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1  | INTRODUC TION

Prostate cancer (PCa) is the most common malignant tumor among 
males all over the world. Previous publications reported that PCa 
is the second and third leading cause of male death in the United 
States and Europe, respectively.1,2 In the United States, about 
174  650 new PCa cases were diagnosed and 31,620 patients 
died from this disease in 2019 estimated by the National Cancer 

Institute (https://seer.cancer.gov/csr/1975_2015). In Asian de-
scendants, the PCa incidence and mortality rates were increasing 
extensively in recent years.3,4 Up to now, the specific mechanisms 
and exact cause of PCa are not clear.5 Due to the stage of this dis-
ease and the choice of patients, the prevention and treatment of 
PCa remains complicated.6 Hence, it is necessary to demonstrate 
the molecular mechanism and explore new targeted therapies for 
PCa.
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Abstract
Background: Numerous studies have assessed the association between xeroderma 
pigmentosum complementation group C (XPC) polymorphisms and susceptibility of 
prostate cancer (PCa); however, the findings remain inconsistent.
Methods: We performed an updated analysis utilizing data from electronic databases 
to obtain a more accurate estimation of the relationship between XPC rs2228001 
A/C polymorphism and PCa risk. We further used in silico tools to investigate this 
correlation.
Results: Totally, 5,305 PCa cases and 6,499 control subjects were evaluated. When 
all studies pooled together, we detected no positive result (recessive genetic model: 
OR = 1.14, 95% CI = 0.93-1.40, Pheterogeneity = 0.001, P = .212); nevertheless, the XPC 
rs2228001 A/C variant was associated with PCa risk in Asian descendants in the 
subgroup analysis (OR = 1.21, 95% CI = 1.01-1.43, Pheterogeneity = 0.008, P = .034). In 
silico tools showed that more than 20 proteins can participate in the protein cross-
talk with XPC. The expression of XPC was down-regulated in all Gleason scores of 
prostate cancer.
Conclusions: The present study indicated that the XPC rs2228001 A/C variant may 
be associated with elevated PCa risk in Asian patients.
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Studies have shown that genetic factors may play a crucial role 
in the development of PCa. Down-regulation of DNA repair is a 
pivotal factor in the progression of PCa.7 Nucleotide excision repair 
(NER), a main human DNA repair pathway, is one of the most signif-
icant defense mechanism against mutagenic exposure.8 Xeroderma 
pigmentosum group C (XPC) is involved in the early damage initia-
tion of NER.9 The XPC gene located on c3p25 of homo sapiens.10 
Mutation of XPC can alter the capacity of NER and lead to carci-
noma of human.11 The substitution of A to C at position 939 is the 
most widely studied single nucleotide polymorphisms in XPC.12

Previous publications demonstrated that the XPC rs2228001 
A/C variant may be associated with increased risk for colorec-
tal, bladder, breast, and lung cancer.13-16 Association between 
this XPC variant and PCa likelihood was previously assessed.17-20 
However, there are vague conclusions about the relationship be-
tween XPC rs2228001 A/C polymorphism and PCa susceptibility 
in different case-controlled studies. Hence, a systematic analysis 
based on all eligible studies was conducted to further investigate 
the correlation between the XPC rs2228001 A/C polymorphism 
and PCa risk.17-28

2  | METHODS AND MATERIAL S

2.1 | Search strategy

We performed a comprehensive literature search on electronic 
databases including Web of Science, Cochrane Library, Google 
Scholar, PubMed, EMBASE, and Chinese Biomedical Database 
to retrieve all publications on the XPC rs2228001 A/C polymor-
phism and PCa susceptibility. The search terms were as follows: 
“XPC OR xeroderma pigmentosum group C,” “polymorphism OR 
single nucleotide polymorphism OR mutation OR variant,” and 
“carcinoma OR tumor OR adenocarcinoma OR cancer.” The last 
search was updated on April 10, 2020. We further screened the 
supplementary material of accept articles to maximize the search.

2.2 | Study selection and inclusion criteria

Two investigators independently searched the studies according to 
inclusion criteria. The inclusion criteria were as follows: (a) evaluating 
the association between the XPC rs2228001 A/C polymorphism and 
PCa risk; (b) including available genotype frequencies to calculate 
odds ratio; and (c) using a case-control design.

2.3 | Exclusion criteria

The exclusion criteria were as follows: (a) Data of control were not 
available; (b) with no available genotype frequency for the XPC 
rs2228001 A/C polymorphism; (c) review articles; and (d) duplica-
tion with overlapping data from the same authors.

2.4 | Data extraction

For every included study, the following information was extracted: 
name of author, year of publication, control source, ethnicity, geno-
typing method, PSA level (ng/mL), age range, sample size of case and 
control, genotyping data of the XPC rs2228001 A/C variant, and P-
value of Hardy-Weinberg equilibrium (HWE) for case and control. 
Any disagreement should be addressed by discussion with a third 
investigator to achieve a final decision.

2.5 | Methods for quantitative synthesis

Odds ratio and 95% confidence interval were adopted to evaluate 
the correlation between the XPC rs2228001 A/C polymorphism and 
PCa risk. Four genetic models were employed in the current analy-
sis: allelic comparison (C-allele vs A-allele), heterozygous contrast 
(CA vs AA), dominant genetic model (CC  +  CA vs AA), and reces-
sive model (CC vs CA + AA). P-value of heterogeneity was calculated 
by the Q test. If P-value for Q tests more than .005, a fixed-effect 
model (Mantel-Haenszel method) was applied. On the other hand, a 
random-effect model (DerSimonian-Laird method) was conducted. 
Publication bias was checked by Egger's test and Begg's plot. 
Moreover, sensitivity analysis was applied to examine the impact of 
each study on the combined OR P-value of HWE was detected by 
chi-square test. P-value more than 0.05 indicates an HWE balance. 
The subgroup analysis included ethnic types and source of control. 
The above analyses were conducted utilizing Stata software (Stata 
Corporation, Lakeway, TX, v11.0).

2.6 | Expression of XPC utilizing in silico analysis

Online gene expression database was applied to further investigate 
the expression of XPC in PCa tissues and control (http://ualcan.path.
uab.edu/). A total of 497 PCa participants and 52 controls were in-
cluded for investigating the XPC expression. The Cancer Genome 
Atlas (TCGA) samples were also employed to assess the effect of XPC 
expression in PCa based on patients’ Gleason score. Furthermore, we 
adopt the online String server (http://strin​g-db.org/) to explore the 
protein-protein correlation regarding XPC. Protein Variation Effect 
Analyzer (PROVEAN, v1.1) was employed to evaluate the mutation 
of the XPC rs2228001 A/C variant in human (http://prove​an.jcvi.org/
seq_submit.php). Gene-gene interaction of XPC was also investigated 
by TCGA samples (http://ualcan.path.uab.edu/analy​sis.html).

3  | RESULTS

3.1 | Study Characteristics

As described in Table 1, a total of 12 publications based on 13 case-
controlled studies evaluating the XPC rs2228001 A/C polymorphism 

http://ualcan.path.uab.edu/
http://ualcan.path.uab.edu/
http://string-db.org/
http://provean.jcvi.org/seq_submit.php
http://provean.jcvi.org/seq_submit.php
http://ualcan.path.uab.edu/analysis.html
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were retrieved in our analysis. Finally, 5305 PCa patients and 6,499 
control subjects were included in the present study. Moreover, we 
checked the minor allele frequencies (MAF) of XPC reported in the 
genome aggregation database (gnomAD, https://www.ncbi.nlm.
nih.gov/snp/rs222​8001#frequ​ency_tab): for global population, 
0.367; Europeans, 0.391; Asians, 0.356; Americans, 0.294; Africans, 
0.270; Ashkenazi Jewish, 0.472; and others, 0.396. Therefore, in the 
subgroup analysis by race, a total of seven studies were based on 
Asian populations, three studies were based on European popula-
tions, two analyzed African descendants, and the remaining was on 
Arabians. In the subgroup analysis by the source of control, there 
were six hospital-based studies, and the rest seven studies focused 
on population-based controls. The classic genotyping method, PCR-
restriction fragment length polymorphism (RFLP), was conducted in 
seven of the studies.

3.2 | Quantitative synthesis

When all the studies pooled together (Table  2), no positive result 
was observed (C-allele vs A-allele, OR = 0.99, 95% CI = 0.94 - 1.04, 
Pheterogeneity  =  0.058, P  =  .708; heterozygous contrast, OR  =  0.95, 
95% CI = 0.87 - 1.03, P-value for heterogeneity = 0.994, P =  .194; 
dominant genetic model, OR = 0.96, 95% CI = 0.89 - 1.04, P-value 
for heterogeneity  =  0.837, P  =  .343; recessive model, OR  =  1.14, 
95% CI  =  0.93 - 1.40, Pheterogeneity  =  0.001, P  =  .212). In a strati-
fied analysis by ethnicity, a considerable increased risk was ob-
served in Asian populations (OR  =  1.21, 95% CI  =  1.01 - 1.43, 
Pheterogeneity = 0.008, P = .034, I 2 = 65.2, Figure 1). However, we ob-
served no obvious association between XPC rs2228001 A/C variant 
and PCa risk in European populations (allelic contrast: OR  =  0.94, 
95% CI = 0.88 - 1.01, Pheterogeneity = 0.033, P =  .107; heterozygous 

F I G U R E  1   Forest plot of cancer risk correlated with XPC rs2228001 A/C variant (CC vs CA + AA) in stratified analysis by race

https://www.ncbi.nlm.nih.gov/snp/rs2228001#frequency_tab
https://www.ncbi.nlm.nih.gov/snp/rs2228001#frequency_tab
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F I G U R E  2   Forest plot of CC vs CA + AA model of XPC rs2228001 A/C polymorphism in the subgroup analysis by source of control

F I G U R E  3   In silico analysis of XPC 
expression in PCa subjects based on 
patients’ Gleason score
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contrast: OR = 0.95, 95% CI = 0.85 - 1.06, P-value for heterogene-
ity = 0.720, P =  .333; dominant model: OR = 0.93, 95% CI = 0.84 
- 1.03, Pheterogeneity = 0.260, P =  .179; recessive model: OR = 0.91, 
95% CI  =  0.80 - 1.05, Pheterogeneity  =  0.019, P  =  .199). Additionally, 
no positive association was identified in African individuals (allelic 

contrast: OR  =  0.97, 95% CI  =  0.75 - 1.24, Pheterogeneity  =  0.709, 
P  =  .785; heterozygous comparison: OR  =  0.77, 95% CI  =  0.53 - 
1.12, P-value for heterogeneity = 0.754, P = .169; dominant model: 
OR = 0.82, 95% CI = 0.58 - 1.18, Pheterogeneit = 0.918, P =  .287; CC 
vs CA + AA: OR = 1.32, 95% CI = 0.77 - 2.25 Pheterogeneity = 0.422, 

F I G U R E  4   Association of the XPC expression in PCa based on sample types (Figure A) and the overall survival (Figure B) and disease-free 
survival probability (Figure C)

F I G U R E  5   Evaluation of the XPC rs2228001 A/C variant by Protein Variation Effect Analyzer (PROVEAN, v1.1). Sensitivity and 
specificity at different PROVEAN score cutoffs are shown in Figure A (default threshold is −2.5). PROVEAN score distribution for deleterious 
and neutral UniProt human protein variations is shown in Figure B. The PROVEAN score of the XPC rs2228001 A/C variant is 1.667, which 
indicates that this variant is neutral (Figure C). Figure A and B is quoted from http://prove​an.jcvi.org/seq_submit.php

http://provean.jcvi.org/seq_submit.php
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P = .306). Moreover, in the subgroup analysis according to the source 
of control, no positive association of this XPC polymorphism was 
found in population-based studies (recessive model: OR = 1.01, 95% 
CI = 0.90 - 1.13, Pheterogeneity = 0.002, P = .879, Figure 2). No positive 
correlation was detected in hospital-based studies (allelic contrast: 
OR = 1.03, 95% CI = 0.90 - 1.18, Pheterogeneity = 0.305, P = .660; het-
erozygous comparison: OR = 0.94, 95% CI = 0.77 - 1.15, P-value for 
heterogeneity = 0.814, P =  .544; CC + CA vs AA: OR = 0.98, 95% 
CI  =  0.82 - 1.18, Pheterogeneity  =  0.740, P  =  .858; CC vs CA  +  AA: 
OR = 1.14, 95% CI = 0.89 - 1.46, Pheterogeneity = 0.037, P = .289).

3.3 | Expression of XPC utilizing in silico analysis

The in silico tool was used to evaluate the expression of XPC in 
497 primary tumors and 52 normal tissues. XPC expression was 

lower in PCa tissues than in the control (P < .001, Figure 4A). The 
expression of XPC was down-regulated in all Gleason scores of 
PCa. (P <  .05, Figure 3). Furthermore, we investigated whether 
XPC expression influenced the overall survival and disease-free 
survival rate in PCa cases. As shown in Figure 4B and Figure 4C, 
no significant correlation was observed between the high and 
low expression of XPC (P > .05). In order to investigate whether 
the rs2228001 A/C variant could have an impact on the expres-
sion of XPC, we adopted the Protein Variation Effect Analyzer 
(PROVEAN, v1.1) to predict the mutation of XPC. Sensitivity 
and specificity at different PROVEAN score cutoffs are shown 
in Figure 5A (default threshold is −2.5). PROVEAN score distri-
bution for deleterious and neutral human protein variations is 
shown in Figure 5B. The PROVEAN score of the XPC rs2228001 
A/C variant is 1.667, which indicates that this variant is neutral 
(Figure 5C). As shown in Figure 6A, at least 25 genes are involved 

F I G U R E  6   Gene-gene crosstalk of XPC. As shown in Figure A, a total of 25 genes participate in the interaction of XPC. The AKAP10 gene 
is the most related gene. There was a significant correlation between XPC and AKAP10 in PCa (Figure B). Similar findings were indicated for 
RBM9 (Figure C) and BRPF1 gene (Figure D)
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in the interaction of XPC. The AKAP10 (A-kinase anchoring pro-
tein 10), RBM9 (RBFOX2, RNA binding fox-1 homolog 2), and 
BRPF1 (bromodomain and PHD finger containing 1) gene are the 
top three related genes. Results from TCGA samples indicated 
a significant correlation between XPC and AKAP10 in prostate 
cancer (Figure  6B). Similar findings were indicated for RBM9 
(Figure 6C) and BRPF1 gene (Figure 6D). Nevertheless, there are 
few studies on their connections in present publications. We fur-
ther used the online String server tools to explore the protein-
protein correlation regarding XPC. As described in Figure 8A, at 
least 20 proteins participate in the protein crosstalk with XPC. 
The top 10 proteins are as follows: CETN2: centrin-2; RAD23A: 
UV excision repair protein RAD23 homolog A; RAD23B: UV 
excision repair protein RAD23 homolog B; GTF2H1: general 
transcription factor IIH subunit 1; XPA: DNA repair protein com-
plementing XP-A cells; ERCC4: DNA repair endonuclease XPF; 
ERCC1: DNA excision repair protein ERCC-1; CHD1L: chromo-
domain-helicase-DNA-binding protein 1-like; RPA2: replication 
protein A 32 kDa subunit; DDB2: DNA damage-binding protein 
2 (Figure 8B).

3.4 | Publication bias

We conducted Egger's test and Begg's funnel plot to detect the pub-
lication bias. Moreover, sensitivity analysis was applied to examine 
the impact of each study on the combined OR. No publication bias 
for the XPC rs2228001 A/C variant was observed from Egger's test 
(Figure 7A). For C-allele vs A-allele: t = 1.30, P = .219; heterozygous 
contrast: t = 1.22, P = .246; CC + CA vs AA: t = 1.22, P = .247; CC 
vs CA + AA: t = 1.36, P = .202. The symmetry of the funnel plot in-
dicated no evidence of publication bias in our analysis as described 
in Figure 7B. The sensitivity analysis for the XPC variant is shown in 
Figure 7C. No individual study would influence the pooled OR.

4  | DISCUSSION

The pathogenesis of PCa remains complex. Previous research 
showed that genetic variants of XPC may be involved in down-
regulation of the DNA repair capacity (DRC).29,30 Decreased DRC 
could cause genetic instability and contribute to susceptibility to 
PCa.31,32 Previous case-controlled studies were conducted to in-
vestigate whether the XPC rs2228001 A/C polymorphism confers 
the risk of PCa, but with controversial results.17-23 A Japanese 
population-based research showed that the XPC rs2228001 A/C 
polymorphism might be a risk factor for PCa.17 However, another 
study based on Egyptian population suggested no significant dif-
ference between the XPC rs2228001 A/C variant and PCa suscep-
tibility.22 In 2013, a meta-analysis conducted by He et al indicated 
elevated colorectal, lung, and bladder cancer susceptibility corre-
lated with this polymorphism.33 However, their conclusions cannot 
be confirmed by other researchers two years later.34 Since then, 

new case-control studies have emerged. The aim of the present 
study was to summarize all eligible data to draw more accurate 
conclusions.

In this study, 5305 cases and 6,499 control subjects were fi-
nally included to evaluate the effect of the XPC rs2228001 A/C 
variant in PCa susceptibility. When all studies pooled together, no 
positive result was observed (recessive genetic model: OR = 1.14, 
95% CI  =  0.93 - 1.40, Pheterogeneity  =  0.001, P  =  .212). However, 
we found that the XPC rs2228001 A/C variant is associated with 

F I G U R E  7   Publication bias analysis for the XPC rs2228001 A/C 
variant. No publication bias was observed from Egger's test (Figure 
A). The symmetry of Begg's funnel plot also indicated no evidence 
of publication bias (Figure B). The sensitivity analysis for the XPC 
variant is shown in Figure C. No individual study would influence 
the pooled OR
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PCa risk in Asian populations (OR  =  1.21, 95% CI  =  1.01 - 1.43, 
P =  .034). Our finding is in line with the conclusions reported by 
He et al33 Furthermore, in silico analysis was used to assess the 
expression of XPC in different grade of PCa. It showed evidence 
that XPC expression was down-regulated in all Gleason scores of 
prostate cancer. We also evaluated whether the XPC expression 
influenced the overall survival probability of PCa cases; however, 
no positive correlation was indicated.

It is necessary to mention the limitations of the current analysis. 
First, the sample size of included studies in the current study was 
relatively small, especially for subgroup analyses. Second, some 
covariates such as age, tumor stage and grade, and smoking ex-
posure should be added into stratification analysis. However, raw 
data of the included studies were not available to further evaluate 
the association between the XPC rs2228001 A/C polymorphism 
and these factors. Finally, other factors including gene-gene and 
gene-environment interactions are warranted to be considered. As 
shown in Figure 8, XPC may have the connection of twenty other 
proteins. Furthermore, TCGA samples have shown that more than 
25 genes can participate in the connection of XPC. The AKAP10 
gene is the most related gene. There is a significant correlation 
between XPC and AKAP10 in prostate cancer. However, there is 
a few research on the further mechanism of this gene, which is 
warranted to be evaluated in the future studies. Said et al found 
that XPC rs2228001 A/C variant was not correlated with PCa 
risk individually; however, combined analysis of rs2228001 A/C 
and XPC-PAT variants showed that XPC (A/C  +  PAT D/D) geno-
types were associated with susceptibility of PCa.27 Additionally, 
some advantages of our analysis should be considered. First, all 

eligible data according to the inclusion criteria were summarized 
to investigate the relationship between XPC rs2228001 A/C poly-
morphism and PCa risk. The statistical power of the current anal-
ysis has been strengthened considerably. Second, no evidence 
of publication bias was identified in both Begg's funnel plot and 
Egger's test, indicating that conclusions of our study were stable 
and trustworthy.

In conclusion, our study suggested that the XPC rs2228001 
A/C variant might contribute to elevated PCa risk in Asian patients. 
The expression of XPC was down-regulated in PCa with different 
Gleason scores. In future, more large-scale and well-designed stud-
ies are warranted to confirm our conclusions in more detail.
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