
 

 

Introduction 
 
NAD(P)H:quinone oxidoreductase-1 (NQO1), 
also known as DT-diaphorase, menadione re-
ductase, or quinone reductase 1, is a flavopro-
tein that catalyses the two-electron reduction of 
quinones and related compounds [1]. Oxidative 
stress promotes nuclear accumulation of nu-
clear factor erythroid 2-related factor 2 (Nrf2) 
and activates transcription of NQO1 [2]. In nor-
mal cells, NQO1 protects cells against redox 
cycling and oxidative stress [1, 2], as well as 
against carcinogenesis by stabilization of the 
p53 tumor suppressor [3-5]. Radjendirane et al. 
[1] have provided evidence of NQO1 protection 
against carcinogenesis in a mouse model with 
targeted disruption of the nqo1 gene. Further-
more, altered NQO1 expression has been re-
ported in tumor cells from malignancies arising 

from the breast [6, 7], colon [6, 7], lung [6-8], 
liver [6, 9], and pancreas [10]. Although some 
authors have reported NQO1 expression in hu-
man cholangiocarcinoma cell lines [11, 12], 
there is a paucity of information in the literature 
regarding NQO1 expression in patients with in-
trahepatic cholangiocarcinoma (ICC). 
 
In human, a polymorphic form of the oxidore-
ductase exists, encoded by NQO1*2, which is 
characterized by a C609T substitution [13]. 
NQO1*2 is a missense variant that is homozy-
gous in 4.4%-20.3% of the human population 
[14] and is associated with an increased risk of 
breast cancer [14]. In 2008, Fagerholm et al. 
[16] proposed that the homozygous NQO1*2 
genotype (P187S), which disables NQO1, is a 
strong adverse prognostic factor in patients with 
breast cancer. The presence of a homozygous C
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-T mutation at position 609 results in a loss of 
NQO1 protein and activity due to accelerated 
protein degradation (the half-life of mutant 
NQO1 is 1.2 hours) via the ubiquitin protea-
somal system [13, 17]. However, the prognostic 
value of NQO1 expression in ICC tumor cells has 
yet to be determined. 
 
In the present study, we hypothesized that loss 
of NQO1 expression in ICC tumor cells may func-
tion as an adverse prognostic factor. We evalu-
ated the immunohistochemical expression of 
NQO1 and Nrf2 in surgically resected speci-
mens of ICC. The aim of this study was to evalu-
ate the association between the expression of 
NQO1 and Nrf2 and to elucidate the prognostic 
value of NQO1 and Nrf2 expression in patients 
with ICC. 
 
Materials and methods  
 
Patients 
 
The present study was performed on 34 con-
secutive Japanese patients who underwent sur-
gical resection for ICC at Niigata University 
Medical and Dental Hospital, Niigata, Japan, 
from January 1992 through to December 2010. 
The patient group included 25 men and nine 
women with a median age of 67 years (range: 
31-78 years). All patients provided written in-
formed consent and the study itself was ap-
proved by the Institutional Review Board of Nii-
gata University Medical and Dental Hospital. 
 
At Niigata University Medical and Dental Hospi-
tal, hepatic resection is the standard treatment 
for ICC when the tumor is considered resectable 
and the patient is deemed to have an accept-
able surgical risk. The hepatectomy procedures 
performed included left hemihepatectomy ex-
tended to an inferior part of the right anterior 
section in 14 patients, left hemihepatectomy in 
six patients, left trisectionectomy in four pa-
tients, right hemihepatectomy extended to an 
inferior part of Couinaud segment IV in five pa-
tients, right hemihepatectomy in 2 patients, 
central hepatectomy (removal of Couinaud seg-
ments IV, V, and VIII) in one patient, right poste-
rior sectionectomy in one patient and right tri-
sectionectomy in one patient. Twenty-seven 
patients also underwent combined resection 
and reconstruction of contiguous tissues com-
prising the extrahepatic bile duct (n = 27), por-
tal vein (n = 6), hepatic artery (n = 1), and infe-

rior vena cava (n = 1). None of the patients un-
derwent portal vein embolization prior to resec-
tion. All 34 patients underwent en bloc dissec-
tion of the regional lymph nodes. The regional 
lymph nodes of the liver were classified accord-
ing to the Union for International Cancer Control 
(UICC) TNM Classification of Malignant Tumours 
(7th edition, 2009) [18]. 
 
Adjuvant treatment after resection was adminis-
tered at the discretion of the individual surgeon. 
Three patients were given 5-fluorouracil orally, 
with another 12 patients receiving intravenous 
gemcitabine. None of the patients was given 
adjuvant radiotherapy. The median follow-up 
time after resection was 63 months (range: 1-
230 months). At the time of assessment of dis-
ease status, 19 patients had died from tumor 
recurrence, five patients had died from some 
other cause with no evidence of disease and 
the remaining 10 patients were alive with no 
evidence of disease. 
 
Pathologic evaluation 
 
Resected specimens were submitted to the De-
partment of Surgical Pathology, Niigata Univer-
sity Medical and Dental Hospital, and the patho-
logic findings followed the UICC TNM classifica-
tion [18]. All patients had adenocarcinoma and 
the median tumor size was 4.0 cm (range: 1.2–
7.2 cm). Hepatic tumors were well differentiated 
in eight patients, moderately differentiated in 
12 patients and poorly differentiated in 14 pa-
tients. Histologic grade was assigned according 
to the area(s) with the highest grade. Regional 
lymph node metastases were identified in 12 
patients (35%). Periaortic lymph node involve-
ment was identified in three patients and an-
other three patients had localized peritoneal 
metastases, classified as pathologic distant 
metastasis (pM1). Based on the UICC TNM clas-
sification [18], eight patients had Stage I tu-
mors, 11 had Stage II tumors, one had a Stage 
III tumor, eight had Stage IVA tumors and six 
had Stage IVB tumors. 
 
Immunohistochemistry 
 
Immunohistochemistry was performed on one 
to three paraffin-embedded blocks (median: two 
blocks) from each specimen resected. Four se-
rial 3-μm sections were re-cut and prepared 
from each block: one for hematoxylin-eosin 
staining; one for immunohistochemical staining 
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with a rabbit monoclonal antibody against NQO1 
(Epitomics, Burlingame, CA, USA); one for immu-
nohistochemical staining with a rabbit mono-
clonal antibody against Nrf2 (Epitomics, Burlin-
game, CA, USA); and one used as a negative 
control. Two independent surgical pathologists 
blinded to the clinical details assessed each 
section. 
 
For immunohistochemistry, sections were de-
paraffinized and rehydrated before being micro-
waved at 500 W for 21 minutes in 10 mM so-
dium citrate buffer (pH 6.0) to retrieve antigenic 
activity. Endogenous peroxidase activity was 
blocked by incubation with 0.3% hydrogen per-
oxide in methanol for 20 minutes. After blocking 
any non-specific reactions with 10% normal 
goat serum, sections were incubated overnight 
at 4°C with each of the following primary anti-

bodies: NQO1 rabbit monoclonal antibody 
(Epitomics; 1:200 dilution) and Nrf2 rabbit 
monoclonal antibody (Epitomics; 1:200 dilu-
tion). Sections were then incubated with goat 
anti-rabbit IgG polymerized horseradish peroxi-
dase-labelled secondary antibody (Epitomics) at 
room temperature for 30 minutes. Diaminoben-
zidine was used as the chromogen and sections 
were counterstained with hematoxylin. As a 
negative control, normal rabbit immunoglobulin 
was substituted for the primary antibody. 
 
NQO1 expression was defined as the presence 
of cytosolic and/or nuclear staining according to 
the description of Winski et al. [19]. Non-
neoplastic interlobular biliary epithelial cells 
showed cytosolic immunopositive staining for 
NQO1 (Figure 1A), whereas no NQO1 immunore-
activity was observed occasionally in non-

Figure 1. NAD(P)H:quinone 
ox idoreductase-1(NQO1) 
expression. (A) NQO1-positive 
expression in non-neoplastic 
interlobular biliary epithelial 
cells (arrows) and no NQO1 
immunoreactivity in small 
intrahepatic bile ducts 
(arrowheads). (original mag-
nification x125). (B) Loss of 
NQO1 expression in non-
neoplastic interlobular biliary 
epithelial cells (arrows). 
(original magnification x100). 
(C) Intrahepatic cholangiocar-
cinoma (ICC) with cytosolic 
NQO1-positive expression 
(original magnification x200). 
(D) Cytosolic and nuclear 
(arrows) staining of NQO1 in 
a tumor specimen of ICC 
(original magnification x400). 
(E) Loss of NQO1 expression 
(arrows) in a moderately to 
poorly differentiated ICC de-
spite NQO1-positive expres-
sion in non-neoplastic intra-
h e p a t i c  b i l e  d u c t s 
(arrowheads). (original mag-
nification x80). 
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neoplastic interlobular biliary epithelial cells 
(Figure 1B), probably because homozygosity for 
the variant NQO1 allele is associated with a loss 

of NQO1 protein [13, 17]. NQO1 
expression in tumor specimens was 
classified as either positive expres-
sion (Figure 1C, D) or ‘loss of ex-
pression’ (Figure 1E). Nrf2 expres-
sion was defined as the presence of 
cytosolic and/or nuclear staining 
according to the previous reports 
[20, 21]. Nrf2 expression in tumor 
specimens was classified as either 
positive expression or “loss of ex-
pression” (Figure 2). 
 
Prognostic factors 
 
To elucidate factors influencing long
-term survival after surgical resec-
tion, 15 conventional variables 
(Table 1) in addition to the expres-
sion of NQO1 and Nrf2 were en-
tered into univariate and multivari-
ate analyses. The cut-off level for 
patient age (65 years) was deter-
mined based on respective median 
values, whereas the size of the pri-
mary tumor (cut-off: 5 cm) was de-
termined according to the UICC 
TNM classification (22). The cut-off 
values for preoperative serum carci-
noembryonic antigen (CEA; 5 ng/ml) 
and carbohydrate antigen 19-9 
(CA19-9; 37 U/ml) were determined 

on the basis of reference ranges of serum CEA 
and CA19-9 levels (5 ng/ml and 37 U/ml, 
respectively). 

Figure 2. Immunohistochemical expression of NAD(P)H:quinone oxidore-
ductase-1 (NQO1) and nuclear factor erythroid 2-related factor 2 (Nrf2). 
NQO1 expression showed a positive association with Nrf2 expression 
(p=0.005). (-) = loss of expression; (+) = positive expression. 

 

Table 1. Patient characteristics according to NQO1 expression in tumor cells 
  
  
Variable 

No. of patients with   
  

p value 
Loss of NQO1 

expression 
NQO1-positive 

expression 
Age (65/>65 years) 6/5 8/15   0.458 
Gender (M/F) 10/1 15/8   0.214 
Serum CEA level (5/>5 ng/ml) 2/9 16/7   0.009 
Serum CA19-9 level (37/>37 U/ml) 3/8 5/18 >0.999 
Tumor size (5/>5 cm) 6/5 17/6   0.434 
Histologic grade (G1/G2-G3)* 0/11 8/15   0.034 
Lymphatic vessel invasion (absent/present)* 3/8 9/14   0.705 
Vascular invasion (absent/present)* 1/10 11/12   0.053 
Perineural invasion (absent/present)* 4/7 11/12   0.715 
pT classification (pT1-pT2/pT3-pT4)* 10/1 19/4 >0.999 
pN classification (pN0/pN1)* 7/4 15/8 >0.999 
pM classification (pM0/pM1)* 9/2 19/4 >0.999 
TNM stage (I-II/III-IV)* 5/6 14/9   0.475 
Residual tumor status (R0/R1)* 6/5 18/5   0.232 
Adjuvant chemotherapy (absent/present) 6/5 12/11 >0.999 
*According to the Union for International Cancer Control (UICC) TNM classification [18]; Abbreviations: NQO1 (NAD(P)
H:quinone oxidoreductase-1); CEA (carcinoembryonic antigen); CA19-9 (carbohydrate antigen 19-9) 
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Statistical analysis 
 
Medical records were obtained for all 34 pa-
tients. Categorical variables were compared by 
Fisher’s exact test. The cause of death was de-
termined from the medical records and the fol-
low-up period was defined as the interval be-
tween the resection and the last follow-up. 
Deaths from other causes were treated as cen-
sored cases. The Kaplan-Meier method was 
used to estimate the cumulative incidence of 
events and differences in the incidence of 
events were evaluated using the log-rank test. 
The Cox proportional hazards regression model 
was used to identify factors that were independ-
ently associated with survival. In this model, a 
stepwise selection is used for variable selection, 
with entry and removal limits of p<0.05 and 
p>0.1, respectively. The stability of this model 
was confirmed using a step-backward and step-
forward fitting procedure. The variables identi-
fied as having an independent influence on sur-
vival were identical using both procedures. All 
statistical evaluations were performed using the 
PASW Statistics 17 software package (SPSS 
Japan, Tokyo, Japan). All tests were two tailed 
and p<0.05 was considered significant. 
 
Results 
 
Factors associated with NQO1 expression in 
tumor cells 
 
Twenty-three patients had tumors that were 
NQO1 positive, whereas 11 had tumors that 
exhibited loss of NQO1 expression. Of the 11 
surgically resected specimens showing loss of 

NQO1 expression in the ICC tumor cells, seven 
showed no immunoreactivity to NQO1 in the 
non-neoplastic interlobular biliary epithelial cells 
(Figure 1B), whereas the remaining four showed 
NQO1-positive expression in the intrahepatic 
bile ducts (Figure 1E). Twenty-two patients had 
tumors with Nrf2-positive expression and 12 
had tumors with loss of Nrf2 expression. NQO1 
expression showed a positive association with 
Nrf2 expression (p=0.005, Figure 2). There was 
a significant correlation between NQO1 expres-
sion in tumor cells and both preoperative serum 
CEA levels and histologic grade (Table 1). High 
preoperative serum CEA concentrations were 
more frequent in patients with tumors showing 
loss of NQO1 expression (9/11; 82%) than in 
patients with tumors that were NQO1 positive 
(7/23; 30%, p=0.009). Loss of NQO1 expres-
sion was more frequent in tumors that were 
moderately or poorly differentiated (11/26; 
42%) than in tumors that were well differenti-
ated (0/8; 0%, p=0.034). 
 
Factors influencing long-term survival after sur-
gical resection 
 
The overall cumulative survival rate after resec-
tion was 33% at 5 years, with a median survival 
of 19 months. Univariate analysis revealed that 
TNM stage (p<0.001), pN classification 
(p=0.001), pM classification (p=0.003), NQO1 
expression (p=0.005), and residual tumor 
status (p=0.019) were significantly associated 
with long-term survival after resection (Table 2). 
Survival after surgical resection was signifi-
cantly worse in patients with tumors that exhib-
ited loss of NQO1 expression than in patients 

Table 2. Factors significantly influencing long-term survival after surgical resection 
  
Variable 

  
Modality 

No. of 
patients 

5-year 
survival 
rate (%) 

  Univariate 
analysis 

  Multivariate analysis 

p value Relative risk (95% CI) p value 
pN classification* pN0 22 50   0.001   1.000   
  pN1 12 0       18.576 (4.173-82.696) <0.001 
pM classification* pM0 28 43   0.003       
  pM1 6 0           
TNM stage* I-II 19 63   <0.001       
  III-IV 15 0           
Residual tumor status* R0 24 48   0.019       
  R1 10 0           
NQO1 expression Loss 11 0   0.005   12.132 (3.119-47.197) <0.001 
  Positive 23 51       1.000   
 *According to the Union for International Cancer Control (UICC) TNM classification [18]; Abbreviations: NQO1 (NAD
(P)H:quinone oxidoreductase-1); CI (confidence interval)  
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with tumors that were NQO1 positive (p=0.005, 
Figure 3), whereas Nrf2 expression was not as-
sociated with survival after resection (p=0.287). 
These significant variables were entered into 
multivariate analyses, which revealed that pN 
classification (p<0.001) and NQO1 expression 
(p<0.001) remained as significant independent 
predictors of survival (Table 2). 
 
Discussion 
 
NQO1 functions primarily to protect normal cells 
against oxidative stress [1, 2] and carcinogene-
sis [3-5]. In the present study it was hypothe-

sized that loss of NQO1 expression in ICC tumor 
cells may be an adverse prognostic factor. This 
prompted us to investigate the immunohisto-
chemical expression of NQO1 in surgically re-
sected specimens of ICC to clarify the prognos-
tic value of NQO1 expression using multivariate 
analysis. To our knowledge, the present study is 
the first such study to demonstrate that NQO1 
expression in tumor specimens is an independ-
ent prognostic factor in patients with ICC. Loss 
of NQO1 expression may predict poor survival 
after resection because it reflects aggressive 
tumor biology characterized by high serum CEA 

levels and high histologic grade. 
 
There is limited, and sometimes contradictory, 
clinical information in the literature regarding 
the association between NQO1 and histologic 
grade. For example, although Siegelmann-
Danieli et al [23] reported that a significant as-
sociation between NQO1 genotype and his-
tologic grade of breast cancer, Fragerholm et al 
[16] failed to find an association. In addition, 
Basu et al. [24] reported no significant associa-
tion between NQO1 expression and the his-
tologic grade of superficial bladder tumors, al-
though Gan et al [25] reported higher expres-
sion of DT-diaphorase (also termed NQO1) in 
lower-grade and superficial bladder tumors 
compared with high-grade and invasive tumors. 
In the present study, loss of NQO1 expression 
was significantly associated with moderately or 
poorly differentiated ICC, whereas NQO1-
positive expression was observed in all eight 
tumors classified as well-differentiated ICC. 
Given that in the present study four tumor speci-
mens showed loss of NQO1 expression in mod-
erately or poorly differentiated ICC tumor cells 
despite NQO1-positive expression in the non-
neoplastic interlobular biliary epithelial cells 
from the same specimen being NQO1 positive 
(Figure 1E), the loss of NQO1 expression ap-
pears to be associated with dedifferentiation of 
ICC tumor cells. 
 
Although Nrf2 is retained in the cytoplasm by a 
repressor protein Keap1 [2], low Keap1 activity 
due to mutations or low-level expression leads 
to nuclear localization and constitutive activa-
tion of Nrf2 [20]. Nrf2, a redox-sensitive tran-
scription factor, regulates the induction of NQO1 
gene in response to antioxidants and xenobiot-
ics [26]. In the present study dealing with tumor 
specimens of ICC, we confirmed that NQO1 ex-
pression shows a positive association with Nrf2 
expression (Figure 2) and loss of NQO1 expres-
sion independently predicts poor survival after 
resection (Table 2). Fagerholm et al [16] also 
reported that a homozygous common missense 
variant (NQO1*2) that disables NQO1 strongly 
predicts poor survival among two independent 
series of women with breast cancer. Taken to-
gether, these findings suggest prognostic signifi-
cance of NQO1. 
 
NQO1 plays a role in the bioactivation of anti-
cancer quinines, such as mitomycin C (MMC). It 
is now widely acknowledged that MMC is a sub-

Figure 3. Kaplan-Meier survival estimates according 
to NAD(P)H:quinone oxidoreductase-1 (NQO1) expres-
sion. Survival after surgical resection was significantly 
worse in patients who had tumors exhibiting loss of 
NQO1 expression (median survival time, 11 months; 
cumulative 5-year survival rate, 0%) than in patients 
who had tumors that were NQO1 positive (median 
survival time, 66 months; cumulative 5-year survival 
rate, 51%; p=0.005). 
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strate for NQO1, but only under mildly acidic 
conditions [27]. Recently, Buranrat et al [12] 
reported that dicoumarol, a potent inhibitor of 
NQO1, enhances gemcitabine cytotoxicity in 
human cholangiocarcinoma cell lines with high 
NQO1 activity and proposed that NQO1 may 
contribute to the sensitivity of cholangiocarci-
noma cells to gemcitabine. Given that in the 
present study the loss of NQO1 expression in 
ICC tumor cells adversely affected survival after 
resection, patients with tumors that exhibit loss 
of NQO1 expression appear to be candidates for 
adjuvant chemotherapy. Powis et al [28] re-
ported that the inhibition of cell growth by MMC 
was not significantly increased in murine NIH 
3T3 cell lines stably transfected with human 
NQO1. Thus, the role of NQO1 and related in-
hibitors in chemosensitivity appears question-
able and future studies should investigate the 
relationship between NQO1 enzyme activity and 
chemosensitivity in greater detail. 
 
The two main limitations of the present study 
are the retrospective analysis of a small number 
of patients and the short follow-up time for 
some patients. However, the authors believe 
that these limitations do not greatly influence 
the outcome of the study because the differ-
ences between groups were too marked to have 
resulted from these biases. 
 
In conclusion, loss of NQO1 expression may 
reflect the dedifferentiation of ICC tumor cells 
and thus indicates a poor prognosis for patients 
undergoing surgical resection for ICC. 
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