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NAD(P)H quinone oxidoreductase 1 (NQO1) is a flavoprotein that catalyzes the two electron reduc-
tion of diverse substrates, including quinones. It uses NADH or NADPH as a cofactor for enzymatic
machinery. In the metabolism of quinones, NQO1 has two conflicting functions because of the differ-
ent stability of converted hydroquinones. The stable form of hydroquinone is excreted from cells by
conjugation with glutathione or glucuronic acid. The unstable form of hydroquinone induces cell
death by induction of oxidative stress and DNA damage. Certain quinones known as bio-reductive
agents have a cytotoxic function following reduction by NQO1. Bio-reductive agents, such as B-lapa-
chone or mitomycin C, induce the depletion of NAD(P)H and the generation of oxidative stress in
an NQO1-dependent manner. NQOL1 is highly expressed in several cancer tissues. Therefore, NQO1
is a good therapeutic target for cancer treatment with bio-reductive agents.

Key words :
lapachone

MoE

= *}30}04 g 7dsS Suiste Bio|th36].
NQO19| & & 4 243 T F&shs 240]
A2 o] Hladl s o o 22304 NQO19 #d ¥
Aol EA JERITH3, 9]. NQO19] ¢ Al B ZA A =
HEE yeite 54 did & AE5E A frad
S 2 o AA 1, B-lapachone, mitomycin C, EO9 5 9] ¢}&0]
NQO1& o AH&she AASAA =42 4Es ¢ 55
7RG dE A A2, 11, 32, 45]. £ R oA = NQO1
TJr AASDA BH NQO1S 58 ¢ a3 2 11 2§
717 diste] Aelstsitt

=2 =
— —

NAD(P)H quinone oxidoreductase 1 (NQO1)

NQO1¢] %3 ¢ A= Yo &%

Ratdl M= SR il do] &8 & NQOE AE g2
37141 FE & EA3HH, mouse°ﬂ*1£ 79 NQO7t
AR 7158 7HA AL lom, Iz A & 2 F/9] NQO7t &

*Corresponding author

Tel : +82-53-580-3882, Fax : +82-53-580-3795

E-mail : kwontk@dsmc.or.kr

This is an Open-Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http:/ / creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Cancer, cell death, NAD(P)H Quinone Oxidoreductase 1 (NQO1), oxidative stress, [3-

A FHTH19, 51, 53, 57, 64]. Rate] 7, Q17ke] A %2

{t 4 5
Axzdd EAlst= NQO1Y 54 FH4 45A4E A
Hid) 95 NQO1L ZEAOZ 27470 778 vmA =

ZHO}D% 84% 7t A FAHIE 7t
Fo) A NQO13 NQO2E 1=y &te
Ao 747} 54%, 49% 9] FAE 7
FoaAs ﬂi% sh= At A EATG)S &
A% NQO29| 79 72 5A] Tek 437) ofm|iito] 22
Z Cdﬂ%}[zzq NQO1& A E Yol A tjirio] AE
EAsH oF 5-10% AE7t vEZEEo}, 244 59
B2 e 2 ZAFHI5, 67]. 32 kDad] £217} o] A
745 &4 848 YeEY] fixe BREIAR
NADHY NADPHE AM&-3Hth, 3].

NQO1¢] 7]

Ernstere]l ©J3) NQO1°] ¥31%& o, NQOI2 P[EZ=
obe] M Hed] FoF AT = A2 AAKTHIG,
55]. 127 NQO1°] rlEZ=glol &F A9le FALA
7b obdol ¥ AWEA 1 7T E=F AEA EAEIL
Martiusll 28 NQO1°] HIE}T]l K19] thAle] e Aolg}
= Fo] A= JAT o] F HEH K1 NQO1¢] 712 9]
ofd Aoz FAFATH55]. 1980t Zuk 747] B 274 9]
a5 93 YZ EF| = (naphthoquinone)$] menadiones 5
3 Ao HuEA A2 2 quinone A% EFY =2
go] NQO1°o] #ojsttie #o| w8 #th37, 62]. NQO1
knockout mouse®]*] menadioned] Aol F7lES &3
NQO19] quinone 35 2-8-0] 5™ = %12 H[52], benzopyr-
ene?} 7,12-dimethylbenzanthracenedl] 2Jgt % ¢+3}7F NQO1
A3 mouseo| A E3 FJTH39, 40]. T3 NQO12 mena-

=

éloﬁ’.hr{r_r

&

=T XN L A O A WA A



dione®. 2 % AE 549 B3 75 F2E &
Q1 CHO 3 17t wjo} A4 Al 5 HEK2939 4 &=
TH12, 44]. o213 NQO19] A% K% 283 B & qui-
none?| WAL B oA £ FEl ol hydroquinoned] %
A Tl AT AE S FEdte Aol WX bk o
[11, 43, 49]. °l°l tisiA= NQOL& 53 A A4 <] gt
a3 g o =ostast do

NQOIE BE A8 4go] EAshe wuldols] L5
gt

A g 3719k 24 ol x

i
ukd
(ol
i,
=
—
Koat
rO
=
lo,
o o
o o

UERATHY, 41, 59]. M2lA A5 ule} o] NQO19| &
& g3tE 24N A Yepded o]dY Hid wz
oIzbel BAF 7+ AT 7 24 @ 719 Fu R 2 F oA
o] NQO19] #&& wuwd 23, o 283 I FHPA
NQO1¢] @& o] 20-508) = A et old s 2d
o] 5402 Q3 NQOLE ¢ 589 fast X402 AR

NQO1E2 S8 MA|K S| & 2f 22
NQOl& 5§ ABAFHAAY 7§ 714
AIZ el M NQO1# BAA o2 Zgdle Alo|EdF
pd50 BPEL B & A|EAE b5 FYELE NQOIYE
22| quinoned FH3-/4°] ¥ semiquinone®® HEA 7T}
[17, 26]. Semiquinone 73§ &4 AH4F(reactive oxygen
species, ROS)¢] A& o730 2 A Fof| 4F8ha] &5 of
71821, 29]. o] 9= B2 A NQO1-2 quinone®| =4 A}
HA A 9§40l =L semiquinone . Z 9] W3S oF7|3}
A k31 hydroquinone .2 A#A|7]7] o] X HETE
AYE Aoz o AHTH2S, 54]. °]& NQO19l 93 A}
<t H Fel o] 244 hydroquinone®] AlXE o] EA)3}
SFEA| 2oy SF TG Adeto] AE jlo R W=
7] Bzl AE S-S ob7letA = AR ¥4 St
a2 NQO1 olefgh #-&3= W2 AHxo e feje
52 F44 ¥ quinone EAE] thAF A EHA S HE
9] hydroquinone?] A= 215 ¢l o™, B-lapachone, mito-
mycin C, EO9 59| quinone 7+%% 7 & EFE-2 NQO1
o o3 AL ol e AT 54E FEdthe Aol ¥
A LTS, 43, 49]. olef g B A A= BEr
o] 59 tAtRA A T E = Bt ydroquinone A
E Al B2 249 DNASH 2 1o 42 3E op7]
AV whgAo] & FAMATY TS oprlste AE
refgos o ATAAE T89S Y
2 A TH4, 58]. °l & F3l NQO19 7|52 =2
H Zo] ofye} Ztzhe] gE 7] d el o
715k ¢EER 4AE 7ML Sleel #91H

fr ot o

m]I
g

2
fo

wg o o
Sl

N

4
o
p

2 W
9

oo & it

=2 r ox
it 2 2 o
ox, Hl

o rok,

o
-

Journal of Life Science 2014, Vol. 24. No. 1 99

Unstable form
- Akylation of molecules

- ROS generation

NAD(P)H NAD(P)*

Quinone QOIA Hydroquinone

2e”

- Excreted by conjugated with
gluthathione or glucuronic acid

Stable form J

Fig. 1. Double, protection and detoxification roles of NQOL.
Reduction of quinone by NQO1 forms two types of
hydroquinone. Unstable hydroquinone induces alkyla-
tion of intracellular molecules and generates reactive
oxygen species. Stable hydroquinone is excreted by con-
jugated with glutathione or glucuronic acid.
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Fig. 2. Structure of B-lapachone. Chemical structure of -
lapachone.
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Fig. 3. Cell death mechanism of [-lapachone. NQO-1-mediated
reduction of B-lapachone generates hydroquinone form
of B-lapachone. Hydroquinone spontaneously reduced
to semiquinone and original quinone (futile cycle).
Severe depletion of NADH/NADPH and production of
reactive oxygen species (oxidative stress) by semi-
quinone as a result of futile cycle induces cell death. (Q:
quinone, HQ: hydroquinone, SQ: semiquinone)
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Fig. 4. B-Lapachone-induced cell death modes. Summary of -
lapachone-induced cell death modes.
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