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Abstract

Increasing epidemiological studies were recently performed to assess the relationship of NAD(P)H:
quinine oxidoreductase 1 (NQO1) Pro187Ser polymorphism and the risk of prostate cancer (PCa)
to yield inconsistent results. In this study, we aimed to generate large-scale evidence on whether
NQO1 Pro187Ser polymorphism conferred to the susceptibility of PCa. The database of PubMed
was comprehensively reviewed until September 12th, 2013, without any linguistic limitation.
Meta-analysis was complied in the codominant, dominant, recessive and allele models by either
fixed or random effect models. Odds ratios (OR) and 95% confidence intervals (95%CI) were cal-
culated to evaluate the strength of the association between the two. Finally, six eligible studies
with 717 cases and 1764 controls were included. In overall analyses, significant associations were
found in the dominant (OR = 1.26, 95%CI = 1.04 - 1.52, P = 0.02), allele (OR = 1.20, 95%CI = 1.03 -
1.40, P = 0.02) and the heterozygous codominant (OR = 1.24, 95%CI = 1.02 - 1.52, P = 0.03) models.
Also, significant results were found in the stratified analyses by Hardy-Weinberg equilibrium
(HWE). Still, subgroup analysis showed an increased risk of PCa in Asian rather than Caucasian
population. Besides, NQO Pro187Ser polymorphism correlated with a heightened risk of PCa in the
hospital-based studies. Our study indicated that NQO1 functional Pro187Ser polymorphism could
be a potentially genetic biomarker for the risk of PCa, especially in Asian population.
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1. Introduction

Cancer is a major public health problem worldwide and one of the leading causes of death [1]. The newly diag-
nosed and death for prostate cancer (PCa) were 217,730 and 32,050 respectively in USA [2]. However, PCa is a
complex process and its exact mechanism has not yet been fully elucidated. Genetic variation, life style, and en-
vironmental factors are widely considered to be the most essential factors in carcinogenesis [3]. Therefore,
screening feasible nucleotide and protein markers is of provital significance.

NAD(P)H:quinine oxidoreductase 1 (NQO1), formerly known as DT-diaphorase, is a vital flavoenzyme in
xenobiotic metabolism. NQO1 is a cytoplasmic two-electron reductase using either NADPH or NADH as an
electron donor. It catalyzes mutagenic and carcinogenic quinones into less toxic and reactive hydroguinones and
prevents the one electron reduction of quinones as well as the production of radical species [4]. On the other
hand, NQO1 was also found to have the capacity of bioactivating cytotoxic compounds and environmental pro-
carcinogens. The actual effect of NQO1 as either an activation or detoxification enzyme largely depends on the
substrate. It is convinced that the biological implications of NQO1 are of an increasing interest in the develop-
ment of PCa.

Genetic differences are of great significance to determine interindividual variation of pathogenesis of PCa.
The gene encoding NQO1 locates on chromosome 16¢22.1, spans 17,230 bp, consists of 6 exons and 5 introns,
encodes 2912 bp cDNA, and translates the protein of 274 amino acids [5]. To date, hundreds of single nucleo-
tide polymorphisms (SNP) of the human NQO1 gene have been identified. NQO1 Prol187Ser polymorphism
(P187S, C609T, rs1800566) is in exon 6, a C to T mutation at position 609 of the NQO1 cDNA resulting in a
proline to serine amino acid substitution at position 187 in the protein [6]. It has been widely evaluated and in-
consistently associated with PCa [7]-[12]. Stoehr et al. concluded that NQO1 Pro187Ser polymorphism neither
significantly increased the risk of PCa, nor closely correlated with the stage or Gleason score of the tumor [9].
Steiner et al. suggested that NQO1 Pro187Ser polymorphism failed to act as a risk modifier for PCa [12]. Simi-
larly, Steinbrecher et al. and Hamajima et al. deduced that minor association existed between NQO1 Pro187Ser
polymorphism and the susceptibility of PCa [7] [11]. Ergen et al. reported that NQO1 Pro187Ser polymorphism
affected the serum PSA and alkaline phosphatase levels [10]. However, Mandal et al. indicated that NQO1
Pro187Ser polymorphism might play a role in PCa risk [8]. So, it is prerequisite for us to get a better under-
standing of NQO1 Pro187Ser polymorphism on PCa risk, especially when conflicting findings still exist. In the
current study, we performed a quantitative synthesis of the published case-control studies on the association of
NQO1 Pro187Ser polymorphism and PCa risk to gain more creditable evidence.

2. Materials and Methods
2.1. Publication Identification

Published studies exploring the relationship of the NQO1 Pro187Ser polymorphism with the risk of PCa were
retrieved through the PubMed database (last search September 12", 2013). We did not set any linguistic limita-
tion. The following keywords in the title/abstract text were used: “NQO1”, “NAD(P)H dehydrogenase”,
“NAD(P)H:quinine oxidoreductase”, “Quinone oxidoreductase”, “Quinone reductase”, “DTD”, “DT-diaphorase”,
“rs1800566” and “prostate”, “prostatic”. Finally, 61 potentially relevant studies were obtained through syste-

matically searching the database of PubMed.

2.2. Inclusion and Exclusion Criteria

Studies were eligible for inclusion if (a) the studies had to be case-control studies; (b) the studies provided the
number of various genotypes for both case and control groups; (c) human studies. The exclusion criteria of the
meta-analysis were: (a) not case-control studies; (b) animal studies; (c) reviews; (d) editorial comments; (e) rep-
licate data.

2.3. Data Extraction

Two investigators independently reviewed and extracted the data from included reports, and the results were
further confirmed with another investigator. We collected the information of qualified studies, such as the first
author, year of publication, the ethnicity of the study population, the country conducting the study, sex, source
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and characteristics of controls and cases, genotyping methods, the number of genotypes and alleles, Hardy-
Weinberg Equilibrium (HWE) by a standard form. The results were orderly shown in Table 1.

2.4. Statistical Analysis

The genetic differences of genotypes and alleles in NQO1 Pro187Ser polymorphism for the control groups of
Caucasian and Asian populations were calculated by Pearson chi-square test. The distributions of genotypes and
alleles were considered to be different, if P < 0.05. We extracted data for HWE from included studies for NQO1
Pro187Ser polymorphism, and calculated HWE by the chi-square test in case of failing to get the information.
Still, P-value less than 0.05 was considered to be statistically significant. The strength of the associations be-
tween NQO1 Pro187Ser polymorphism and PCa susceptibility were figured out in the dominant (TT + CT vs
CC), the recessive (TT vs CT + CC), the allele (T vs C), the heterozygous codominant (CT vs CC) and the ho-
mozygous codominant (TT vs CC) models by ORs and 95%ClI, respectively. Meanwhile, subgroup analyses
were carried out based on ethnicity, HWE, sex, control sources and smoking status. The heterogeneity test was
assessed by chi-square based Q statistic and was considered to be statistically significant if P < 0.10. The pooled
ORs were calculated by either a fixed effect model (the Mantel-Haenszel method) [13] or a random effect model
(the Dersimonian-Laird method) [14] based on the heterogeneity among studies. The potential publication bias
was appraised by the funnel plot. Statistical analyses were performed in SPSS 16.0 software (SPSS Inc, Chicago,
IL) and RevMan 5.1 software (The Cochrane Collaboration). All probabilities were two-tailed.

3. Results
3.1. Main Characteristics of Eligible Studies

A comprehensive search of the literature was performed to identify studies on NQO1 Pro187Ser polymorphism
and the risk of PCa. 61 relevant articles were got for further screening. After checking titles, abstracts and full-
texts, 6 studies with 717 cases and 1764 controls were finally qualified. Among qualified studies, two studies
included participants of Asian descent, and the other four of Caucasian. Control group in the study of Stein-
brecher et al. deviated from HWE. And characteristics of all eligible studies included in the meta-analysis were
listed in Table 1.

3.2. Frequency of NQO1 Pro187Ser Polymorphism in Asian and Caucasian Populations

As for NQOL1 Pro187Ser polymorphism, 874 controls of Caucasian population and 890 controls of Asian popu-
lation were included in the final meta-analysis. The frequencies of the CC, CT, and TT genotypes for Caucasian
were 67.39%, 28.60%, 0.04% respectively, while those for Asian were 45.39%, 40.22%, and 14.38%. A huge
variation was observed across control subjects. The frequencies of the C and T alleles for Caucasian were
81.69%, 18.31%, while those for Asian were 65.51% and 34.49%. More individuals carried T allele in Asian
than those in Caucasian population (P < 0.05). The frequencies of the alleles for NQO1 Pro187Ser polymor-
phism were obviously different between Caucasian and Asian groups (P < 0.05).

Table 1. Characteristics of eligible studies included in the meta-analysis.

Genotyping  Control ~ Control Genotype frequency (case/control) HWE

Firstauthor. - Year - Country - EONEY method source  gender propron)  Pro/Ser(n) Ser/Ser(n)  Ser(%)  Y/N

Mandal RK 2012 India Asian PCR-RFLP  Hospital M 105/164 67/72 23/14  28.97/20.00 Y
Stoehr CG 2012 Germany Caucasian PCR-RFLP  Hospital M 76/166 37/60 6/6 20.59/1552 Y
Steinbrecher A 2010 Germany Caucasian MS Population M 163/333 80/133 5/26  18.15/1880 N
Ergen HA 2007 Turkey Caucasian PCR-RFLP  Hospital M 23/23 17126 5/1 30.00/28.00 Y
HamajimaN 2002  Japan Asian PCR-CTPP  Hospital ~ M/F 17/240 30/286 9/114  42.86/40.16 Y
Steiner M 1999 Germany Caucasian PCR-RFLP Population M/F 37/67 15/31 212 17.59/1750 Y

M: Male; F: Female; RFLP: Restriction fragment length polymorphism; MS: MassArray system; CTPP: Confronting two-pair primers; HWE: Hardy-
Weinberg equilibrium; Y: Studies with controls in HWE; N: Studies with controls deviating from HWE.
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3.3. Main Results of Meta-Analysis

Finally, we conducted meta-analysis of NQO1 Pro187Ser polymorphism and PCa based on six case-control stu-
dies. The significant association was found in the dominant model (TT + CT vs CC: OR = 1.26, 95%Cl = 1.04 -
1.52, P = 0.02), the allele model (T vs C: OR = 1.20, 95%CI = 1.03 - 1.40, P = 0.02) (Figure 1) and the hetero-
zygous codominant model (CT vs CC: OR = 1.24, 95%CI = 1.02 - 1.52, P = 0.03) (Table 2). When only in-
cluding the study conforming to HWE, significant associations were also found in the dominant, the recessive,
the allele and the homozygous codominant model (P < 0.05) (Table 2).

In the following study, we conducted the stratified analysis by ethnicity, the source of control and sex. Signif-
icant associations were found in stratified analysis of Asian population in the dominant model (TT + CT vs CC:
OR = 1.55, 95%CI = 1.12 - 2.14, P = 0.008), the allele model (T vs C: OR = 1.41, 95%CI = 1.11 - 1.80, P =
0.005), the homozygous codominant model (TT vs CC: OR =1.82, 95%CI = 1.07 - 3.08, P = 0.03) and the he-
terozygous codominant model (CT vs CC: OR = 1.46, 95%CI = 1.04 - 2.06, P = 0.03) (Table 2). While, there
was no association between NQO1 functional Pro187Ser polymorphism and the risk of PCa in Caucasian popu-
lation (all P > 0.05). Similarly, significant associations were found in the subgroup analysis of hospital but pop-
ulation based case-control studies (Table 2). In the analysis of studies recruiting only male as control group,
predominant associations were found in the dominant model (TT + CT vs CC: OR = 1.27, 95%CI = 1.03 - 1.57,
P = 0.02) and the heterozygous codominant model (CT vs CC: OR = 1.26, 95%CI = 1.01 - 1.57, P = 0.04)
(Table 2).

Case Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% CI M-H. Fixed, 95% CI
Steiner M 1999 19 108 35 200 7.0% 1.01[0.54, 1.86] |
Hamajima N 2002 48 112 514 1280 16.4% 1.120.76, 1.65]
Ergen HA 2007 27 90 28 100 6.4% 1.10[0.59,2.06]
Steinbrecher A2010 90 496 185 984 35.2% 0.96[0.72,1.27]
Mandal RK 2012 113 390 100 500 21.6% 1.63[1.20,2.22] ——
Stoehr CG 2012 49 238 72 464 13.4% 1.41[0.94,2.11] +—
Total (95% CI) 1434 3528 100.0% 1.20[1.03,1.40] 3
Total events 346 934
Heterogeneity: Chi’=7.44,df=5(P=0.19); I’=33% . . |
Test for overall effect: Z=2.34 (P=0.02) avours case avours contro

0.1 0.2 0.5

2 5 10

Figure 1. The significant association was found in the dominant model and the allele model.

Table 2. Main results of meta-analysis for the association of NQO1 Pro187Ser polymorphism and prostate cancer risk.

TT+CTvsCC TTvsCT +CC TvsC TTvsCC CTvsCC

G
- (95(3/?0) Pr Pm (95(3/?0) Ph Pm (95(2/?00 Ph Pm (95(2/?00 Ph Pm (95(3/?0) Ph Pm
Overall (1_0411'_2?.52) 0.46 0.02 (0.6(15'?’270) 0.03 0.43 (1.0;_2(1’_40) 019 0.02 (0.7;'#2394) 004 029 (1_02'_2‘1.52) 054 0.03
HWE 1% ) 047 001 (00020 002 (1% ¢ 046 0002 (0% ) 085 0003 0 040 008
Cavcasian g 617 1) 060 036 o %) 70 004 060 o 2 08 048 o 0% 0 005 080 (oot 042 029
Asian (1'1%'_52.14) 0.63 0.008 (0.5%%'57) 0.07 0.45 (1.11.5‘1.80) 0.14 0005 (1.0%'?2'08) 014 003 (1'011"?'2.06) 096 0.03
Population % 0 069 09 (M0 05 000 2T oss 070 00 018 a1 o oeth o 041 034
Hospital (1'13'?%83) 050 0.006 (1.0%'?2'53) 017 0.02 (1.1;_3?'68) 0.43 0.001 (1.251)'?2'17) 0.39 0.004 (1.0%%.71) 039 0.04
Male 037 67y 027 002 (g 7% 1 001 045 (0?0 008 02 (4% o 001 040 P 041 00

HWE: Hardy-Weinberg equilibrium; RFLP: Restriction fragment length polymorphism; OR: Odd ratio; CI: Confidence interval; Py: P value for he-

terogeneity; Pn: P value for meta-analysis.
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3.4. Heterogeneity Test and Publication Bias Test

In the overall analysis, significant heterogeneity (P < 0.10) was observed in the recessive model (1> = 60%, P =
0.03) and homozygous codominant model (1> = 57%, P = 0.04). And the results of heterogeneity test for sub-
group analyses were shown in Table 2. No evidence of publication bias was found for NQO1 Pro187Ser poly-
morphism and PCa risk with funnel plot. The funnel plot for the publication bias of the allele analysis in overall
population was listed in Figure 2.

4. Discussion

NQOL1 is foremostly supposed to be an essential defense against cancers, and the mechanisms were described
from various aspects. In-vitro study revealed that NQO1 specifically got rid of the generation of benzo(a)pyrene
quinone-DNA adducts produced by CYP1AL and P450 reductase [4]. In addition, NQOL1 can play its role as a
chaperone to stabilize the tumor suppressor protein p53 by inhibiting proteasomal degradation pathway through
direct interaction [15] [16]. In-vivo study suggested that mice with NQO1 knockout showed a much higher fre-
quency of chemically induced tumor compared with wild-type mice [17] [18]. Moreover, NQO1 was reported to
show NAD(P)H dependent superoxide scavenging activity [19] [20]. NQO1 functional Prol187Ser polymor-
phism localizes in exon 6. A C to T mutation at position 609 of the NQO1 cDNA resulted in a proline to serine
amino acid substitution at position 187 in the protein. It has been widely evaluated to be associated with the
susceptibility of cancers, including PCa. However, it was found to be inconsistently associated with cancer risk.
It is inferred that the conflicting findings could be secondary to ethnic background, the small sample size or de-
signing method. Meta-analysis is a powerful method for increasing statistical power by pooling the results of in-
dividual studies [21]-[24]. To date, the role of NQO1 Prol187Ser polymorphism has been verified in several
types of cancers with meta-analysis [25]-[28]. In this meta-analysis, we searched all studies about the relation-
ship of NQO1 Pro187Ser polymorphism and PCa risk to pool their conclusions together, expecting to get a more
robust deduction.

In overall analysis, we conducted meta-analysis of NQO1 Pro187Ser polymorphism and PCa based on all eli-
gible case-control studies. The significant association was found in the dominant model (TT + CT vs CC: OR =
1.26, 95%CIl = 1.04 - 1.52, P = 0.02), the allele model (T vs C: OR =1.20, 95%CI = 1.03 - 1.40, P = 0.02), as
well as the heterozygous codominant model (CT vs CC: OR = 1.24, 95%CIl = 1.02 - 1.52, P = 0.03). It is re-
commeded that the analysis based on the studies in HWE would be more reliable [29]. When only including the
study conforming to HWE, significant associations were also found in the dominant (TT + CT vs CC: OR =
1.35, 95%Cl = 1.07 - 1.72, P = 0.01), the recessive (TT vs CT + CC: OR = 1.66, 95%CI = 1.09 - 2.52, P = 0.02),
the allele (T vs C: OR =1.34, 95%CI = 1.11 - 1.61, P = 0.002) and the homozygous codominant model (TT vs
CC: OR=1.98,95%CIl = 1.26 - 3.12, P = 0.003). Several studies demonstrated that individual with TT genotype
were insufficient in NQO1 protein and activity [6] [30]. Evidence showed that both NQO1 wild and mutant

0 1 SE (log [OR]) !
0.1 FAREAY
o N
P
0.2 / alg ®
0.3 '
g Og: \
0.4 :
: OR
0.5 .
0.1 0.2 0.5 1 2 5 10

Figure 2. The funnel plot for the publication bias of the allele analysis in
overall population was listed.
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homozygous had no difference in the half-life of NQO1 mRNA and the efficiency to transcribe and translate the
full-length protein [31]. However, mutant NQO1 was rapidly degraded by ubiquitination and proteasome path-
way [31], while wild-type NQO1 was stable. And the enzyme activity of CT genotype is between the two ho-
mozygous [32]. Thereafter, the mutant allele of NQO1, which results in reduced enzymatic activity [33], may
contribute to individual’s susceptibility of PCa.

Still, ethnicity is an essential biological factor that may influence NQO1 Pro187Ser polymorphism through
gene-gene interactions. In this study, 874 controls of Caucasian origins and 890 of Asian origins were included
in the final meta-analysis. The frequencies of the CC, CT, and TT genotypes for Caucasian were 67.39%,
28.60%, 0.04%, while those for Asian were 45.39%, 40.22%, and 14.38% respectively. More individuals carried
T allele in Asian (34.49%) than those in Caucasian (18.31%) population (P < 0.05). In the stratified analysis of
ethnicity, significant associations only existed in Asian population. Individuals with TT/CT genotypes had a
1.55 fold higher risk than those with CC genotype. And individuals with TT genotype conferred a 1.82 fold
higher risk than those with CC genotype. T allele was found to have a 1.41 fold higher risk than C allele. There
were no significant associations in Caucasian population.

Similarly, significant associations were found in the subgroup analysis of hospital but population based
case-control studies. In the analysis of studies recruiting only male as control group, predominant associations
were found in the dominant model (TT + CT vs CC: OR = 1.27, 95%CI = 1.03 - 1.57, P = 0.02) and the hetero-
zygous codominant model (CT vs CC: OR = 1.26, 95%CI = 1.01 - 1.57, P = 0.04).

Nevertheless, there are still some limitations inherent in the current study as other published meta-analyses
that should be acknowledged. Firstly, NQO1 was also found to have the capacity of both detoxifying and bioac-
tivating cytotoxic compounds and environmental procarcinogens [34]. The actual effect of NQOL1 as either an
activation or detoxification enzyme largely depends on the substrate. However, most of our final results were
based on unadjusted estimates. A more precise analysis stratified by carcinogenic factors should be conducted
when ample studies were available. Secondly, the number of eligible studies as well as that of included cases
and controls for some of the total and subgroup analyses was not sufficient enough. Thereafter, we would be ef-
fectively underpowered to get significant associations. Thirdly, the genetic distribution of the controls in the
study of Steinbrecher et al. included in our study was not consistent with HWE, which is an influential factor in
meta-analysis. The results of genetic association, which tend to be altered by including and excluding the study,
should be interpreted with caution.

In summary, we provide genetic evidence that NQO1 Pro187Ser polymorphism may play a role in the higher
risk of PCa. And, subgroup analysis showed an increased risk in Asian population. Further analyses should be
performed with additional well-designed studies of larger sample size and multiplicate ethnicity. Especially,
in-vitro and in-vivo molecular studies in consideration of gene-gene and gene-environment interactions are wel-
comed to figure out the effects of NQO1 Pro187Ser polymorphism on the occurrence of PCa.

5. Conclusion

Significant results were found in the stratified analyses by HWE. Still, subgroup analysis showed an increased
risk of PCa in Asian rather than Caucasian population. Besides, NQO Pro187Ser polymorphism correlated with
a heightened risk of PCa in the hospital-based studies. Our study indicated that NQO1 functional Pro187Ser po-
lymorphism could be a potentially genetic biomarker for the risk of PCa, especially in Asian population.
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