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Heme oxygenase-1 (HO-1) is a stress-responsive protein that is known to regulate cellular functions
such as cell proliferation, inflammation, and apoptosis. In this study, we investigated the role of
NADPH oxidase on the expression of HO-1 in human liver hepatoma cell line HepG2.
Diphenyleneiodonium (DPI), an NADPH oxidase inhibitor, markedly inhibited HO-1 expression and
the nuclear translocation of transcription factor Nrf2 in cobalt protoporphyrin (CoPP) or hemin-treated
HepG2 cells. Similarly, the knockdown of p47""™, a cytosolic factor for NADPH oxidase activity, by
siRNA inhibited the CoPP-induced expression of HO-1. In addition, GSHmee, an intracellular anti-
oxidant, blocked the expression of HO-1 in CoPP-treated cells. Based on these results, we conclude
that the blockage of NADPH oxidase with DPI or p47""™ siRNA inhibits CoPP-induced HO-1 ex-
pression in HepG2 cells, and also suggest that the expression of HO-1 in CoPP-induced HepG2 cells
is associated with increase of intracellular ROS by NADPH oxidase activity.
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Heme® tjAME ZEsh= &4¢ heme oxygenase-1
(HO-1) ferrous iron, carbon monoxide ¥ biliverding HA}
AHE 2 gHE ol a1[7], biliverdine biliverdin redutase®l] <]
3 ZEs Fatsl 8-S Hole bilirubino 2 ST
HO-134 1 thApit=& &
AT 54 49 @ o tst a4
dHA UTH8,26]. HO-12 vt £/ AEA A543
cytokines [6], A4F4 AFEN[11], ultraviolet radiation [30], met-
al [24] 5 93 Fr=doh HO-19 2de Aalzdda)
NF-E2-realated factor-2 (Nrf2)oll 93] ZHHH, mi-
togen-activated protein kinases (MAPKs)oll 23X % 28 =
= Aoz &2 A 31tH20,29]. Nrf2= redox statusol] T 73k
A A}Q1 2} (redox-sensitive transcription factor) 24 okt &
Ak a9 frAat wded dojeh Nrf2e Al 22U o A
Keapl¥#} 5 3HA| & o] Fo] B4t Jejz EAjsta AT
[2], reactive oxygen species (ROS) 59 At=¢l 93] &4ls}
o] d& 02 o] 53l antioxidant response element (ARE)
o Z¥3oZ NAD(P)H;quinone oxidoreductase (NQO1),
glutathione S-transferase (GCS), HO-1% #-& o8 7]
sl aasY FRA EHS F7HAITH14,25,27].
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NADPH oxidase= G2 FAH wud Bgdi2 4
A= o3 AlE W ROSE A7 E40]tH21,23]. ©]
B o ol el po1P™, p22P s} Al £ 21719) GTPase
Racl, p67™”, pa7™ 2 A E o] gom, AF Y A5 Hgo|
u ol Fa3 4e-E @3t} Diphenyleneiodonium
(DPI)= NADPH oxidase, nitric oxide synthase, xanthine
oxidase @ NADPH cytochrome P450 oxidoreductase®} 2
< flavoenzymesd] &4& JAste EZ2 9 AHEHL
1tH[4,19,22]. ©] £ flavoenzyme?] flavin Z7]& o] &3 x4}
=2 diphenyleneiodonyl radical F&]Z DPIE ¥ A]7]
, Az ow il Aol heme &0} flavin®} covalent
phenylationg ©]Fo] A 245 Yelll Al "t}5,15]. o]
g v Eo] Aol Ao x B3, DPIE t%d £H9 A
A flavoenzymes 53], NADPH oxidasell 2|3 A4
HE ROSE AN FEZ HWSA AMEHT T
[412,16].

B Ao Az 7hH EFQ HepG2ol A DPI £+
p477" ol th 3 small interfering RNA (siRNA)S A}-&-3}¢]
M3 W) NADPH oxidase®] &4 947} CoPP 5ol 93l =
5= HO-19 S7F WA= 93-S ZAHAT 3 CoPPo
og HO-1 frx#t 48 #A o= NADPH oxidasel] ©J 3t
AE W ROSY Aol eFHTE AL HoFT}

SO
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CoPP, DPI, protease inhibitor cocktail, hemin, L-gluta-
thione monoethyl ester (GSHmee)-2 Sigma Cheminal Co.
(St. Louis, MO, USA) Al&-& AHE-3l%th HO-1, Nrf2, B-actin
o tg &A= Santa Cruz Biotechnology (Santa Cruz, CA,
USA) A1ES 7481%th Bach13} pa7™ol] tigt A& Cell
Signaling Technology (Beverly, MA, USA) Al &< 935t
AH&-3}%9 ). Enhanced chemiluminescence (ECL) Western
blotting kit= Amersham Pharmacia Biotech. (Piscataway,

NJ, USA) AES AHEatT

WLl

Ao A AHEE Q17 M EF HepG2E
ol A FYsFA T Az ol B2 3 minimum essential
medium (MEM), fetal bovine serum (FBS), &4 A, tryp-
sin-EDTA+ HyClone Laboratories Inc. (Logan, UT, USA) A
g TYste AHEs9l e, HepG2 Al X+ 10% FBS, 100
ug/ml streptomycin/100 U/ml penicillin®] %% MEM Hj
FAH M 5% CO, 22194 37°C incubatoro] A # &3}tk

LM EFE

Western blot analysis

k=& A ¥ ¢ HepG2 Al E PBSE A ¥ ¢k $, protease
inhibitor cocktail® 3233t lysis buffer (50 mM Tris-HCI
pH74, 150 mM NaCl, 1% Nonidet P40)E H7}3}e] AE9
A4 g AS 22319t} Bicinchoninic acidE o] &3] 3
Fatal, TYs o] dHAS 10% SDS-polyacrylamide gel
o Z7]YE ¥, electroblotting apparatus (Bio-Rad,
Richmond, CA, USA)Z o] g3t @M AL nitrocellulose
membrane®]| ©]& A Zth. Membrane> &2 H]E-0] <]
B3-S uh7] 98t 5% skim milkel] 1A17F &2
% dagh 42 A 2 horse radish peroxide (HR
w0} A& 23} rabbit A S THEAIZ T FHE WA ELA
+ ECL kitE AF8-3}9 Fujifilm Las3000 (Fujifilm, Tokyo,
717194 @A dE S BAe gl

At TR,

dES AHHd AEE PBSE A3 %, Fermetas
(Waltham, MA, USA) A9 ProteoJET" Cytoplasmic and
Nuclear Protein Extraction KitE ©]&3} #|Z2A7} 3438}
T protocoldl] ATt A 3 Gl dS Belsiglct. &
E] ® Z+z}e] Gl AL bicinchoninic acidg o] &3t ©9 A

< A FsFAt) 18]l Western blot analysisE ©]-83}4] £4
S, AEA 2 & dd 9 dS =437 935+ histone
% B-actin®] gk FAE 47 AHEsEATH

Immunofluorescence assay

Ut fat-free glass slide7} 22130 plated] AL E BF
g 5 B A5y PBSE AMES Al HE &, X E
IAAF17] H8A 4% paraformaldehydeE 72l A 5% 1t
A7 F, PBSE A Y3 At 1 o AE permeability S
=0]7] 95 02% Triton X-100/5% FBSE 4204} 103 $9t
HESAZ T g A Zo Nrf2 A S 1417 59 w121
3 FITC7} #35]0] & 27} rabbit FAE WA AE

W fluorescent image= confocal microscope (Olympus,
Tokyo, Japan)E AH&-3te] &34t

Transfection of small interfering RNA (SIRNA)

p47" hox o Az1= silencing 3}7] 9]3}4, 21-nucleotide du-
plex siRNAE Dharmacon AH(Lafayette, CO, USA)ol =<3}
o] ALg-3tTt HepG2 AEE 1x10° cells/mle) ==
60-mm disho] £33 5 12217 W Fe 3, 6 pd7”"™
siRNAZ Invitrogen (Carlsbad, CA, USA) #1%<! Lipofectamin
2000 reagents ©]-&-3ste] A|ZA} 38k protocold] oA
3} transfection 3} T,

4ot 3 o
ZIAM S HepG2ol| A DPIOY| 2|5 HO-1 &h&e] x|

HO-1¥ I gARIE L gz 1 am]ix}ugoﬂ J}Eﬂ:al &
2—]7\} leﬂ# E/\J D:l/Hoﬂ 01161:0 F= /11]_,3_ 1H
8% QAEo|t g Al EllA HO-19 I %
S 2telA ~E# 2 (oxidative stress) 5ol 93 Al E
29 &l et R A-EE Yehla, 2o s o
A FANE o] 9h3lo) 7)ojgitty HuEw 9lTH13,18]. HO
= /‘éo o\—_—/\]ﬂh 7]_‘—:-;]6—]_ Exﬂ__o] ULO] Oli'%z% %

3] porphyrin Al €] CoPP9} hemin 5°] Bo] A&
Aol A AH-E NADPH oxidase®] /S A dfst7] 9Js}

DPIE AHE-3FATH17]. ¥l 521 HepG2 Ao thofst
FIE(10, 50, 100 uM)2] CoPPE 244]7+ 53t A 2] 3}ed, CoPP
J 93 HO-1¢ &3o] % 9&EZ 0 2 Z7}3+S Western
blot analysisE ]88} #4139 th(Fig. 1A). DPIE &= H
(1, 10, 50 uM)E 1417 M A 2] © HepG2 A2l CoPPE A2
S ZA5-dle HO-19] Tl o] AAsHA Haste A
3+t (Fig. 1B). ©]+= DPIol &$ NADPH oxidase$] &
A7} CoPPoll 918 HO-19] A 2dS frarivke
< Y= Aol & 4 gtk & HOL fr=A= AR H =
heming A 2]8tH& W= CoPPE A28 Z-¢-xd DPIol
o HO-1¢] &dlo] #Ae] Haste RS #2d F At
(Fig. 1B).
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Fig. 1. Effect of DPI on the CoPP-induced HO-1 expression in
HepG2 cells. (A) Cells were stimulated with various con-
centrations of CoPP for 24 hr. (B) Cells were pretreated
for 1 hr in the absence or the presence of DPI (1, 10,
50 M), and then incubated for an additional 24 hr with
100 pM CoPP or 50 yM hemin. Whole cell extracts were
analyzed by Western blot analysis using an appropriate
antibodies. -Actin was used as an internal control for
equal protein loading.
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gt A 7F HO-19 AAFIAF Nrf2ell w2 <
A, A=) g HO1e] F374 2ae] A
Nrf29] o9 o] 53} o] AE W ¢4 F7t= 7t
= AoE dEA Stk Az A=0] &1 Keaplol F25
o] B4 = EAsY N2t 8435 dgs do=
ol F Al ArH10]. o2 o] FF Nrf22 Mafs} 2gste] A
A QAR LA JE BachlS oWl HO-1 34249
ARE #% 9o Agtste] F14 @S A5 Ao
BE 3 QITH9L. £ Aol A HepG2 Al Eo] CoPPE A 23}
92 v oA H%E A%E 2 5 e, Nie) 9oz
B Bachs] AZ 9N 319 A HOAS 37}
Z8 & ANATH(Fig. 2). 28U, DPI9] A )= CoPPol| <]
X5 Bachl9] A ZHZ ] o]5¥ Nrf29] 3029 o]
o %}5_ 3 AAA AT o)== A TA ¢ 3 gL 2l

3 gk Western blot analysis¥} immunofluorescence 4]
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Fig. 2. Effects of DPI on Bachl, Nrf2, and HO-1 expression in
CoPP-treated HepG2 cells. Cells were pretreated for 1
hr in the absence or the presence of DPI (10 uM), and
then incubated with 100 uM CoPP for an additional 24
hr. (A) Nuclear and cytoplasmic proteins were isolated
and used for Western blot analysis. Antibodies against
B-actin and histone were used for contamination of the
nuclear and cytoplasmic proteins, respectively. (B) Cells
were fixed, then reacted with Nrf2 antibody for immuno-
fluorescence staining by confocal microscopy. The right
panels show superposition of Nrf2 antibody and PI im-
munoreactivity (orange).

HO-1 Z&0flM pa7™™™ silencing?| &2t

HO-1 & 4 o] NADPH oxidase®] A< 823}7]
$35te] SIRNAZ o] &3t th NADPH oxidaset ZH5-2F ohal
A1 p91P"™, p22P" e} A EA 9171 GTPase Racl, p67™,
pd7" & FAE 0} gl om[21], p477"¢] E&E knockdown
AlAX NADPH oxidase?] A4S AAAZ & AT3]. &
AT a7 o] WL A 8}7] 93k pa7" mRNAS}
ZHd38= oligonucleotides 5, siRNAE A8-3t4) NADPH
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Fig. 3. Effects of p47""™ siRNA on Nrf2 and HO-1 expression
in CoPP-treated HepG2 cells. HepG2 cells were trans-
fected with siRNA for the silencing of the p47"™"™ gene.
Then, cells were stimulated with 100 yM CoPP for 24
hr. The cell lysates were used for Western blot analysis.

oxidase] 23& AT pa7""e] @ sRNAE £}
Aoz p™ fadk WA Hoh AX o el o
S8 FAA AT 2 A, p47phox silencingdt Al 32l CoPP
£ A7)8 A¢E control IRNAS A 2] 3k A £} Bl g o
AAFIAF Nif2 2 HO-1 HdS dA3] 7HAaA7]E Aoz
UESttHFig. 3).

HO-1 L&A GSHmee?| 2}

DPI =2 p47 47Phox silencing®ll ]38t NADPH oxidase €3]
A= {3 A=ol 23] NADPH oxidaseo] 2|3t A Zuj
ROSY A4S AAI7IA At £ AFA A3 o]
NADPH oxidase?] 24| &3H= CoPPS A}=Ho] 2] HO-19)
HES AAAIZ I, o= CoPPell 93t HO-1 d ] Als e

o
R
)

- s s [ Nrf2
HO-1
B-actin
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Fig. 4. Effects of GSHmee on Nrf2 and HO-1 expression in
CoPP-treated HepG2 cells. HepG2 cells were pretreated
with 1 hr for 50 pM GSHmee, and then incubated with
100 uM CoPP or 50 yM hemin for 24 hr. Whole cell ex-
tracts were analyzed by Western blot analysis using an-
ti-Nrf2, anti-HO-1 antibodies. B-Actin was used as an
internal control for equal protein loading.

B oA} NADPH oxidase @ 1 &4d] 9af AAE = ROS
7b Aesite AL AJALS. 2gA, AE U ROSS 744
71e Ao g deixl ditst Q1A GSHE &35 Fobr skt

[28]. GSHE A2 W& 5012 5 gl7] "2 & A3s 913

A A Eeg F38 4 9= GSHY ester formQ! GSHmeeE
AHE-3HH T GSHmee= Al E W) esteraseol] 28] 23] =] Al
I GSHY %S Z7M7]E ALE AHE-E & Y1) &v]
EZAE, GSHmee?} A9 A|XEo|A+= CoPPY} hemin®]
Nrf2¢] &43& S7M71A %8t4lal, 1 A3 HO-19 2 s
TEsA Xate As ¥ F ASUTHFig. 4). o] AFHe AXE
W ROS7} CoPPH hemin®l €] HO-1 32 wéd 7 ¢
T8 98 S e AS 9.
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EE:017F HAMEF HepG2oiM NADPH oxidase &M A0 2|8t heme oxygenase-1 &

o4 HO19) #3874 2@ 4L Z/M7e 498 GEAZ LAA AT HOAE
BEATE A77) s 4993 e}, T A48 J18e telaE
o]

Ir

}11 zl L=

i
Atk —E~ le%oﬂﬁ—t« porphyrin A €2 CoPPY] Ao o8] fE5%E HO-1 F44 2] A NADPH oxidase2]
Aol MA= TS AT TFHAEF HepGell A 2AFeHG T i 51 HepG2 A £l CoPP= HO-19]
S Loz o g Z71A7)E AL 39390 NADPH oxidase AsA 2 2 2ei4 9l DPIE A2
3t & CoPPE A}=3 A X A= HO-19 ¥ o] ZEstA JAsE AL Yelstt DPIY ojd A4 a7}
HO-19] AAF 2204 Nrf29] SAe= 43S £ & 7] Wi DPIE AAe] & F CoPP Ao <3 Nrf2
o ool o]FS BNt 2 23}, DPIE CoPPol &l frEse Nrf2e] 3o 29| o3 AX W £43}
E %S gaANgE AL gelstyrh & HO-1 2 4542 484 e hemind I3 A5 A5
DPIE HepG2 Al £9] HO-19 &S dAshe &32 Yehhdth 283, pa7" o thE siRNAS AHE-3o]

AFHHO T pa7" f A2 LHL knockdown A|AX NADPH oxidased] E4S JAA7]E WES AH&3LS
o 1 Ay, p47phOX silencing @t A2l CoPPE * & ¢+ 739+ control siRNAE A 2| $ Al Z e} vl o HO-1
walol WA PARE BIY 4 AUk vhATO R, AE U] ROS A4 A3 GSHmeert #2) A%
A& CoPPY hemin®] Nrf2¢] 84S Z7tA71A &893, 1 23 HO-19 2dE f5dx £ie A4S &
T A=), o|= ROS7} CoPPY hemindl| 9]¢ HO-1 314 & #Qo 283 98& dhe A& vlsith

ol FH 2 uw), A TAMEF HepG2olA CoPPHt hemin®] Aol 93 HO-1 F284ke &&=
NADPH oxidased] &4o] S48 TE A& & 4 2, 2 48L& AE U ROSE A48A7= Aoz 93
okl o Az



