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Abstract: NAD(P)H: quinone oxidoreductase-1 (NQO1) protects cells against redox cycling and oxidative stress; how-
ever, in cancer cells, NQO1 confers resistance against anticancer agents. The aim of this study was to evaluate the 
association between NQO1 expression and prognosis in patients with advanced (locally advanced or metastatic/
recurrent) colorectal cancer (CRC). A retrospective analysis of 47 patients [28 male and 19 female; median age: 
62 years (range, 17-78)] with advanced CRC was conducted. Immunohistochemical examination of tumor tissue 
specimens was performed using monoclonal anti-NQO1 antibody. The association of NQO1 expression with patient 
characteristics, chemotherapeutic response, and clinical prognosis was assessed. Therapeutic efficacy (complete 
response, partial response, stable disease, and progressive disease) was evaluated using Response Evaluation 
Criteria in Solid Tumors (RECIST) version 1.1. We compared the therapeutic efficacy in KRAS wild and mutant CRC 
because epidermal growth factor receptor (EGFR)-signaling pathway plays a pivotal role in CRC. Of the 47 patients, 
31 (66.0%) had KRAS wild CRC and 16 (34.0%) had KRAS mutant CRC. Moreover, 37 (78.7%) had NQO1-positive 
tumors and 10 (21.3%) had NQO1-negative tumors. Among the patients with KRAS wild CRC, NQO1-negative pa-
tients showed significantly better disease control rate (complete response + partial response + stable disease) than 
NQO1-positive patients (P = 0.028). Moreover, NQO1-negative patients had longer progression-free survival and 
overall survival than NQO1-positive patients (P = 0.041 and P = 0.043, respectively). NQO1 expression in the tumor 
may be a predictor of therapeutic efficacy and prognosis in patients with KRAS wild advanced CRC.

Keywords: NQO1, colorectal cancer, KRAS

Introduction

Colorectal cancer (CRC) is the second leading 
cause of cancer related-deaths in the United 
States [1]. The incidence of CRC has dramati-
cally increased in the last decade [2, 3]. CRC 
accounts for the largest proportion of deaths 
from malignant neoplasms among women, and 
the third largest proportion of deaths from 
malignant neoplasms among men in Japan [3]. 
There have been significant advances in the 
treatment of metastatic CRC recently [4]. In the 
era of 5-fluorouracil, response rates of chemo-
therapy for CRC were 10%-15%, and the medi-
an survival time was only 10 months [5]. How- 
ever, the use of newer agents, such as oxalipla-
tin, irinotecan, and more recently, that of bio-
logical agents (bevacizumab, cetuximab, afli- 

bercept, panitumumab, and regorafenib), has 
prolonged survival of patients with metastatic 
CRC, reaching median survival times of more 
than 20 months [4]. The epidermal growth fac-
tor receptor (EGFR)-signaling pathway in partic-
ular plays a pivotal role in CRC and forms the 
basis for use of EGFR-targeted antibodies for 
treatment of patients with CRC [2]. This mono-
clonal antibody has been effective in patients 
with KRAS wild CRC [4]. However, its use needs 
careful consideration owing to the cost implica-
tions of its use [6].

The gene for NAD(P)H: quinone oxidoreducta- 
se-1 (NQO1), which is also referred to as DT- 
diaphorase, is located on chromosome 16q22 
and consists of six exons and five introns [7]. 
Oxidative stress promotes nuclear accumula-
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median age: 62 years (range, 17-78)] with ad- 
vanced CRC (locally advanced or metastatic/
recurrent cancer), who underwent chemothe- 
rapy at Niigata University Medical and Dental 
Hospital, Niigata, Japan, from March 2007 th- 
rough to January 2013. The association betw- 
een NQO1 expression and clinicopatholgical 
characteristics of CRC was assessed retro-
spectively. The demographic and clinicopatho-
logical characteristics of patients are sum- 
marized in Table 1. Patients were divided into 
two groups based on the NQO1 expression sta-
tus on immunohistochemical examination (NQ- 
O1-positive and NQO1-negative groups). The 
study was approved by the Institutional Review 
Board at the Niigata University Medical and 
Dental Hospital.

DNA extraction and KRAS mutation analysis

Five serial sections (thickness: 10 μm) were 
prepared from each representative histologi- 
cal sections of primary colorectal tumor biopsy 
specimens or surgically resected specimens 
after their deparaffinization. Cancer tissue in 
each slice was dissected under microscopic 
guidance as described previously [19]. Non-
neoplastic tissue in each slice was used as  
the source of constitutional DNA. DNA was ex- 
tracted using a DNA Isolator PS Kit (Wako  
Pure Chemical Industries, Ltd., Osaka, Japan), 

tion of nuclear factor erythroid 2-related factor 
2 (Nrf2) and activates transcription of NQO1. In 
normal cells, NQO1 protects against oxidative 
stress and electrophilic attack [8]. In cancer 
cells, NQO1 confers resistance against anti- 
cancer agents, and, in particular, against oxida-
tive stress inducers such as cisplatin or 5-fluo-
roruracil, doxorubicin, and gemcitabine [9, 10]. 
Notably, altered expression level of NQO1 has 
been reported in several solid tumors such as 
cholangiocarcinoma, esophagus, lung, pancre-
as, stomach, colon, uterine, and ovarian can-
cers [11-18]. Some studies have investigated 
NQO1 expression in CRC; however, the asso- 
ciation between NQO1 expression and progno-
sis in patients with advanced CRC is not well- 
characterized.

We hypothesized that NQO1 expression in CRC 
is related to chemotherapeutic resistance and 
clinical prognosis. The aim of this study was to 
evaluate the association between NQO1 expre- 
ssion and the therapeutic efficacy and clinical 
prognosis in patients with advanced CRC.

Patients and methods

Patients and clinical information

The present study included 47 consecutive 
Japanese patients [28 male and 19 female; 

Table 1. Association between clinicopathological characteristics and NQO1 expression in patients 
with advanced colorectal cancer

Variable
No. of patients

P-
valueTotal cases 

(n = 47)
NQO1-positive 

(n = 37)
NQO1-negative 

(n = 10)
Age (yrs) Median (range) 62 (17-78) 62 (17-78) 59.5 (55-78) 0.56
Gender Male 28 22 6 1.00

Female 19 15 4
Location Colon 19 15 4 1.00

Rectum 28 22 6
Serum CEA (ng/mL) < 5 5 4 1 1.00

≥ 5 42 33 9
Surgical resection Yes 23 16 7 0.17

No 24 21 3
Histological grade G1/G2 36 27 9 0.41

G3 11 10 1
KRAS mutation status Wild 31 25 6 0.72

Mutant 16 12 4
Use of anti-EGFR drugs in KRAS wild cases Yes 13 10 3 0.68

No 18 15 3
NQO1, NAD(P)H: quinone oxidoreductase-1; CEA, Carcinoembryonic antigen; EGFR, Epidermal growth factor receptor; KRAS, 
Kirsten rat sarcoma viral oncogene homolog.
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Table 2. Chemotherapy regimens as first che-
motherapy for advanced colorectal cancer
Regimen No. of patients
mFOLFOX6 7
mFOLFOX6 + anti-VEGF drug 10
mFOLFOX6 + anti-EGFR drug 3
FOLFIRI 2
FOLFIRI + anti-VEGF drug 4
FOLFIRI + anti-EGFR drug 1
XELOX 2
XELOX + anti-VEGF drug 9
SOX 1
IRIS 2
Anti-EGFR drug 2
Irinotecan 1
Irinotecan + anti-EGFR 1
UFT + leucovorin 1
UFT 1
mFOLFOX6, Modified infusional fluorouracil, leucovorin, 
and oxaliplatin; VEGF, Vascular endothelial growth fac-
tor; EGFR, Endothelial growth factor receptor; FOLFIRI, 
Infusional fluorouracil, leucovorin, and irinotecan; XELOX, 
Capecitabine plus oxaliplatin; SOX, S1 plus oxaliplatin; 
IRIS, Irinotecan plus S1.

as described previously [19]. KRAS mutation at 
codon 12, 13, and 61 were examined by nest- 
ed polymerase chain reaction (PCR), PCR-re- 
striction fragment length polymorphism, and 
direct sequencing, as described elsewhere 
[20].

Pathologic evaluation

Biopsy or surgically resected specimens were 
submitted to the Department of Surgical Pa- 
thology in our hospital. Specimens were exam-
ined to determine the histological grade, as 

munohistochemical staining with a rabbit mo- 
noclonal antibody against NQO1 (Epitomics, 
Burlingame, CA, USA), and one for a negative 
control, were prepared from each block. Two 
independent surgical pathologists who were 
blinded to clinical details examined each sec-
tion. For IHC, sections were deparaffinized and 
rehydrated, then microwaved at 500 W for 21 
minutes in 10 mmol/L sodium citrate buffer 
(pH 6.0) to retrieve antigenic activity. Endoge- 
nous peroxidase activity was blocked using  
3% hydrogen peroxide in methanol for 20 min-
utes; subsequently, the sections were incubat-
ed overnight at 4°C with NQO1 rabbit mono- 
clonal antibody (Epitomics, Burligame, CA, USA; 
1:200 dilution) using the Vectastain Elite ABC 
Kit (Vector Laboratories, Burligame, CA, USA). 
Normal rabbit immunoglobulin was used as a 
negative control. Sections were counterstain- 
ed using hematoxylin.

As described by Winski et al. [22], NQO1 ex- 
pression was defined as the presence of cy- 
toplasmic and/or nuclear staining. NQO1 expre- 
ssion in tumor specimens was classified as 
positive expression or negative expression. In 
this study, lack of staining or staining of only  
a few scattered cells (< 5%) was considered  
as NQO1-negative; positive staining of ≥ 5% of 
cells was considered as NQO1-positive.

Evaluation of prognostic factors

Eight conventional variables in addition to NQ- 
O1 expression were assessed for their poten-
tial association with outcomes in 47 patients 
(age, gender, location of the primary tumor [co- 
lon vs. rectum], serum CEA level before che- 
motherapy (< 5 ng/mL vs. ≥ 5 ng/mL), surgical 
resection, histological grade (G1/G2 vs. G3), 

Figure 1. NQO1 immunohistochemical staining pattern in patients with 
advanced colorectal cancer. A. Representative section showing negative 
expression; B. Representative section showing positive cytoplasmic NQO1 
expression in CRC cells (Original magnification ×200).

described in the American 
Joint Committee on Cancer 
(AJCC) Cancer Staging Man- 
ual, 7th edition [21].

Immunohistochemistry

From each resected speci-
men, 1 to 4 paraffin-embed-
ded block (s) (median: 2 blo- 
cks) were used for immuno-
histochemistry (IHC). Three 
serial 3-µm thick sections, 
one for routine histological 
examination using hematoxy-
lin-eosin staining, one for im- 
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KRAS status in CRC patients

KRAS wild CRC was 37 (78.8%) and KRAS 
mutant CRC was 10 (21.3%). Of these, surgi- 
cal resection was performed in 23 patients 
(48.9%). Thirteen patients (41.9%) with KRAS 
wild CRC were administered anti-EGFR anti-
body drugs (Table 1).

Therapeutic efficacy evaluation (RECIST ver-
sion 1.1)

After the diagnosis of advanced CRC, various 
systemic chemotherapeutic regimens were ad- 
ministered (Table 2). 5-fulorouracil based che-
motherapy was administered in 43 patients 
(91.5%) as the first regimen in our study. 
Biological agents were used in 32 patients 
(68.1%). Disease control rate (DCR; complete 
response + partial response + stable disease) 
was higher in NQO1-negative patients than in 
NQO1-positive patients (100% vs. 48.6%; P = 
0.0031) (Table 3). Among KRAS wild cases, the 
DCR in NQO1-negative patients was higher 
than that in NQO1-positive patients (100% vs. 
48.0%, P = 0.028). However, in patients with 
KRAS mutation, there was no significant differ-
ence in chemotherapeutic response between 
NQO1-negative and NQO1-positive patients 
(Table 3).

Survival analyses according to NQO1 expres-
sion

To further substantiate the importance of NQ- 
O1 expression in CRC, we assessed the pro-
gression-free survival (PFS) and overall survi- 
val (OS) of 47 CRC patients using Kaplan- 
Meier method. No significant differences were 
observed between NQO1-negative and NQO1-
positive patients (Figure 2A and 2B). However, 

KRAS mutation status, and use of anti-EGFR 
drugs in KRAS wild cases. Therapeutic efficacy 
was evaluated using Response Evaluation Cri- 
teria in Solid Tumors (RECIST) version 1.1.

Statistical analysis

Medical records and survival data were ob- 
tained for all 47 patients. Clinical features and 
pathological tumor-related factors were com-
pared between the patient groups using the 
Fisher’s exact test. The causes of deaths were 
determined from the medical records. The fol-
low-up period was defined as the time from the 
date of initiation of chemotherapy and that of 
the most recent follow-up. Deaths from other 
causes were censored. Survival curves were 
constructed using the Kaplan-Meier method 
and differences in survival were evaluated us- 
ing the log-rank test. The Cox proportional haz-
ards model was used for multivariate survival 
analysis. All statistical analyses were perform- 
ed using the SPSS version 23 software pack-
age (SPSS Japan Inc, Tokyo, Japan). All tests 
were 2-sided, and P value < 0.05 was consid-
ered statistically significant.

Results

NQO1 expression in CRC

IHC analysis revealed a predominantly cyto-
plasmic NQO1 expression. Thirty seven speci-
mens (78.7%) showed NQO1-positive expres-
sion, while 10 (21.2%) specimens tested ne- 
gative for NQO1 expression (Figure 1). There 
were no significant differences with respect  
to clinicopathological variables between the 
two groups (Table 1).

Table 3. Evaluation of therapeutic efficacy using RECIST version 1.1
Total patients KRAS wild KRAS mutant

NQO1-
positive

NQO1-
negative P-value NQO1-

positive
NQO1-

negative P-value NQO1-
positive

NQO1-
negative P-value

Response 0.52 0.83 0.07
CR 0 0 0 0 0 0
PR 6 4 6 3 0 1
SD 12 6 6 3 6 3
PD 19 0 13 0 6 0
DCR 48.6% 100% 0.0031 48.0% 100% 0.028 50.0% 100% 0.23
RECIST, Response Evaluation Criteria in Solid Tumor; NQO1, NAD(P)H: quinone oxidoreductase-1; CR, Complete response; PR, 
Partial response; SD, Stable disease; PD, Progressive disease; DCR, Disease control rate (CR + PR + SD).
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Figure 2. Kaplan-Meier survival curve for progression-free survival and overall survival after chemotherapy for ad-
vanced colorectal cancer according to NQO1 expression. Among patients with KRAS wild CRC, NQO1-negative pa-
tients had increased PFS compared with NQO1-positive patients (P = 0.041), and NQO1-negative patients had 
increased OS compared with NQO1-positive patients (P = 0.043).
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pression and chemotherapy resistance has 
been widely reported [15, 26]. NQO1 knock-
down or inhibition of its enzymatic activity was 
shown to enhance cisplatin-induced cytoto- 
xicity in urogenital cancer cell lines [26]. Lin  
et al. demonstrated an association between 
NQO1 overexpression and increased tumor 
size, serosal invasion, and late-stage tumors, 
which suggests a role of NQO1 expression in 
tumorigenesis and malignant progression of 
gastric cancer [15]. Therefore, NQO1 might be 
useful as a poor prognostic biomarker in pa- 
tients with gastric cancer [15].

In CRC, Mikami et al. attributed that NQO1 ex- 
pression was associated with malignant attri-
butes of colorectal tumors. CRC with nodal me- 

among patients with KRAS wild CRC, NQO1-
negative patients had significantly longer PFS 
and OS than NQO1-positive patients (P =  
0.041 and P = 0.043, respectively) (Figure 2C 
and 2D). In patients with KRAS mutant CRC, 
PFS, and OS showed no significant difference 
between NQO1-negative and positive groups 
(Figure 2E and 2F). In patients with KRAS wild 
CRC, NQO1 expression was the only factor as- 
sociated with PFS on univariate analysis (P = 
0.041) (Table 4). We therefore entered all vari-
ables in a Cox proportional hazards model for 
multivariate analysis. Negative NQO1 expres-
sion was found to be an independent progno- 
stic factor for longer PFS in patients with KR- 
AS wild CRC [hazard ratio (HR) = 2.9, 95% con-
fidence interval (CI) = 1.01-8.3; P = 0.049].

Table 4. Prognostic factors for PFS in patients with KRAS 
wild colorectal cancer

Univariate Multivariate
Median PFS 

(months)
P-

value HR 95% CI P-
value

Age (years)
    < 65 7.9 0.19
    ≥ 65 11.9
Gender
    Male 9.1 0.74
    Female 6.8
Location
    Colon 6.8 0.76
    Rectum 10.1
CEA (ng/mL)
    < 5 10.6 0.99
    ≥ 5 7.9
Histological grade
    G1/G2 8.6 0.305
    G3 7.9
Surgical resection
    Yes 9.1 0.18
    No 7.2
Use of anti-EGFR drugs
    Yes 8.6 0.30
    No 7.9
NQO1 expression
    Positive 7.2 0.041 1 0.049
    Negative 12.3 2.9 1.01-8.3
PFS, Progression-free survival; KRAS, Kirsten rat sarcoma viral oncogene 
homolog; HR, Hazard ratio; CI, Confidence interval; CEA, Carcinoembryonic 
antigen; EGFR, Epidermal growth factor receptor; NQO1, NAD(P)H: quinone 
oxidoreductase-1.

Furthermore, surgical resection (P = 
0.008) and NQO1 positive expres-
sion (P = 0.043) were associated 
with OS in the univariate analysis  
in KRAS wild CRC (Table 5). We 
entered all variables into a Cox pro-
portional hazards model for multi-
variate analysis. Surgical resection 
was found to be an independent 
prognostic factor of longer OS in 
these patients (HR = 6.1, 95% CI = 
1.5-24.4; P = 0.011).

Discussion

The catalytic properties of NQO1 
were first reported by Ernster and 
Navazio in 1958 [23]. The gene for 
NQO1 also known as DT-diaphorase, 
is located on chromosome 16q22 
and consists of six exons and five 
introns [7]. NQO1 is present in sev-
eral organs and its expression is 
induced along with a battery of 
defensive genes in response to 
stresses including xenobiotics, oxi-
dants, ultraviolet light, ionizing radi-
ation and toxic substances [24]. 
NQO1 function is primarily to pro-
tect normal cells against these 
stressors. On the other hand, high 
NQO1 expression is associated  
with many solid tumors [11-18]. 
Awadallah et al. reported upregu- 
lation of NQO1 expression in pan-
creatic ductal adenocarcinoma [25]. 
An association between NQO1 ex- 
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the mitogen-activated protein kinases (MAPK) 
and phosphoinositide-3 kinase (PIK3) path-
ways, which are modulated by RAS protein, are 
two of the main pathways involved in the de- 
velopment of CRC [29]. MAPK and PIK3 cas-
cades associated with “RAS” are very impor-
tant to carcinogenesis and progression of  
CRC [17].

Recently, NQO1 has been used as a thera- 
peutic target in tumor cells, which exemplifies 
the enzyme directed approach to anticancer 
drug development [30]. β-lapachone which tar-
gets NQO1, was shown to induce programm- 
ed necrosis in solid tumors. Huang et al. re- 
ported that deoxynyboquinone kills a wide 
spectrum of cancer cells in an NQO1-depend- 
ent manner with greater potency than β-lapa- 
chone [31, 32]. Therefore, deoxynyboquinone 

tastases showed significantly higher NQO1 (DT- 
diaphorase) expression than CRC without me- 
tastases [16]. However, the association betw- 
een NQO1 expression and clinical prognosis  
in patients with CRC is not clear.

Targeted therapies for CRC have rapidly evolved 
in recent years. However, less than 20% of 
patients with CRC respond to clinically avail-
able targeted drugs when used as monothera-
py [27]. In this study, we found a direct associa-
tion between NQO1 expression and resistance 
to chemotherapy. To the best of our knowle- 
dge, this is the first study to evaluate the as- 
sociation between NQO1 expression and the 
KRAS status in patients with advanced CRC.

Some studies have shown association between 
high NQO1 expression and poor prognosis in 

Table 5. Prognostic factors for OS in patients with KRAS wild 
colorectal cancer

Univariate Multivariate
Median OS 
(months)

P-
value HR 95% CI P-

value
Age (years)
    < 65 17.7 0.36
    ≥ 65 5.4
Gender
    Male 36.9 0.863
    Female 30.0
Location
    Colon 38.6 0.373
    Rectum 32.5
CEA (ng/mL)
    < 5 47.4 0.473 1 0.152
    ≥ 5 32.5 0.19 0.02-1.85
Histological grade
    G1/G2 26.1 0.687
    G3 36.9
Surgical resection
    Yes 57.2 0.008 6.1 1.5-24.4 0.011
    No 26.1 1
Use of anti-EGFR drugs
    Yes 36.9 0.771
    No 30.0
NQO1 expression
    Positive 30.0 0.043 1 0.068
    Negative - 7.4 0.86-62.5
OS, Overall survival; KRAS, Kirsten rat sarcoma viral oncogene homolog; HR, 
Hazard ratio; CI, Confidence interval; CEA, Carcinoembryonic antigen; NQO1, 
NAD(P)H: quinone oxidoreductase-1.

the context of solid tumors [15, 
16]. Patients with high expression 
levels of NQO1 in cervical squa-
mous cell carcinoma had lower 
disease-free survival (DFS) and 
5-year OS [16]. In patients with 
gastric adenocarcinoma, high NQ- 
O1 expression was associated 
with lower DFS and OS than  
their counterparts with low NQO1 
expression [15]. These findings 
suggested a potential diagnostic 
and prognostic value of NQO1 
expression in solid tumors. How- 
ever, the function of NQO1 in ma- 
lignancies remains controversial. 
Marco et al. demonstrated that 
NQO1 expression induced cell cy- 
cle progression via upregulation  
of cyclin A2, B1 and D1 [24]. Asher 
et al. showed that NQO1 played  
an important role in the regulation 
of p53 functions by inhibiting its 
degradation [28]. These findings 
suggested a relation between high 
level of NQO1 expression and tu- 
morigenesis as well as malignant 
progression of cancer [24].

In our study, there was no associa-
tion between the NQO1 expres-
sion and therapeutic efficacy/clini-
cal prognosis in KRAS mutated 
CRC. It is well known that various 
molecular pathways are involved 
in CRC development. In particular, 
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is a very promising anticancer therapeutic 
agent for treatment of solid tumors. Further 
studies are necessary to verify whether NQO1 
targeted drugs may be of clinical benefit to 
patients with solid tumors.

This study had several limitations. First, this 
study was a retrospective analysis of a small 
number of patients in a single center. Second, 
the validity of IHC for NQO1 expression in CRC 
has not been demonstrated. However, IHC has 
been used to evaluate NQO1 expression in  
the context of cervical and gastric carcinoma 
[15, 16]. Third, minor mutations such as NRAS, 
BRAF were not investigated in our study. Never- 
theless, we believe that the results of the pre- 
sent study are informative for prediction of  
therapeutic efficacy and prognosis in patients 
with KRAS wild CRC. Further prospective, large-
scale, multicenter studies are needed to clari- 
fy the role of NQO1 expression in CRC.

In conclusion, our obtained data suggested 
that NQO1 expression confers chemothera- 
peutic resistance in patients with KRAS wild 
CRC. Only a few studies have investigated the 
association between KRAS and NQO1, and the 
underlying mechanism by which NQO1 status 
determined the prognosis of KRAS wild type  
is unknown. Oncogenic activation of KRAS in 
murine embryonic fibroblasts was recently sh- 
own to induce Nrf2 activity by binding to Jun 
and Myc oncogenes [33]. Together with our 
data, it is plausible that KRAS-independent 
NQO1 expression may determine the progno- 
sis in KRAS wild CRC. NQO1-negative expres-
sion using IHC may be a favorable predictive 
prognostic factor in KRAS wild CRC patients.

Acknowledgements

This work was supported by a Grant-in-Aid for 
Scientific Research (No. 26462006) from the 
Ministry of Education, Culture, Sports, Science 
and Technology of Japan.

Disclosure of conflict of interest

None.

Address correspondence to: Hitoshi Kameyama, 
Division of Digestive and General Surgery, Niigata 
University Graduate School of Medical and Dental 
Sciences, Niigata 951-8510, Japan. Tel: +81-25-
227-2228; Fax: +81-25-227-0779; E-mail: kame@
med.niigata-u.ac.jp

mailto:kame@med.niigata-u.ac.jp
mailto:kame@med.niigata-u.ac.jp


NQO1 expression in colorectal cancer

5849 Int J Clin Exp Pathol 2017;10(5):5841-5849

[23] Ernster L, Navazio F. Soluble diaphorase in 
animal tissues. Acta Chem Scand 1958; 12: 
595-602.

[24] Garate M, Wani AA, Li G. The NAD(P)H:Quinone 
Oxidoreductase 1 induces cell cycle progres-
sion and proliferation of melanoma cells. Free 
Radic Biol Med 2010; 48: 1601-9.

[25] Awadallah NS, Dehn D, Shah RJ, Russell Nash 
S, Chen YK, Ross D, Bentz JS, Shroyer KR. 
NQO1 expression in pancreatic cancer and its 
potential use as a biomarker. Appl Immuno- 
histochem Mol Morphol 2008; 16: 24-31.

[26] Watanabe J, Nishiyama H, Matsui Y, Ito M, 
Kawanishi H, Kamoto T, Ogawa O. Dicoumarol 
potentiates cisplatin-induced apoptosis medi-
ated by c-Jun N-terminal kinase in p53 wild-
type urogenital cancer cell lines. Oncogene 
2006; 25: 2500-8.

[27] Cunningham D, Humblet Y, Siena S, Khayat D, 
Bleiberg H, Santoro A, Bets D, Mueser M, 
Harstrick A, Verslype C, Chau I, Van Cutsem E. 
Cetuximab monotherapy and cetuximab plus 
irinotecan in irinotecan-refractory metastatic 
colorectal cancer. N Engl J Med 2004; 351: 
337-45.

[28] Asher G, Lotem J, Cohen B, Sachs L, Shaul Y. 
Regulation of p53 stability and p53-dependent 
apoptosis by NADH quinone oxidoreductase 1. 
Proc Natl Acad Sci U S A 2001; 98: 1188-93.

[29] Zenonos K, Kyprianou K. RAS signaling path-
ways, mutations and their role in colorectal 
cancer. World J Gastrointest Oncol 2013; 5: 
97-101.

[30] Workman P. Enzyme-directed bioreductive 
drug development revisited: a commentary  
on recent progress and future prospects with 
emphasis on quinone anticancer agents and 
quinone metabolizing enzymes, particularly 
DT-diaphorase. Oncol Res 1994; 6: 461-75.

[31] Huang X, Dong Y, Bey EA, Kilgore JA, Bair JS,  
Li LS, Patel M, Parkinson EI, Wang Y, Williams 
NS, Gao J, Hergenrother PJ, Boothman DA.  
An NQO1 substrate with potent antitumor ac-
tivity that selectively kills by PARP1-induced 
programmed necrosis. Cancer Res 2012; 72: 
3038-47.

[32] Li LS, Bey EA, Dong Y, Meng J, Patra B, Yan J, 
Xie XJ, Brekken RA, Barnett CC, Bornmann WG, 
Gao J, Boothman DA. Modulating endogenous 
NQO1 levels identifies key regulatory mecha-
nisms of action of β-lapachone for pancreatic 
cancer therapy. Clin Cancer Res 2011; 17: 
275-85.

[33] DeNicola GM, Karreth FA, Humpton TJ, Gopi- 
nathan A, Wei C, Frese K, Mangal D, Kenneth 
HY, Yeo CJ, Calhoun ES, Scrimieri F, Winter JM, 
Hruban RH, lacobuzio-Donahue C, Kern SE, 
Blair IA, Tuveson DA. Oncogene-induced Nrf2 
transcription promotes ROS detoxification and 
tumorigenesis. Nature 2011; 475: 106-9.

Prognostic significance of NQO1 expression in 
intrahepatic cholangiocarcinoma. Int J Clin Exp 
Pathol 2011; 4: 363-70.

[12] Ichikawa H, Kosugi SI, Hirose Y, Matsuda Y, 
Ishikawa T, Hanyu T, Usui K, Muneoka Y, Na- 
gahashi M, Sakata J, Kobayashi T, Kameyama 
H, Wakai T. Prognostic significance of NQO1 
expression in esophageal squamous cell car- 
cinoma after preoperative chemotherapy with 
cisplatin and 5-fluorouracil followed by cu- 
rative esophagectomy. Int J Clin Exp Pathol 
2016; 9: 7393-401.

[13] Siegel D, Franklin WA, Ross D. Immunohisto- 
chemical detection of NAD(P)H:quinone oxi- 
doreductase in human lung and lung tumors. 
Clin Cancer Res 1998; 4: 2065-70.

[14] Lyn-Cook BD, Yan-Sanders Y, Moore S, Taylor  
S, Word B, Hammons GJ. Increased levels of 
NAD(P)H:quinone oxidoreductase 1 (NQO1) in 
pancreatic tissues from smokers and pancre-
atic adenocarcinomas: a potential biomarker 
of early damage in the pancreas. Cell Biol 
Toxicol 2006; 22: 73-80.

[15] Lin L, Qin Y, Jin T, Liu S, Zhang S, Shen X, Lin Z. 
Significance of NQO1 overexpression for prog-
nostic evaluation of gastric adenocarcinoma. 
2014; 96: 200-5.

[16] Mikami K, Naito M, Ishiguro T, Yano H, Tomida 
A, Yamada T, Tanaka N, Shirakusa T, Tsuruo T. 
Immunological quantitation of DT-diaphorase 
in carcinoma cell lines and clinical colon can-
cers: advanced tumors express greater levels 
of DT-diaphorase. Jpn J Cancer Res 1998; 89: 
910-5. 

[17] Ma Y, Kong J, Yan G, Ren X, Jin D, Jin T, Lin L, 
Lin Z. NQO1 overexpression is associated with 
poor prognosis in squamous cell carcinoma of 
the uterine cervix. BMC Cancer 2014; 14: 414.

[18] Cui X, Li L, Yan G, Meng K, Lin Z, Nan Y, Jin G, 
Li C. High expression of NQO1 is associated 
with poor prognosis in serous ovarian carcino-
ma. BMC Cancer 2015; 15: 244.

[19] Yokoyama N, Hitomi J, Watanabe H, Ajioka Y, 
Pruyas M, Serra I, Shirai Y, Hatakeyama K. 
Mutations of p53 in gallbladder carcinomas  
in high-incidence areas of Japan and Chile. 
Cancer Epidemiol Biomarkers Prev 1998; 7: 
297-301.

[20] Ohshima S, Shimizu Y, Takahama M. Detection 
of c-Ki-ras gene mutation in paraffin sections 
of adenocarcinoma and atypical bronchioloal-
veolar cell hyperplasia of human lung. Virchows 
Arch 1994; 424: 129-34.

[21] Edge SB; American Joint Committee on Cancer. 
AJCC cancer staging manual. 7th edition. New 
York: Springer; 2010.

[22] Winski SL, Koutalos Y, Bentley DL, Ross D. 
Subcellular localization of NAD(P)H:quinone 
oxidoreductase 1 in human cancer cells. Can- 
cer Res 2002; 62: 1420-4.


