITEIRIE
DREFFECICHONTEIARRREE TH D, £ 2T, XET/VIIHIT S Thl/Th2/Thl7 B 1
AV DELET T T 7 A )V FEIFATEIER ORI I L OVRA TG 5B 2R R
IZOWTH LT 272012, e Y > _E8ilcE D Thl/Th2/Thl17 YA h B A > (IFN-y,
IL-2, IL-4, IL-6, IL-10, IL-17A 3 X O\ tumor necrosis factor (TNF) -a) PEAEH, & =HiJf &

AREEAER D 24 FEFR OREETEIREL, SFIZR T LMtk K736 L OB A



T OFRBEIZ OV THRES LT,



F2H EEAME LUk

2.1 FEREHY
FEERIZIL 7 BER O MENE NC/Nga ~ 7 A (Charles River Laboratories Japan, Kanagawa, Japan)
ZRH U7-, BMITERIR 23 £3°C, B 50 +20%, 12 RfE 2 & OBRFY1 7 v (FRBHRER
7:00~19:00) 12 L2 N THBIOBREE T CHE L. KA E E RS CRF-1 (Oriental Yeast,
Tokyo, Japan) 35X OMEAMRIRE L7o/KiEK A B B S H T, £z, BB A 7 L& iR
(FREARERR] 19:00~7:00) =&, #BFETEINEEICHT 2K A 2 VO EEZ G Lz, T
T OB FERIT~ VAR S B ERG I E B X ORREZ 2T, B EREHFREIC

HEHL L C FE i L7z,

22 MEROH

AD BRDZERITILAR D OHIE (47,48) 1ZHEV, NC/Nga ¥ 7 ADIFERITHIE Sz, F
bbb, day 012, A Y 7T VRAREET T, B0 HemaE Y o TEAY L, R
B2 V—L% 10 MEAM L, ZO%, BREZ V-2 EMY, BEHICF =HUREFHK
H (Biostir® AD, Biostir, Kobe, Japan) 100 mg Z #1284 L CTEME L 7=, Day 3, 7B XL
10 121X FE 9. A Y 70T VREE T C 4 wiv% sodium dodecyl sulfate (SDS) 7KIAE 150 uL %
TEIZBAM L, F 74 v—OmR TS, 2 REM EKE Lk, ¥ =hREHKkE
100 mg % RN — 108 L CRER A AR Lo, xHREMIZITY =HUR S GIRE O
D VIZHAKTE Y > (Nikko Pharmaceutical, Gifu, Japan) % [RIERIZEEAG L7-,

Day 14 (Z1%, 2.3 ITRTRGRA T OHEREICIESE, L il - i geak, 1L w8
BLOUL FEIRE - BBOAa T OAFHN 5 U Lo @R ExeT L L TR
L7z, D%, 4 w% SDS KIEIRF L O¥ =Hii & AikE 2@ Lz, £72, day 1712%

FRRDIE ARV IR LT, S5, BENLRBFEITEREEZNET 5720, day 21 £/



N FTCI AT LT,

23 FERAaT OHE

AV TNT RN T T, R VIR T RFFRA 27 OHERAETHE, FEO 1L H -
WAL, . Wl X OV REIRE - BB OREEZERENERE Lz, T 6 0A5H .
FEROEFERA 2T & Le B@matia 9). FERA a7 OHEHIL, day 0. 3. 7. 10,

4BLO17 &L, FADOKRERE-IT SDS KIFEBATHNC Fh L 7=,

K1 PFRA 27T OHEHRENE

L i - fipaek (o s X OB 2 81539 %)

0 MERER I HImF KO AR B iv7p v viRTE

1 B TEERI /N & 22 R L & 2 W R 23 R FTAIC 386D & 1L B R AE

ﬂ\#

9 AR SN R LS BV R DS ETERICER D B L D IR EE

3 HEE BT AR H L & 2 VN 3 B S B AREIICER O B AL 2 0 R E R M MLAYER S B 5 IRHE

II. %ok CERORBIEIRZ8IZT5)

0 MR HESICHBER e L

1 %E %B 'ﬂﬂﬁliﬁﬁ @il h‘ﬁ?ﬁ)m&b%ﬂ’bé«ﬁ(i

2 PEE HIICHL N RMEREEN DY . AR b5 IREE

3 HEE FIIZHA 72 AERBENR H Y . EEOAEEFED S 5K

L BEIEE - 8 (WS ORER LU 285+ %)

0 MEESR 2 CEEBISEAN L L S iu7ey IkEE

10
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¥
o

THEIZOTPREBBELOND, &5 WITEIEO LZ 2580 b 5 KEE

2 TEHEE MZICTHESICHONRIELPELOND, D WIEILENBIERIZRD b 5 IR E

AT CISRIC I D R ER A D 0 | S BER L BHS . 5 g 2 BT

2.4 IEHS IgE fEOHE

Day0, 7B X O 131~V ZADREIRE D~/ ALE LT/ "AY — L ey F &2 HWT
MR ZBIR L7z, SR LMK EF 2 —7 ~B L, =0 (5000Xg, 10 57fH, 4°C) 12X 1
HEA oy EL L, BIKIE T (-80°C LLF) TR L7z, # IgE fEDHIE X Mouse IgE enzyme-linked
immunosorbent assay (ELISA) Quantitation Set (Bethyl Laboratories, Montgomery, TX, USA) @
V= TIVICHEV, 450nm O EAE~ A 7 a7 L — K U —%— (Molecular Devices,

Sunnyvale, CA, USA) THIE L7z,

2.5 AHRRTAORRET

H PR B ARE ORAABAMER (Day 18) ([CHHEEEZEIL, 4%/ T RV LT VT
bR ) AREERP CEIR, —BEELL, BMELLLY U TIVDONRT T4 0 Tuy s %
fERIL, 4 um OESCHYI L7, WU L7oMAE AT A4 RUT ZZBB L, MBS ET,
®EZIC, MNT7 7 02, ~v hF¥ U - 24T (hematoxylin and eosin, HE) F 721X v
A Y7 (toluidin blue, TB) Yefa L7z, Wik - &, =27 7 VEAZIToTZ,

R U7 HE YetfmARZ VT, REEZHE Lz (53100 £5), LEICEIR LS
FiEBMEET CHA NI AT TIRE L, FHEENPLSLIERICBIRLE 3 ToREES
AT (cellSens imaging software, Olympus, Tokyo, Japan) (2L W HIE L7z (1 EAICHE
15 BPTE) . 24D REMEO I Z SR OLRLIE & Lz,

fER L7z TB R 2 VT, Eiifia 2 E L7z (53R 200 %), (EEICEIRL

11



10 A FT 2 BREET 2 #0071 A Z T L, B REFIC I T 2 B T o R Mfa k2 JIE L7,

CHHRIEEDYEEE A 1 18 & 7= » OfEmMia s Lz,

2.6 FERFEATEIOWE

~ 7 ADRBEEATENAIEL 138 ABREE T C MicroAct (Neuroscience, Tokyo, Japan) % FV > Cifll
E L7, Day8 7212912, A V7T VI AREE T T~ U AOM&EE T (FH) (chEsE
WEA~Z7 %> b (B mm, B3 mm) DAL, Day 14 Tk, ¥ =HuiE Ak
BOwm (BAARFZ 12:00) EE»SEETEIREZ 24 BRETE Lz, R, EETEIR
BOWERMIE, v~V 2AZ22A7 7y FlEL=y b (EE 11 cm, &S 18 cm) WT 1 K
LLEBIME U, E72. BREMZREREETEIRER A HE T 2729, day 21 F7213 22 ICTHEFEITE)

%5 & 24 FyFTANE L7,

2.7 SRR

Day 18 I[ZEREU L T2 § T T V% 4% /NT ARV AT VT B R - O UBBREETKH C 4°C, 3
BE DL R E L7217, 30% sucrose % 5 A 7% phosphate-buffered saline (PBS) T 4°C, —Ht
RIE L, #H, OCT =37 K (Sakura Finetek, Torrance, CA, USA) (2@ L, #EHH)J
5 FE CHIGET (-80°C LLF) THRE LKL, 7 UAAZ v b (CMI1950, Leica Biosystems
Nussloch GmbH, Wetzlar, Germany) Z M T, 20 um OES T L7=%, UIFEZ AT 14 K
A7 AR AT, BIRIE T (-80°C BAF) THRE L7,

8 L7897 % 0.3% Triton X-100 (Nacalai Tesque, Kyoto, Japan) & PBS T¥if L7-
. 1% bovine serum albumin (Sigma-Aldrich, St. Louis, MO, USA) & PBS T/ v 7 L,
rabbit anti-protein gene product 9.5 (PGP 9.5) antibody (100 {77#R, UltraClone, Isle of Wight,
UK) & & BIZER T2 A v Fa—h L7, £DO%, 0.3% Triton X-100 %A PBS Tk

¥ L. Alexa Fluor 488-conjugated anti-rabbit antibody (100 177X, Molecular Probes, Eugene, OR,

12



USA) & & BIZEIET | RffA ¥ a— F L, Y@l oGt S L — 3 — 8
#i (LSM510, Carl Zeiss Microlmaging GmbH, Jena, Germany) % f\WTHrE L, RLZIZEIT 5
PR AHE D 1A % Image-Pro Plus software (Media Cybernetics, Silver Springs, MD, USA) Gl

E LT,

2.8 FZJ&H nerve growth factor (NGF) 33 XU\ semaphorin 3A (Sema3A) &EDH|E

Day 18 |ZH:HX L 72 B¢ f& > 7° /L (B 5 mm) (Z protease inhibitor cocktail set ITI (Calbiochem,
San Diego, CA, USA) #&H 75 PBS 150 uL /iM%, ¥ = A 7 ~ A% — (Biomedical Sciences,
Tokyo, Japan) TAREI R— b L7, m05HE (10,000 g, 10 43f#, 4°C) L7z, EiEE
Bt L. NGF # X O Sema3A £% Z 424 ChemiKine™ NGF Sandwich ELISA kit (Chemicon
International, Temecula, CA, USA) 35 & U mouse Sema3A ELISA kit (Cusabio, Wuhan, China)

ZHWTHIE LTz,

29 MY o IR, HRERE. A N A CREAEEOTIE

Day 14 [ZHE ) o )EiaBRELL, VU P ONREEZ AW TR L, U > Hifii
w17, AR Z 70 um BV A R LA S —lZ@ L, mOBE (1,300 rpm, 5 53, 4°C)
L7, FEEBRELEE. U] EiflE 10% fetal bovine serum (MP Biomedicals, Santa Ana,
CA, USA). 55uM B-mercaptoethanol (Life Technologies, Carlsbad, CA, USA). 100 U/mL
penicillin 35 JX TV 100 pg/mL streptomycin (Nacalai Tesque) % & H 9 % RPMI-1640 554 (Life
Technologies) (ZFHE#W L, =—/L ¥ —H 7 % — (Beckman Coulter, Brea, CA, USA) % H
WCHlia%E S v > b Lz, Z0t%, U o ]Eiflla g 4X10° cells/well T 96 well v 7 1
T L— MR L. X =husimte &R 10 ug/mL, Biostir) THIFE L. 37°C T 24 ¢
iR UTc, AR TRRIC RG22 M U SFEY A~ A > ORE £ TEIEIE T (-80°C LLF)

TERE LT,

13



K =PRI % O U o Eifla%0E, Cell Count Reagent SF (Nacalai Tesque) % VT,
Mg WST-8 ZITRE Z48FEICHIE Lz, 70 5H, EifZ L L7-tk. RPMI-1640 kil
& Y Cell Count Reagent SF Z# ¥R L T, 2 Rl & L7z, £Dk, ~(1 7L —hJ—%
—Z W TWOAE (ODasosso) A HIE L 72,

Y U 7= 5538 B O TNF-a, IL-2, IL-4, IL-6, IL-10, IL-17A 35 X O IFN-y®&{Z mouse
Th1/Th2/Th17 cytometric bead array kit (BD Biosciences, San Jose, CA, USA) ¥ JTNFACS

Calibur flow cytometer (Becton Dickinson, San Jose, CA, USA) % W CHIE L7=,

2.10  FHEEHEMT
I £ fEERAZE T LT, FZER A 227713 2 BERM C Wilcoxon DR FIFRE 21T
ST, EOMD 2 FERIO I TIX F BEZ1TV ., H 2 OSE S Student’s -FE . R
Bl Aspin-Welch’s -1 € 21T o 72, #atFHIA B AKX 5% A0 & L7z (P<0.05, mifl

BRAE) o

14



3

FIH FER

3.1 FEERA 2T EIOMEFR IgE i

K = PUREATECE DA C day 3 £ 0 RN T, HfL - IR AR K OUEE - BB
BODIL, FERAIATIIRAICER Lz, —J5, BUKT Y &8 m Lok IRE Tk
RRERAaTIXEE A EZL LDy > 7= (Fig. la), Fig. 1b (28K T Y v E 7134 =HiF
GRS AN LIS (day 17) OFEART, £, 7 /VEPYOMAE TR IgE i

I RRENY) & Hei L, day 13 ICAEIC ER- L2 (Fig. 2),

(b)

—
Q
—

9
@ 8 -O- Petrolatum Petrolatum Dfb
3 = Dfb *x
Qg
W
2 5
£ 4
[y
£ 3
T 2
oy

0 o

0 5 10 15 20

Days after sensitization

Figure 1 Time course of dermatitis score after repeated topical application of an ointment
containing Dermatophagoides farinae body (Dfb) extract in NC/Nga mice.

Dfb ointment (100 mg) was applied topically on the dorsal skin after disruption of the skin barrier
with a depilatory cream on day 0 and with 4% SDS (150 puL) on days 3, 7, 10, 14 and 17. Control
animals (petrolatum) were treated with hydrophilic petrolatum instead of Dfb ointment. (a)
Dermatitis score. **P < 0.01, compared with control mice (petrolatum). (b) Representative skin

features on day 17. Each data represents the mean = SEM (n=5).
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700 ¢

~ 600 } <O- Petrolatum * K
...E_ 500 b = Dfb
(=1
£ 400 }
S 300 |
‘@ 200 }
o
= 100 F
) R, s ——— - v—r————— A
0 5 10 15

Days after sensitization

Figure 2 Time course of plasma total IgE level after repeated topical application of Dfb
ointment in NC/Nga mice.

Dfb ointment (100 mg) was applied topically on the dorsal skin after disruption of the skin barrier
with a depilatory cream on day 0 and with 4% SDS (150 puL) on days 3, 7, 10, 14 and 17. Control
animals (petrolatum) were treated with hydrophilic petrolatum instead of Dfb ointment. Total IgE
levels in plasma were measured by ELISA. Each data represents the mean + SEM (n=8-9). **P <

0.01, compared with control mice (petrolatum).

3.2 AEER B O AR A
ETNVE TIIREZOIEER L OB T 2 JAEMEM (U >/ Bk AFERER) iR
WD bivlz (Fig. 3a), *HEM L B L, AT E CIIREZENFEISHEM L

(Fig. 3b), F72. BERIZB T DIEMMIEEOA E 2280 6z (Fig. 3¢, d),
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80 r —

(a) (b)

Petrolatum Dfb

60 F

a0

Epidermal thickness (pm)

Petrolatum Dfb

35 r

Number of mast cells/field

Petrolatum Dfb

Figure 3 Histological changes of the dorsal skin after repeated topical application of Dfb
ointment in NC/Nga mice.

Dfb ointment (100 mg) was applied topically on the dorsal skin after disruption of the skin barrier
with a depilatory cream on day 0 and with 4% SDS (150 puL) on days 3, 7, 10, 14 and 17. Control
animals (petrolatum) were treated with hydrophilic petrolatum instead of Dfb ointment. The dorsal
skin excised on day 18 was stained with (a) HE and (c) TB. Bars in photographs: 50 um. (b)
Epidermal thickness measured in HE-stained sections at a magnification of x100. (d) The number of
mast cells counted in TB-stained sections at a magnification of X200. Each data represents the mean

+ SEM (n=5). **P < 0.01, compared with control mice (petrolatum).

17



3.3 RRFEITE

FREEA TR SR O R WHHERS 2 TR 9 5 7200 12 BERE O BRI ¥ 27 /L (FRBHERRE 7:00~19:00)
BB T CH =PURGAEE R (BATREA] 12:00) %5 24 R ORRFEATEIER A JI7E L
Too TORER. ¥ =PUR S AIE BRI TEIEEE 2 MRS L7z (Fig. 4a). &
bbb, F=PURGANERM 1 FARICARICHEML QMEE), 2ok, —HEdD L
23, 4RI L0 RO L, =0T 24 Fefiite £ CHERF L7 QFEHE)., F£72. W
WA 7 V% WA S 7BREE N (BREARERT 19:00~7:00) 12BW T, fEFEEITEIRIEUT 2 8
PEICHIIN L7 (Fig. 4b), S 612, BREMREETEIZNET 2720, ¥ =i aAHE %
BATEPICERFEATEI R & 24 FRREIIE L7, ZORR. £7 VI T 24 Rfilid L TE

HZEERFEATEN R M L T2 (Fig. 4e),

18
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Figure 4 Time course of the number of scratching behavior in AD-like mice.

The number of scratching behavior (events) was measured for 24 hours from day 14 to day 15 after
topical application of Dfb ointment (application time 12:00) under (a) a 12-hours light/dark cycle
(lights on from 7:00 to 19:00) and (b) the reversed light/dark cycle (lights on from 19:00 to 7:00). (c)
The number of spontaneous scratching behavior (events) was measured for 24 hours on day 21 or
day 22 without application of the Dfb ointment. The white and black bars indicate the light and dark
periods in the animal room, respectively. Each point represents the mean = SEM (n=4-8). *P < 0.05,

**P < 0.01, compared with control mice (petrolatum).
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Figure 5 Increases in PGP9.5-positive nerve fibers and contents of NGF and Sema3A in the
lesional skin of AD-like mice.

(a) The dorsal skin excised on day 18 was stained with anti-PGP9.5 antibody (original magnification,
%x200). White broken line indicates the border between the epidermis and dermis. Bar: 50 um. (b)
The area of PGP9.5-positive nerve fibers was quantified in the epidermis using image software. (c)
NGF and (d) Sema3A levels in the skin on day 18 were measured by ELISA. Each column

represents the mean = SEM (n=5). *P < 0.05, **P < 0.01, compared with control mice (petrolatum).
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Figure 6 Increases in cell number, cell proliferation and cytokine levels in axillary lymph
node cells isolated from AD-like mice.

Axillary lymph nodes were isolated on day 14 and homogenated to make a single cell suspension.
(a) The number of lymph node cells was counted using a Coulter counter. (b) The cell proliferation
and (c) cytokine levels in the culture supernatant of the lymph node cells were measured 24 hours
after stimulation with 10 pug/mL Dfb extract by WST-8 assay and cytometric bead assay, respectively.
The cell proliferation is expressed relative to those in the lymph node cells from control mice
without stimulation with Dfb extract, which are normalized as 100%. Each column represents the
mean + SEM (n=5-6). **P < 0.01, compared with control mice (petrolatum). $5p < 0.01, compared
with control mice (petrolatum) with Dfb stimulation. ™P < 0.01, compared with Dfb

ointment-applied mice without Dfb stimulation. N.D.: Not detected.
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T2 RIESUGE DA L OHERHCEI G595, EER. AD B35 QAR M HEEHIE 2 2 =Hi)i
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ncTnsd (56), 7=, Th2 %1 b4 > (IL-4, IL-10) BEL O Thl ¥4 h A > (IFN-y,
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2.1 EBREWY
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SDS #5 & X chlorpheniramine maleate (Wako Pure Chemical Industries, Osaka, Japan) (3l
IKIZEM#E L7z, Evans blue dye (Nacalai Tesque). cromoglycate (Sigma-Aldrich), gabexate
mesylate (Sigma-Aldrich) ¥ & OF anti-PAR-2 antibody (SAM-11, Santa Cruz Biotechnology, Dallas,

TX, USA) (ZAEFEMIRICIERE LT,

23 HEROEIR
W EIORTHIECRERZER L, day 14 [ZEMEERTT VAR Lz, LDk,
4 W% SDS KIFIRE L OVF =P EHIE 2840 Lo, £7-. day 17 IZ b RIEROALE % fd
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24 KIERAT OHE

81 BIORT IR TRMRA 27 ZHE LT,
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T 1 RFRILLEBIE L7z,
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— b L7z, @050 (10,000Xg, 10 43, 4°C) L7z, EiEZEL, BEHOEREAT
4 T — X —F %t AX I 5-hydroxytryptamine (5-HT). gastrin releasing peptide (GRP)

(Cusabio Biotech) . substance P (SP) (Enzo Life Sciences, Farmingdale, NY, USA) . IL-31 (USCN
Life Science, Wuhan, China) . TSLP, prostaglandin (PG) E,. endothelin (ET) -1, periostin (R&D

Systems, Minneapolis, MN, USA) @ ELISA ¥ v~ b & W ClllE L7z,

2.10 fafEit

Day 18 [ZHIU L 72 JE o T V% 4% /NTHRNVLT VT v R« D AURERRER T 4°C, 3
IFfH] LU L EE L7, 30% sucrose 23 A9 % PBS T4°C, —BR{E L7, 3 H, OCT =~
Ny RIZEEL, 7V A A2y MW T, 20um DJES THEEI L%, OIF 227 A F
AT AR A BT (-80°C LLT) TRE L7,

Y] L7287 % 0.3% Triton X-100 & A PBS THF L7-1%. 1% bovine serum albumin %4
PBS T7 1 v 7 L. goatanti-PAR-2 antibody (50 f5#7#R, Santa Cruz Biotechnology) & & %12
HIET 2 BFfElA v Fa—F L7, £DO%, 03% Triton X-100 %A PBS T¥LH L.
rhodamine-conjugated anti-goat antibody (100 f#7R, Santa Cruz Biotechnology) & & & (=i

T 1A o F 2 — b L7, Q@b Omifgi 33l fl v — 9 —BajEE TR L7,

2.11  HMEEHEHT
T HIT R ERRZE TR LTz, 2 BER O TIX F BEZITV, E0HMoO%LE X
Student’s +-fR7E, RNESEOLE 1L Aspin-Welch’s t-IREZ1T > 72, HalFHIA BKMET 5%

K& L= (P<0.05, WlfRE).
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Figure 7 Increased contents of endogenous pruritogens in the lesional skin after topical

application of Dfb ointment.

The dorsal skin was excised 1 or 24 hours after topical application of Dfb ointment. (a) histamine,

(b) 5-HT, (c) SP, (d) GRP, (e) IL-31, (f) TSLP, (g) PGE,, (h) ET-1 and (i) periostin contents in the

skin were measured by ELISA. Each column represents the mean = SEM (n=5-6). *P < 0.05, **P <

0.01, compared with control mice (petrolatum) at each point.
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BT DHIEA T LV X — SO GOV THRE Lz, ZOR5., =7 /LVEMICEIKD
U 2B LA OARFLEEIISREY L LT, ARICHEML (Fig. 8), %
To. BT NVEMICE —HURGEAREZBAMT D & BRI ) R LigE L gL
T, ARFHEITARECHEMN L2 (Fig. 8),

WIZ, RETIVOREFEATENC I T 2 I OB 5% B 5 732§ % 72 %, chlorpheniramine
(e 2% 2 %) 3L cromoglycate (FL7 LAX—3K) %245 L, ¥ =HUi&HRER
Tith 24 BERIORFEITEN S A RIE Lz, ZOFEH, chlorpheniramine 35 XY cromoglycate
13 1 FH B OREREEATENEE O A ] L7223, 2 40 B ORI TEN R OB IR E 2 RIF
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Figure 8 Vascular permeability increase in the lesional skin induced by topical application of
Dfb ointment.

Dfb ointment (100 mg) was applied topically on the dorsal skin after disruption of the skin barrier
with a depilatory cream on day 0 and with 4% SDS (150 pL) on days 3, 7, 10 and 14. Control
animals were treated with hydrophilic petrolatum (Petro) instead of Dfb ointment. Evans blue
solution was intravenously injected immediately before topical application of Dfb ointment or
hydrophilic petrolatum on day 17. Increase in vascular permeability was evaluated by measuring the
amount of extravasated Evans blue dye in the dorsal skin excised 1 hour after topical application of
Dfb ointment. Each column represents the mean = SEM (n=5-6). *P < 0.05, compared with control
mice treated with hydrophilic petrolatum. *P < 0.01, compared with Dfb ointment-applied mice

treated with hydrophilic petrolatum.
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Figure 9 Effects of chlorpheniramine on scratching behavior in AD-like mice.

Chlorpheniramine (CPA; 10 mg/kg, p.o.) was administered 1 hour before the last topical application
of Dfb ointment on day 17. The number of scratching behavior (events) was measured for 24 hours
after topical application of Dfb ointment on day 17 (a). The total number of scratching behavior was
counted in 0-1 hour (b) and 4-24 hours (c) after topical application of Dfb ointment. Each data
represents the mean = SEM (n=5-6). *P < 0.05, **P < 0.01, compared with petrolatum + vehicle

groups. “P < 0.05, compared with Dfb + vehicle groups.
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Figure 10 Effects of cromoglycate on scratching behavior in AD-like mice.

Cromoglycate (CG; 100 mg/kg, s.c.) was administered 10 minutes before the last topical application
of Dfb ointment on day 17. The number of scratching behavior (events) was measured for 24 hours
after topical application of Dfb ointment on day 17 (a). The total number of scratching behavior was
counted in 0-1 hour (b) and 4-24 hours (c) after topical application of Dfb ointment. Each data
represents the mean = SEM (n=5-6). *P < 0.05, **P < 0.01, compared with petrolatum + vehicle

groups. "P < 0.05, P < 0.01, compared with Dfb + vehicle groups.

39



3.3 BRFETENI TS PAR-2 DR G-

AD DEET LT Thidatbav b X =ZERIIEZ DT LAV EERLTE
V. ZDEIIT e T T —BEEAATOMETH D, PAR2 (3707 7 —EHiast N
KIGMARTF FEZUIWT 2 2 & TIEMLENLDZEERTH D, LEER-T, ¥=HiGE
FWETOT 07T —EIZL D PAR2 DIGFHALBAE T /VORFETENCE S L T\ 5 AlEE
MRBEZ OND, T T, RET/MCEIT D PAR2 OG- ZH LMNICT 5720, FHAETK
JEIZFBT D PAR-2 DR BLA s Yeta CHEaR L7z, T OREE. MtIREMW DL TiT PAR-2 ©
FBUIFHD > = DK L BT VB DO FEFL Tt PAR-2 BELOMRE O Hiviz (Fig. 11),

WIZ, MOBWTT MZB W TEREEATEN A 03 2 H & (68,69) O gabexate (Y 7
07 7 —EIERK) B LN anti-PAR-2 antibody Z %5 L, ¥ =HiR & HEE B 24 FHFH
DOREFEATENEIE A WE LT, & DOFER. gabexate (X 1 #8 H 36 X OV 2 0 H OREFEITENE S DY

N7 #if] L | anti-PAR-2 antibody (X Z 41 & ORSFEFTEN X L CHIfiME R 27~ L7z (Fig. 12, 13),
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Petrolatum Dfb

Figure 11 Increased PAR-2 expression in the lesional skin of AD-like mice.
The dorsal skin excised on day 18 was stained with PAR-2 antibodies (original magnification, x200).

White broken line indicates the border between the epidermis and dermis. Bar = 50 pm.
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Figure 12 Effects of gabexate on scratching behavior in AD-like mice.

Gabexate (GX; 10 mg/kg, s.c.) was administered 30 minutes before the last topical application of
Dfb ointment on day 17. The number of scratching behavior (events) was measured for 24 hours
after topical application of Dfb ointment on day 17 (a). The total number of scratching behavior was
counted in 0-1 hour (b) and 4-24 hours (c) after topical application of Dfb ointment. Each data

represents the mean + SEM (n=5). *P < 0.05, **P < 0.01, compared with petrolatum + vehicle

groups. “P < 0.05, compared with Dfb + vehicle groups.
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Figure 13 Effects of anti-PAR2 antibody on scratching behavior in AD-like mice.

anti-PAR-2 antibody (0.2 mg/kg, i.v.) was administered 1 hour before the last topical application of
Dfb ointment on day 17. The number of scratching behavior (events) was measured for 24 hours
after topical application of Dfb ointment on day 17 (a). The total number of scratching behavior was
counted in 0-1 hour (b) and 4-24 hours (c) after topical application of Dfb ointment. Each data
represents the mean + SEM (n=5). *P < 0.05, **P < 0.01, compared with petrolatum + vehicle

groups. “P < 0.05, compared with Dfb + vehicle groups.
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RETIE, ¥ =PURHRBIBMER G RE T VOB 1T D PIRMERE 2 B K -0
PEA BT L OV = HUR S A ISR b D 2 HMEDORFEITEIO A T = X AIZHOW0
THERT LTz,

FUR A B ARG O M (25 8195 high-affinity IgE receptors (FceRI) (Z#EE L7z IgE Hiik

BET D & FeeRI OEEENFHE I ND, TORE, —#HO V7T IUREZE I L TR
JADBERINE Z D, ERAZ IVREDT IANAT 4 =— 2 —RNilEES D, BAED AL
SEUTEEAR TR, BREORIRARL Y Lo & — RS I HURBREE > S B LINICHEE S, M
LR MAE Z MR TTHET D (70), 1 W TIE, ¥ =PREAREOKEBRMIZLD, K
ETLTOMA IgE ED E5F- & BRI 2 IEAa s O8N 2 i Uiz, %2 =T, #
KURY CEIIF =GRS HEKEOBM | RFEEISHEBE T IR LR E2E L,
ZORER., tRE L R LT, BT Y U EEL LT VYO RS TEaRNH R
DEMBFED BT Z LD, 7 /VEMW TIEHURRI L7 < THWEE R E T Tl
EHEBENTTEL WD EEXOND, £o, BT VEWO RS Tl ZiirEo iz
L BRWHENBAKT LY VIO X =HURSHKEOBRMTHEM L, 5T, ¥=
PURE A B S 1 % OKLE T A4 I VB IO S-HT BEOMNARD bz Z &
A H ORFEATBIEEL O BEINTEIRFTL Y LV 3 — RGO UG & — B L THURBA O 1 I
MIZFFE S5 Z & chlorpheniramine (Hib A # X U 3E) F6 LT cromoglycate (H177 L /v
F—38) 28 1AH B ORBFEATEIRE O N Z8H L2 2 L5, 1A B O TR R OB
WIZHIRERL Y LV — OGBS0 B2 b D,

ZAVE TIZ PAR-2 73 AD OFERZEAET D AREMES RSN TRY , ¥ T7F /%A M
F1F % PAR-2 DIEMALIZ TSLP X° PGE, DPEAZHET S (71,72), 2V, I'm7 77—t

EMEAT DT LIV 0% PAR2 (RIFRIR A 1 = X W a4 U CREEEA THED 2 35384 5 m[REME
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NBEZBND, AD BHEDRETPAR2 NHBLT 2 LW oA (64,65) LFEERIC. AET
JNZEBWTHIHATOREZ T PAR-2 BEOHEINARD bivic, F7o. WHEH T TSLP B X
O PGE, B3N LTH Y | gabexate (B VU 7 us 7 —PHEK) X1 HEBLO2 A
DOFEFEATENEIEL OB NN Z #1H| L. anti-PAR-2 antibody 13 Z 41 & FEFEA TEEIEL O % L T
PR AR L7z,

PAR-2 137 7 F 7 B A FLSMTIERHRS M A AR I BT 2 LA S TR Y | PAR2
T A=A MIEEMIE S OEEME OB A RET S (73), o, MEMHRICET D
PAR-2 i&ME L H AD BEOFESOERIZEGT 2 (67,74), T b PAR-2 {EMEKIC K D IE
TR e D B DR & 2 WA SRR OTEMEALIZ X = HUR B AIE OBMERZICHFEIND &
Ez bbb, DFEY ., gabexate 33 X O anti-PAR-2 antibody (2 & > CTHREEEITENRIE AN B LT
Z Ll AETAD 1 AEE ORFETEIEROHINT PAR-2 OIEMEAL) B G35 ATREME 2R
LT 5D,

I, PAR2 7 A=A P THLHAEHATF I (SLIGRL) (I PAR-2 721F T72 < | Mas-related
G-protein-coupled receptor (Mrgpr) C11 &AL LGS & #HiE ST % (75), £72. SLIGRL
[TPAR-2 £V &0 L A MrgprCl1 241 U THRFEITEN 23557 2 ATREMEAVRIZ S T 2 (75),
—J. KRETNVORERELIIZ T 0T 7 —BEEE AT H5EEOT VAV 2 E5RT 5

=PURGEARELHEM L, &6, ¥=HUslktE Y 7 r7 7 —FI3L PAR-2 D N R

MBIk DR E AL 2 I 5 Z E B BT o TN D (76), Licidio T, ¥ =HiRiEH
WBICEEND X =PRBRO 70T 7 —EBIZ LD PAR-2 OIGFMLIAE T /L OREFEITHE
B OHEINCEE L TWD EEZXBND,

AD DFELITMRERTF B, imEDE., 1 M A v, TuTrT7—8, 7% P~
BRI 72 EH e D AT 4 =— 2 —PEE5T 2 (61), RET/VOREETICEGT 22T
A == — YRR LT AER, AD B & [RIRRIIN 2S5 B & 1 3V C N R 7 BE L AL - D B

MASFRSD BTz, AEF MCBOTEIEH SP 3 L0 GRP RiE & =HUREABERAO |
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REE2 ICHEIN L Tuie, AR HIFRE S D SP 72 & DR~ T F NITFEAEZNED TT
HECAPRRFMERIEICBI 595 B2 b TWD (61,77, LERn->T, ¥=HEEFRE
MERITHE L AMRER 2 BN S L <IIho A 7 =— % —Z 4 L CRIFEMITIEME(L
L7oAE R, PRIRD D AR T T AR S 4L, 1 FHE ORBFETEIZ 5 SR Z L7 & %
HiL%, GRP DREWIERIE~ U ADRIEATENZTER T 503, £ OUSTIFIER I 5 8L
3% BB2 bombesin A EDOTEMALIS KL OO BRI 53 25 LB BN TVD

(78), ITHE. GRP BEHMRE L FOE THER SN TR Y . £ORHEID SP A LFEH L
TW5 (79), ZALE OWE IR O ARG HIFHE L 72 GRP 23 1 #1 B ORFEITENICEE 5
T DRI R LTV D,

XEHRENV OB TIT b A H X %0 SP 7 ERFEOFER BN 7 D pEAENBK T & U 8
i 1 BRI L0 b 24 R TriEZ 7R L7c, £ OBRIKIIIAME Tidenns, SREmicsy
THHKT Y Z2EEHICBAAT 5 2 & ThOT DNNIREEEITEIEE M 5, Z ORFET
B OEE MR REW DR JEIBITH e AZ I B L OSPIEARICHEL R L L HE
23nb,

IL31 13 MZBWCTHEETY v 77 A MZXVEAZEET 2 E@®E I T 5 (80),
Fo, IL31 ZWFRB I G2 N T AT 2=y I U RIEFEITEN A D FER 2 FAET
%5 (81), RET N T =HUREHECERA O 24 R IR IL-31 BEOMARD 5
N2 &b, IL-31 13 2 M B OBFETEIE O E S L T L AR B b D,

TSLP (I, mdk, <&, K. HER LD LEMCTEAIND YA MM Th
0. AD BETIIFCT 7 F /%A b T TSLP OFBINAHEML TS (19), £z, w7 A
D77 F A NI TSLP ZiHRRH S5 & AD BRO R R ZRIET 2 (82, 83), IT4F,
TSLP [3ENTEAIFRIC LB L, T8 20| SR Z T LMt s (7). 7. PGE; b
i ANB L AD B ICBWTHERAEZRERL TS (84,85), B MCPGE, £/l2iFe A¥ IV %

BN G L7zle & g LT, PGE, & b A ¥ X IRBIRD BN G- THIE SN D EEAH DRt
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RER AR TRAOICHIINT 5 2 & 205, PGE, 13k A X I X AL B ST LEZ DR
TW5 (86), ET-1 DA GILE b Tl A I VIFKRIFINR A I = X L% U TR Z
B35 (87), 7z, ET-1 13~ U AT ETA XA KRZIT L CIREMKFINICEFEITEI 25551 5
(88), RET /L TIXZD TSLP, PGE, B8 LN ET-1 &3 =HUREAEEBAADO 1 B
24 BRI OB RGBT L T e, LER- T, TRH AT 4 =— X — O
A3 1FHA B L2 40 B IC BT 2 ETEIREBIE IO FR D—>Th 5 L B2 bLD,

Periostin | & AD O L & LI BV TEHEEREEI 2 5 filast~ Y v 7 A X2 R0 E
Th D, Th2 HifED HEA ST IL-4 <° IL-13 [IHRHESEMMAL 2 #I L. periostin 23 FE/E X
%, Periostin (X4 77V &N LT TF /A REFPAL, TSLP 22 EDYA A v
DELZFEST /R, S HIZ Th BOGENGEHESE S, 20K 5 REER, AD
DM, BIEGIZORNB S TND EEZDLNTND (89), AET VKIS D EEH
periostin &3 ¥ =HFUR B HHEBAO 1 KfEZICHEM L, 24 FEZIZBWTHHERF SN T
e, L7223 T, periostin (X TSLP A 24 L CRIEEICARE 7 /L OFEFEATEIEIEL O N
WZBET L LEZ LN,

ZRNETIZ, BEAHZ 22 5-HT B LU compound 48/80 D N H-13~ 7 A DRRFEITEN %
FHET DL LRESNATVD (90,91), £z, MU T EF MY 7 ¥ —FIE PAR2 DiF
P2 U TR TEN 27885 (68,92), ZAU0 ORFEME OLNEK G TIE 1 KL
(CHEPEATENRIE N T 5 L G STV AR, ED%ITHE S BIFETENCE L i+l
BETS LT\ R o7z, F7o, NEHIL ORI KUY PAR-2 {EME(LO W7 23 ReEE  TE) ]
B OB 53 2180 AD E7 VT A E TICHE SN TV 2R, LIERn> T, KET L

=HUREAE OB L > T 2 AEICEFETEIREDSE L, DA =X L8
Tt AR oD i SSRE & PAR-2 VEMEALSE G- 2410 TD AD E7 /L Th D,
IEDORSEEZEL DD L B2 ETITIAD OETNVEWICE T 5 2 HEOREITEI A 7 =

A LZENT L. 1 E B KO 2 M B ORBFETEHRE OIS T5LBEXAONLAT 4=
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—Z—'mOBER LN LTz, S HIT, ARETI/VOREEITEN IR O BLERLIC X 2

IR Y LV — UGB L O v 7 7 —EIZ L5 PAR2IEVE(LANBE 53 5 AleetE 27~ L7,
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3F F=FURRBIC L D7 7 F A b OFESBER T O REA
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H
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rIF A MIREEEET 2 E2MTHY . KEDONY THEEEOHERFIZI W CE
BRRE ZH > TWD, BEANY THREEDREEICLY 77 F 7 %4 MISHIRIEICE®R S
52T, EHRbEND, EHELTErTF 2 A MIEA DO A A BLIONTED
A HEPEART D Z & T AD OIRREERICE S35 (17, 18),

F o TBNBEBRICHET HEBERT LALS U ThHY . £ OMEESESIFEFRIME, 5 &I
SN T, 10 EDO T NA—TIZHEEINTND (24,25), X =HEKT LALF DR TY,
IN—=T VT VNVT ATV AT A T aT 7y —8Ez, 7v—73, 6 LTIk~
TuT T —BEREET L LM TVD (24,25),

AD EFH OIFEHPLE T PAR2 (ZREDOWTNOREIZIB W T HIEBNHIML TWD (64,
65), F=HURB k77T —¥IXFr 7F /A MIHEBELT SH PAR2 #IEME(EL, IL-8 X
granulocyte-macrophage colony-stimulating factor & VN> 7291 A > OpEA %755 $ 5 (66) ,
Flo. T TF /YA MIBIT D PAR-2 OIEMA LI, FREAHRRICESEER U CRREETE % 5|
29 TSLP OREAZFEE T % (71), Matrix metalloproteinase (MMP) [3flfast~ kU
I ADGFIRIZE D RMBEICEEG T AT 4 =2 =2 —Th 213, BRIzt ) 77
T—EBTHD M) T T PAR2 OIEHLZT LT FDOT T F /A Finb O MMP #E
HEEFETD (93), ZnboWwEE, F=hRik7 e 77 —BIZLD 75 7F /A b
PAR-2 {EMEAL S IIEMEY A b A 2 & & HICNIRPEDFEABER 1O EAZFHE L, AD &
TR DRIEOBIE L REFEOARICI 592 alfietE 2/ LT D, L L7edi s, AD
BEOEFEORERICB T D7 7F /A FOEENZ SOOI A ST,

AD IZBWCHEAZRFRET HIHEADAT 4 ==X =N NETIZHE ST D (61),
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ET-1 X 21 HDO7 X VBN ORY (G # o BB BRTH D ETA B L ETg XA K%
AL 2 (94), ET-1 13580 22 MAEIUHEIR 7 & U CIRE Sz ns, EO®%RDOFETE M
BWTHEAZEET D ZENHLMNIRoT 87), £/, AD BEFEDRE TIXET-1 OFEBL
WEIL TS (95, EHIT, in vitro Tk SO ZF /A FTO ET-1 DA L ONE
BEDSHERE AL TV D (96), ZHHDWMEITT T F 7 YA MIBIT D ET-1 BEELOHIND AD
BE DS DO G-I 5 AlREtE 2R LT\ 5,

MMP 7 7 X U —IZET 5 MMP-9 OREAITEFEDERY A NI A TR L= 7T/
YA P THESND (97,98), 7 Lb ¥ —PEEH G 58 R DR R AD BE ARG D
Bl 2 AT L7 s CIR & o 7 U231 5 MMP-9 L UL ER D RERR ST 2 (99,
100), F£7z, MMP-9 |3 NGF (2 L B it DR 2+ 2 (101), MMP-2 & [RIERIZ in vitro
TRELERE TOMRRMRIZE G5 (102), AD 3 O ZEI RS Tl A & ik LT,
REA~OMRMEDIRESNTEY . ZhBKRMICB T 2EABEOK FIC 275 &5
ZHITWD (49-51), ZiLHOHEIL MMP-2 38 XU MMP-9 738 AD & DR COM
R EAEE L, FEAOERIZEEG L TV D ATREMEA R L TV D,

T T, HBITETIE, AD DIRRIERL, FHIFEADOERIZ T 7 F /Y1 MG 5701
LINCT B, VATAUBLORY) e T T —BIEE AT AT VALV EEAT
Lateave =it 7F A AL, ET-1. MMP-2 35 X0 MMP-9 73
EINDDEPITONTIHRF LEZ, EHIC, FI7F /A MZBWT LERROAT 4 =—4

—PEAIZ PAR-2 D355 kit L=,
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F2H ERAME LUk

2.1 e
o)k g vk X = (D. farinae) fiH% (house dust mite, HDM) O HFERL 5L 13 COSMO BIO
(Tokyo, Japan) NHEEALTZ, VAT A 777 —EHELKBLOR) 7 rTrT7—%
FHESE L LT, £ E4[(2S, 39)-3-Carboxyoxirane-2-carbonyl]-L-leucine (4-guanidinobutyl)
amide hemihydrate (E-64, Peptide Institute, Osaka, Japan) 35 & O 4-(2-aminoethyl) benzenesulfonyl
fluoride hydrochloride (AEBSF, Sigma-Aldrich) #fiH L7z, ¥ =kt 7ua7r7—8€
(mite-derived serine proteases, MDSP) 5 X ON&RAY PAR-2 7 % =2 | (ENMD-1068)
ILZ LZ#U Indoor Biotechnologies (Charlottesville, VA, USA) ¥ J T Enzo Life Sciences 7> 5

HEA LT,

2.2 ek
b hEREMAME (77 F /%A &, Life Technologies) (X 37°C. 5% CO, DZAMETF T
10 ug/mL insulin, 0.1 ng/mL human epidermal growth factor., 0.67 pg/mL hydrocortisone
hemisuccinate, 50 pg/mL gentamycin, 50 ng/mL amphotericin B 33 & TF 0.4% bovine brain pituitary
extract % & A 9 % HuMedia-KG2 (Kurabo Industries, Osaka, Japan) T35 L 72, HuMedia-KG2
(2Pl S 7o Ml 2 2 X104 cells/well & 722 K D224 well v A 7 v L— MIREREL | —
WhbE#E L7-, ' H. gentamicin 35X Y amphotericin B #&4A 3% HuMedia-KB2 (Kurabo
Industries) [ZHEFHIAZHA L, S B —WiEEE L7z, ¥ H, Mizsd HDM (0.3,1,3 ug/mL) F7=
X MDSP (0.3,3,30 ug/mL) T 1, 3, 6, 24 F721% 48 BRI L7-, Bk Tiklcss% b
WBaEREI L, FEAREK T OREEIT>7-, F7=. lipopolysaccharide (LPS) ELISA Kit
(Cloud-clone Corp., Houston, TX, USA) % f\» T, HDM 3 L O MDSP H1 o> LPS & & i3k H

[BRAEARE CH DL Z L 2R L, TuT7 7 —PHERZ W HE T, HDM o7 1
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T T —EBIEEE NEMELT 572012, HDM % E-64 (50, 500, 5000 uM) & 721% AEBSF (5, 50,
500 uM) 1EE FT37°C, 1555MA % a—h L7, £7/2, PAR2 7 Za=Z} (0.1, 1,

10 mM) % HDM HIi o 6 B RTicEm L7,

2.3 FEABAEK DO RIE
22 TR LEFETHEIL L2553 EiET o ET-1, MMP-2 B XY MMP-9 £ % Quantikine
ELISA kit (R&D Systems) Z HVWTHIZE L7z, Z# b ELISAKit (Z381) % ET-1, MMP-2 &5

L OV MMP-9 D H IR FE I Z 3 E 4 0.087 pg/mL. 33 pg/mL 3 X ¥ 156 pg/mL T - 7=,

24 MlaAfEER

M AEFERIEMBOT T VU oot (WST-8, 4-[3-(2-methoxy-4-nitrophenyl)-
2-(4-nitro-phenyl)-2H-5-tetrazolio]-1,3-benzene disulfonate sodium salt) 3& CHEZFIH L 7=t AE
1% (Cell Count Reagent SF, Nacalai Tesque) (2 0 #FAfl L 7=,

Begg LA WIL L72t, 4 well IZ 10% WST-8 Z &A% HuMedia-KB2 Z ¥l L, CO,
A Fa"—F—NT30 olEE L, £/, 777 L LT, % well I HuMedia-KB2
BLOWST8 ZREEICHM LT, 30 H%iIc~vA 27 a7 L— kY —&—%HT 450 nm D
WK EAERE Lz, 723, & well DISHIEIZ, 77 v 7 well DIFELRAAR A 72 L5V TR
iz,

% well DAL (%) ZRAUCE Y FEH Lz, SRS B O TEFRO FHED

80% A & 72 > T35 E . MRV & 5 &l L7,

£ well DWW YEARE
EER (%) = x 100
AR I SR A D S W S A
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2.5 EAHRAT
T AL R AETR LIz, 2 BEFEOEETIE F MEEZITV., FEoHMOLAIX
Student’s t-FR & AN BLD 551X Aspin-Welch’s - iE 21T - 72, 3 BELL | D FLi% Tld Dunnett

DL BEIEME 21T > 7o, WA BAKEEIL 5% A0 & Lz (P<0.05, MAHIE).,
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FIH AR

3.1 HDMHBIZ L 57T F /%A FirbH D ET-1 3 LU MMP-9 pEAE

HDM WA 7 7 F /YA R 6 OFEARBER T OEA Z LS 2 S0 BETT 5720,
75F A FE03, 1 BLO3 pg/mL HDM THIFL L. 48 BEf#% Dk i o ET-1,
MMP-2 35 L T* MMP-9 &4 HIE L7z, €O, MMP-2 EEABITW-F ORI IC B,
THRHRFERTToH - 72 (data not shown), —J7, ET-1 PEAE &I, MERITLHF & bk L,
0.3 B XV 1 pg/mL HDM FI THE DI EARAFAIEEIN L7225, 3 pg/mL HDM HiliE Tl
ET-1 PEA 7B L7 o 7= (Fig. 14a), £72. 1 pg/mL HDM HIBKIZ & 5 MMP-9 pEA: B i3 %
FIHE & e U CHBEICE D 722038, 0.3 3 X O3 pg/mL HDM FI4IZ K 5 MMP-9 EA D
IS HivZe -7 (Fig. 14b),

HIREREEMENT 0.3 38 XU 1 ug/mL HDM HIR4 CTIEEE 0 H 107, 3 ug /mL HDM RIS SEICE
W TR EME DGR H L7z (datanot shown) Z & 7205 3 ug/mL HDM #IBKIZ351) % ET-1
BLOMMP-9 EEAROKR FITMaEEC L2 b0 LB LND, LER->T, LLFORK

71 CIX HDM ORI E A 1 pg/mL & 5E L7z,
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Figure 14 ET-1 and MMP-9 production after stimulation with HDM extract in human
epidermal Keratinocytes.

Human epidermal keratinocytes were stimulated by HDM extract for 48 hours. (a) ET-1 and (b)
MMP-9 levels in the culture supernatants were measured by ELISA. Each column represents the

mean £ SD (n=4). *P < 0.05, **P < 0.01, compared with vehicle-treated cells (control).
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3.2 HDM AT £ % ET-1 38 LU MMP-9 FEAE & DR RFZAL,

7T WA MZEIT D ET-1 8L MMP-9 FEABEDORRFZEL A HRT 5720, 77 F
J %A N%& HDM (1 pg/mL) THEPALL., 1. 3, 6, 24 B L 48 R DOEFE LG+ D ET-1
BELOMMP-9 &% HE L7z, ZOMES, HDM FREIZ X 5 ET-1 EAE B3R Ik TE L
THEAN L, 48 WFMIAITM CHEAITHRF & bz L C, ET-1 EEA RO A ERBEINNRD btk

(Fig. 15a), —J7. HDM T 1, 3 3 X6 REEHIN L 72356 Tk, MMP-9 FEA S A IR
SUBARGG T o= DIZxt L, 24 38 L OV 48 REEHIK Tl MMP-9 FEA: B ASHIM R I 417 L
THIM L, SRR & bele LT 48 RFM ClI A E R 2= b/ (Fig. 15b),

AERLPEE TV ORITERRIZ W T H RO biv/edy > 72 (data not shown), L7278 5
T T T7F %A MBI D ET-1 BEL O MMP-9 EAD A 1 =X KA Bid 572912 HDM

W2 K DRI A 48 REfIT & L7,
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Figure 15 Time-course of ET-1 and MMP-9 production after stimulation with HDM extract

in human epidermal keratinocytes.

Human epidermal keratinocytes were stimulated by HDM extract for 1, 3, 6, 24 or 48 hours. (a) ET-1
and (b) MMP-9 levels in the culture supernatants were measured by ELISA. Each column represents
the mean + SD (n=4). N.D.: not detected. The dotted line indicates the lower limit of detection

(156 pg/mL) in MMP-9 ELISA kit. *P < 0.05, **P < 0.01, compared with vehicle-treated cells

(control) at each point.
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Figure 16 ET-1 and MMP-9 production after stimulation with HDM extract pre-treated with
E-64 or AEBSF in human epidermal keratinocytes.

Human epidermal keratinocytes were stimulated by HDM extract pre-treated with (a, b) E-64
(cysteine protease inhibitor) or (c, d) AEBSF (serine protease inhibitor) for 48 hours. (a, ¢) ET-1 and
(b, d) MMP-9 levels in the culture supernatants were measured by ELISA. Each column represents
the mean + SD (n=4). N.D.: not detected. The dotted line indicates the lower limit of detection
(156 pg/mL) in MMP-9 ELISA kit. **P < 0.01, compared with vehicle-treated cells (control). “P <

0.05, P < 0.01, compared with HDM-stimulated cells (AEBSEF, 0 uM).
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Figure 17 ET-1 and MMP-9 production after stimulation with mite-derived serine proteases

(MDSP) in human epidermal keratinocytes.

Human epidermal keratinocytes were stimulated by MDSP for 48 hours, and (a) ET-1 and (c)

MMP-9 levels in the culture supernatants were measured by ELISA. **P < 0.01, compared with

vehicle-treated cells (control). Human epidermal keratinocytes were stimulated by MDSP for 1, 3, 6,

24 or 48 hours, and (b) ET-1 and (d) MMP-9 levels in the culture supernatants were measured by

ELISA. Each column represents the mean = SD (n=4). N.D.: not detected. The dotted line indicates

the lower limit of detection (156 pg/mL) in MMP-9 ELISA kit. *P < 0.05, **P < 0.01 compared with

vehicle-treated cells (control) at each point.
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Figure 18 ET-1 and MMP-9 production after stimulation with HDM extract in human
epidermal Keratinocytes pre-treated with ENMD-1068.

Human epidermal keratinocytes were pre-treated with ENMD-1068 (PAR-2 antagonist) for 6 hours,
and then stimulated by HDM extract for 48 hours. (a) ET-1 and (b) MMP-9 levels in the culture
supernatants were measured by ELISA. Each column represents the mean + SD (n=4). N.D.: not
detected. The dotted line indicates the lower limit of detection (156 pg/mL) in MMP-9 ELISA kit.
**P < 0.01, compared with vehicle-treated cells (control). "p < 0.01, compared with HDM-

stimulated cells (ENMD-1068, 0 mM).
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