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Abstract Lipid-soluble ginseng extracts (LSGE) is known
to inhibit many types of cancer cells through arresting cell
cycle and inducing apoptosis. Usually, normal cells are can
also be damaged by anti-tumor reagents. The plasma
membrane redox system (PMRS) is enhanced to compen-
sate mitochondrial dysfunction and impaired energy
metabolism. NADH-quinone oxidoreductase 1 (NQO1), a
plasma membrane redox enzyme, is known to be induced
by panaxytriol, one of components of lipid-soluble ginseng
extracts (LSGE). The objective of this study was determine
the mechanisms of NQOI1 involved in neuroprotection in
response to cytotoxicity induced by LSGE. Exposure of
control SH-SYSY cells to LSGE resulted in dramatic loss
of cell viability in a dose-dependent manner. The loss of
cell viability was significantly recovered in cells trans-
fected with NQO1. LSGE-induced cell death occurred
through apoptosis such as cell shrinkage, chromatin con-
densation and cleavage of poly (ADP-ribose) polymerase.
These apoptotic features were significantly attenuated by
overexpression of NQOI. Levels of oxidative/nitrative
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damage were highly elevated by LSGE in a dose-depen-
dent manner. However, these elevated levels were greatly
reduced by overexpression of NQOL. In addition, overex-
pression of NQO1 attenuated the decrease in mitochondrial
complex I activity caused by LSGE. Taken together, these
findings suggest that overexpressed NQOI1 can protect cells
against LSGE-induced cytotoxicity through lowering
oxidative/nitrative damage and delaying apoptosis, sup-
porting that stimulation of NQOI1 activity could be a
therapeutic targets in neurodegeration.

Keywords Lipid-soluble ginseng extracts - NQO1 -
PMRS - Oxidative damage - Apoptosis

Introduction

Ginseng (Panax ginseng C.A. Meyer) has long been used as
an herbal medicine and dietary supplementary (Helms
2004). It has a wide range of protective effects against
cancer, fatigue, inflammation in many types of cells
including neurons (Park et al. 2004; Szeto et al. 2011). The
most famous pharmacological function of ginseng is its
anti-cancer effects (Park et al. 2009). Ginseng can be
extracted by aqueous and lipophilic solutions. Water-sol-
uble ginseng extracts (WSGE) contains ginsenosides Rh2
and Rg3, which show anti-cancer activities through
inducing apoptotic cell death and decreasing telomerase
activity in cancer cells (Oh et al. 1999; Yun 2003; Park
et al. 2009). Similarly, lipid-soluble ginseng extracts
(LSGE) possess panaxydol, panaxynol, and panaxytriol
with the ability to induce expression of NQOI in
Hepalclc7 cells (Lee et al. 2009a). These compounds can
inhibit proliferation of many types of human cancer cells
and protect against sarcoma-180 and NCI-H460 human
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lung tumors in a dose-dependent manner (Matsunaga et al.
1990; Kim et al. 2002). LSGE also can slow the growth of
NCI-H460 cells following xenograft in nude mice (Lee
et al. 2010a, b). Recently, we have reported that LSGE
arrest the cell cycle at the stage of GO/G1 phase, induces
apoptotic death of NCI-H460 human lung cancer cells (Lee
et al. 2010a, b), and inhibits invasion and metastasis of
B16F10 melanoma cells (Yun et al. 2015)

Normal cells are also damaged by many anti-tumor
reagents including LSGE due to non-specific cytotoxicity.
Cytotoxic effects are usually accompanied by alteration in
energy metabolism including mitochondrial dysfunction,
decrease in antioxidant defense system (Lanius et al. 1993;
Apostolski et al. 1998) and increase in oxidative damage to
DNA, proteins and lipids (Jenner 2003; Moreira et al.
2005). The mitochondria produce major portion of ATP
and free radicals (Mattson et al. 2008; Murphy 2009).
Therefore, energy metabolism and oxidative stress are
directly linked to the mitochondria. Mitochondrial dys-
function and altered energy metabolism are identified
during the aging process and in many degenerative diseases
during the aging process (Luft and Landau 1995; Kim et al.
2008). Enhanced glycolysis and plasma membrane redox
system (PMRS) as alternative mechanisms can be induced
when energy supply is limited (Hyun et al. 2006b).

The PMRS can modulate redox homeostasis via main-
tenance of high levels of NAD*/NADH ratio and reduced
states of coenzyme Q (CoQ), a key electron shuttle in the
plasma membrane (PM) (Alcain et al. 1991; del Castillo-
Olivares et al. 2000; Hyun et al. 2006b). NADH-quinone
oxidoreducatse 1 (NQOI), one of the key detoxifying
enzymes located in the PM, is up-regulated as a compen-
satory mechanism in response to mitochondrial dysfunction
(Beyer et al. 1996; Mataix et al. 1997; Navarro et al. 1998).
Because NQOI transfers 2 electron from NAD(P)H to
oxidized CoQ, NQOI1 does not produce semi-quinone
radicals, which can generate production of superoxide
(057) (Merker et al. 2002).

Among the PM redox enzymes, NQOI is of particular
interest because it is induced by activated Nrf2, a tran-
scription factor involved in cytoprotection in response to
oxidative and metabolic stresses (Jaiswal 2004; Johnson
et al. 2008; Son et al. 2010). NQOI1 expression can be
induced when exposed to phytochemicals such as sul-
foraphane (Nioi et al. 2003). It has been reported that
polyacetylents (e.g. panaxytriol) in ginseng extracts are the
most potent NQO1 inducer (Lee et al. 2009b). In addition,
lipophilic extracts of ginseng containing Z-ligusilide
alkylate Keapl can result in the high levels of free Nrf2 and
ARE activation (Dietz et al. 2008).

Although protective effects of NQO1 were reported in
many studies, it is yet to be investigated whether it can
protect cells against LSGE. Previous reports have shown
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decreased levels of oxidative/nitrative damage by increased
activity of NQO1 (Hyun et al. 2006a, 2007, 2010). These
reports suggest a possible protective role of NQO1 against
cytotoxicity induced by LSGE. In this study, we examine
effects of NQOI1 on the cellular responses in the presence
of LSGE.

Materials and methods
Cell culture and transfection

SH-SY5Y human neuroblastoma cells were cultured in
DMEM medium supplemented with 10 % fetal bovine
serum (Invitrogen, Carlsbad, CA, USA), 100 IU/ml peni-
cillin (Invitrogen) and 100 pg/ml streptomycin (Invitrogen)
in a humidified 5 % CO,/95 % air atmosphere in the
presence or absence of LSGE. The cells were transfected
with pBES8 vector containing the full-length NQO1 cDNA
as described previously (Seow et al. 2004). Six different
clones were selected using G-418 and their relative levels
of NQOI were established by immunoblot analysis (Hyun
et al. 2012).

Preparation of lipid-soluble ginseng extracts

LSGE were prepared as described previously (Lee et al.
2010a, b). Red ginseng (first grade, 6 years old) was
obtained from NH Hansamin (Jeungpyeong, South Korea).
LSGE were prepared from the red ginseng powder (particle
size <400 pm) using n-hexane as a solvent. Hexane was
removed from LSGE using a rotary vacuum evaporator
(Eyela, Tokyo, Japan) at 50 °C. LSGE were dissolved in
dimethyl sulfoxide (DMSO) and further diluted with the
culture media so that the final concentration of DMSO did
not exceed 0.1 %.

Cell viability assay

Cell viability assay was performed by trypan blue exclu-
sion method as described previously (Kelner et al. 1995;
Lee et al. 2001). Briefly, cells were trypsinized, washed
twice with PBS (Invitrogen). Trypan blue dye solution was
added and the number of dye-excluding cells in triplicate
dishes were counted using a haemocytometer.

Cell viability was also determined by evaluating mito-
chondrial activity using 3-(4,5-dimethyl-thiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) (Sigma, St. Louis,
MO, USA) (Kelner et al. 2000). Briefly, cell suspensions
with equal numbers were transferred into a 96-well plate
for 1 day. MTT solution (10 pl) was then added to each
well. After incubation at 37 °C for 1 h, the absorbance of
well was measured at 540 nm.



Cytotoxicity of lipid-soluble ginseng extracts is attenuated by plasma membrane redox enzyme... 1341

Assessment of NQO1 induction

Cells were cultured in the presence of indicated concen-
trations of LSGE for 24 h and lysed. In order to determine
levels of NQOI induction by LSGE, protein extracts were
subjected to immunoblot analysis using anti-NQO1 anti-
body (1:2000, Abcam, Cambridge, MA, USA), as descri-
bed previously (Hyun et al. 2010, 2012).

Examination of apoptotic features

Following exposure to the indicated concentration of
LSGE for 24 h, cell membrane damage and chromatin
condensation were assessed using propidium iodide (PI)
and Hoechst 33258, as described previously (Negri et al.
1997; Chen et al. 2001). Cells were cultured in the presence
of LSGE and harvested. The LSGE-treated cells were
lysed. Cleaved form of poly (ADP-ribose) polymerase
(PARP) was identified by immunoblot analysis using a
PARP antibody (1:2000 dilution, Cell Signaling, Danvers,
MA, USA).

Determination of levels of oxidative stress markers

Lipid peroxidation levels were assessed using 8-Iso-
prostane Assay Kit (OxisResearch, Portland, OR, USA), as
described previously (Hyun et al. 2012). Briefly, following
exposure to each mitochondrial toxins, cells were lysed and
cell extracts (100 pl) were added to a 96-well plate and
incubated with 100 pl horseradish peroxidase-conjugated
antibody at room temperature for 1 h. After the incubation,
200 pl of substrate was added to the plate and it was
incubated for 30 min. Absorbance was read at 450 nm after
stopping the reaction by adding 50 pl of 3 M sulfuric acid.
Carbonyl content was calculated as nmol/mg protein
(Reznick and Packer 1994). Measurement of protein-bound
nitrotyrosine content of isolated plasma membranes was
performed using Nitrotyrosine Assay Kit (OxisResearch).

Isolation of the mitochondrial fractions and an assay
of the complex I activity

Mitochondrial fractions were isolated from cells by cen-
trifugation as described previously with minor modifica-
tions (Shim et al. 2011). Briefly, cells were washed with
ice-cold PBS and homogenized in 10 mM Tris buffer (pH
7.6) with protease inhibitor cocktail (1.5 mM) (Sigma).
The homogenates were centrifuged at 600g for 10 min at
4 °C. The supernatants were centrifuged again at
14,000g for 10 min at 4 °C. The resulting pellets were
carefully removed and resuspended in the assay buffer
(25 mM postassium phosphate, pH 7.4).

An activity of mitochondrial complex I was measured
using decylubiquinone and dichloroindolphenol (DCIP), as
described earlier (Janssen et al. 2007). Briefly, 10 pg of the
isolated mitochondrial fractions were preincubated in the
reaction buffer (70 uM decylubiquinone, 60 uM DCIP,
1 pM antimycin A, 0.35 % BSA, 25 mM potassium
phosphate, pH 7.4) at 37 °C for 3 min. After adding sub-
strates (5 mM NADH) to the mixture, absorbance was read
at 600 nm for 5 min with 20 s intervals.

Statistical analysis

Statistical differences were determined by one-way analy-
sis of variance (ANOVA). Multiple comparisons were
performed with a post hoc Bonferroni ¢ test. Statistical
significance was considered when p value was less than
0.01.

Results

Effects of LSGE on the response of SH-SYSY
neuroblastoma cells

The proliferation rate of SH-SYSY cells treated with LSGE
was assessed by trypan blue exclusion and the MTT-re-
duction assay. LSGE significantly decreased the viability
of these human neuroblastoma cells in a dose-dependent
manner (Fig. la, b), consistent with previous results
(Table 1).

Levels of NQOI1 in SH-SYS5Y cell lines after exposure
to LSGE were measured by immunoblot analysis. Levels of
NQOL1 expression in SH-SY5Y human neuroblastoma cell
lines were increased following exposure to LSGE in a
dose-dependent manner (Suppl. Fig. 1).

Overexpression of NQOQ in SH-SY5Y cells
attenuate LSGE-induced cytotoxicity

It has been reported that NQO1 can be induced in response
to stressed conditions as a survival mechanism to protect
cells from a variety of insults (Hyun et al. 2006b). In order
to investigate whether overexpressed NQO1 could protect
cells against cytotoxic effects of LSGE, control cells and
NQOl-transfected cells were treated with indicated con-
centration of LSGE. Our results revealed that overexpres-
sion of NQO1 made cells more resistant to cytotoxicity of
LSGE based on trypan blue exclusion (Fig. 2a). The pro-
tection was clear during 3-days treatment with LSGE. MTT
assay also showed that overexpressed NQOI1 induced
higher cell viability following exposure to LSGE (Fig. 2b).
The higher cell viability of cells overexpressed NQOI is
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Fig. 1 Cytotoxic effects of LSGE on the viability of human
neuoblstoma cells. Cells were treated with the indicated concentra-
tions (micromolar) of LSGE for the indicated time periods (a) or for
24 h (b). Cell viability was measured by trypan blue exclusion (a) and
MTT-reduction assay (b). Values are presented as mean + SEM
(n = 6). *p < 0.01 compared to the value for untransfected control
cells under normal culture conditions

also confirmed by cell morphology light microscope
(Fig. 2c¢, d).

Overexpression of NQO1 protects cells against
apoptotic cell death caused by LSGE

In order to investigate whether overexpressed NQO1 might
protect cells against apoptotic cell death caused by LSGE,
apoptotic markers in control and NQO1-transfectants were
assessed after exposure to different concentration of LSGE.

Cells membrane damage were assessed by PI-staining.
Under normal culture conditions, approximately 5 % of

Table 1 Cytotoxic effects of LSGE identified in the previous studies

control cells were identified as PI-positive cells. Similar
levels of PI-positive cells were also found in NQOI1
transfected cells. However, exposure of cells to LSGE
significantly (p < 0.01) increased the frequency of PI-
positive cells (Fig. 3a, b). Approximately 75 % of control
cells were Pl-positive after treatment with 0.05 % of LSGE
(Fig. 3e). However, the percentage of Pl-positive cells
were decreased these levels were decreased (p < 0.01) to
approximately 50 % following treatment with the same
concentration of LSGE (0.05 %) after overexpression of
NQOI1 (Fig. 3e).

Chromatin condensation were also determined by
staining with Hoechst 33258. Incubation of cells with
LSGE significantly (p < 0.01) elevated the frequency of
cells with chromatin condensation (Fig. 3c, d). Approxi-
mately 65 % of control cells were stained with Hoechst
33253 after treatment with 0.05 % LSGE (Fig. 3f). How-
ever, the percentage of cells with positive Hoechst 33258
staining after overexpression of NQOI1 was decreased
(p < 0.01) to less than 50 % at the same treatment (0.05 %
LSGE) (Fig. 3f).

PARP cleavage was examined as one of apoptotic fea-
tures by immunoblot analysis using Anti-PARP antibody.
Treatment of control cells with LSGE (>0.02 %) induced a
cleaved form of PARP (Fig. 3g). The generation of the
cleaved PARP was delayed when NQOI1 was overex-
pressed (Fig. 3g).

Increased levels of NQO1 decrease LSGE-induced
oxidative damage

NQOI, an antioxidant enzyme, is expressed in response to
oxidative stress (Hyun et al. 2006b). In order to investigate
whether LSGE-induced oxidative damage could be atten-
uated by overexpressed NQO1, levels of oxidative/nitrative
damage were measured. Lipid peroxidation was assessed as
the formation of 8-isoprostane. Levels of 8-isoprostane
were increased by treatment with LSGE in a dose-depen-
dent manner (Fig. 4a). However, these levels were atten-
uated (p < 0.01) by overexpression of NQOI1 (Fig. 4a).
Protein oxidation was determined in the form of car-
bonylated proteins. Levels of protein carbonyls were

Target cells or animals

Effects

References

HepG2 and MCF-7

NCI-H460 grafted in BALB/c-nu mice

NCI-H460 grafted in BALB/c-nu mice

MKN74, MOLT4, PC-3, NCI-H23, DMS114 and NCI-H460
NCI-H460

B16F10

Inhibits cell proliferations
Shows anti-cancer effects

Decreases tumor mass

Induces cell apoptosis and cell cycle arrest

Inhibits invasion and metastasis

Lee et al. (2009a, b, c)
Lee et al. (2010a, b)
Lee et al. (2010a, b)

Inhibits cell proliferation

Kang et al. (2011)
Yun et al. (2015)
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Fig. 2 Cytotoxic effects of LSGE were attenuated by overexpressed NQO1. Cells (open circle control, filled circle NQO1) were exposed to the
indicated concentrations (micromolar) of LSGE for 24 (A1, b), 48 (A2) or 72 h (A3). Cell viability was measured by trypan blue exclusion
(a) and MTT-reduction assay (b). Images of cells under a light microscope in the absence or presence of LSGE are shown (¢, d). Values are

presented as mean £+ SEM (n = 6). *p < 0.01 compared to the value

for untransfected control cells under normal culture conditions. *p < 0.01

compared to the values of untransfected control cells under the same culture conditions. Scale bar 10 pm

significantly (p < 0.01) increased following exposure of
control cells to LSGE (Fig. 4b). However, these levels of
protein carbonyls were decreased (p < 0.01) in cells
overexpressing NQOI1 (Fig. 4b).

Protein nitration was examined in the form of protein-
bound 3-NT, a biomarker of attack upon proteins by per-
oxinitrite and/or other reactive nitrogen species (Halliwell
1997; Greenacre and Ischiropoulos 2001). Addition of
LSGE to the culture medium elevated (p < 0.01) the levels
of 3-NT in control cells. However, overexpression of
NQOL1 significantly (p < 0.01) attenuated the levels of
3-NT (Fig. 4c).

Overexpression of NQO1 attenuate LSGE-induced
mitochondrial dysfunction

Complexes I and III are a main site of reactive oxygen
species (ROS) production during oxidative phosphoryla-
tion and mitochondrial functions are elevated by overex-
pressed NQO1 (Kim et al. 2013). In this study, the activity
of mitochondrial complex I was determine using using
decylubiquinone and DCIP. The activity of mitochondrial
complex I was decreased by LSGE in a dose-dependent

manner (Fig. 4d). However, the decrease in mitochondrial
complex I activity following treatment with LSGE was
attenuated by overexpression of NQO1 (Fig. 4d).

Discussion

NQOI1 is a detoxifying enzyme and its expression is
increased in response to energetic and oxidative stress. It
has been shown that red ginseng extracts have a variety of
beneficial effects despite of some cytotoxicity at high doses
(Park et al. 2004; Szeto et al. 2011). In addition, NQO1
expression can be induced by some ingredients (e.g.
panaxytriol) (Lee et al. 2009a) in red ginseng extracts. In
this study, we identified that NQO1 could protect cells
against cytotoxicity caused by LSGE in terms of cell via-
bility (Fig. 2), apoptotic features (Fig. 3) and oxidative/
nitrative damage (Fig. 4). NQO1 also protected mito-
chondrial function in the presence of LSGE (Fig. 4). These
protective effects of NQO1 suggest that NQOI1 can delay
apoptotic cell death through decreasing ROS production
and subsequent oxidative/nitrative damage to cells under
metabolic and oxidative stress. In fact, we found that
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«Fig. 3 LSGE-induced apoptotic features were delayed by overex-
pressed NQOI. Cells were incubated in the presence of the indicated
concentrations (micromolar) of LSGE for 24 h and then stained by
propidium iodide (a, b, ) or Hoechst 33258 (c, d, f) (open markers
control, closed markers NQO1). Cells treated with LSGE were lysed
and analyzed by immunoblot using a PARP antibody (white right
pointing triangle intact PARP, black right pointing triangle cleaved
PARP) (g). Values are presented as mean + SEM (n = 6). *p < 0.01
compared to the value for untransfected control cells under normal
culture conditions. *p < 0.01 compared to the values of untransfected
control cells under the same culture conditions. Apoptotic cells were
indicated by yellow arrows. Scale bar 10 pm

human neuroblastoma cells transfected with NQO1 were
more resistant to LSGE than control cells when treated
with the same concentration of LSGE.

Panaxytriol is a very good inducer of Nrf2 with cyto-
protective function including anti-inflammatory and
immunomodulation activities (Ng et al. 2008; Chou et al.
2011). In this study, LSGE induced NQOI expression in
neuroblastoma cell lines (Fig. 1c). Other Nrf2 inducers
such as sulforaphane, hydrocytyrosol and 3H-1,2-dithiole-
3-thione can induce NQOI expression and protect cells
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against oxidative stress (Jia et al. 2008, Zhu et al.
2008, 2009). Previously, we have reported that overex-
pressed NQOI1 can elevate mitochondrial functions and
attenuates ROS production (Kim et al. 2013), suggesting
that overexpressed NQOI1 in neuroblastoma cell lines can
enhance efficient mitochondrial electron transport and
decrease the production of O3, thus promoting cell sur-
vival (Du et al. 2006; Gonzalez-Aragon et al. 2007).
However, protective roles of NQOI1 can be different in
other cell types or depending on metabolic/redox states of
the cells. NQOI1 can accelerate apoptotic cell death in non-
small-cell lung cancer cells (Bey et al. 2007). We have
previously reported that exposure of human non-small cell
lung (NCI-H460) cancer cells to LSGE caused apoptotic
cell death showing significant anticancer effects (Kang
et al. 2011).

LSGE caused drastic decrease in cell viability based on
trypan blue exclusion (Fig. 2a) and MTT assay (Fig. 2b).
These findings suggest that LSGE can affect neuroblastoma
cell lines at very early stage because mitochondrial dys-
function is an early event of cell death based on declined
MTT reduction. LSGE-induced apoptosis was confirmed
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Fig. 4 Oxidative/nitrative damage and impaired mitochondrial complex I activity following addition of LSGE were attenuated by overexpressed
NQOIL. Cell extracts were used to assess levels of 8-isoprostane (a), protein carbonyls (b) and 3-nitrotyrosine (c¢) following exposure to the
indicated concentrations (micromolar) of LSGE for 24 h (open markers control, closed markers NQO1). Values are presented as mean += SEM
(n = 6). *p < 0.01 compared to untransfected cells exposed to the same concentration of the toxin. Cells were cultured and then mitochondrial
fractions were isolated by centrifugal fractionation. Mitochondrial complex activities were measured using NADH (c). Values are presented as
mean + SEM (n = 6). *p < 0.01 compared to the value for untransfected control cells under normal culture conditions. *p < 0.01 compared to
the values of untransfected control cells under the same culture conditions
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by two different apoptotic features (cell shrinkage and
chromatin condensation) (Fig. 3a, b) in this study. Over-
expressed NQOI1 was involved in survival after treatment
with LSGE. Previously, we have found that LSGE treat-
ment can cause caspase activation and then PARP cleavage
(Kang et al. 2011). In this study, the formation of cleaved
PARP was delayed by overexpression of NQOI1 (Fig. 3c),
indicating that decreased levels of oxidative/nitrative
damage (Fig. 4a—c) was through enhanced mitochondrial
function (Fig. 4d), consistent with our previous study (Kim
et al. 2013).

ROS can be produced inevitably mainly in the mito-
chondrial complexes. ROS is especially involved in one-
electron transfer via semi-quinone radicals and transition
metals (Andreeva and Crompton 1994; James et al. 2004).
Semi-quinones between complex I and III are the main
source of mitochondrial O3~ production during oxidative
phosphorylation (Barja 1999; James et al. 2004). ROS
levels are can be elevated in the presence of mitochondrial
inhibitors (e.g. rotenone, antimycin A) or under pathogenic
conditions (Kim et al. 2013).

NQOL is a redox enzyme responsible for two-electron
transfer without formation of semi-quinone radicals during
electron transport in the mitochondria and converts oxi-
dized CoQ to reduced CoQ (Hyun et al. 2006b). A reduced
form of CoQ can neutralize semi-quinone radicals, result-
ing in decreased levels of oxidative/nitrative stress. In
contrast, NRH-quinone oxidoreductase 2 (NQO2) can
increase production of ROS (Wang et al. 2008), suggesting
the potential differences between NQO1 and NQO2. A
yeast form of NQO1, NQRI, play a key role in the tran-
sition from fermentation to respiration (Jiménez-Hidalgo
et al. 2009). These are consistent with our findings that
cells with overexpression of NQO1 had higher resistance to
oxidative/nitrative stress (Fig. 4) and enhanced mitochon-
drial activity (Fig. 4) following exposure to LSGE.

Taken together, our study suggests that NQO1 can be a
target for therapeutic intervention and cancer treatment.
This study found that overexpressed NQO1 could prevent
cytotoxic effects of LSGE, suggesting that induction of
NQO1 could be used as a therapeutic approach when
LSGE containing a variety of bioactive compounds are
used for treatment because high dose or long-term use of
LSGE can be harmful. The extent of NQOI induction by
NQO1-modifying agents can be various depending on cell-
types. Therefore, further work will be needed to develop
cell-type specific NQOI1 inducers for therapeutic inter-
vention for cancers.
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