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Fig. 1. Possible mechanisms of immune-mediated liver injury.
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EERAWDZ EBNZV, LML, & FEKH
7 &R DB OFEHTIE, = FE
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FAET T 4 CETNRERERESBE AR
BIEDOHRBICANONET INT I VRO
FIEEIETH D (Gupta and Shear, 1997),
FNAET 7 4 v OREAFIEBARSLECK TR
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Fig. 2. Structures of antifungal drugs used in the present study.
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B-1 SEBRMEG L OE RS

TNET T 4 VIR
Rt T oY — b, PMA FGHESE T
% (Osaka, Japan) L VEEAL, b F&
PEBCERME (5 B S THP-1 AERE Y, BREF Y
— X2 (Tsukuba, Japan) K YVEEAL
7z B bAMERTEBEME B P Bk HL-60 4
fads L O Ak REME B R Bk KG-1

A8 American Type Culture Collection

TTr 74 o8

(Manassas, VA) X DA L7, RPMI 1640
X B /KBIEE (Tokyo, Japan). FBS (L
Invitrogen (Melbourne, Australia) £ Y
HEA L7-, 24 well plate I8 L TN 96 well
plate I Becton Dickinson Labware
(Franklin Lakes, NJ) X 9B A L7, Human
TNF o ELISA Ready-SET-GO! ™33 X U TMB
Substrate Reagent Set Id eBioscience Inc

(San Diego, CA) & Y. Human IL-8 ELISA

MAX™{Z Biolegend (San Diego, CA) K ¥ i
AL, A L/EVa—L (R v T
7 L—.) % Nalge Nunc International

K.K. (Tokyo, Japan) X WEEA L7z, BSA
i% Sigma-Aldrich (St Louis, MO) X v
A L7z, ReverTra Ace [ZHPER (Osaka,

Japan) £V, MG INTPs (37517
— + ¥ % (Tokyo, Japan) X VHEAL
7z. RNAiso, T & L~FH<—, SYBR

Premix Ex Taq™ (Perfect Real Time) &%
4 7 /54 # (Shiga, Japan) & VEA L7z,
TIA 1 3BE AT YA =R

(Sapporo, Japan) (Z&RLEKHE L7,

Reference Dye (Z{% Brilliant SYBR Green
QPCR master mix (Stratagene, La Jolla,
CA) MMROLOEMER L, HYeHEFHE
NanoDrop (Wilmington, DE) ¢ ND-1000 %
L7z, V2 J A—4% —{X Perkin-Elmer



(Wellesley, MA) o> Wallac 1420 ARVOMX
L7z, U0126 33 J OY SB203580 (3F1E
M T ¥ (Osaka, Japan) £ ¥, SP600125
I% Calbiochem (Los Angeles, CA) XY H#
A L7z, LPS iZ Sigma-Aldrich (St. Louis,
MO) LVWEEAL, UHFHie b
Thr202/Tyr204 Y > E&{t ERK1/2 Hulk. 74
XH bt b Thr180/Tyr182 V > f#{k p38 MAPK
ik, wY-X¥H e b Thri83/Tyri85 U VEE

L INKL/2 iRk, U ¥ FHi e b ERK1/2 K,
UHXHLE b p38 MAPK Hifk, Uv¥-FHie b
INK1/2 Hifkid Cell Signaling Technology
(Beverly, MA) X VA L7, AlexaFluor
680 ¥ X HL 7 ¥ ¥ 16 X Invitrogen & 0 i
A L7, CellTiter-Blue Cell Viability
Assay {% Promega (Madison, WI) X YA
Uiz ZOMOREIZFOMIE T RSO
WEIIIEFRDO L DE W,

Table 1. Sequence of primers used in the present study.

Primer Sequence

Human IL-8-S
Human IL-8-AS
Human TNFa-S
Human TNFa-AS
Human GAPDH-S

Human GAPGH-AS

5’-CAGCCTTCCTGATTTCTCTGCAG-3’
5’-AGACAGAGCTCTCTTCCATCAG-3’
5-CTTCTGCCTGCTGCACTTTGGAG-3’
5’-GGCTACAGGCTTGTCACTCGG-3’
5’-CCATGAGAAGTATGACAACAGCC-3’

5’-TGGGTGGCAGTGATGGCATGGA-3’

B-2 Mifukigd L UEYLE

THP-1 fA&i% 10% FBS, HL-60 35 & OV KG-1
FRELE 20% FBS % &¢e RPMI 1640 T 5% CO,
FHET, 37° CTHe&E LA, 1 X 10°
cells/well @ THP-1, HL-60 ¥ 7~} KG-1
fa% 24 well plate {21 mL/well $°>#%FE
L. #Ba3K% 5T RPMI 1640 T L 7=,
WHREL LTV EF 7 4 VIEERE, 75
FT 4 VB v aF S — vk BT,
YA E . 24 well plate EDHIfukEE
BEECXyT 4 7LV EEBL, 1.5 nL

DF 2—TZK L1, 5000 rpm, 4° C{Z
THoHEOHBEL, EiEEZH LV 1.5mL
Fa—TWZBL, -70° C THMHERE L,
Total RNA ZFR3 5712, TLE L7
fEid 1 X PBS T¥Ef L7=%., 500 uL

RNAiso Z MR CTERy T 4V ZIZ LV IA
L7, LT, ~10° C CHUESERT L,
T, w7077 — IR THP-1 Mifa % A
DRRETTIE, 2 X 10°cells/well @ THP-1
FAE % 24 well plate {2 1 mL/well &

fEL. 100 ng/mL @ PMA %4 %r RPMI 1640



TR Lz, 48 BFMIRICHERIKAIRE, |
X PBS T Lizik, #BRIEA 5T RPMI
1640 ZALE LT, HYALER, & LEE
LWLl Fa—7ZHL, -70° CT
HFERTE L7z, Total RNA 2RS4 572
(2, 24 well plate EOHIfIZ 1 X PBS T
Verg L%,
IEE L7, By 7 1 v 7 TRl L7k,
IR A EIL L, -70° C CTEMERE LT,

500 u L RNAiso % T54%4y

B-3 ELISAICL D IL-8 KB LUNTNFa ¥

YRTBEDE

B-2 CEX L7z Miflaks® EEF o IL-88
L OVINF @ # 27X 7 B P EE VY Human IL-8
ELISA MAX™ 3 J " Human TNF o ELISA
Redy-Set-Go! ™MD~ = 2 7 WITIETEZ N2
TUTORFETRHE L, 96 well A5/
WM LT

capture antibody % 100 uL 9 2&MIL.,

32— /2 coating buffer

4°C C 12 BFf#HE L7z, 0.1% PBST T 5 Al
Ve L7-#%. 1 X AssayDiluent % 100 u
L3 oML, BT 1 EEREEE L7z, 0. 1%
PBST “C 1 [EI¥E# L7k, & LIEY T
L X AssayDiluent % AV CEEPEF
R %47 - 7= recombinant human 1L-8 ¥ 721
recombinant human TNF o % 100 p L 3O
L., iR T2 KeHFHE L7z, 0.1% PBST

T b [EIBEE L7 1R,
BH L7~ detection antibody % 100 pL ¢
O L EIR T 1LRFHIFRE L 72, 0. 1% PBST
T 5 EEE LTk,

1 x Assay Diluent {Z

1 X Assay Diluent |Z

¥EH L7z Avidin — HRP % 100 pL $>#M
L. =i T 30 oMifE L7z, 0.1%PBST T
7 [AlYE L 72 % . TMB Substrate Reagent Set
EROWCTIER L7 1 X TMB solution %
TREA ¥
LMY >EE% 50 ul 308
U RS 28 1k 72,570 nm A xR & L,
450 nm DR AEZRET D LICE D ERE
L7,

100 pl F©¥o8ML, |ETI154H
-k L,

B-4 Total RNA FRHY
B-2 CHARE & VA fF S ¥ 72 500 L RNAiso
12 100 uL © 7 v v AR b A% Iz T 16
BWULSBHBL, KETsOMBE L, *
D% 15,000 rpm, 4° C 2T 16 43R L4
BELT-, KEBEH LWF 2—T1H L, 250
uL O Y T r R ) — kRN Z CHRE R
syMEERE U7z, 15,000 rpm,
JHEL . TLR % 500 pL
DI0%TE ) — )T LT, TOHREZ
JEHL L, DEPC JLEEAFRUKIZ ISR L /1% 260
m (21 % WG & NanoDrop ND-1000 1=
L VBIE LT,

L. IR TS5
10 45H1. 4° C T@ELSD

B-5 WHEZEEERIZ L D cDNA DA
-4 12X Vb total RNA D2HELTF
DFHEIZ I Y cDNA G L7z, Total RNA 4
ug, 7 ¥ H h~FH<— (150 ng/ul) 1 pL
{2 DEPC ALFRAE IR AN A T 23 uL & L,
70° C/KHEH T 10 43 PRI BLIE R OKkim LTz,

IHiCh x WEEHN Ny 77— 8ul, 2.5



mM dNTPs 8 uL., WHsEE£3%E ReverTra Ace 1
ul 2z CeEE 0ul & L, LT O5Mt
TYH—<nAHh A7 F7—% AT cDNA &
L7z,
60 4. (3) 98° C T 104y,

(1) 30° C 104y, (2) 42° CT

B-6 Real-time RT-PCR{Z & % IL-8,
TNF o 33 & UV GAPDH mRNA O 7E &
Real-time RT-PCR {Z{Z Mx3000P
(Stratagene) #{EH L7-, 1-2-5 TH=
cDNA Y27V 1 ul, 10 uMDEL AT
A <—0.8 uL (Table 1), 10 uM DT > F
X754 <—0.8 pL. SYBR Premix Ex
Tagq™/X> 7 7 —10 ul., 5 pM Reference Dye
0.3 ul IZIREREKEMZ ., £28% 20 plL
L, ARMLUERNREEROY v
Fa—TICAN, LT ba—L Tk
I8 & o7, R—v R % 95° C € 30
AT o 1ot MEBERUS A2 94° CT2080, 7
==Y T L RERIGE 64 CT208E L,
45V A I NMToTe, T=—V VT EHERK
ISOBRIZ, @Y% real time THRH L7,
45 YA 7 VD RIGHE T, 60° C b 95°
CETIHHLY 0.2° CIRELX LR U/
fR R DM E % 1T > 72, Real-time RT-PCR
RIS TH, 2%7 Hu—2H )L CEKKE
L TR RICHIESN D N ROMERY

f1o7,

B-7 HMALEFRORE

1 X 10° cells/well @ THP-1 8% 96

well 7L — MZ 100 pL/well TOREFEL .
WBRHE &5 o RPMI 1640 T 6 F 7213 24 K5
BELE, #BRELLTTAE T T o
736
V% PN DMSO DR AR EEIE 0. 1% & LTz,
HIMR A fFHIT CellTiter-Blue Cell

TITF T 4 VR, Tvah ) —

viability Assay O~ = o 7T VIZHEV, BL
TOXHIICHEL, BEED 96 well 7
L — h{Z CellTiter-Blue Reaéent 20 uL
FHEML, 10 BRHRE 5%, C0,1 > % a
NR—F—NT 90 S BAERISEITR T,
Z D%, Wallac 1420 ARVOMX T

(excitation: 338 nm, emission: 458 nm)

ZHIE LT,

B-8 A A A ik o> 3R Y

ffakcE %, 24 well plate FOHja%
By T I VBE L, L.5ml OF
a—7 B L, 10,000 rpm, 4° CIZTH
SEELSEEL. LEEZROE, LBRL
7oABARIX 1 X PBS THEM L7-t&. 20 - 100
nL TGE buffer TREE L7-, HMIBRER %
iR ZER L 37° CIRI CHURSRAE L 3 B
WIRL, RATF v 7RI %P —TL <R
Uiz, #2237 ERERENE Bradford ¥
(Bradford, 1976) IZHEVN, y-Z a7y v
ZIEHER H & L Bio-Rad (Hercules, CA)
O Protein Assay kit %&ﬁﬁu\'%??«ofto i
KT 5 %A IR L7z Dye Reagent 200 pl
WZF R 4ul BMATEE L, 595 m
TOWNEEZBE LT,



B-9 SDS-PAGERB LV'DV xR Z T n
T4
P L 7o M aE iR 2 v Laemml i
(1970) I XL W Towbin & (1979) DIHIEIZ
{EIE% SN % SDS-PAGE %17 - 72, JE X 1 mm,
1.5 T 7 UNT I RENMIT25 ug DF
VRUEERET T4 Lz, SDS-PAGE 1%,
transfer cell ZHWH VNIV E% T 7
VT 2 K7 H 5 Tnmobilon—P PVDF fi&
(Millipore, Bedford, MA) (2. EXA (10
V, 30 53f) ICERE LT, ZOE, AR,
77 UNT 2 RV, PVDF JEIL 20% A &
— VERG FRREIR IR L TIT o e 5544
PVDF {4 PBS T 2 [E]¥E# L /=&, Odyssey
Blocking Buffer (LI-COR Biosciences,

Cambridge, UK) ICB L TCIRfI 72 v ¥ .

TEAT o, L IRGUEZ S D BRI,
ZRERYHXHE b Thr202/Tyr204 U »
&1k BERK1/2 HiRi% 2, 000 £, 7 ¥ XHie b
ERK1/2 fiiff, 7 ¥Hit b Thr180/Tyrl8s2
U v Ea{t p38 MAPK fiLfk, T ¥ FHik b p38
MAPK HLIRIE 1, 000 {5, U ¥ FHie h
Thr183/Tyr185 U - Bk{k JNK1/2 fiufk, v
FHE kINKL/ 201220065 & 725 L 91

C. MR

C-1 MEEECLS b FHEERRMRO
RIEVEY A DA EEARED

b N EERCRMAL O RIEME YA b A

Akt T A BEEEORBELRET D720,

Odyssey Blocking Buffer + 0. 1% Tween 20
THRLEZBOEFW, 2 REUKIZIT®R
HAFF S NIV FHL U ¥ 16 fifk %
Odyssey Blocking Buffer + 0. 1% Tween 20
T500EFRLIZbOEHAWE, v¥X
it b ERK1/2 Hifk, v ¥ FHit b p38 MAPK
FifkiZ 4° C T 12 K, £ oMo 1 RbUE
VREIR T 12 W, 2 IRBUATIEIR T 1 KR
BOS &/ Tz, TIRFUAROGH# YL 0. 1% PBST
T5 o4, 2 REFRISHEIT 0. 1%
PBST T 5 &yf¢> 3 E., & 51T 0.1%
PBST/0. 01% SDS T 6 43R T L . xR 1 PBS
T 54 Lic, S FORBIZIE
Odyssey £ 7 F by A A=V TR
7 2 (LI-COR Biosciences) %, &L
Odyssey software (ver. 1.2) % FWTAT

27,

B-10 HestiRAT
2 BERNC B80T D HEEH AR Student’
s t-test IC LV . SREMICIIT 2 MEHFEA
SEAH 13 ANOVA 36 & OF Tukey & 721 Dunnett
BEC L VBT L, P<0.05 ORF, #Et#
FIICEETHD &Yl LT,

100 uM OPEREEL b b BRI IZ L
BEL., 6 I FEIH%D IL-8IBXLWNINFa & N
U EPEA B R ELISAICTER L, TOH
R4 Fig. 3R L7, THP-1 #Hfe, HL-60



MBI D IL8BL O INFa # Vo /0- fo, 100 uM 7N =aF Y — /VOMEIZB W
PEARIX, v bu— L B LT 100 T, IL-8BIOTNFa ¥ VRV BEARED
UMTINVETF T 4V ETET T T 740D BHEZEENIZRD bR oTo, — 75 K6-1
MEICLVARICENLE, &Y., 7 HOREAC KA RIEMEY A MU A EAIT 3 TE
AMEF T4 oBLOTT T 7 ke P ORERFERICKIVEEELZT R o7, LA
ERAMIAAI K ARIEMEY A P IA BXO HOBRFTIE, REMEY A MU VELE
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SHBHERERET A EDRBINT, F WanZ kel

C ) E i
A THP-1 ) HL-60 KG-1
166 . 10
1401
=) = 1204 3 Y
E E 100 E
oD & Y
& & w0 &
o ® 60 0o 47
] "l ] ljll
201
0- 0-
O & ¢
87 @‘9 & o o
> < o N o
< &z( %\3 Q\y&
B D F i
KG-1
12 i
\OTD . ?D j.]) 6 -
& & &
g g g+
Z 7, Z
e = fo 24
eyl
& & & & & &
A~ & QO & &
<F o® Q¥ & I

Fig. 3. Effects of antifungal drugs on the release of IL-8 and TNFa from human monocytic cell
lines. Human monocytic cell lines including THP-1 (A and B), HL-60 (C and D), and KG-1 (E and F)
were treated with 100 pM antifungal drugs for 6 h. The release of [L.-8 (A, C, and E) and TNFa (B, D,
and F) in supernatant was measured by ELISA. Data represent the mean + SD of triplicate
determinations. ¥*, P <0.01, *** P <0.001, compared with control (0.1% DMSO). ND, not detectable.
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C-2 TNETFT 4 o &AE LT THP-1
RZ 31T 2 RAEMEY A N A LV BEA DR
AL,

THP-1 MRS & D RAEMED A b A B
AEORIFHEEZRAOHETHD, LE
B2 b S8 T 100 uMOTAET 7 4
Y EALE U IL-8 33 LUV TNF oo @ mRNA FE 8L
BBLIOIL-8KBLWINFa D ¥ /37 EHpE
A BEZTNEN real-time RT-PCR B L
ELISAICCEE L7z, fiske& LT, THP-1
HIAE D TL-8 35 L UV TINF o D mRNA FE &1,
ayvba—)LEL LT 100 uMTAE
A

20

154 n
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mRNA level
i«
it

Relative 1L-8 / GAPDH

Time (h)

e

1L-8 (pg/mL)
2
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Time ()
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T 4 DOMEIZ LY 1.5 BE% DS 24
R CTHEIEML, 3RFRM%ZICR
W KR TH o7~ (Figs. 4A and 4B) , F
7z, THP-1 ffEIC X B TL-8 & w80 HpEA
BiX, 2 hu— UREL BB L T 100 uM
TNETT 4 o OMNE 3RFEBICLY AR
WM LT, IL-8 & /X0 EEAEO BN
IX 6 BB O TR R K Th o7 (Fig
4C), THP-1 MfIZ L B INFa # > /37 B E
AVX 100 uMTIVET T 4 U DMLE 1.5
ML viBBbh, 6 FHBTRATH-
7= (Fig. 4D),
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Fig. 4. Time-dependent changes in the mRNA expression levels and the release of IL-8 and TNFa
in THP-1 cells treated with terbinafine. THP-1 cells were treated with 100 pM terbinafine for various
time points. The mRNA expression levels of IL-8 (A) and TNFa (B) in THP-1 cells were measured by
real-time RT-PCR analysis. The release of IL-8 (C) and TNFa (D) in supernatant was measured by
ELISA. Data represent the mean + SD of triplicate determinations. **, P <0.01; ***, P <0.001,
compared with control (0.1% DMSO) of each time point.



C-3 PLEEZKIZ X D THP-1 M IZ %9
ba¥ i) uE=Ad

3FEDOFLEFH I D THP-1 AT 5 A
faEME %2 G 572, THP-1 fliflad
AR ERIE LT, EALE 6 REf T4,
72 H THP-1 fif@lc k1) 5 IL-8 B LT
TNF o D PEAYEINAS B & L T & o T e
IZBWT, 100 uMTNEFT 4 TT

F7 4. TNAIF I X BT

A

6 hh incubation

Cell viability (%)
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RBOH BB
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IR LN oT (Fig
PZR ALK I SIANEN
100 uMTAEF T4 v FEXTTF7 4

X DERRMBAEGFREOBLRRD D
M (Fig. 5B), DIEOHEITIL, MlgE
PO BB % B9 5 72 D1, mRNA FEHRE R
KOF 7 EHEARIT, TR YN
& 3 REE% B L O 6 BMBICET S Z &
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Fig. 5. Cytotoxicity in THP-1 cells treated with antifungal drugs. THP-1 cells were treated with the
indicated concentrations of antifungal drugs for 6 h (A) or 24 h (B). Cell viability in THP-1 cells was
measured by MTT assay as described in Materials and Methods. Data represent the mean + SD of
triplicate determinations. ***, P <0.001, compared with control (0.1% DMSO) and terbinafine. {17, P
<0.001, compared with control (0.1% DMSO) and butenafine.

C-4 PEBEZHKAZUE L7 THP-1 fjiz
BIFDOREMEYA b A VEADOEEKE
M2l

TIERFHEOWBRE % FiFCH, THP-1

LD RFEMEY A NI A EALDBE MR
DOENDIPERETT D20,

PR B 3K % THP-1 MRS ALE L, 3 B
BORIEMET A DA mRNA B EE &

10 - 100 uM
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6 BRIEDRIEVES 1 N hA V52 BUEThHoF (Figs. 6Aand 60), /-,
EEABREZERE L Fig 6 17T LI, 10 uMDOTFIVEF T 4 VALEIZ LY, INF
TNET T4 CETNET T T 7 4 v OUE o mRNA IR EIIHEICHM L7223, INF o
WLV, THP-1 MfaD IL-8 B LN INFa lE Z U NV BEABOFERLHEME 50 uM
AR ERFANCHEM L7z, IL-8 mRNA 3§ WETIZCDHTRD LTz (Figs. 6B and
RELLOY VAV HEEAROEEREM  6D),
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Fig. 6. Dose-dependent changes in the mRNA expression levels and the release of IL-8 and TNFa
in THP-1 cells treated with antifungal drugs. THP-1 cells were treated with the indicated
concentrations of antifungal drugs. After incubation for 3 h, the mRNA expression levels of IL-8 (A)
and TNFa (B) in THP-1 cells were measured by real-time RT-PCR analysis. After incubation for 6 h,
the release of IL-8 (C) and TNFo. (D) in supernatant was measured by ELISA. Data represent the mean
+ SD of triplicate determinations. *, P < 0.05; **, P <0.01; *** P <0.001, compared with control
(0.1% DMSO). ND, not detectable.

C-5 ?we%7{y%mﬁbk77 Wb d a2 EBMESNLTND
a7 7 — I THP-1 #ilaIZ 1) A RJEMD (Tsuchiya et al., 1982; Schwende et al.,
A N A A CEEEDORRFZEAL 1996), & Z T, PMARLEIC L D b ST
SHECORF TR, B FEHERRMRIX v r 7y — VR THP-1 Miflaics VW Th,
Kb, TR BHEEMAEObOEER TAET T 4 X OREETA ML
L7z, L23L., THP-1 #AEIX PMA 72 & D5y PEADHEMNBD N D EHRFT LI, <
BB NES S L, v zuT7 7=V 7a7y— UK THP-1 #ilicBi) 5 TNF o
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T oAEZ ML, 24 % CRRKEEZ R

L7 Fig. 7). —F. [L-8 Z L 87 BED
FEA BT 100 uMFIALETF T 4 v OB

oML ZrhoTz,

A B
12 500
4 kK|
= 10 :_g 400 -
£ E
g 6 =
o]
®
I 4 |
= ¢ z
2-
0 T ¥ T ¥ O T T ] T
0 5 10 15 20 25 0 5 10 15 20 25
Time (h) Time (h)

—o— 0.1% DMSO
—#— 100 pM Terbinafine

Fig. 7. Time-dependent changes in the release of IL-8 and TNFa in differentiated THP-1 cells
treated with terbinafine. Before the treatment of 100 uM terbinafine, THP-1 cells were pretreated with
100 ng/mL of PMA for 48 h and differentiated to a more macrophage-like phenotype. The release of
IL-8 (A) and TNFa (B) in supernatant was measured by ELISA. Data represent the mean + SD of

triplicate determinations. *, P < 0.05; ***, P <0.001, compared with control (0.1% DMSO) of each time

point.

C-6 FNAEFT 40 kD THP-1
R o> MAPK & 141k
TNETT 4 o OMEIZ LD THP-1 #
R o> MAPK 2SVEHEL S o a2 B &3
%1z, THP-1 AP @ ERK1/2 | p38 MAPK
BXOINKL/ 2D VBbE V2 X E T
Ry 747k imEt Lz, vk 2 u
g/mL LPS ALIERLIE MAPK U > BR{L DG 6t
BELTHW, TO8E5E, THP-1 Mifla o
ERK1/2 36 L U p38 MAPK U B {A1% 100
uMTIVEF T 40 1 BEALEIC LD
o ba—L &l UCH B L7243,
INKL/2 DY U BRAGRIZIEIM L2 v o e
(Fig. 9), XV TAEFT 10 T,

THP-1 fHAE D MAPK O H1C ¥ ERK1/2 B L O
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