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ABSTRACT

Genetic variants of nucleotide excision repair (NER) genes have been extensively 
investigated for their roles in the development of prostate cancer (PCa); however, 
the published results have been inconsistent. In a hospital-based case-control study 
of 1,004 PCa cases and 1,055 cancer-free controls, we genotyped eight potentially 
functional single nucleotide polymorphisms (SNPs) of NER genes (i.e., XPC, rs2228001 
T>G and rs1870134 G>C; XPD, rs13181 T>G and rs238406 G>T; XPG, rs1047768 
T>C, rs751402 C>T, and rs17655 G>C; and XPF, rs2276464 G>C) and assessed their 
associations with risk of PCa by using logistic regression analysis. Among these eight 
SNPs investigated, only XPC rs1870134 CG/CC variant genotypes were associated 
with a decreased risk of prostate cancer under a dominant genetic model (adjusted 
RGGV�UDWLR�>25@� �����������FRQ¿GHQFH�LQWHUYDO�>&,@� �����±������P = 0.003). 
Phenotype-genotype analysis also suggested that the XPC rs1870134 CG/CC variant 
JHQRW\SHV�ZHUH�DVVRFLDWHG�ZLWK�VLJQL¿FDQWO\�GHFUHDVHG�H[SUHVVLRQ�OHYHOV�RI�XPC 
P51$�LQ�D�PL[�SRSXODWLRQ�RI�GLIIHUHQW�HWKQLFLWLHV��7KHVH�¿QGLQJV�VXJJHVWHG�WKDW�XPC 
SNPs may contribute to risk of PCa in Eastern Chinese men.

INTRODUCTION

Nucleotide excision repair (NER) is one of the most 
versatile, well-established DNA repair mechanisms in 
maintaining genomic stability and integrity [1]. NER is 
mainly responsible for repair of bulky, helix-distorting 
DNA damages, such as those caused by ultraviolet 

radiation, mutagenic chemicals, or chemotherapeutic 
GUXJV�� %ULHÀ\�� WKH� UHSDLU� SURFHVV� LQFOXGHV� H[FLVLRQ�
and removal of damaged nucleotides, synthesis of a 
short complementary sequence and substitution of the 
SUHYLRXVO\�GDPDJHG�'1$�VWUDQG�IRU�WKH�¿QDO�UHVWRUDWLRQ�
[1]. At least eight core genes (i.e., ERCC1, XPA, XPB/
ERCC3, XPC, XPD/ERCC2, XPE, XPF/ERCC4, and 
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XPG/ERCC5) derived from the xeroderma pigmentosm 
(XP) complementation group, together with other two 
genes (i.e., CSA /ERCC8 and CSB/ERCC6) encoding 
proteins linked to Cockayne’s syndrome, are involved 
in the pathway [2, 3], among which the XP genes were 
extensively investigated in the development of cancer, 
both in vivo and in vitro. These indicate that reduced 
DNA repair capacity phenotype may result in genomic 
instability and carcinogenesis by affecting repair 
SUR¿FLHQF\�DQG�WKDW�JHQHV�LQYROYHG�LQ�WKH�1(5�SDWKZD\�
are likely to be involved in cancer susceptibility [1, 4-8].

While PCa is one of the most common human 
malignancies, ranking the second leading cause of cancer-
related deaths among men in the US [9, 10], the incidence 
of PCa in developing countries had been increasing 
rapidly in the past decades [9, 11]. Although multiple 
factors are observed to be associated with PCa risk, little 
is known about the causes of the disease. The established 
environmental risk factors include age [12], ethnicity or 
geographic location [13-15], family history [16-18], physical 
inactivity, obesity and the increased intake of fat [19]. The 
exponential increase in PCa risk associated with aging may 
UHÀHFW�WKH�DFFXPXODWLRQ�RI�'1$�GDPDJH�UHVXOWLQJ�IURP�D�
series of biological aging processes, including increased 
R[LGDWLYH� VWUHVV�� IUHTXHQW� LQÀDPPDWLRQ�� DFFXPXODWHG�
exposure to environmental carcinogens, or an age-related 
decreasing DNA damage-repair response [20-22]. In 
addition to environmental risk factors, genetic variation may 
DOVR�FRQWULEXWH�WR�3&D�VXVFHSWLELOLW\��)RU�H[DPSOH��LQ�WKH�¿UVW�
genome-wide association studies (GWAS) in Han Chinese, 
it was found that two new risk-associated loci for PCa on 
chromosomes 9q31.2 (rs817826, P = 5.45 × 10-14) and 
19q13.4 (rs103294, P = 5.34 × 10-16) in 4,484 PCa cases and 
������FRQWUROV��LQ�DGGLWLRQ�WR�FRQ¿UPLQJ�VHYHUDO�DVVRFLDWLRQV�
UHSRUWHG�LQ�RWKHU�HWKQLF�JURXSV�>��@��7KHVH�¿QGLQJV�LQ�WKH�
GWAS study improve our understanding of susceptibility 
to prostate cancer and promote further functional studies. 
Given that the NER mechanism is important in removal 
of oxidative DNA damage or DNA adducts in the genome 
[24], it is biologically plausible to speculate that germline 
variation in the NER genes may affect the capacity of their 
encoded DNA repair enzymes to effectively remove DNA 
adducts or lesions, subsequently leading to PCa risk.

Previous pre-GWAS studies have investigated 
associations between genetic variants in NER genes and PCa 
risk, but the results were inconsistent. For example, Mirecka 
et al. investigated 15 SNPs in seven XP genes (XPA-XPG) in 
a case-control study of 720 PCa patients and 1,121 cancer-
free controls, and they found an increased risk of PCa was 
associated with the XPD SNP, rs1799793 (Asp312Asn) AG 
and AA genotypes [25]. In another study conducted by Hooker 
S et al., the homozygous variant genotype of XPG/ERCC5 
-72C/T promoter polymorphism was found to be associated 
ZLWK�D�VLJQL¿FDQWO\�GHFUHDVHG�ULVN�RI�3&D�>��@��0RUH�UHFHQWO\��
Chen et al. performed a meta-analysis to evaluate three SNPs 
DQG�WKHLU�DVVRFLDWLRQV�ZLWK�ULVN�RI�3&D�DQG�IRXQG�QR�VLJQL¿FDQW�

association between the XPC 939A/C polymorphism and 
PCa risk [27]. The results have been inconsistent due in part 
WR�SRSXODWLRQ� VWUDWL¿FDWLRQ�� VPDOO� VDPSOH� VL]H�� LQDGHTXDWH�
statistical methods as well as limited study power to detect 
modest associations. Meanwhile, previous studies did not 
include gene-environment interaction analysis, and most of 
the SNPs selected were tagSNPs that may have no biological 
function. In the present study, we selected eight potentially 
functional SNPs in four NER genes (e.g., XPC, XPD, XPF, 
and XPG) to examine their associations with risk of PCa in 
a relatively large hospital-based case-control study of 1,004 
PCa patients and 1,055 cancer-free controls of an Eastern 
Chinese Han population. Of these eight SNPs we selected, only 
rs2228001 and rs1318 have been studied in a previous Chinese 
study, in which the rs13181 G allele was found to be associated 
with a marginally increased risk of prostate cancer [28]. Other 
SNPs were not included in previously published pre-GWAS 
studies, nor in GWAS studies of Chinese populations or other 
populations. In the present study, therefore, we tested the 
hypothesis that the risk of PCa is associated with putatively 
functional SNPs in the NER genes, and we also assessed their 
interactions with environmental factors.

RESULTS

The XPC allele and genotype distributions and 
their associations with PCa risk

Among all of the eight SNPs under investigation, only 
XPC rs1870134 was associated with PCa risk, as summarized in 
7DEOH����%ULHÀ\��D�VLJQL¿FDQW�GLIIHUHQFH�LQ�JHQRW\SH�GLVWULEXWLRQ�
between cases and controls was observed with more rs1870134 
heterozygotes in control subjects than in case subjects (P = 
0.015), and rs1870134 was associated with a decreased risk of 
prostate cancer, when the number of variant C alleles increased 
(Ptrend� ���������$�VLJQL¿FDQWO\�GHFUHDVHG�3&D�ULVN�DVVRFLDWHG�
with rs1870134 G>C was observed in both additive [adjusted 
OR = 0.82 (0.71-0.94), P = 0.0049] and dominant [adjusted OR 
= 0.77 (0.64-0.91), P = 0.003] genetic models.

6WUDWL¿HG�DQDO\VLV�RI�3&D�ULVN�DVVRFLDWHG�ZLWK�
XPC SNPs

The multivariate logistic regression analyses with a 
dominant genetic model indicated that XPC rs1870134 CG/
CC was associated with an decreased risk of PCa, particularly 
in subgroups of age > 65 [adjusted OR = 0.78 (0.63-0.97), P 
 ������@��ERG\�PDVV�LQGH[��%0,������NJ�P2 [adjusted OR 
= 0.70 (0.56-0.86), P = 0.0007], ever smokers [adjusted OR 
= 0.75 (0.60-0.94), P� ������@��DQG�*OHDVRQ�VFRUH����������
[adjusted OR = 0.72 (0.56-0.93), P = 0.012], compared 
with the homozygous wild-type genotype. However, further 
homogeneity tests indicated that there was no difference in 
risk estimates between subgroups for any of the strata, as 
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7DEOH����/RJLVWLF�UHJUHVVLRQ�DQDO\VLV�RI�DVVRFLDWLRQV�EHWZHHQ�1(5�YDULDQW�JHQRW\SHV�DQG�3&D�ULVN�LQ�(DVWHUQ�&KLQHVH�
man

Variables
Genotypes

Cases
(N=1004)

Controls
(N=1055)

P Crude OR
(95% CI)

Pb Adjusted OR
(95% CI)

Pc

XPC rs1870134 (HWE: 0.424)

GG 588 (58.6) 551 (52.2) 0.015d 1.00 1.00

CG 356 (35.5) 430 (40.8) 0.78 (0.65-0.93) 0.006 0.77 (0.64-0.93) 0.005

CC 60 (6.0) 74 (7.0) 0.76 (0.53-1.09) 0.135 0.75 (0.52-1.07) 0.111

CG/CC 416 (41.4) 504 (47.8) 0.77 (0.65-0.92) 0.004 0.77 (0.64-0.91) 0.003

XPC rs2228001 (HWE: 0.379)

TT 414 (41.2) 435 (41.2) 0.685d 1.00 1.00

GT 459 (45.7) 495 (46.9) 0.97 (0.81-1.17) 0.783 0.98 (0.82-1.18) 0.850

GG 131 (13.1) 125 (11.9) 1.10 (0.83-1.46) 0.499 1.13 (0.85-1.49) 0.412

GT/GG 590 (58.8) 620 (58.8) 1.00 (0.84-1.19) 1.00 1.01 (0.85-1.21) 0.906

XPD rs13181 (HWE: 0.069)

TT 845 (84.2) 907 (86.0) 0.259d 1.00 1.00

GT 153 (15.2) 138 (13.0) 1.19 (0.93-1.53) 0.170 1.19 (0.93-1.52) 0.177

GG 6 (0.6) 10 (1.0) 0.64 (0.23-1.78) 0.396 0.64 (0.23-1.76) 0.382

GT/GG 159 (15.8) 148 (14.0) 1.15 (0.91-1.47) 0.250 1.15 (0.90-1.47) 0.262

XPD rs238406 (HWE: 0.240)

GG 310 (30.9) 358 (33.9) 0.228d 1.00 1.00

GT 480 (47.8) 497 (47.1) 1.12 (0.92-1.36) 0.279 1.13 (0.92-1.37) 0.244

TT 214 (21.3) 200 (19.0) 1.24 (0.97-1.58) 0.091 1.24 (0.97-1.59) 0.088

GT/TT 694 (69.1) 697 (66.1) 1.15 (0.96-1.38) 0.139 1.16 (0.96-1.39) 0.122

XPG rs17655 (HWE: 0.919)

GG 231 (23.0) 272 (25.8) 0.342d 1.00 1.00

CG 523 (52.1) 529 (50.1) 1.16 (0.94-1.44) 0.163 1.17 (0.94-1.45) 0.151

CC 250 (25.0) 254 (24.1) 1.16 (0.91-1.48) 0.244 1.17 (0.91-1.50) 0.222

CG/CC 773 (77.0) 783 (74.2) 1.16 (0.95-1.42) 0.144 1.17 (0.96-1.43) 0.131

XPG rs751402 (HWE: 0.834)

CC 442 (44.0) 477 (45.2) 0.825d 1.00 1.00

CT 458 (45.6) 467 (44.3) 1.06 (0.88-1.27) 0.543 1.05 (0.88-1.27) 0.577

TT 104 (10.4) 111 (10.5) 1.01 (0.75-1.36) 0.942 1.00 (0.75-1.35) 0.979

CT/TT 562 (56.0) 578 (54.8) 1.05 (0.88-1.25) 0.587 1.04 (0.88-1.24) 0.629

XPG rs1047768 (HWE: 0.461)

TT 491 (48.9) 534 (50.6) 0.740d 1.00 1.00

CT 433 (43.1) 440 (41.7) 1.07 (0.89-1.28) 0.461 1.07 (0.90-1.29) 0.447

CC 80 (8.0) 81 (7.7) 1.07 (0.77-1.50) 0.673 1.07 (0.77-1.49) 0.688

CT/CC 513 (51.1) 521 (49.4) 1.07 (0.90-1.27) 0.438 1.07 (0.90-1.28) 0.429

XPF rs2276464 (HWE: 0.153)
(Continued )
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shown in Table 2, suggesting that there were no evidence for 
any interactions between the SNPs and other covariates.

&RUUHODWLRQ�DQDO\VLV�RI�1(5�613V�ZLWK�P51$�
expression

In the present study, we use public databases to 
evaluate the potential role of special SNPs in the gene 
H[SUHVVLRQ�� %ULHÀ\�� WKH� SXEOLFDOO\� DYDLODEOH� GDWDEDVHV�
for gene expression of the established lymphoblastoid 

cell lines were derived from 270 people with different 
ethnicities. The homozygous genotype was associated 
with higher XPC mRNA expression levels only in the 
Utah residents with ancestry from northern and western 
Europe (CEU) population (P = 0.0013), but not in Chinese 
Han in Beijing (CHB) population (Figure 1). A borderline 
VLJQL¿FDQW�GLIIHUHQFH�LQ�XPC mRNA expression levels was 
observed in Chinese participants carrying the rs1870134 
GG genotype, compared with those carrying CG/CC 
genotypes (P = 0.0853), which is likely due to the small 

7DEOH����6WUDWL¿FDWLRQ�DQDO\VLV�IRU�DVVRFLDWLRQV�EHWZHHQ�XPC�YDULDQWV�DQG�3&D�ULVN�E\�GRPLQDQW�JHQHWLF�PRGHO�LQ�DOO�
VXEMHFWV�RI�(DVWHUQ�&KLQHVH�PDQ�

Variables rs1870134 (cases/controls) Crude 
 OR (95%CI)

P Adjusted  
OR (95%CI)a

Pa Phom

CG/CC GG

Age,yr 
(median)

<=65 137/178 199/191 0.74 (0.55-1.00) 0.047 0.73 (0.54-0.98) 0.037 0.725

>65 282/332 394/366 0.79 (0.64-0.98) 0.029 0.78 (0.63-0.97) 0.023

BMI, kg/m2

<=24 317/327 446/319 0.69 (0.56-0.85) 0.0007 0.70 (0.56-0.86) 0.0007 0.176

>24 102/183 147/238 0.90 (0.66-1.24) 0.526 0.90 (0.66-1.24) 0.521

Smoking status

Never 169/195 237/218 0.80 (0.61-1.05) 0.108 0.78 (0.59-1.04) 0.435 0.768

Ever 250/315 356/339 0.76 (0.61-0.94) 0.014 0.75 (0.60-0.94) 0.012

Gleason scoreb

� ������ 126/510 190/557 0.72 (0.56-0.94) 0.013 0.72 (0.56-0.93) 0.012 0.384

! ������ 262/510 342/557 0.84 (0.68-1.02) 0.082 0.83 (0.68-1.02) 0.069

BMI, body mass index;
a Obtained in logistic dominant models with adjustment for age, smoking status and BMI;
bAccording to the current WHO recommendations;
Phom=Homogeneiy test;
The results were in bold, if P<0.05.

Variables
Genotypes

Cases
(N=1004)

Controls
(N=1055)

P Crude OR
(95% CI)

Pb Adjusted OR
(95% CI)

Pc

GG 643 (64.0) 650 (61.6) 0.508d 1.00 1.00

CG 328 (32.7) 366 (34.7) 0.91 (0.75-1.09) 0.295 0.90 (0.75-1.09) 0.284

CC 33 (3.3) 39 (3.7) 0.86 (0.53-1.38) 0.521 0.85 (0.53-1.37) 0.507

CG/CC 361 (36.0) 405 (38.4) 0.90 (0.75-1.08) 0.254 0.90 (0.75-1.08) 0.243

b Unadjusted for age, smoking, and BMI status in logistic regress models.
c Adjusted for age, smoking, and BMI status in logistic regress models.
d For additive genetic models.
25��RGGV�UDWLR��&,��FRQ¿GHQFH�LQWHUYDO��%0,��ERG\�PDVV�LQGH[
The results were in bold, if the 95% CI excluded 1 or P<0.05.
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sample size (N = 45), and the overall genotype-phenotype 
correlation was present for all ethnic groups (N = 270, P < 
0.0001, and R = 0.248) (Figure 2).

DISCUSSION

The etiology of a complex disease like PCa usually 
involves multiple factors, such as multiple genes in 
multiple biological pathways in addition to environmental 

Figure 1: Correlation between XPC rs1870134 genotype and XPC�P51$�H[SUHVVLRQ�IRU�GLIIHUHQW�SRSXODWLRQV��&(8�
and CHB).

Figure 2: Correlation between XPC rs1870134 genotype and XPC�P51$�H[SUHVVLRQ�IRU�WRWDO�SRSXODWLRQV�
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IDFWRUV�� 6WXGLHV� KDYH� LGHQWL¿HG� WKDW� LQGLYLGXDOV� ZLWK� D�
decreased NER capacity are at an increased risk of cancer. 
Given the possibility that genetic variation in NER 
genes may contribute to variation in the NER capacity, 
the present study investigated the associations between 
eight potentially functional SNPs of the NER genes and 
3&D�ULVN��7KH�PDMRU�¿QGLQJ�ZDV�D�VLJQL¿FDQW�DVVRFLDWLRQ�
between rs1870134 G>C variant genotypes and a 
decreased risk of PCa under a dominant genetic model, 
and the phenotype-genotype analysis suggested that the 
XPC rs1870134 CG/CC variant genotypes were also 
DVVRFLDWHG�ZLWK�VLJQL¿FDQWO\�GHFUHDVHG�H[SUHVVLRQ�RI�XPC 
mRNA in all ethnic populations of the available datasets. 
The strengths of the present study include a relatively 
large sample size from a single institution and the analysis 
of gene-gene and gene-environmental interactions.

A number of association studies on the roles of NER 
polymorphisms in the etiology of PCa have been published 
LQ�WKH�ODVW�GHFDGHV��KRZHYHU��LQFRQFOXVLYH�¿QGLQJV�IRU�WKH�
most frequently analyzed polymorphisms are evident among 
those published studies, even in some recently reported 
meta-analyses. Most of the reported meta-analyses for 
NER polymorphisms agreed that the NER polymorphisms 
were differentially associated with PCa risk by ethnicity. 
For XPD, the Asp312Asn (rs1799793) polymorphism was 
consistently shown to be associated with an increased risk 
of PCa in Asian populations in both additive and recessive 
genetic models [29-33] but not in Caucasian or African 
populations. For example, a protective association was 
observed between Asp312Asn (rs1799793) genotypes and 
PCa risk in Caucasian populations in one meta-analysis [31] 
but not in other three meta-analyses [29, 30, 33]. Likewise, an 
association was observed between Asp312Asn (rs1799793) 
genotypes and PCa risk in African populations in three meta-
analyses [31-33] but not in other two meta-analyses [29, 
30]. Similar to the previously published studies, we did not 
¿QG� DQ\� DVVRFLDWLRQ� EHWZHHQ�XPD Lys751Gln (rs13181) 
genotypes and PCa in Chinese populations. For XPC, a 
meta-analysis for Lys939Gln (rs2228001) [34] of 62 studies 
LQFOXGLQJ� ������ FDVHV� DQG� ������ FRQWUROV� FRQ¿UPHG� DQ�
increased cancer risk associated with this polymorphism in 
the homozygous genetic model for Asian populations, but 
not for other ethnic groups [35]. Taken together, there are 
VRPH�SRVVLEOH�UHDVRQV�IRU�WKH�LQFRQFOXVLYH�¿QGLQJV�DPRQJ�
these meta-analyses. Firstly, the heterogeneity test indicated 
heterogeneous results from different ethnic groups, which 
may result from their different genetic background or the 
environment the subjects lived in. Secondly, most of the 
sample sizes of the eligible studies included in the meta-
analysis were too small for epidemiologic risk assessment. 
Thirdly, different inclusion strategy used by the meta-
DQDO\VHV� DQG� WKH� XQGH¿QHG� FULWHULD� IRU� SDUWLFLSDQWV� PD\�
also contribute to the heterogeneity. To our knowledge, our 
current study comprised a much larger sample size than most 
of reported studies by far for the association studies between 
NER polymorphisms and PCa in Chinese populations from a 

VLQJOH�LQVWLWXWLRQ��:H�IRXQG�D�VLJQL¿FDQW�DVVRFLDWLRQ�EHWZHHQ�
rs1870134 G>C variant genotypes of XPC and a decreased 
risk of prostate cancer under a dominant genetic model in an 
(DVWHUQ�&KLQHVH�SRSXODWLRQ�IRU�WKH�¿UVW�WLPH��7KLV�613�ZDV�
not included in previously published GWAS studies.

XPC located at chromosome 3p25 encodes a 
protein kinase product of 940 amino acids, which is an 
indispensable component of NER and is required for 
the early steps of DNA repair, especially in damage 
recognition and initiation of NER. According to an online 
server (http://www.ncbi.nlm.nih.gov/projects/SNP), 92 
missense coding-SNPs were reported through across the 
whole XPC� JHQH��613V� UV�������� LV� LQ� WKH�¿UVW� H[RQ��
which was predicted as a tagSNP linking to 10 other tagged 
variants (rs3729584, rs3731091, rs2290711, rs3731123, 
rs3739588, rs3729585, rs1982546, rs3731115, rs3731174, 
and rs2045446). Among these, SNPs rs1982546 and 
UV��������ZHUH�ORFDWHG�LQ�¿UVW�LQWURQ�DQG�SUHGLFWHG�WR�EH�
involved in potential transcription factor binding sites. It 
is also possible that rs1870134 is in linkage disequilibrium 
(LD) with the real causal SNP located in the coding region 
and affects the protein function at the post-translational 
level. Thus, the sequencing of this gene will be necessary 
to identify additional causal variants in the future.

PCa is one of the common hereditary human 
malignancies with a high incidence in Caucasian and 
African populations, but with a much lower frequency in 
Asian populations. Interestingly, according to an in silico 
analysis, a different distribution of rs1870134 genotypes 
among ethnic populations was observed; for example, 
rs1870134 heterozygous and variant homozygous 
genotypes were not observed in African ancestry in 
Southwest (ASW) and CEU, but in Asian populations (i.e., 
Han Chinese and Japanese) (HapMap Data Rel 27 Phase 
,,�,,,���,Q�DGGLWLRQ��DFFRUGLQJ�WR�DQ�RQOLQH�613H[S�VHUYHU�
V\VWHP� �KWWS���DSS��WLWDQ�XLR�QR�ELRWRROV��� VLJQL¿FDQW�
differences on XPC mRNA expression levels among 
populations carrying the wild homozygous genotypes 
were observed (Student t-test, P = 0.0013), with a lower 
XPC mRNA expression level in the CHB population, 
compared with that of the CEU population. Additionally, 
for CHB populations, we found that the C allele appeared 
to be correlated with a lower level of mRNA expression, 
compared with that of the G allele, although the difference 
ZDV�QRW�VWDWLVWLFDOO\�VLJQL¿FDQW��OLNHO\�GXH�WR�VPDOO�VDPSOH�
size and a weak allelic effect. Therefore, it is reasonable 
to speculate that the rs1870134 CG/CC genotypes might 
be associated with a decreased PCa risk by reducing XPC 
mRNA expression levels, or the decreased XPC mRNA 
expression levels might be linked to the variants (i.e., 
rs1982546 and rs2045446) that are true functional.

Recently, SNP rs2228001 of the XPC gene has 
been extensively investigated for its association with 
carcinogenesis of some tumor types (i.e., cancers of the 
EODGGHU�� OXQJ�� DQG� FRORUHFWXP��� KRZHYHU�� WKH� ¿QGLQJV�
were inconclusive with PCa. With the respect of PCa, 
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RQO\�¿YH�VWXGLHV�E\�IDU�KDYH�IRFXVHG�RQ�WKH�UV��������
variant and PCa risk, and only one study observed that 
UV�������&&�IUHTXHQF\�ZDV�VLJQL¿FDQWO\�ORZHU�LQ�3&D�
cases in a case-controls study of 165 cases and 165 
FRQWUROV�>��@��+RZHYHU��QR�VLPLODU�¿QGLQJV�ZHUH�REVHUYHG�
by other investigators, including our current larger case-
control study of 1,004 cases and 1,055 controls. Although 
WKH�¿QGLQJV�IRU�XPC rs2228001 were inconsistent among 
published studies, a recent large meta-analysis found that 
rs2228001 CC carriers may have an increased cancer 
risk of several cancer types, especially for cancers of the 
bladder, lung, colorectum, compared with GG/GC carriers, 
indicating that the effects of XPC SNPs on cancer risk are 
XQOLNHO\�WR�EH�WLVVXH�VSHFL¿F�>��@��+RZHYHU��WKH�HIIHFWV�RI�
XPC SNPs on cancer risk have not been fully validated, 
and further functional studies should be performed to 
unravel the underlying mechanisms.

The combined analyses in the present study further 
FRQ¿UPHG�WKDW�D�VLQJOH�613�PD\�KDYH�VRPH�ZHDNHU�HIIHFW�
on cancer risk. Additionally, we noticed that the combined 
effect of two XPC SNPs was more pronounced among 
VXEJURXSV�RI�DJH�������HYHU�VPRNHU��DQG�*OHDVRQ�VFRUH�
���������7KHVH�¿QGLQJV�DJUHHG�ZLWK�WKH�K\SRWKHVLV�WKDW�
genetic susceptibility contributes to the risk of developing 
PCa in those who had an early age onset. Although the 
interaction between smoking and XPC SNPs was not 
observed in the present study (Supplementary Table 1), 
ZH�GLG�¿QG�DQ�REYLRXV�HIIHFW�RI�WKH�FRPELQHG�XQIDYRUDEOH�
genotypes on PCa risk, particularly among subgroups of 
ever smokers, suggesting that the effect of the tobacco 
smoke-related carcinogens may also depend on genetic 
factors.

In summary, the present study investigated the 
associations between eight selected potentially functional 
NER SNPs and PCa risk, in which some moderate 
VLJQL¿FDQW� ¿QGLQJV� ZHUH� REVHUYHG�� +RZHYHU�� VHYHUDO�
methodological issues and limitations of the present study 
VKRXOG�EH�QRWLFHG��)LUVWO\��VRPH�¿QGLQJV�LQ�WKH�VWUDWL¿HG�
DQDO\VHV� PD\� EH� D� FKDQFH� ¿QGLQJ� GXH� WR� WKH� OLPLWHG�
observations in the subgroups. Secondly, our present study 
is a retrospective study; therefore, some environment 
factors such as alcohol drinking were missing due to the 
inadequate information. Therefore, additional large and 
prospective studies, with carefully collection of detailed 
characteristics of the patients, are warranted to further 
FRQ¿UP�RXU�¿QGLQJV��0HDQZKLOH��WKH�JHQH�HQYLURQPHQW�
interaction assessment in the present study was relatively 
crude with smoking described as ever/never. Also, we did 
not have much detailed exposure data that prevented us 
from effectively assessing gene-environment interactions. 
Third, there is a lack of validation of the results by 
another independent study population. We focused on 
an Eastern Chinese population, and we cannot found a 
similar study population or similar datasets available from 
other investigators. Because all these disadvantages and 

the limited number of SNPs of interest in the study can 
FRQWULEXWH�WR�WKH�IDOVH�SRVLWLYH�¿QGLQJV��ZH�GLG�SHUIRUP�
the false positive probability reports to minimize possible 
false-positive associations. Fourthly, only eight SNPs 
of four NER genes were investigated in the present 
study, which did not cover all core genes in the NER 
pathway. Finally, we were not able to measure the mRNA 
expression of XPC using the real-time PCR method, due to 
the lack of clinic tissues/samples. Therefore, future studies 
VKRXOG�LQFOXGH�VXFK�WLVVXHV�WR�YDOLGDWH�RXU�¿QGLQJV�

MATERIALS AND METHODS

Patients and controls

The study included 1,004 patients with newly 
GLDJQRVHG�DQG�KLVWRSDWKRORJLFDOO\�FRQ¿UPHG�SULPDU\�3&D�
and 1,055 cancer-free controls. All of the eligible cases 
and controls were recruited from Shanghai Cancer Center, 
Fudan University (FUSCC) and Taizhou longitudinal 
study (TZL), respectively, between January 2008 and 
January 2012. The entire document and inclusion criteria 
IRU�SDUWLFLSDQWV�ZHUH�GHVFULEHG�SUHYLRXVO\�>��@��%ULHÀ\��
1,004 PCa patients and 1,055 cancer-free controls were 
well matched by age (±5 years). Among the case subjects, 
there were more higher grade PCa than lower grade ones, 
RI�ZKLFK�������������FDVHV�KDG�SURVWDWH�VSHFL¿F�DQWLJHQ�
�36$�������QJ�PO�DQG�������������ZLWK�*OHDVRQ�VFRUH���
���������+RZHYHU������������������������DQG�����������
cases had missing information about serum PSA values, 
Gleason scores, and clinical staging status, respectively, 
GXH�WR�LQVXI¿FLHQW�GRFXPHQWHG�UHFRUGV�

All study subjects signed a written informed consent 
when approached for participation of the study, and the 
research was approved by the Institutional Review Board 
of Fudan University Shanghai Cancer Center. And the 
methods were carried out in accordance with the approved 
guidelines.

SNP selection and genotyping

Potentially functional SNPs in NER genes (e.g., 
XPC, XPD, XPF, and XPG) of interest were selected for 
genotyping in the present study according to the following 
FULWHULD���D��SRWHQWLDOO\�IXQFWLRQDO�VLJQL¿FDQFH�SUHGLFWHG�
by SNPinfo online server (http://snpinfo.niehs.nih.gov/
VQSIXQF�KWP����E��0$)�UHSRUWHG�LQ�+DS0DS�ZDV������
IRU�&KLQHVH�VXEMHFWV���F��/'�FRHI¿FLHQW�r2<0.8 between 
SNPs, and (d) not included in the reported GWASs. Only 
613V� DJUHHG� ZLWK� WKHVH� FULWHULD� ZHUH� ¿QDOO\� VHOHFWHG��
Additionally, SNPs associated with carcinogenesis of any 
tumor form were optimally considered in this study.

We used the SNPinfo online server (http://snpinfo.
niehs.nih.gov/snpfunc.htm) and NCBI dbSNP database 
(http://www.ncbi.nlm.nih.gov/sites/entrez?db=Snp) 
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to assess the potential function of the target SNPs and 
HaploView 4.2 software (http://www.broadinstitute.
org/mpg/haploview) to calculate the linkage between 
SNPs. Ultimately; we selected eight SNPs of interest 
for further investigation. For the XPC gene, two tagging 
nsSNPs (none-synonymous SNP, e.g. rs2228001T>G 
and rs1870134G>C) were selected. For the XPD gene, 
two nsSNPs (rs13181T>G and rs238406 G>T) involving 
potential exonic splicing enhancer/silencer (ESE/ESS) loci 
were selected. For the XPG gene, two SNPs (rs1047768 
T>C and rs751402 C>T) involving potential ESE/ESS 
loci and one nsSNP (rs17655 G>C) were selected. For 
the XPF gene, one SNP (rs2276464G>C) located in the 
�ƍ�XQWUDQVODWHG�UHJLRQ���ƍ�875��RI�XPF, involve in the 
miRNA binding site, was selected.

Subsequently, bioinformatics analysis was followed 
by using HaploView software 4.2 to estimate the 
haplotype block for CHB population (HapMap Data Rel 
���3KDVH�,,�,,,���DQG�QR�/'�ZDV�IRXQG�EHWZHHQ�DQ\�RI�
these SNPs described above. In the current study, DNA 
isolation was performed with the buffy-coat fraction of 
the blood samples donated by the subjects included in 
this study with the Qiagen Blood DNA Mini KIT (Qiagen 
Inc., Valencia,CA). Genotyping was performed using 
the TaqMan real-time PCR method with genotyping 
master mix and pre-designed primers and probes for each 
SNP purchased from ABI (Applied Biosystems, Foster 
City, CA), as described previously [23], and the results 
with >98% call rates and 98.5% or greater agreement 
for duplicated specimens were acceptable for further 
genotyping data analysis.

*HQRW\SH�DQG�P51$�H[SUHVVLRQ�GDWD�RI�
O\PSKREODVWRLG�FHOO�OLQHV�IURP�+DS0DS�GDWDEDVH

To explore biological plausibility of the studied 
SNPs, we used publically available genotyping data from 
the HapMap phase 2 release 23 data set (http://www.
sanger.Ac.uk/humgen/hapmap3) based on four ethnicity-
VSHFL¿F� SRSXODWLRQV� ���� &(8� IRU� 8WDK� UHVLGHQWV� IURP�
northern and western Europe; 45 CHB for unrelated Han 
Chinese in Beijing; 45 JPT for unrelated Japanese in 
Tokyo; 90 YRI for unrelated Yorba in Ibadan, Nigeria). 
The linear regression model-based trend test was 
performed to assess the correlation between genotypes of 
the select gene and its mRNA expression available online 
(http://app3.titan.uio.no/biotools/tool.php?app=snpexp).

Statistical analysis

Deviation from Hardy-Weinberg Equilibrium 
(HWE) among controls for each SNP analysis was 
DVVHVVHG�E\�D�JRRGQHVV�RI�¿W�Ȥ2 test. Distributions of the 
alleles, genotypes and the categorical variables of interest 
between cases and controls were evaluated by Pearson’s 
Ȥ2 test. Traditional genetic models for association studies 
were conducted, including dominant, recessive, and 

DGGLWLYH�PRGHOV��7R�FRQ¿UP�LQGLYLGXDO�HIIHFW�RI�HDFK�613�
RQ�3&D�ULVN��FUXGH�25V�DQG�����FRQ¿GHQFH�LQWHUYDOV��&,V��
were calculated using unconditional logistic regression 
models with adjustment for age, smoking status and BMI. 
)XUWKHU�VWUDWL¿HG�DQDO\VHV�ZHUH�FRQGXFWHG�E\�XQLYDULDWH�
and multivariate unconditional logistic regression methods 
RQ�WKH�EHVW�¿WWLQJ�JHQHWLF�PRGHOV��HYDOXDWHG�E\�OLNHOLKRRG�
ratio based estimates, to assess the associations. Finally, 
the homogeneity Q-test was used to identify any difference 
between the strata.

All statistical analyses were performed with SAS 9.1 
statistical software (Cary, NC, USA). All tests were two-
sided, and a P value of <0.05 was considered statistically 
VLJQL¿FDQW�

$EEUHYLDWLRQV

SNPs, single nucleotide polymorphisms; PCa, 
SURVWDWH�FDQFHU��25��RGGV�UDWLR��&,��FRQ¿GHQFH�LQWHUYDO��
NER, nucleotide excision repair; HWE, Hardy-Weinberg 
equilibrium.
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