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Abstract: Background: Accumulated evidence shows that constitutively high expression of Nuclear factor erythroid 
2-related factor 2 (Nrf2) is associated with cancer growth and progression. NAD(P)H: quinone oxidoreductase 1 
(NQO1), as a downstream gene of Nrf2, can also play an important role in occurrence and development of malig-
nancy. In this study, we investigated expression of Nrf2 and NQO1 in gastric cancer and its clinical significance. 
Methods: Nrf2 and NQO1 protein expression were assessed using immunohistochemical (IHC) staining in 162 pa-
tients with gastric cancer. Their relationships and the correlation of Nrf2 and NQO1 expression with clinicopathologi-
cal factors of gastric cancer were evaluated by Chi-square. Cumulative survival after tumor removal was calculated 
using the Kaplan-Meier method, and differences in survival curves were analyzed using the log-rank tests. Results: 
The positive rates of Nrf2 and NQO1 protein expression in gastric cancers were 59.26% and 54.32%, respectively. 
Both Nrf2 and NQO1 positivity were closely associated with tumor size, lymph node metastasis, TNM stage, tumor 
depth and the degree of histological differentiation (P<0.05 for all). Kaplan Meier analysis showed that patients 
with high Nrf2 or NQO1 expression had lower survival rates than those with low Nrf2 or NQO1 expression (P<0.05 
for all). Both Nrf2 and NQO1 are significantly correlated with resistance to 5-fluorouracil combination chemotherapy 
in gastric cancer (P = 0.002 and 0.001, respectively). Conclusions: Nrf2 and NQO1 expression reflect aggressive 
behavior of gastric cancer. These findings indicate that Nrf2 and NQO1 might be useful as a poor prognostic bio-
marker of gastric cancer.
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Introduction

Gastric cancer is one of the most common 
malignant tumors and the second leading 
cause of cancer death worldwide. A total of 
989,600 new gastric cancer cases and 
738,000 deaths are estimated to have 
occurred in 2008, accounting for 8% of the 
total cases and 10% of total deaths; over 70% 
of new cases and deaths occur in developing 
countries [1]. Although gastric cancer rates 
have decreased substantially in most parts of 
the world, it have limited efficacy because most 
gastric cancer patients are in the advanced 
stages when diagnosed; the five-year survival 
rate for patients with stage III/IV gastric cancer 
is around 10% [2]. In china, gastric cancer is 
still the second most frequently diagnosed can-
cer and the third leading cause of cancer death 

[3]. Gastric cancer results from a combination 
of genetics, lifestyle and environmental factors. 
Despite the advance in diagnosis and treat-
ment, the prognosis for advanced gastric can-
cer is poor. Therefore, it is necessary to find 
novel cancer-related factors that can be used 
as markers for the diagnosis and treatment of 
gastric cancer.

Oxygen is essential for the survival of all aerobic 
organisms and Its metabolism results in par-
tially reduced oxygen byproducts collectively 
known as reactive oxygen species (ROS) [4]. 
The balance between ROS production and elim-
ination is crucial for the cell to remain viable 
and maintain its vital function [5]. Excess ROS 
produced under pathological conditions will 
cause oxidative damage to cellular DNA, lipids, 
and proteins; genetic changes and/or epigene-
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tic alterations can lead to the dysregulation of 
oncogenes and tumor suppressor genes, ulti-
mately contributing to the pathogenesis of can-
cer [4, 5]. Oxidative stress as a result of elevat-
ed levels of ROS has been observed in almost 
all cancers, including gastric cancer [6, 7]. To 
counteract the oxidative or electrophilic stress 
in cells, human bodies organize an antioxidant 
response through signaling mechanisms, such 
as the Kelch-like eCh-associated protein 1 
(Keap1)-nuclear factor-e2-related factor 2 
(nrf2)-antioxidant response element (ARE) 
pathway (Keap1-nrf2-ARE pathway) [8].

Nuclear factor erythroid 2-related factor 2 
(Nrf2), one of the most important transcription-
al activators in the pathway, plays a central role 

Patients and tumor specimens

All tissue specimens from 162 cases of gastric 
cancer were collected from Gansu Provincial 
Hospital from Sep 2008 to Feb 2010. All 
patients underwent curative gastrectomy with 
lymph node dissection. Tissue samples for 
diagnostic purposes were obtained with the 
consent of each patient. None of these patients 
received radiotherapy, chemotherapy or other 
anti-cancer therapy before surgery, and 124 
patients with stage II or III cancer received 
5FU-based adjuvant chemotherapy for 6 to 8 
cycles. All specimens were pathologically con-
firmed. The clinicopathological characteristics 
of these patients are summarized in Table 1. 
Histological diagnosis was based on the 2010 

Table 1. Correlation of clinicopathological factors with Nrf2 and NQO1 
expression in gastric cancer

Clinical factors No. of cases
Nrf2 NQO1

(+) (-) p (+) (-) p
Age (years)
  <55 96 54 42 0.347 47 49 0.098
  ≥55 66 42 24 41 25
Gender
  Male 103 59 44 0.498 52 51 0.195
  Female 59 37 22 36 23
Tumor size (cm)
  <5 89 43 46 0.002 39 50 0.003
  ≥5 73 53 20 49 24
Tumor location
  Cardia, fundic, body 87 55 32 0.269 49 38 0.582
  Antral 75 41 34 39 36
TNM stage
  I, II 74 36 38 0.012 31 43 0.004
  III, IV 88 60 28 57 31
Tumor depth
  T1, T2 77 38 39 0.015 33 44 0.005
  T3, T4 85 58 27 55 30
Lymph node metastases
  Yes 91 62 29 0.009 56 35 0.037
  No 71 34 37 32 39
Differentiation
  Well 88 43 45 0.012 39 49 0.016
  Moderate 43 30 13 27 16
  Poor 31 23 8 22 9
Nrf2
  (+) 96 64 32 0.002
  (-) 66 24 42

in regulation a battery of 
genes involved in xenobiot-
ic metabolism and antioxi-
dants [9, 10]. Nrf2 detoxi-
fies ROS mainly through the 
transactivation of a series 
of genes including NAD(P)
H: quinone oxidoreducta- 
se 1 (NQO1) and heme ox- 
ygenase-1 (HO1 (HMOX1)), 
which maintains cell hom- 
eostasis [5, 8]. Accumu- 
lated evidence shows that 
constitutively high expres-
sion of Nrf2 not only pro-
motes cancer develop-
ment, but also contributes 
to chemoresistance, enha- 
nces cancer cell survival 
and is associated with can-
cer growth and progression 
[11, 12]. In this study, we 
investigated the correlation 
of clinicopathological fac-
tors of gastric cancers with 
Nrf2 and NQO1 expression. 
We also assessed the prog-
nostic value of high Nrf2 
and NQO1 expression, and 
evaluated the effects of 
Nrf2 and NQO1 expression 
on chemosensitivity in pa- 
tients with gastric cancer.

Materials and methods
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edition of the World Health Organization diges-
tive system cancer guidelines. The staging of 
gastric cancer was according to the 7th edition 
of tumor node metastasis classification. “5FU 
resistance” was defined as gastric cancer that 
recurred after adjuvant chemotherapy [7].  
This study was approved by the Ethics Com- 
mittee of Gansu Province People’s Hospital 
(syll2015009), and all patients gave their 
informed consent prior to inclusion in the study.

Immunohistochemistry (IHC)

Tumor samples were fixed with 10% formalde-
hyde in PBS, embedded in paraffin, sectioned 
into 4-μm thick sections and mounted on glass 
slides for immunohistochemical analysis. The 
procedure was in accordance with the immuno-
histochemical SP detection kit instructions. 
The diluted density of mouse anti-human Nrf2 
antibody was 1:200 and NQO1 antibody was 

Figure 1. Immunostaining of Nrf2 in clinical gastric cancer samples. Representative immunostaining of Nrf2 in (A) 
normal stomach tissue; (B-D) Gastric cancer tissues; (B) well-differentiated gastric carcinoma; (C) middle-differenti-
ated gastric carcinoma; (D) poor-differentiated gastric carcinoma.
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1:400. Nrf2 immunoreactivity was detected in 
the nucleus. NQO1 protein positive products 
were mainly localized in the cytoplasm, and it 
was also weakly detected in the nucleus.

Evaluation of IHC staining

Positive results were judged by both the propor-
tion of positive cells and the intensity of stain-
ing. The staining intensity score was 0 (nega-
tive), 1 (weak), 2 (medium), and 3 (strong). The 
integral of the rate of positive cells was 0 (≤5%), 

1 (6-25%), 2 (26-50%), 3 (51-75%), and 4 (76-
100%). Immunohistochemical scores, which 
ranged from 0 to 12, were calculated by multi-
plying the values of the intensity and the pro-
portional score. A score ≥4 was considered to 
be a positive expression.

Statistical analysis

Statistical analyses were performed using 
SPSS 17.0 software. Statistical analysis of 
group differences was performed using the χ2 

Figure 2. Immunostaining of NQO1 in clinical gastric cancer samples. Representative immunostaining of Nrf2 in (A) 
normal stomach tissue; (B-D) Gastric cancer tissues; (B) well-differentiated gastric carcinoma; (C) middle-differenti-
ated gastric carcinoma; (D) poor-differentiated gastric carcinoma.
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test and Fisher’s exact tests. Cumulative sur-
vival after tumor removal was calculated using 
the Kaplan-Meier method, and differences in 
survival curves were analyzed using the log-
rank tests. P<0.05 was considered statistically 
significant.

Results

Nrf2 and NQO1 immunohistochemical expres-
sion in gastric cancer tissues and adjacent 
normal tissue

Immunohistochemical results showed that 
Nrf2 protein is mainly located in the nucleus of 
gastric cancer cells (Figure 1). The positive rate 
of Nrf2 protein expression was 59.26% 
(96/162) in the 162 tumor tissues, which was 
significantly higher than that in adjacent non-
tumor tissues (19.14%, 31/162) (P<0.001). 
NQO1 immunoreactivity was detected mainly in 
the cytoplasm, and it was also weakly detected 
in the nucleus (Figure 2). The positive rate of 
NQO1 in the 162 tumor tissues was 54.32% 
(88/162). It was significantly higher than in  

the corresponding normal tissues (13.58%, 
22/162) and the difference was statistically 
significant (P<0.001).

Correlation of clinicopathological factors with 
Nrf2 and NQO1 expression

To evaluate the role of Nrf2 and NQO1 protein 
in gastric cancer progression, the correlation 
between Nrf2 and NQO1 expression and clini-
copathological features of patients was ana-
lyzed. As summarized in Table 1, there were no 
significant correlations between the expression 
level of Nrf2 protein and patient age, gender, 
location in patients with gastric cancer. 
However, there was a close relationship 
between the positive rate of Nrf2 protein and 
tumor size (P = 0.002), lymph node metastasis 
(P = 0.009), TNM stage (P = 0.012), tumor 
depth (P = 0.015) and the degree of histologi-
cal differentiation (P = 0.012). Expression of 
NQO1 protein in the gastric cancer tissue was 
correlated with tumor size (P = 0.003), lymph 
node metastasis (P = 0.037), TNM stage (P = 
0.004), tumor depth (P = 0.005) and the degree 
of histological differentiation (P = 0.016), but 
not with age, gender, location (P>0.05).

Association between Nrf2 and NQO1 expres-
sion and prognosis of gastric cancer patients

NQO1 protein was closely related to expression 
of Nrf2 in gastric cancer tissues (P = 0.002) 

Table 2. Correlation of Nrf2 and NQO1 ex-
pression with 5FU resistance

5FU sensitivity
Nrf2 NQO1

(+) (-) p (+) (-) p
Sensitive 24 27 0.002 16 31 0.001
Resistant 54 19 53 24

Figure 3. Kaplan-Meier survival curves of patients with gastric cancer according to Nrf2 (A) and NQO1 (B) protein 
expression. Correlation between overall survival of the patients and Nrf2 expression was found to be statistically 
significant (log rank P = 0.003) as well as that between survival and NQO1 expression (log rank P = 0.008).
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(Table 1). Kaplan Meier analysis indicated that 
patients with high Nrf2 expression had lower 
survival rates than those with low Nrf2 expres-
sion (P = 0.003) (Figure 3A). Similarly, the sur-
vival rates of the NQO1 positive group was sig-
nificantly poorer than that of the NQO1 negative 
group (P = 0.008) (Figure 3B).

Correlation of Nrf2 and NQO1 expression with 
5FU resistance

Table 2 shows correlation of Nrf2 and NQO1 
expression with 5FU resistance. The patients of 
5FU resistance were 54 (69.23%) in the 78 
Nrf2 positive patients, whereas which were 
only 19 (41.30%) in the 46 Nrf2 negative 
patients. Similarly, the patients of 5FU resis-
tance in the 69 NQO1 positive and the 55 
NQO1 negative patients were 53 (76.81%), 24 
(43.64%), respectively. Both Nrf2 and NQO1 
are significantly correlated with resistance to 
5FU-based adjuvant chemotherapy in gastric 
cancer. P values were 0.002, 0.001, respec-
tively and the difference is statistically 
significant.

Discussion

Nrf2 belongs to the cnc (“cap ‘n’ collar”) sub-
family of the basic region leucine zipper tran-
scription factors [13, 14]. Furthermore, several 
studies have confirmed that activation of Nrf2 
and its downstream gene is caused by defects 
in Keap1 function [13]. Previous studies have 
demonstrated that Nrf2 immunoreactivity is 
frequently detected in various human malig-
nancies, such as breast, lung, gastric, pancre-
atic, intrahepatic cholangiocellular, gallbladder, 
endometrial, colorectal, and ovarian carcino-
mas [15, 16]. At the same time, the overexpres-
sion of its downstream genes (such as NQO1 ) 
also detected by using IHC in many types of 
human cancer, including human breast, ovari-
an, pancreatic, thyroid, adrenal, colon, corneal 
and gastric tumors [17, 18]. Therefore, it can be 
theoretically proposed that defects of Nrf2/
NQO1 pathway play an important role in occur-
rence and development of malignancy. Our 
paper is the first report to reveal that an asso-
ciation between the Nrf2/NQO1 pathway and 
clinicopathological features of gastric cancer 
patients.

In the present study, Nrf2 immunoreactivity 
was detected predominantly in the nucleus, 

and its rate of immunopositivity was 59.26% 
(96/162) in the 162 tumor tissues, which was 
significantly higher than that in adjacent non-
tumor gastric tissues. Our results are similar to 
previous researches. Previous studies have 
reported that the rate of Nrf2 immunopositivity 
in gastric cancer was 55.9% [19] and 61.7% [7]. 
However, Hu et al. reported that Nrf2 immuno-
reactivity was detected predominantly in the 
cytoplasm [19]. Kawasaki et al. thought that 
the different result may be due to using differ-
ent antibodies in the course of the experiment 
[7]. Meanwhile, NQO1 immunoreactivity was 
detected mainly in the cytoplasm, and the posi-
tive rate of NQO1 in the 162 tumor tissues was 
54.32% (88/162), which was significantly high-
er than that in the corresponding normal tis-
sues. Previous studies have reported that 
NQO1 protein and mRNA expression levels are 
abnormally elevated within many solid tumors 
[18]. And some scholars believed that NQO1 
may be a useful diagnostic indicator for some 
tumors [18, 20, 21]. In addition, according to 
the current data, we found that there was a 
positive correlation between expression of Nrf2 
and NQO1. Many relative researches have 
demonstrated that the overexpression of Nrf2 
could up-regulated NQO1 expression [10, 22]. 
We therefore considered that Nrf2 protein 
expression is consistent with NQO1 expression 
in gastric cancer specimens. These results sug-
gest that Nrf2 and NQO1 may act as a new 
parameter for diagnosis of gastric cancer.

Subsequent study found that there was a close 
relationship between the positive protein 
expression of Nrf2 and NQO1 and tumor size, 
lymph node metastasis, TNM stage, tumor 
depth and the degree of histological differentia-
tion (Table 1). Our findings are in accordance 
with most of the previous reports. Such as, 
Kawasaki et al. reported that expression of 
Nrf2 was significantly associated with tumor 
size, tumor depth, lymphatic invasion, lymph 
node metastases, and tumor histology [7]. 
Yang et al. reported that the NQO1 expression 
level was markedly associated with histological 
grade, LN metastasis and Her2 expression lev-
els [17]. Moreover, high expression of Nrf2 in 
colorectal cancer [10], Cholangiocarcinoma 
[11],  Gallbladder Cancer [13], pancreatic ade-
nocarcinoma [14], breast cancer [15] was asso-
ciated with lower survival rates compared with 
patients with low-level Nrf2 expression. Cui et 
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al. and Buranrat et al. reported that NQO1 
expression was associated with poor overall 
survival in ovarian carcinoma [20] and in small 
cell lung cancer patients [23], respectively. In 
our paper, we showed by Kaplan Meier analysis 
that patients with high Nrf2 or NQO1 expres-
sion had lower survival rates than those with 
low Nrf2 or NQO1 expression. We therefore 
thought that Nrf2 and NQO1 upregulation may 
promote the invasion and/or metastasis of gas-
tric cancer cells, which may reflect aggressive 
behavior of gastric cancer. These findings indi-
cate that Nrf2 and NQO1 might be useful as a 
poor prognostic biomarker of gastric cancer.

A growing body of evidence suggests that Nrf2 
can not only mediate cancer chemoprevention 
in normal cells, but also promotes cancer cell 
survival [7, 8]. Constitutively expressed Nrf2 
can promote cancer cell proliferation and is a 
profound protection from anticancer drugs or 
radiotherapy-induced cell death [24-26]. 
Therefore, Nrf2 is a potent determinant of 
chemo- and/or radioresistance of cancer [24]. 
Several literatures reported that Nrf2 expres-
sion is significantly correlated with increased 
proliferation and treatment resistance to radia-
tion, cisplatin, gemcitabine, doxorubicin, 5-fluo-
rouracil (5-FU), mitoxantrone and topotecan, 
seemingly through the induction of antioxidant 
genes [24, 27]. Zeekpudsa et al. believed that 
NQO1 may protect cancer cells by removing 
free radicals and making cells more resistant to 
anticancer agents, particularly to oxidative 
stress inducers [28]. Geng et al. reported that 
NQO1 expression reduced the effect of 5-fluo-
rouracil combination chemotherapy in gastric 
cancer [29]. Inhibition of NQO1 by a pharmaco-
logical inhibitor, dicoumarol, suppressed uro-
genital and pancreatic cancer cell growth and 
also potentiated cytotoxicity of cisplatin and 
doxorubicin [28]. Our results also showed that 
both Nrf2 and NQO1 are significantly correlated 
with resistance to 5-fluorouracil combination 
chemotherapy in gastric cancer. We therefore 
thought that Nrf2/NQO1 pathway plays a cru-
cial role in chemoresistance of cancer. 
Furthermore, Nrf2 and NQO1 may be potential 
molecular targets for elevating response of 
cancer cells to chemotherapeutic drugs by 
inhibiting the Nrf2/NQO1 pathway [7, 19, 
26-32]. Based on the above evidence, we can 
predict the efficacy of 5FU-based adjuvant che-
motherapy in gastric cancer by evaluation of 
Nrf2 or NQO1 expression. Of course, for the 

patients that they have resistance to chemo-
therapy and Nrf2 or NQO1 expression is posi-
tive, it may be possible to achieve sufficient 
efficacy of chemotherapy by concomitant inhi-
bition of Nrf2 or NQO1.

In conclusion, there was a positive correlation 
between expression of Nrf2 and NQO1. Both of 
them correlated with tumor size, lymph node 
metastasis, TNM stage, tumor depth, the 
degree of histological differentiation and resis-
tance to 5-fluorouracil combination chemother-
apy in gastric cancer. These findings suggest 
that Nrf2 and NQO1 expression reflect aggres-
sive behavior of gastric cancer. Nrf2 and NQO1 
might be useful as a poor prognostic biomarker 
of gastric cancer. It may be possible to achieve 
sufficient efficacy of chemotherapy by concomi-
tant inhibition of Nrf2 or NQO1 for the treat-
ment of Nrf2 or NQO1 positive gastric cancer 
patients. 

Disclosure of conflict of interest

None.

Authors’ contribution

All authors read and approved the final 
manuscript.

Address correspondence to: Dr. Mingxu Da, De- 
partment of Surgical Oncology, Gansu Provincial 
Hospital, 204 Donggang West Road, Lanzhou 
730000, P. R. China. Tel: +86-15095321201; 
E-mail: hxdamingxu@hotmail.com

References

[1] Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieu-
lent J and Jemal A. Global cancer statistics, 
2012. CA Cancer J Clin 2015; 65: 87-108.

[2] Yu DH, Tang L, Dong H, Dong Z, Zhang L, Fu J, 
Su X, Zhang T, Fu H, Han L, Xie L, Chen H, Qian 
Z, Zhu G, Wang J, Ye Q, Zhang J, Yin X, Zhang X, 
Ji J and Ji Q. Oncogenic HER2 fusions in gastric 
cancer. J Transl Med 2015; 13: 116.

[3] Lin Y, Ueda J, Kikuchi S, Totsuka Y, Wei WQ, 
Qiao YL and Inoue M. Comparative epidemiol-
ogy of gastric cancer between Japan and Chi-
na. World J Gastroenterol 2011; 17: 4421-
4428.

[4] Bauer AK, Hill T 3rd and Alexander CM. The in-
volvement of NRF2 in lung cancer. Oxid Med 
Cell Longev 2013; 2013: 746432.

[5] Wu T, Harder BG, Wong PK, Lang JE and Zhang 
DD. Oxidative stress, mammospheres and 

mailto:hxdamingxu@hotmail.com


Correlation of gastric cancer with Nrf2 and NQO1 expression

1642 Int J Clin Exp Pathol 2016;9(2):1635-1643

Nrf2-new implication for breast cancer thera-
py? Mol Carcinog 2015; 54: 1494-502.

[6] Abdul-Aziz A, MacEwan DJ, Bowles KM and 
Rushworth SA. Oxidative stress responses and 
NRF2 in human leukaemia. Oxid Med Cell Lon-
gev 2015; 2015: 454659.

[7] Kawasaki Y, Ishigami S, Arigami T, Uenosono Y, 
Yanagita S, Uchikado Y, Kita Y, Nishizono Y, 
Okumura H, Nakajo A, Kijima Y, Maemura K 
and Natsugoe S. Clinicopathological signifi-
cance of nuclear factor (erythroid-2)-related 
factor 2 (Nrf2) expression in gastric cancer. 
BMC Cancer 2015; 15: 5.

[8] Xiang M, Namani A, Wu S and Wang X. Nrf2: 
bane or blessing in cancer? J Cancer Res Clin 
Oncol 2014; 140: 1251-1259.

[9] Uruno A and Motohashi H. The Keap1-Nrf2 
system as an in vivo sensor for electrophiles. 
Nitric Oxide 2011; 25: 153-160.

[10] Ji L, Wei Y, Jiang T and Wang S. Correlation of 
Nrf2, NQO1, MRP1, cmyc and p53 in colorec-
tal cancer and their relationships to clinico-
pathologic features and survival. Int J Clin Exp 
Pathol 2014; 7: 1124-1131.

[11] Khunluck T, Kukongviriyapan V, Puapairoj A, 
Khuntikeo N, Senggunprai L, Zeekpudsa P and 
Prawan A. Association of NRF2 polymorphism 
with cholangiocarcinoma prognosis in Thai pa-
tients. Asian Pac J Cancer Prev 2014; 15: 299-
304.

[12] Stacy DR, Ely K, Massion PP, Yarbrough WG, 
Hallahan DE, Sekhar KR and Freeman ML. In-
creased expression of nuclear factor E2 p45-
related factor 2 (NRF2) in head and neck squa-
mous cell carcinomas. Head Neck 2006; 28: 
813-818.

[13] Wang J, Zhang M, Zhang L, Cai H, Zhou S, 
Zhang J and Wang Y. Correlation of Nrf2, HO-1, 
and MRP3 in gallbladder cancer and their rela-
tionships to clinicopathologic features and sur-
vival. J Surg Res 2010; 164: e99-105.

[14] Soini Y, Eskelinen M, Juvonen P, Karja V, 
Haapasaari KM, Saarela A and Karihtala P. 
Nuclear Nrf2 expression is related to a poor 
survival in pancreatic adenocarcinoma. Pathol 
Res Pract 2014; 210: 35-39.

[15] Onodera Y, Motohashi H, Takagi K, Miki Y, 
Shibahara Y, Watanabe M, Ishida T, Hirakawa 
H, Sasano H, Yamamoto M and Suzuki T. NRF2 
immunolocalization in human breast cancer 
patients as a prognostic factor. Endocr Relat 
Cancer 2014; 21: 241-252.

[16] Chang LC, Fan CW, Tseng WK, Chen JR, Chein 
HP, Hwang CC and Hua CC. Immunohistochem-
ical study of the Nrf2 pathway in colorectal 
cancer: Nrf2 expression is closely correlated to 
Keap1 in the tumor and Bach1 in the normal 
tissue. Appl Immunohistochem Mol Morphol 
2013; 21: 511-517.

[17] Yang Y, Zhang Y, Wu Q, Cui X, Lin Z, Liu S and 
Chen L. Clinical implications of high NQO1 ex-
pression in breast cancers. J Exp Clin Cancer 
Res 2014; 33: 14.

[18] Lin L, Qin Y, Jin T, Liu S, Zhang S, Shen X and 
Lin Z. Significance of NQO1 overexpression for 
prognostic evaluation of gastric adenocarcino-
ma. Exp Mol Pathol 2014; 96: 200-205.

[19] Hu XF, Yao J, Gao SG, Wang XS, Peng XQ, Yang 
YT and Feng XS. Nrf2 overexpression predicts 
prognosis and 5-FU resistance in gastric can-
cer. Asian Pac J Cancer Prev 2013; 14: 5231-
5235.

[20] Wakai T, Shirai Y, Sakata J, Matsuda Y, Korita 
PV, Takamura M, Ajioka Y and Hatakeyama K. 
Prognostic significance of NQO1 expression in 
intrahepatic cholangiocarcinoma. Int J Clin Exp 
Pathol 2011; 4: 363-370.

[21] Cui X, Li L, Yan G, Meng K, Lin Z, Nan Y, Jin G 
and Li C. High expression of NQO1 is associat-
ed with poor prognosis in serous ovarian carci-
noma. BMC Cancer 2015; 15: 244.

[22] Siegel D, Franklin WA and Ross D. Immunohis-
tochemical detection of NAD(P)H: quinone oxi-
doreductase in human lung and lung tumors. 
Clin Cancer Res 1998; 4: 2065-2070.

[23] Cui X, Jin T, Wang X, Jin G, Li Z and Lin L. NAD(P)
H: quinone oxidoreductase-1 overexpression 
predicts poor prognosis in small cell lung can-
cer. Oncol Rep 2014; 32: 2589-2595.

[24] Geismann C, Arlt A, Sebens S and Schafer H. 
Cytoprotection “gone astray”: Nrf2 and its role 
in cancer. Onco Targets Ther 2014; 7: 1497-
1518.

[25] Zhang DD. The Nrf2-Keap1-ARE signaling 
pathway: The regulation and dual function of 
Nrf2 in cancer. Antioxid Redox Signal 2010; 
13: 1623-1626.

[26] No JH, Kim YB and Song YS. Targeting nrf2 sig-
naling to combat chemoresistance. J Cancer 
Prev 2014; 19: 111-117.

[27] Moon EJ and Giaccia A. Dual roles of NRF2 in 
tumor prevention and progression: possible 
implications in cancer treatment. Free Radic 
Biol Med 2015; 79: 292-299.

[28] Zeekpudsa P, Kukongviriyapan V, Senggunprai 
L, Sripa B and Prawan A. Suppression of 
NAD(P)H-quinone oxidoreductase 1 enhanced 
the susceptibility of cholangiocarcinoma cells 
to chemotherapeutic agents. J Exp Clin Cancer 
Res 2014; 33: 11.

[29] Geng R, Chen Z, Zhao X, Qiu L, Liu X, Liu R, Guo 
W, He G, Li J and Zhu X. Oxidative stress-relat-
ed genetic polymorphisms are associated with 
the prognosis of metastatic gastric cancer pa-
tients treated with epirubicin, oxaliplatin and 
5-fluorouracil combination chemotherapy. 
PLoS One 2014; 9: e116027.

[30] Wang XJ, Sun Z, Villeneuve NF, Zhang S, Zhao 
F, Li Y, Chen W, Yi X, Zheng W, Wondrak GT, 



Correlation of gastric cancer with Nrf2 and NQO1 expression

1643 Int J Clin Exp Pathol 2016;9(2):1635-1643

Wong PK and Zhang DD. Nrf2 enhances resis-
tance of cancer cells to chemotherapeutic 
drugs, the dark side of Nrf2. Carcinogenesis 
2008; 29: 1235-1243.

[31] Bao LJ, Jaramillo MC, Zhang ZB, Zheng YX, Yao 
M, Zhang DD and Yi XF. Nrf2 induces cisplatin 
resistance through activation of autophagy in 
ovarian carcinoma. Int J Clin Exp Pathol 2014; 
7: 1502-1513.

[32] Hayes AJ, Skouras C, Haugk B and Charnley 
RM. Keap1-Nrf2 signalling in pancreatic can-
cer. Int J Biochem Cell Biol 2015; 65: 288-299.


