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Figure 1

S1 RNA (control) 51 RNA (AhR)

Normal human epidermal keratinocytes (NHEKs) were transfected with Si RNA
against AhR using by HiPerFect reagent. After 48 h transfection, NHEKs were
fixed by cold aceton and incubated with anti—AhR antibody for 24 h. The
distribution of AhR was observed by con—focal laser scanning microscope.
The protein level of AhR was clearly reduced by transfection of Si RNA (AhR)
compared with NHEKs transfected Si RNA (control). (Red : AhR, Blue : DAPI)
(original magnification X400)

Figure 2

DMSO-treatment BaF 1pM BaP 10puM

NHEKs on glass chamber slides were incubated with BaP (1M and 10 u M) or
DMSO (control) for 24 h. As described in Material and Method, NHEKs were
incubated with DCFH-DA that is a cell-permeable non—fluorescent probe and
rapidly oxidized to highly fluorescent 2’ ,7  —dichlorofluorescin (DCF)
in the presence of ROS. Green fluorescence intensity that reflected
intracellular ROS (especially hydrogen peroxide) was detected by using
con—focal laser scanning microscope. BaP induced ROS generation in
dose—dependent manner. (original magnification X400)
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Figure 3
S1 (control)+BaP 1uM Si (AhR)+BaP 1pM

Si RNA (AhR)-NHEKs were incubated with BaP (1 uM) for 24 h and then
intracellular ROS levels were examined. ROS generation induced by BaP
administration in Si RNA (AhR)-NHEKs were inhibited compared with that in
Si RNA (control)-NHEKs. The data are representative experiments repeated
three times with similar results. (original magnification X400)
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Figure 4

a

BaP [yM BaP [ uM+NAC (30mM})

NHEKs were administrated with BaP (1 M) and NAC (30mM) at the same time
and incubated for 24 h. NAC was used to reduce the intracellular ROS levels
by an independent mechanism from AhR signaling pathway. After
administration, NHEKs were treated with 2’ ,7  -DCF and examined green
fluorescence intensity that reflected intracellular ROS. NAC (30mM)
administration clearly inhibited ROS generation induced by BaP (1 uM). The
data is representative data repeated three times with similar results.

b
2501 p<0.05
I
—
200
— 1501
£
eh
o
100+
501
DI\/iSO 0 N/I\C NAC
15mM 30mM
BaP 1M

NHEKs were treated with NAC (15mM or 30mM) and BaP (1 uM) for 24 h and IL-8
production in culture supernatant were measured. IL-8 production was
significantly decreased compared to NHEKs incubated with BaP only. NAC
inhibited IL-8 production induced by BaP. The data represent the mean =+
S.D of three separate experiments. IL-8 production in each group was

analyzed by unpaired student’ s t—test compared with BaP (1 uM)—treatment
group.

= 136 —



SRR TR S E

v MR A& h 2 —b (ketoconazole : KCZ) DFF LW EhE :

KCZ X aryl hydrocarbon receptor signaling % 4 L T Nuclear
Factor-Erythroid 2-related factor 2 OFHEEZFHEL, Bk - EFA ML R
xR ERERE L RET 5,

WA HEE N S SUNKRERIE S A 4% v U R 2 — R
Bl AE i % UNKRFRERE IR A 0 B

IR B JUNRPEREBEE A BT SE R 20 B FRAD

i PE—  JUNKFERFBTEZITERE A ENE Y

HIC W SUNKRERFRE A ERAER o8 i

= PR SUNKERBRIIE S A 4 X2 U R v 2 — B

WzeEs & haJ Y — (ketoconazole : KCZ) IIPIEBEETHLH— T, £HE
BEMELIAMC S . HIREEREZR TS L T2ME LSV, Ll, TOWFICHE
LT, \onTIEARY, SR, v MREMICEW T, KCZ 2L - TE
AL S A REHR IR & FIRERER 2 3T 2 & v X7 12OV TORRT 21TV KCZ
W2 X AHBIEERO A 1 = XL EBERT 5 Z & 2R AT,

KCZ 1= & = CIEMAL SN A RBHREIC OV T, & MRS\ TH A 4%
VEORERI T B aryl hydrocarbon receptor (AhR) signaling Zi&EPE{LY
HEEN G ST, F 2 CEEMIIC KCZ 2% 5 L, AhR 2 OV CYP1Al O FE % 3
L7, KCZ iz X > T AR R TR CYPIAL (X mRNA - & X7 LV TR 2 & &
V. FEEHIIZEBWTS KCZ 12 X - T AR signaling BMEMHEL SIS Z LR E
i,

W, AhR signaling 134 A A% VHHIC & - TA U S MBA O - BILA b
L ARBETATDIC@ < RERECHL 2 b, BB - BEA LA ZER
T ADIIZEENHZ /X7 Toh D Nuclear Factor-Erythroid 2-related factor 2
(Nrf2) DR BT L7-, KCZ 1%, Nef2 OFBHAFHFHE L, = b2 Nef2 [IRICHE
#i L CREREED— > ThD NAD(P)H dehydrogenase, quinine 1 (NQO1) ZPEA
L7,

KCZ 12 X % AhR signaling [EMEAL & Nef2 DFFED 2 = A LAZBHLMNTT D70,
Ry #HBALT ADR @ mRNA % F#4 5 i&fn+ (small interfering RNA @ Si RNA) %
BETEAL, ARROFKBENE LK T LEREBEZEY H L, ARR O Si RNA %
WETEA LB MEIL, KCZ 25 LT Nrf2 OFHAFEE T, Nef2 O
NA~OBETLEESI, ZHbDOFEIZE Y. KCZ 1% ARR signaling 41 L T,
Nrf2 #FHE L. Bk - BEFA P LV ARCHTHMBRHRELRRT L EBOho
Try X0, KCZIZX A F X VD 15T D benzo(a) pyrene 5B MEDORE(L -
EFA DL RAICED I8 (RERISICED D 7 EH A ) F5 LU 8-0hdG (DNA [
EOw—h—) EELIHI LI

KCZ O bOERIT, THETRESNHTORWVET LNA D= AL L DHR
JEVEFTHY . XA UVELAVIEZOMORRIC L 58k - EFA P LA
DEE R W 5 H R 3RAITH D RS RmE S T,
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A. HRLEW

sr k2> —/ (ketoconazole : KCZ)
HEN-REEHEREE T HERET
A, At HEH O HIE RS V-
T EEEREAE & HARRMERER &V 9 BE
D3R 53 B SO NE M FZ RS 5 R R I S 3
HY EERZETCITIUIZLIEFDOSHER
NFERENS, UL, KCZ IIAEEEM
EHIF L CHER I —F T RIEEKE
REDIERIZC—EDHENH 7= 9
WELHDH, 1) 2) ZOMBL, itk &
HETHEECHD~ Ty FT I
DN B TCRIERISICEE L TEY | KCZ
Lo T=TByTFTRBEEINDZ &
WU RIERIS I 4D &V S
ﬂ%i%hfwtobﬁbﬁﬁ»MZ@E

W8 < LM RIERIS B IR IZBE & L T
méT EMENRSH D ENRHEL MR 0T,
A HFETIZ,KCZ 1T FEEERY 3Bk
B W T HE M B #F (Reactive oxygen
species: ROS) EEAZHIHIT 5 &9 s
4R PREMAICBNT TR RE TS5
YU B2 iR RET S Z & THREE
a3+ 585 b) PBEIZHE Sh v
5o UL, FOREMREERICE L Tk
KIPICH S P TIEARWVER S RS o T,
ZTCAHREIF 2T, B PEREMBIZBTS
KCZ DRI EMRIEFERERET S
L ST OWTHGET ATV, KCZ 1T &L D
PIRIEMEH O A B =X 2% G fiFIH 9
Bk aR AT,

KCZ 1%, & MAFMAEIZIW T, KCZ 134
AFH T UHEORMRBRIE THD aryl
hydrocarbon receptor (AhR) IZFEA L. £
D T Tdh 5 ADR signaling ZFEMALT 5
TENHE 6) SN TWA, £/, AR
signaling Id, K, ¥ A AT A EHORK
BRI TH DN, TE, XA A X HELL
SNofve&t W7 IR A4 K1), —
EROEHK] 8)) b AR ICHEA L. T OfH
BB EAEMELT D2 &b ESNTNS

AhR signaling 2 DVNTEEERT %, ARR

signaling I%, £ ligand 23HIIAfE % %
WD ENOMRED, MENIZA -7
ligand 1T, HMIBEICTEET D ABR & 5D
95, ligand &fEA L7 ARR %, ARR
nuclear translocator (ARNT) & % & (k%
TER U BN~ 8T 5 BN T &ML,
Xenobiotic response elements (XRE) fiEik
IZHES L, CYPIAL BESE &\ 5 B
2O mRNA ZF5E T 5, MlaE ClEL -
CYP1AL BRI%, HEFAN D ligand % {#HF3
%, 9) (®1)

AhR signaling i% ligand Z{Ed 572
T TIE7e <, ligand BN¥ A A% VD
SEE, Z2EOEMEEEFE (Reactive
oxygen species : ROS) #/ U . s
b BFAM AL 2| BRI E K
TIHREE 8D, Bk -\ FA MLV AE, ¥
A F X VRO T BIRE TR <
RTINS B DRI IS
MR EAL, Bb-BEBFA P LRAZED
D 2 &G S RN X A3
IO ERFERDO—2EEZ 5T
W5, 10)

A FH DR ET A MU R
HEULBH—FT, ligand DMEPHERY 7 =
)=V DOBEITIEIEEAERS #EL S
Tl LA BRb-EBFAMLRA
AEBIEDLZENMONTND,T) 2D
MR 2R A2 5 EMR A =X
LT o T, BRIED L Z A,
CYPIAL BERIC K DA CA UL - &
FA MU AT 5 MERERENES
LTS RREMR R ST D, 1) fif
# B F B 12 13 . NAD(P)H:quinone
oxidoreductase 1 (Nqol).
UDP-glucuronosyltransferase 1(Ugtl) .
glutathione S-transferase al (Gstal)
DY INOORBERET 54 R
& L Tlx . Nuclear Factor-Erythroid
2-related factor 2 (Nrf2) WEE /X
%Té’k%ﬂ%hfn %o 12)Nrf2 13,

WO BE T iX Keap 1 (Kelch-like
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ECH-associated proteinl) W57 %
— &R LFEE U TCHIIREICEE S
TUWND FRAPNIZ ROS 23 E U 7334 Keapl
& DOFEEDRR S, Nef2 [ TN~ E)
T %4, 2O Keapl & OfEEIL, ROS DA7
59, Ligand O3 MREMIC L HIERRC,
el EF AP LAZDHDIZ L > THAR
RENDZ ENHEIN TS, 12) BN
~F&H#h L 7~ Nrf2 %, Antioxidant response
element (ARE)IZfEE L. fEHEEREETH
% NQO1, Ugtl, Gstal #3FE#E L, figfk - &
FANVAEEET 5, (K2) Nef2 (—
SROEMPERY 7 = ) — L THEIND
T ENREEINTWBEN, KCZ M Nrf2 %
FETHINCOWVTTINE THRE S
TR,

F7-. AR & Nef2 [ X FAICE = &
A STV A DS i OFFEIBEIZ OV
TIEHFRHAZERZ N, £Z T, Fxlde b
FFZ MALZ ARR @ mRNA Z ¥4 5 8=+
(small interfering RNA : Si RNA) %#3&
EFEATAHZET ARDPEFLIIETL
TARBEZED H L, ARR OfR T 23 KCZ I &
% Nrf2 OFFEICED & 5 BB RIF T
O FEt L ST DWW TTRE 21T -
7.

%12, AhR signaling IZ L » CHFEX
7= Nef2 3Rl - A b U AT
HNERTTT DT, XA ATFH D 1
2T D benzo(a)prene ZRKEHMITIZE
H LU RERSICBWCEE B AT 5
FEHA TS IL-8 RTNDNA EEDFE
L 727 8-0hdG DEAZFHFE L, KCZ i
& o THIl & D v ERET Lz,

B. #WFEFE

O HMfak O

ML rEROE L RERE SN
k2 B M B (normal human epidermal
keratinocyte, LONZA #) Z R\ 7=, Fifa
&L, 48 B & 12 keratinocyte
growth medium (MIEEA], MUAEYESE F

RV AL B IR0,

O fHH L 7=38A!

KCZ 1% Sigma Aldrich #hJ D EEA LT~
DMSO |ZY&fiE L7 IRAEC—20 BE FICRFEL
7=, & MEEMEICEE T HERIE, KCZ D
BB REEA 100nM~10 u M 1272 5 L H 1TFk
B U7-, BEREIKTR O DMSO JEEE 1L, 0. 5%
Wi 7eb Lol L,

O =wfthiikis

AhR OHFIFAPNJHTEIL KCZ100nM & & R
MEREIZ I 5 L. 3, 6 Kf[E % I1ZHt AhR Puik %
AT, s asiTy, EA L —F—
AR CHEIZ LT,

Nrf2 OMIENRTEIX KCZI uM & & FRFEZ
MRz U 12, 24 BRI 12851 Nef2 1
KAEHWT, EERFROBIETEE LT,
OV 7 /H A 2 PCR

AhR signaling) AhR, CYPIAl @ mRNA IZ
DWT Y T IAZ A I PCR 1T 77, 24 9%
Uy —LIZEEEL LLOX106Hoe MR
FE BRIz KCZ (100 nM-1 M) ¥ 51, 1,3,6
WERE 2 g 2 B U7, KR SRt OB B
+RBEEC EH)Ear bur— LR
(DMSO1, 3, 6 lpfl % 5-8%) O Ct {H & % GAPDH
THRIEZATV., AT o7,

Nrf2, NQO1) 24 7R v —LAZEEE L7~ 1.0
X105 fHD v hFEZMARIZ KCZ (1 u M) 28
B 1., 6,12,24 W& I/l 2 B L7,
Nrf2, NQOl OEEFHEE CtfE) &=
v b — LB (DMS06, 12, 24 B3 B8
® Ct fEi & % GAPDH CHIIEZATV, k%
1T,

OuxmAxZ 7y k
KCZ(10nM-1 M) Z & bR/ E L,
24 BB ICE B O 21T - 72, BCA & T,
BEBHOEHREZHEL, 20ug DEAE
BUKBYEND I H I v IV EREE L,
ERUKE L= E AL, PVDF JEICERE L |
HENZR U T 1 RPURIZHT AR HifR, T
CYP1A1 Hufk, FT Nrf2 Hii&, Ht NQO1 Hifk
OWF Iz AV (bFEF AR s - 2
TR Z E DI S® T, X877 4V A

— 139 —



Eliok L=,
(OSi RNA(small interfering RNA) {2 X5
RNA 45
2470 ¥ — L2 6. 0X 104 H D b hFEHH
faZ 23 U7-, AhR @ Si RNA(Santa cruz
#) }2 O Control Si RNA(Santa cruz ft,
F A A mRNA ORI AEIFI T D Si
RNAD) & F T v R 7 =7 g v
(Quiagen ft Hiperfect®) ZBEEEIZN
ZTCEE L, 48 ReffissE U TERICHW
72 Si RNA OEAZNERE, UTNVH A L
PCR } UVss JEHUIRTE CTHRERR L T,
(W E~DERE)
AL, BEE MR 2 BV 72 B R CTHEARR
ENTRY  MEEORR B E LR
WeEz 7,

C. %3

b hFEEMAEC KCZ 2% 5 L, AR OH#

FEWNBTEIZ DWW TIRE L7z, B MR
{2 KCZ100nM Z#¢5-L. 6 BEfE& Il %
EE L., 1 RPTAIZHT ARR HUiE %2 VTt
FPUREZ T O HE S U — P —BEMEE T
BIEEITo T BIRMOMERETH LI
e /L EF 7 42 1000M b5 L CHEIE
11 -7, 58] (hon—treatment) DIK
RE Gk, MARE 2N Heth S 4u, ABR 2SEFIR
HECIIMRE I h 5 2 LRI N,
KCZ ¥ 5. 6 BFfl# TlT. EXAgE s, Z
AVITHIARE D AR BE~BEH LD &
EZz oz, —H EBBTAEST 0T
. BRSNS EidhnoTz, (K
3)
Wiz, KCZ 12 k5 AhR & CYPIALl OFEIRIC
DWNWTCT IV TNVEALALPRET 2 AE T
o hCHEE L7, KCZ I3 AhR & CYPI1AL
EBB T LI THH N7 LT
B OEM?RD Lz, (X 4A B)

S 5z, KCZ 2 Nrf2 OFRELAFHES 5
NERS LT, KCZ 285 LT 24 B§fE4
IR ZEE L, 1 IRPTRIZHT Nef2 fuik
ZRWTCEEFIREEZITO ERL—

— PRI CTBIEE Lo, FEFIRRECIL, Nrf2

IS I ERD BTz, KCZ &5 24 BERR

Bk, HIIRE Tl < BBy S,
(M5)

WIZ KCZ 12 ko T, Nef2 AN TR
T DHIRERREE D— DT D Ngol DIHIN
HEEIXNAEN YT ILEALLPR ET xR
K7 way hTCHE L7z, Ngol (1EETF
LT Z X7 LUV TH R OS
EARFED LT, (K 6A,B)

Nrf2 OFEMN AR I L » THES T W
ANETA T, AhR O3 % short
interference RNA (SiRNA) Z &z E AT
B LNk o CREBAICHNE] L=, AR 23
Il STV D 2L T AR HifEZ2 =
WOEHUARIE T, ARR DY Mh 23741 L 7~
Control @ SiRNA(T v & AZBET D%
B2 MHI9 5 SiRNA) 2@ TEA L
G AT, AR OREENMET L TR,
AR D SIRNA B FEATHZ LI2LD,
ARR DZ T ENMETFTLEREE RS
T L EREFR LT, (X 7A) AhR @ SiRNA %
B TEA LZIREE T, KCZ OB 52170,
24 W% 128122 L=, Control @ SiRNA
PEEFEANLESGEIET, AR @
SiRNA % FN 2 5 ISR 0 Nrf2 DY
EMHIEE L KT L, £72.AhR @ SiRNA
ZRWE T KCZ Z2RE L2126 Dy
boT, BRI o7z, (K 78)

X BT, KCL WA A Fx v DFM R
S AR IRY @ i - B W B QI s g v € A=
ODHIZEETNRARYSE L

(Benzopyrene : BaP) LW\ H XA A F
N, B PREZMEIZE W T, AR
signaling ZJ1 L C IL-8 &\ 95 RGEMY
A NIAVEEELI DI EEZRELT
Wb, % Z T KCZ % BaP & IR G L,
IL-8 DEADNIH N5 e LT,
SITRT X 51z, BaP Ic kb IL-8 DEAk
1L KCZ I L » THEICHH Sz,

F 7=, BaP X ROS FEAEIZ L » CHIBEPN
DNA ICfEEAL 5252 LIk 0 REks
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AT D Z LRSI TWD D, KCZ A
DNA [EE 28T 5 amaf Lz, 8-t K
XL —FAXL T )2 (8-0Hd6) I,
HQz iRk 7= 1 91 BaP LW oA A %
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NTCHBEERFHEICEMARD LN, 2
B OfERIL, KCZ 23 AhR signaling 12 k-
TREtEND Z L ER LT,

AT T & 1%, KCZ A PEREMIIZIB W
T, Nef2 OFBAEFEST 50 mE LT,
HES L — BRI L OBE T E
HORHEE TII Nef2 IR E IR O b vz,

KCZ 35 L 24 BRREIZICBIER LI L 2 A,

Nrf2 1321238 bz, Ziud, KCZ iz &
> THIlEE D Nrf2 DN~ E) L. ARE
FEIRICREAS L LD EE X, S5, fif

FHEEHO—DOTHD NQO 1 OHBOF
BizoWTHELIZEZ A, Nool 1HEs
F L UL TH X T L)L TH D
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X1, Nef2 OFBRAFEST S, 2. Ml
B Nrf2 HEN~BEIXE S, 3. BN
~FEE) L7 Nrf2 1, fEERMREORE L
31 A SN N S O 4

X5z, Nrf2 OFBOFHEE AR 1T X
S THIFEI SN TV B 235 L7z, Control
® SiRNA ZiEfRT-EA L=t MR
TlE, KCZ o EIz L » T, BIRLTEZD
E RO ERFER NSO, LA L AR
? SiRNA ZEFEA Lt MREMIE
T, KCZ 2G5 L= b b bT,
Nrf2 ORBROFEIIRD LN oT,
72, Nrf2 OMIAE D GE~OBEHEE
OO T, (M 7B) 2 DOFERIC
XY AKR X Nrf2 OIS OFHE K O
B LEN~OBE) (ARE fEIR~DFES)
IR THBRLBRVWEETHDH Z EBR
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VI EOFERMG B FREMIZIW T,
KCZ IZ AhR IZ#54 L. AhR signaling Z 1
L T Nuclear Factor-Erythroid
2-related factor 2 (Nrf2) DIEH A iHE
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IR EFA LA L O HFE
BHORRALFET L ENIREE 2D
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Figure 8  8-OHAG production

120

110

100

90

(%) =

RES KCZ
InM 1M

DMSO - BaP RES KCZ
1M 100nM 1nM 10nM 100nM
1 J
BaP
1}11\/[

RES : resveratrol

250

Figure 9 IL-8 production

p<0.05 =3)

DMSO RES KCZ BaP RES KCZ
InM - IpM 1M IlOnM 100nM 10nM 1OOnMI

BaP1aM

— 151 —



S HAF TR

FAF X % BFE (aryl hydrocarbon receptor) v 7 iz kb
KE bR A OB REMRAT

Wt N SR JUNREIRBGRAE X A A% O Vet v & — IR
o E T BN JWUNRFEREREZPERSER 20 FHEBE - SiTirsER
=W T WNRERBEMES A A% Vet o 7 — B

L. % - K2 EOMIRERIEE

MEEE FA4X VAP RE EEHIIIZ S 2 58I OV TRFET L
Teo XATXYV AR EYWZEARTH S Arylhydrocarbon Receptor (AhR)% HilliE
L. b MGE ERGMfaE (NCI-H292) 726 DEESF - A MIA VEE LT
VEAZRE L, AR FIC L0 b FRIE_ ERMBEER S AT L EEA DB R
WRD BT, BIE LY A M A VA - BEES TR EEE X o T,
PbEXY, #A4%v FEEMIZ LD AR OIEMLTIERRE LR % A
WZBE L O D ATREME 2V RIR ST,

A. BB

JEE BB LT O LA PR
HBTHHENTHWDE A A% ELEY
I R ER RIS A OIERZRITT 2 &
Do TN D, EED Y v '—4& —1E
R ofh, Jr4E, 18 PAZEMEN 2R R D Y
ZTWEEDLEVOIMELH Y BHERE
FIEMEIRBA~DOR 5 )VRIE SN TV D,

B YR < AR R ISRV T, K
WEIR « IR 72 & OFGEIER, Wb B 18
FAEMRIE R BB MR E R DER A
HobbdZ EMbhoTnBEY BN, &
A A X VLA & D R ERIE IR
(0% « ) ~DBHEAIZ DWW CIERH 72 843
2\,

ARFFED BHEGIE, ¥ A A5 VHEILEW
DS BN SR AT B 2 B BT DWW TR
THZETHD, BT, K- FIERICEE
T HE0E ERHE S O LF UEEICD
WTHRET %,

B. WF3EHE

1 &GE Rz Ak (NCI-H292) 38 L OVEH
b NRE EREBRCBTAE A AR
FE WS R (ALR) FEHRL

OB _E AR (NCI-H292) B L OV E &
b MRJE B HIE O ARR ZE3H A RT-PCR ik
Bl O Westernblot {EICT, A vtE—
B R T LrYL TR BT o 72,
2 Kl kR fasE (NCI-H292) 76 -1
N A UEA

SE b FAE fE BE (NCI-H292) % AhR
agonist THAXL V'L (BaP) T 24
RERI L 2 D% EIEHROY A M A v
% cytokine array (ELISA){ETHIE LT,
3 KUl _F R HAakk (NCI-H292) O#EE 45 1
E-cadherin

RE b M RE Bk (NCI-H292) % AhR
agonist THHX VL (BaP) T 24
FFEIRIE L. F D% E-cadherin I %
RT-PCR 71 L (M Western blot {EIZ T, A
vl =T B R LAV T R AT o T2,
4 KB B R fRaRk (NCT-H292) 73 & D I FF
VREAE

SOIE - B @ Bk (NCI-H292) 4 AhR
agonist THHX VL (BaP) Tilil
WML, OH%ALAT FHE % real time
RT-PCR £33 L OV PAS e ikl T, Aotk
— e BN LYV TR BT o T2,

— 152 —



