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Research for anti-inflammatory and redox effects of antifungal drug
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We demonstrated that ketoconazole exerted anti-inflammatory effects in addition to an
anti-fungal effect in human skin keratinocytes. The effects are dependent on activation
of aryl hydrocarbon receptor (AhR), which induced Nrf2 and NQO1 leading to inhibition of
ROS, IL-8 production, and DNA damage.

SR TE R
(ERHNL 2 1)
B B & g
AR ERR 3, 300, 000 990, 000 4,290, 000
oo et EHE
FIBFR SR - HIH - WRRERRES R AR
N

F—U— R KERE - BES

1. WFZEBHaE YD = (Tsuji G, Takahara M, et al. J dermatol

XA FXv U HIZZSRIKTH D aryl
hydrocarbon receptor (AhR)IIZFEST 5 &\

Z DK TH D AR signaling & 154l
T 5, £l M7 IR ) A4 R & H AhR
RS L. ZOEREE 21535, BEE
FOIL, FRNaBIZEENDL FEERTA A
XFLUUHTHLIN YL A R
Jalz# 5. L7z & Z A, AhR signaling Z {54
fL. CYP1A1 B3, i&MERE%E (ROS) pEA
I UCRIEVEY A A THD 18 &
HESTDHEEYOTHL/MT L, BEICX
DGR R ) = X LD — bk EWE LT

Sci, in press), KEMILIZIHB VTS AhR
signaling A HEREAYIZM) < = & D3RR S 4L72
Z EZ D, F 12 N2 13, P b (redox
system) DAA v F L LTEERSTTHD
23, AhR &l LT | IEMEREE 7 E Og
fEA P L ZAZMEIL S D Z BRI NTH
%, Z O Nrf2 Z@&IRmIZIEME S g,
Bz IR E A N VA RIERUG D ML A& B
HCTXxDAREENRD D,

T = VREREE, 7 ha) Yy — (KCZ)
1L, RIEMEEREZ T TR, RIEMEZEE
BOWBRIC—EDIEDHE SN TND, T



N, BEEE~ 7B F 7 NEE S5 RIE
IS ZIET 5 ENIEFRB 5 TH
720 L LR, KCZ X E BRI RAE K B
KEMHIL > D Z ERHALMNI 2oz, #Hilx
X KCZ it hEFEE U > RBRICR W TR TERE
F#(Reactive oxygen species: ROS)pEA 4]

#] L (Biochem Pharmacol. 2006;72(4):463) .

b FREMEIZEBNT INFa il i T T s

EHA CPEAZIHIT D, OFERLHET T,

RIZIWCHSENTIE WA KCZ It e FATHI
(2% % AhR signaling D&MV 2 R~Ee4 %
#4E (Toxicol Sci. 2007 May;97(1):32) 73 %
STz &M, Fxix, KCZ 78 AhR-Nrf2
BIEMALL 9 DO TIER W &% L T
7=,

2. WHEEDHW

TV RPURERIY, HEEYYEL T Tl
KR & IR RIEMERERBIZ S HTH D75,
BN LRHRIEERZA L TND I &0, W
LI/ TE, L, TOEFIZON
TIHEEAERHATH D, RO B,
b MREMAIZEH T D aryl hydrocarbon
receptor (AhR), B X O & i L. redox
system O X A v F TH & % nuclear
factor-erythroid 2-related factor 2 (Nrf2) %
LTz, 7Y —IVOHRIEEF D A T = X A
AR L, BRRICHA~ RS E 52 &
Th b,

3. WHEDIE
(DEEF e RIS TV — LR E 5
%P5 LT, ARR-Nrf2 OGP O f M % Rt

T 5, SwNHUAZE A= Yt 24TV, AhR,

Nrf2 BHIIE D N A~BITT D0 E 5 »
BT %5, £7-. qRT-PCR % VT AhR &
MALOFERE L 72 5 CYPIAL ORB A2 TR T 5,
Nrf2, NQO1 M%8i% qRT-PCR, V= A X 7
o v N CTHRET 5,

(2) INFa oYL TEEEE NEZ
AR A RN L IEEER R ORIEMEY A N A
VOFEA, DNA BREE 2RI 5, FiiTxtd
D7 — VO R A RET D,

(3) ARR-Nrf2 (IR L CTNABE D Dk,
SIRNA DEANIZEY /v 7 Z0 2 LTRETT
D

4. WrIERE
(1) PIEREEK (Frarry—i (KezZ)., /v
JaFy—, FAEFT 02) BEFEE b

FRMRICER G LIz 2 A, 7Y —LR T,
AhR, Nrf2 ZiEMALT D Z &M L7z, %
{2 KCZ 1%, Nrf2 OBN~OB &2 ik < HE T
LD ENGERATHLNE o T2, £
RT-PCR & WA ¥ 7y MNIL BB T,
Nrf2 @ mRNA B8 L ONF /%7 LUV TR %
FEE L7z, &5, ZOTE 72 5 fEEREHR
D 1>, NQO1 O3B Z mRNA B L ONHX X7
LAVTCRBEEZRERZ L (FK),

et
12

2.5

g
=)

2.0

N N
2 @

Fold change in Nrf2 protein (KCZ / DMSO)
o
o

Fold change in Nqgo1 protein (KCZ / DMSO)

o
=

- 0.0-
DMSO 100nM  1uM DMSO 100nM _ 1uM
KCZ KCZ

(2) WITKCZ OHFRIEVERIZ OV TGS
D=, INFa i FC KCZ &b MR
WG Lo, ZORER. INF el X 0 iEMER:
F L IL-8EANHE I NN, KCZ IZZEN S
ZANH T DR RN G S,

© 1000; .
E 800
(=]
&
§ 6001
B
3
8 4004
[=%
K@
= 2004
ol 1 B
DMSO KCZ DMSO KCZ KCZ
(1uM) (100nM) (1uM)
TNF-a
(50ng/ml)

(3) EBIT, AR E721EX Nef2 OV g
siRNA ZFHWTC/ w7 X358, KCZ @
PR Kbz, 72 Nrf2 OTFEMHEARIE,
AR @ w 7 B ke s -t bbb
Motz, X5IZ, AR OFMBY H R 1
DTHHNUYE L L, v FEREMENS
IL-8 D FEHA & DNA [ %2 K k3 %
8-hydroxydeoxyguanosine D EAZE LT3,
KCZ 1226 b2 2 EBHLME -
7=,



DMS0 TNF-a + KCZ 1uM

si HI.‘:J'-R{-M R)...~

IL-8 production

(pg/mi)
5 Si RNA (control) Nrf2
1000 = Si RNA (AhR) kf""k knock-
= Si RNA (Nrf2) oy 00
800 — T
600 si RNA
(con:m«,’
400 _ '
200,
0
TNFa + + + + +
(50ng/ml)

KCZz OmsO100nM 1M 1pM 1pM  1pM

INDDOREENS, KCZ 1T AR ITHEST 5 2
& T Nef2 Z2iEM b L, filgfb, FLRIERNS
ERETHIENRBIN, I, IR
FTICHMHEISN TR H LA S
=ZAALTHD, FlIyz—~%&RT,

Fiz, e s ) R T AR —H
TH KCZ & [AERDOBESF CRIEMGIZNR DG 5
NAHZ ENHB LT,

/ cﬁ-oxin, 1 -1\-\
[ benzo(a)pyrene| —|KCZ |

N
{

|ABR || :> Nrf2
1]

\/

TNF-a |ARE

"";O'Q 5w
) o NS/ R redox enzyme
CYP1A1 L Oxld/\'jve ~ ) (e.g. NQO1)
L gaesdy [
S il

'\\ 8-OHdG and IL-8 production @-

(4) FOfh, KCZ X AhRR 47 LT Sirtl %
ML, ARV 7 ) URBREZHFEL TH
ILEfEd Z ENBH LN o7z,

5. E7pdEFm L
(WFFeaE . WF7Eo 3 e OV 784 12
ERNY)

(MERERm S0 (BE - 217F)

(1) Gaku Tsuji, Masakazu Takahara,
Hiroshi Uchi, Tetsuo Matsuda,
Takahito Chiba, Satoshi Takeuchi,
Fumiko  Yasukawa, Yoichi  Moroi,

Masutaka Furue. Identification of
ketoconazole as an AhR-Nrf2 activator
in cultured human keratinocytes: the
basis of its anti—-inflammatory effect.

J Invest Dermatol 2012
Jan;132(1) :59-68.
(2) mEEIER, AbFfR, KITHTZ . AR

T, BHE DA, AR, LM 7
HETER, HILHEE BT R - bERr—
YTXFRAICLDE NEEMLO N2 35

J WNqol EEAETUEE 78 H AR SRR
(&) Gt 410)
(1) Masakazu Takahara, Gaku Tsuji,

Masutaka Furue. Immunomodulation by
tobacco smoking: A possible mechanism
exacerbating skin diseases. 22nd
World Congress of Dermatology,
2012/5/24-29, Seoul, Korea

(2) Tsuji G, Takahara M, Uchi H, Takeuchi
S, Yasukawa F, Moroi Y, Furue M. Aryl
hydrocarbon receptor modulates
keratinocyte differentiation by SIRT1
expression. SID 71st Annual Meeting
2011/5/4-7, Phoenix, USA

(3) Tsuji G, Takahara M, Matsuda T, Uchi
H, Takeuchi S, Mitoma C, Moroi Y, Furue
M. Ketoconazole activates nuclear
factor—erythroid 2-related factor-2
(Nrf2) via aryl hydrocarbon receptor
signaling pathway: A possible
mechanism of anti—inflammatory effect.
22nd World Congress of Dermatology.
2011/5/24-29, Seoul, Korea



(4) Tsuji G, Takahara M, Yan X, Hachiya A,
Uchi H, Takeuchi S, Yasukawa F, K.
Takei K, Moroi Y, Furue M.
Cynaropicrin, an extract from
artichoke, inhibits UVB-induced
oxidative stress in cultured human
keratinocytes. Society of
Investigative Dermatology 72nd Annual
meeting (Raleigh, USA) 2012/5/10

6. AT

(D) WFgefzs

HEJE IEFn (TAKAHARA MASAKAZU)
FJUINREE « KRBT - GAm
W& T« 20398093

(2) WFFEs3 184
( )

WHoEE 5




