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Abstract: Several studies have evaluated the relationship between xeroderma pigmentosum complementation 
group C (XPC) variants and prostate cancer (PCa) risk. However, the results remain inconclusive. The objective 
of this study was to identify the role of XPC Lys939Gln variant on PCa occurrence. Relevant case-control studies 
published between 2000 and 2014 were retrieved in electronic databases. The pooled odds ratio (ORs) and 95% 
confidence interval (CI) were employed to calculate the strength of association. Finally, a total of eight articles in-
cluding 3039 PCa patients and 3203 healthy controls were screened out. Our results found that the frequency of C 
allele was a little higher in PCa cases than that in control, but it was not associated with the increased risk of PCa 
(C vs. A: OR=1.05, 95% CI=0.98-1.13, P=0.19). This insignificant association was also observed in other genetic 
models (P>0.05). In subgroup analysis by ethnicity, no significant relationship was found in any study-population 
(Asian, Caucasian and African) as well. In conclusions, our results indicated that XPC Lys939Gln polymorphism was 
not associated with PCa susceptibility. Further large well-designed epidemiologic studies with gene-gene and gene-
environment interaction should be included and considered.
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Introduction

Prostate cancer (PCa) is the second most com-
mon diagnosed non-skin cancer and the sixth 
leading cause of cancer death in males [1], 
accounting for 27% of total male cancers. 
According to cancer statistics, about 233000 
new cases and 29480 death are estimated to 
have occurred in 2014 among men in the 
United States [2]. The well-established risk fac-
tors: smoking [3], alcohol [4] and family history 
[5] have been proven to be involved in PCa 
occurrence. However, the specific mechanis- 
ms of PCa progression remain largely unknown. 
Epidemiologic studies have shown that approxi-
mately 42% of all PCa risk factors can be attrib-
uted to genetic influences [6], and the gene- 
tic-environmental interaction may explain the 
ethnic difference and geographical variations 
in the incidence and mortality [7]. Early detec-
tion of PCa in asymptomatic average risk men 
will contribute to the reduced incidence and 
mortality [8]. Therefore, exploring more new 
gene indicators for PCa risk is valuable.

During the last decades, genomic rearrange-
ments have drawn public attention. Many stud-
ies have shown that genetic variants, resulting 
from transcriptional or chromatin aberrancies, 
engage in prostate carcinogenesis mechanisms 
[9]. Nucleotide excision repair (NER), one major 
DNA-repair pathway in human cells, involved in 
DNA damage repair, is the primary defense 
mechanism against mutagenic exposure [10]. 
Xeroderma pigmentosum complementation gr- 
oup C (XPC), located on human chromosome 
3p25, is the primary initiating factor in the glob-
al genome NER [11]. XPC is a 940-residue DNA 
binding protein, stimulating repair of oxidative 
lesions by base excision repair [12]. Mutation of 
this gene can result in human carcinogenesis. 
Several most common single nucleotide poly-
morphisms (SNPs) of XPC have been identified. 
Among which, rs2228001 in exon 15, an A to C 
substitution at position 939 leading to Lysine to 
Glutamine replacement, was the most studied 
site. It has been shown that XPC Lys939Gln 
polymorphism may be a risk factor for bladd- 
er carcinogenesis [13], urinary bladder cancer 



XPC polymorphism in prostate cancer susceptibility

17960	 Int J Clin Exp Med 2015;8(10):17959-17967

susceptibility [14], lung cancer risk [15], and 
colorectal cancer susceptibility [16].

Although a number of case-control studies 
have investigated the association between XPC 
Lys939Gln polymorphism and PCa risk, the 
results of these studies were controversial. 
Hirata et al. suggested that XPC Lys939Gln 
might be risk factors for PCa in Japanese; while, 
Yang et al. demonstrated that XPC Lys939Gln 
was not associated with the increased risk of 
PCa [17]. Thus, we conducted this meta-analy-
sis to systematically reevaluate the role of XPC 
Lys939Gln polymorphism in the risk of develop-
ing PCa.

Materials and methods

Search strategy

We conducted a systematical literature search 
on electronic databases of PubMed, Embases 
and Medline to retrieve the related articles pub-
lished between January 2000 and Decemb- 
er 2014. The following terms: “prostate cancer 
or prostatic carcinoma”, “xeroderma pigmento-
sum complementation group C or XPC” and 
“polymorphism or variant or mutation” as well 
as their combinations were employed as the 
search words. References of retrieved artic- 
les were screened manually. When the same 

authors or laboratories reported the similar 
issue on the same populations, only the most 
recent articles were included.

Inclusion and exclusion criteria

The eligible articles had to meet the following 
criteria: 1) case-control studies; 2) evaluating 
the relationship between XPC Lys939Gln poly-
morphisms and PCa risk; 3) the patients should 
be histopathologically confirmed, the controls 
should be unrelated, cancer free, age- and sex-
matched healthy individuals of similar ethnicity; 
and 4) the results were presented in odd ratios 
(ORs) with its corresponding 95% confidence 
interval (CI), and the genotype information was 
available to extract.

The exclusion criteria were as follows: 1) dupli-
cated reports from the same authors or labora-
tories; 2) reviews or conference papers; 3) non-
English written articles; and 4) without control 
group or controls were not race-matched.

Date extraction

Two investigators independently assessed the 
related data provided by authors of each study. 
Each item should be final reached a consen-
sus. The following details were extracted from 
each article: first author, publication year, coun-

Figure 1. The process 
of study search.
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try, ethnicity, mean age, total number of pa- 
tients and controls, genotype methods, geno-
type information, and Hardy-Weinberg equilib-
rium (HWE) of genotypes in controls.

Statistical analysis

The strength of association was estimated by 
pooled ORs with its 95% CI according to the 
methods of Woof. The allelic model (C vs. A), 
homozygous model (CC vs. AA), heterozygous 
model (CC vs. AC), dominant model (CC+AC vs. 
AA) and recessive model (CC vs. AC+AA) were 
calculated in this study to evaluate the risk. 
Between-study heterogeneity was evaluated by 
the Q-test and the I2 test. The fixed-effects 
model was used when the P-value of Q-test 
more than 0.1 and I2 of the I2 test less than 
50% which both indicated homogenous, other-
wise, the random-effects model was selected 
when it was heterogenous. Both funnel plot and 

ing with the inclusion and exclusion criteria, 
including 3039 PCa patients and 3203 healthy 
controls. Figure 1 showed the searching pro-
cess. Of the eight articles, one contained two 
study populations [19]. For ethnicities, three 
were Asian population [20-22], four were Ca- 
ucasian population [19, 23-25], and two were 
African population [19, 26]. The total number of 
sample size of each study ranged from 100 to 
2574. Genotypes of controls in all included 
studies were accord with HWE except the study 
conducted by Zhang et al. Table 1 showed the 
main characteristics of the included studies. 
Table 2 listed the alleles and genotypes infor-
mation of each study in this meta-analysis.

Meta-analysis

Table 3 presented the results of the relation-
ship between XPC Lys939Gln polymorphism 
and PCa risk. Between-studies heterogeneity 

Table 1. Main characteristics of included studies in this meta-analysis
First author Year Country Ethnicity Mean age (range) Sample size Genotype method

Cases Controls Cases Controls
Hirata H 2007 Japan Asian 68±5 67±15 165 135 PCR-RFLP
Agalliu I-a 2010 USA Caucasian 70.2 (35-74) 69.3 (35-74) 1308 1266 GeneMapper
Agalliu I-b 2010 USA African 65.6 (35-74) 64.1 (35-74) 149 85 GeneMapper
Liu Y 2012 China Asian 70.7±8.4 70.4±10.0 202 221 PCR-RFLP
Mandal RK 2012 India Caucasian 62.6±8.9 59.1±10.4 192 224 PCR-RFLP
Mittal RD 2012 India Caucasian 66.0±5.46 64.7±5.71 195 250 PCR-RFLP
Sorour AF 2013 Egypt African 65.4±8.7 65.4±8.7 50 50 PCR-RFLP
Mirecka A 2014 Poland Caucasian 68.3 (41-96) 64.6 (35-92) 720 1121 Sequencing
Zhang XJ 2014 China Asian 66.7±8.2 67.3±7.5 229 264 PCR-MALDI-TOF
PCR-RFLP, polymerase chain reaction-restriction fragment length polymorphism; PCR-MALDI-TOF combined polymerase chain 
reaction and matrix-assisted laser desorption ionization-time of flight mass spectrometry technologies.

Table 2. Distribution of alleles and genotypes information in XPC 
Lys939Gln polymorphism in included studies
First author Cases Controls

AA AC CC A C AA AC CC A C HWE
Hirata H 77 78 10 232 98 72 70 23 214 116 0.67
Agalliu I-a 457 595 205 1509 1005 461 600 190 1522 980 0.97
Agalliu I-b 70 61 16 201 93 36 38 9 110 56 0.98
Liu Y 86 85 31 257 147 102 100 19 304 138 0.73
Mandal RK 93 71 28 257 127 114 94 16 322 126 0.85
Mittal RD 94 73 28 261 129 127 104 19 358 142 0.94
Sorour AF 16 25 9 57 43 18 27 5 63 37 0.53
Mirecka A 214 290 98 718 486 265 384 122 914 628 0.68
Zhang XJ 158 38 33 354 104 170 37 31 377 99 0.00
HWE, hardy-weinberg equilibrium. h.68item should be finalcles; raries.

Egger’s test were used to as- 
sess the publication bias (P< 
0.10 was considered statisti- 
cal significance). All statistical 
analyses were performed using 
Review Manage (v.5; Oxford, 
England), and the algorithms 
was as previous descripted by 
Deeks et al. [18].

Results

Characteristics of included 
studies

A total of eight case-control 
studies were eligible after filter-
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was assessed, and the fixed-effect model was 
used in the allele model and the dominant 
model; the random-effect model was used in 
the homozygous model, the heterozygous mo- 
del and the recessive model. Overall, we found 
that the frequency of C allele of XPC Lys939Gln 
polymorphism was a little higher in PCa patients 
than that in healthy controls (36.7% versus 
35.6%). However, the C allele was not associ-
ated with increased the risk of PCa (C vs. A: 
OR=1.05, 95% CI=0.98-1.13, P=0.19) as sh- 
own in Figure 2. This insignificant association 
between XPC Lys939Gln polymorphism and 
PCa susceptibility was also observed under any 
other genetic models (CC vs. AA: OR=1.22, 95% 
CI=0.93-1.60, P=0.15 (Figure 3A); CC vs. AC: 
OR=1.25, 95% CI=0.94-1.65, P=0.12 (Figure 
3B); CC+AC vs. AA: OR=1.02, 95% CI=0.92-
1.13, P=0.70 (Figure 3C); CC vs. AC+AA: 
OR=1.24, 95% CI=0.95-1.62, P=0.11 (Figure 
3D).

Subgroup analysis by ethnicity found no sig- 
nificant association among Asians (C vs. A: 
OR=1.04, 95% CI=0.79-1.37, P=0.78; CC vs. 
AA: OR=1.00, 95% CI=0.45-2.22, P=0.99; CC 

Publication bias

The symmetry of funnel plot indicated that 
there was no obvious publication bias in this 
meta-analysis as shown in Figure 4. Egger’s 
test was employed to further assess publica-
tion bias, and the results showed the absence 
of the publication bias (P>0.01).

Discussion

In this meta-analysis, we evaluated the role of 
XPC Lys939Gln polymorphism in PCa suscep- 
tibility. Overall, our results showed that XPC 
Lys939Gln polymorphism was not associated 
with PCa susceptibility. In the subgroup analy-
sis by ethnicity, no significant association was 
found in three races (Asian, Caucasian and 
African) as well. Our results were consistent wi- 
th previous meta-analysis (five separate case-
control studies including 1966 cases and 1970 
controls) which showed that this variant not 
likely contributed to susceptibility to PCa [27].

PCa is the most frequent cancer among males 
in economically developed countries. The pa- 
thogenesis of PCa is likely involved the genetic 

Table 3. Results of total and subgroup meta-analyses
rs2228001 Comparisons N OR (95% CI) P I2 PH Model
Total C vs. A 9 1.05 (0.98, 1.13) 0.19 16% 0.30 F

CC vs. AA 9 1.22 (0.93, 1.60) 0.15 53% 0.03 R
CC vs. AC 9 1.25 (0.94, 1.65) 0.12 55% 0.02 R

CC+AC vs. AA 9 1.02 (0.92, 1.13) 0.70 0% 0.97 F
CC vs. AC+AA 9 1.24 (0.95, 1.62) 0.11 58% 0.02 R

Asian C vs. A 3 1.04 (0.79, 1.37) 0.78 59% 0.07 R
CC vs. AA 3 1.00 (0.45, 2.22) 0.99 77% 0.01 R
CC vs. AC 3 0.95 (0.40, 2.25) 0.90 78% 0.01 R

CC+AC vs. AA 3 1.06 (0.84, 1.34) 0.62 0% 0.62 F
CC vs. AC+AA 3 0.99 (0.44, 2.21) 0.97 80% 0.007 R

Caucasian C vs. A 4 1.05 (0.97, 1.14) 0.23 16% 0.31 F
CC vs. AA 4 1.29 (0.94, 1.77) 0.11 58% 0.07 R
CC vs. AC 4 1.34 (0.97, 1.85) 0.07 61% 0.05 R

CC+AC vs. AA 4 1.02 (0.90, 1.14) 0.79 0% 0.86 F
CC vs. AC+AA 4 1.32 (0.97, 1.81) 0.08 63% 0.05 R

African C vs. A 2 1.02 (0.74, 1.42) 0.90 0% 0.33 F
CC vs. AA 2 1.20 (0.57, 2.52) 0.63 0% 0.32 F
CC vs. AC 2 1.36 (0.66, 2.82) 0.41 0% 0.47 F

CC+AC vs. AA 2 0.94 (0.60, 1.47) 0.77 0% 0.49 F
CC vs. AC+AA 2 1.28 (0.64, 2.57) 0.48 0% 0.36 F

N, number of included studies; OR, odds ratio; CI, confidence interval; I2, the portion 
of between-study heterogeneity; PH, p-value of heterogeneity; F, fixed-effect model; R, 
random-effect model.

vs. AC: OR=0.95, 95% CI= 
0.40-2.25, P=0.90; CC+AC 
vs. AA: OR=1.06, 95% CI= 
0.84-1.34, P=0.62; CC vs. 
AC+AA: OR=0.99, 95% CI= 
0.44-2.21, P=0.97), Cauca- 
sians (C vs. A: OR=1.05, 
95% CI=0.97-1.14, P=0.23; 
CC vs. AA: OR=1.29, 95% 
CI=0.94-1.77, P=0.11; CC 
vs. AC: OR=1.34, 95% CI= 
0.97-1.85, P=0.07; CC+AC 
vs. AA: OR=1.02, 95% CI= 
0.90-1.14, P=0.79; CC vs. 
AC+AA: OR=1.32, 95% CI= 
0.97-1.81, P=0.08) and Af- 
ricans (C vs. A: OR=1.02, 
95% CI=0.74-1.42, P=0.90; 
CC vs. AA: OR=1.20, 95% 
CI=0.57-2.52, P=0.63; CC 
vs. AC: OR=1.36, 95% CI= 
0.66-2.82, P=0.41; CC+AC 
vs. AA: OR=0.94, 95% CI= 
0.60-1.47, P=0.77; CC vs. 
AC+AA: OR=1.2, 95% CI= 
0.64-2.57, P=0.48) in any 
genetic models as well.
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factors. Genetic variants may contribute to PCa 
risk. Numerous genetic variants in the DNA 
repair pathway have been explored. XPC pro-
tein, a DNA damage recognition factor, involves 
in initiating GG-NER pathway by recognizing the 
DNA lesion and recruiting downstream factors. 
It not only functions as an early damage sensor 
in open complex formation and in repair of com-
plex protein formations, but also in the removal 
of oxidative DNA damage and redox homeosta-
sis and cell-cycle control [28]. XPC expression 
is regulated by p53 at the transcriptional level. 
It has been identified a functional p53 response 
element in vivo in the coding sequence of the 
XPC protein [29]. In cells, XPC forms a complex 
with the HR23B [30] and Centrin2 proteins 
[31]. XPC-HR23B has previously been shown to 
be necessary and sufficient to support NER 
activity in vitro [32]. Moreover, XPC expression 
could be enhanced by SIRT1 through reducing 
AKT-dependent nuclear localization of XPC-
transcription repressor [33].

XPC expression may be involved in the process 
of cancer development and associated with 
cancer risk. Hsiao et al. found that the expres-
sion of nuclear XPC was significantly lower in 
cutaneous squamous cell carcinoma compared 
with their adjacent normal epidermis, and 
proved that the decreased XPC expression was 
associated with recurrent rate and high-risk 
cutaneous squamous cell carcinoma [34]. Lai 
et al. observed that XPC protein expression cor-
related with tumor stage, cigarette smoking 
and poor survival; and XPC expression could 
predict drug resistance in patients with lung 
adenocarcinoma [35]. Bai et al. firstly investi-
gated XPC expression in sporadic breast can-

cer tissues, and showed that XPC was involved 
in the initiation and progression of breast can-
cer [36]. In addition, genetic variants may influ-
ence the XPC expression, leading to the pro-
gression of disease. Qiao et al. identified two 
3’UTR variants of XPC which might be associ-
ated with bladder cancer risk [37]. Berger et al. 
demonstrated that XPC coding variants could 
affect protein function, and/or 3’UTR variants 
result in an altered protein levels via allele-spe-
cific mIR binding [38]. Cartault et al. found that 
a new G to C homozygous substitution at 3’-end 
of XPC in intron 12 (IVS 12-1G/C) in the patients 
leads to the abolition of an acceptor splicing 
site and the absence of the XPC protein; and 
the highest worldwide prevalence of xeroderma 
pigmentosum are in black Mahori patients [39]. 
These findings indicate that XPC may play a role 
in prevention of human carcinogenesis.

Several mutations have been identified in XPC 
gene. XPC Lys939Gln A/C polymorphism has 
been shown to play an important role in diges-
tive system cancer susceptibility [40] and sig-
nificantly increase the risk of lung cancer in 
Asian population [41]; and it is also deemed to 
be involved in modulating colorectal cancer 
susceptibility independently or jointly [42]. XPC 
PAT+/- polymorphism has been proven to asso-
ciate with urinary system cancer risk [43], and 
contribute to the risk for developing bladder 
cancer in a Chinese Han population [44]. XPC 
Ala499Val is shown to significantly associate 
with lung and breast cancer risk [45], and blad-
der cancer susceptibility [46]. However, no as- 
sociation was found between polymorphisms 
of XPC Lys939Gln or Ala499Val and helico-
bacter pylori infection-related gastric antrum 

Figure 2. Forest plots of XPC Lys939Gln polymorphism and prostate cancer susceptibility under the allele model.
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Figure 3. Meta-analysis of the association between XPC Lys939Gln polymorphism and prostate cancer risk under 
genotype models: A. The homozygous model (CC vs. AA); B. The heterozygous model (CC vs. AC); C. The dominant 
model (CC+AC vs. AA); D. The recessive model (CC vs. AC+AA).
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adenocarcinoma susceptibility in Chinese pop-
ulation [47]. A meta-analysis conducted by 
Peng et al. found that the XPC polymorphis- 
ms (Lys939Gln, Val499Arg, and PAT-/+) did not 
associate with gastric cancer risk [48]. XPC 
PAT-/+ polymorphism allele might be a low-pen-
etrant risk factor for developing breast cancer 
[49], and not associated with increasing cuta-
neous melanoma risk [50] and colorectal can-
cer [51].

Several limitations were presented in previous 
meta-analysis. Firstly, the clinical stages of 
patients with PCa could not be extracted from 
the included studies. In the future researches, 
we should consider the genetic polymorphisms 
in each stage of PCa. Secondly, significant het-
erogeneity between studies was presented, 
which may influence the results. Thirdly, the 
number of included studies was small. Fourthly, 
the mean ages of patients were a little older, 
while other age groups should also be included. 
Lastly, other XPC variants or risk factors should 
be taken into account, moreover, gene-gene 
and gene-environment interactions should be 
considered.

In conclusion, our results found no significant 
association between XPC Lys939Gln polymor-
phism and PCa development. Future well-de- 
signed studies involving different ethnic popu-
lations are still needed to further investigate 
the role of XPC Lys939Gln polymorphism in 
PCa risk.
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