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Critical role of NQO1 in ovarian cell injury: highly risk of ovarian carcinoma 
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Abstract 

Chronic inflammation suppresses NAD(P)H quinone oxidoreductase1 (NQO1) 

expression and may increase susceptibility to cell injury. Paradoxically, increasing 

evidence suggests that high expression of NQO1 at the early stages of carcinogenesis 

may provide cancer cells with a growth advantage. NQO1 was shown to be expressed 

at high levels in many solid tumors, and to date, the role of NQO1 in ovarian carcinoma 

remains unclear. In the present study, we investigated the role high expression of NQO1 

in ovarian carcinoma. NQO1 protein expression was assessed using RT-PCR, and 

Western blotting in the human ovarian cancer cell lines. Our results indicate that 

ovarian carcinoma positively correlated with the expression and activity of NQO1 cells. 
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Introduction  

Ovarian cancer is the most common cause of death from gynecologic malignancies and 

the second most common gynecologic cancer [1]. Epithelial neoplasms are the most 

common malignant ovarian neoplasm [2]. Most cases are diagnosed late, resulting in 

poor clinical outcome. Survival of epithelial ovarian cancer (EOC) patients remains 

<50% at 5 years in spite of recent advances in cytoreductive surgery and 

chemotherapeutic agents [3].  

NAD(P)H:quinone oxidoreductase 1 (NQO1), also known as diphtheria toxin 

diaphorase (DT-diaphorase), is a cytoplasmic 2-electron reductase, belonging to the 

NAD(P)H dehydrogenase (quinone) family. NQO1 plays an important role in the 

aromatic amine metabolism pathway [4]. It acts to reduce and detoxifies quinines and 

their derivative, thereby protecting cells against oxidative stress and carcinogenesis.  
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Polymorphisms that lead to aberrant alteration of NQO1 activity may have profound 

impacts on cancer disposition [5]. 

Further, (NQO1) is a key enzyme involved in defence against reactive forms of 

oxygen and inhibition of neoplasia [6]. Under conditions of oxidative stress, expression 

of NQO1 is induced, and the resulting increase in oxidoreductase protein provides the 

cell with multiple layers of protection against environmental insults. Firstly, the 

catalytic activity of NQO1 is directed towards the complete reduction and detoxication 

of highly reactive quinones [7]. Secondly, the oxidoreductase maintains the endogenous 

lipid-soluble antioxidants, alpha-tocopherol-hydroquinone and ubiquinol in their 

reduced and active forms. Thirdly, NQO1 is required for the stabilisation of p53 protein 

in response to DNA-damaging stimuli, and it thereby influences cell fate decisions [9]. 

It has been reported that the NQO1, is associated with many solid cancer risk [10] 

and numerous studies have investigated the association between NQO1 and bladder 

cancer risk, breast cancer and lung [11, 12], however, the conclusions remain 

controversial rather than conclusive. With this in mind, we carried out the current study 

and aimed to investigate the association between this NQO1 and ovarian cancer.  

Method 

Cell line 

This study complied with the Helsinki Declaration and was approved by the Human 

Ethics and Research Ethics committees of Southern Medical University of China. The 

EOC cell lines and their culture conditions have been described previously [13]. 

Briefly, they were established from the malignant ovarian tumors (TOV) and ascites 

(OV) from patients who had not undergone radiation treatment or chemotherapy prior 

to surgery and represent different subtypes: undifferentiated adenocarcinoma (OV90), 

HGEC (TOV112D), a low-grade serous carcinoma (TOV81D), HGSC (TOV1946, 

OV1946, and TOV2223), and a clear cell carcinoma (TOV21G), where TOV1946 and 

OV1946 were derived from malignant ovarian ascites (OV1946) or tumor (TOV1946) 

from the same patient.  
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qRT-PCR 

Total RNA was extracted using TRIzol Reagent (Invitrogen, Carlsbad, CA, USA) from 

fresh tissue samples of 19 serous ovarian carcinomas and 15 benign serous ovarian 

tumors. First-strand cDNA was synthesized by PrimeScript reverse transcriptase 

(TaKaRa Biotechnology, Dalian, China) and oligo (dT) following the manufacturer’s 

instructions. Real-time PCR was performed using double-stranded DNA-specific 

SYBR Premix Ex Taq™ II Kit (TaKaRa Biotechnology) on a Bio-Rad sequence 

detection system according to the manufacturer’s instructions. Double-stranded DNA 

specific expression was tested by the comparative Ct method using 2-ΔΔCt. NQO1 

primers were as follows: 5′-GGCAGAAGAGCACTGATCGTA-3′, and 5′-

TGATGGGATTGAAGTTCATGGC-3′. Primers for GAPDH, which was used as an 

internal control, were: 5′-GGTCTCCTCTGACTTCAACA-3′ and 5′-

ATACCAGGAAATGAGCTTGA-3′. All assays were performed at least three times. 

Western blot analysis 

EOC cell lines were lysed in RIPA buffer (Sigma-Aldrich, Oakville, ON, Canada) 

containing the appropriate amount of protease inhibitor cocktail (Roche Diagnostics, 

Laval, QC, Canada). To prepare conditioned media (CM), each EOC cell line was 

cultured in a 100 mm diameter culture dish for 2 days in OSE complete medium, 

washed with PBS and incubated in serum-free medium for 2 days. CM was then 

collected, concentrated using Agilent Concentrator (Agilent Technologies Inc.) and 

filtered through 0.22 μM Millipore filter. CM was normalized to the cell number prior 

to loading the gel. Fifty μg of total cellular protein, CM samples or 1 ng of rIGFBP7, 

which was used as a positive control, were resolved by SDS-PAGE and transferred 

using iBlot® Gel Transfer Stacks (Life Technologies Inc. Burlington, ON, Canada) 

onto a nitrocellulose membrane. The membranes were blocked with 5% milk and then 

incubated with the appropriate antibody. Proteins were visualized with ECL system 

(EMD Millipore, Billerica, MA, USA). Band intensity was quantified using the ImageJ 

open source software version IJ 1.48v (imagej.net). Each sample was normalized to the 

untreated sample (time = 0) and expressed as arbitrary units relative its respective 

control. 
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Wound healing assays 

The ability of OV90 neor and TOV112D cell lines to migrate and fill a wound was 

determined using Culture-Inserts (Ibidi®, Ingersoll, Ontario, Canada), according to the 

manufacturer’s protocol as described previously [14, 15]. Briefly, 50,000 cells were 

seeded into the outer wells of two adjacently placed Culture-Inserts in a volume of 70 

ml of CM, rIGFBP7-containing medium at the concentration of 1 or 5 ng/μl or in control 

complete OSE medium and incubated at 37°C. Once the wells reached confluence, the 

Culture-Inserts were removed creating a 1-mm gap (wound). Cell migration was then 

monitored until the gap was filled. CM and fresh media containing rIGFBP7 were 

replenished every 3 days. The assay was repeated twice, in triplicate. Images were taken 

at ×10. 

Statistical analysis 

Data are presented as the means ± standard error of the mean (SEM). All statistical 

analyses were carried out using the SPSS 16.0 statistical software package. The χ2 test 

or Fisher’s exact test were used to analyze the relationship between ovarian cancer cell 

and NQO1 expression  

Results 

The expression level of NQO1 is ovarian cancer cells 

We utilized qRT-PCR and western blotting to quantify the expression levels of NQO1 

in ovarian tissue cells. Our results showed that the expression levels of NQO1 mRNA 

and protein in ovarian tissue cells were significantly higher than those of the paired 

adjacent non-cancerous tissues (Fig. 1, 2), indicating that there might be a relationship 

between NQO1 and ovarian cancer cells. 

NQO1 stimulates migration and invasion of ovarian cancer  

The acquisition of migration and an invasive phenotype of cancer cell sarea critical step 

in tumor progression. Migration was estimated using trans-well plate assays.  

In vitro NQO1-treated ovarian cancer cell increased ability to migrate (P<0.0005, 

compared with untreated cells; Figure 3A). Furthermore, NQO1-treated ovarian cancer 

cells through a 3-dimensional matrigel-coated filter had a greater ability to traverse 

matrigel-coated filters; P<0.0002, compared with untreated cells (Figure 3B). 
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Figure 1. 

NQO1 expression levels in normal and malignant ovarian cell were detected by qRT-PCR. Data 

represented relative mRNA expression levels (mean ± SEM) to one of the normal samples. 

(Students t tests, *P < 0.05. 

 

 

Figure 2.  

NQO1 expression in ovarian cancer cell lines.  

NQO1 intracellular protein level in EOC cell lines and the three non-tumourigenic hybrids was 

analysed by western blot analysis. b-actin was used as a loading control.  
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Figure 3.  

NQO1 induces migration and invasion of the ovarian cancer cells. 

 (A) Cancer cells suspended in media with or without NQO1 (were seeded in the upper 

chamberoftrans-wellplate, after 6 h of incubation at 37.8C, cells that migrate to the lower 

surface of the filters were quantifiedbycounting4randomlyselected fields under the microscope. 

Migration ofcontrolcellswassetat100%. The data expressed as mean±SEM; P<0.05 versus 

untreated group. (B) Ovarian cancer cells suspended in media with or without NQO1 were 

seeded in Matrigel invasion inserts. After 24h in culture, cells that invaded the lower surface of 

the filters were counted. Invasion of control cells was set at 100%. The data expressed as 

mean±SEM; P<0.05 versus untreated group. 

 

Discussion 

Many studies have shown that polymorphisms in the NQO1 gene affect the translation 

of the NQO1 protein. The NQO1 polymorphism has been associated with an increased 

risk of various malignancies [16]. Further, other study reported that an NQO1 single-

nucleotide polymorphism (SNP) is associated with an increased risk of ovarian cancer 

[17]. Furthermore, it has been demonstrated that NQO1 was highly expressed in 

cardiovascular cells, including rat aortic smooth muscle A10 and cardiac H9c2 cells, as 

well as normal human aortic smooth muscle and endothelial cells [18]. 

We observed that expression of NQO1 protein was significantly higher in ovarian 

carcinomas compared with normal tissue and cells (P < 0.01), indicating that NQO1 

may play an important role in the progression of ovarian carcinoma. Compatible with 

these findings, we also observed that the rate of strongly positive NQO1 protein 

http://pcij.net/archives/553


                                              Pathophysiology of Cell Injury Journal 
  Research Article                                                                           2012; 1(1): 1-9 
                                 doi 10.18081/pcij/2378-5225-012-12/01-09 
 

Copyright © 2012 PCIJ  7P a g

e 

expression was significantly higher in patients with late-stage serous ovarian 

carcinoma, compared with early-stage cases. NQO1 has been targeted in tumor cells, 

exemplifying an ‘enzyme directed’ approach to anticancer drug development [18]. 

Other demonstrated that β-Lapachone-induced cytotoxicity of three different lung 

cancer cell lines was positively correlated with NQO1 expression and enzyme activity 

[19]. The potency and NQO1-dependent therapeutic window of deoxynyboquinone and 

its apparent reduced metabolism by one-electron oxidoreductases make this drug (or 

derivatives) very promising [20].  

In conclusion, this study showed that NQO1 is involved in ovarian cancer cell 

mechanism and further studies are necessary to verify the main action of NQO1 

inhibitors may be of clinical benefit to patients with ovarian carcinoma. 
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