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Abstract

Background: Inherited functional single nucleotide polymorphisms (SNPs) in DNA repair genes may alter DNA repair
capacity and thus contribute to cancer risk.

Methods: Three ERCCT functional SNPs (rs2298881C>A, rs3212986C>A and rs11615G>A) and two XPF/ERCC4 functional
SNPs (rs2276466C>G and rs6498486A>C) were genotyped for 1125 gastric adenocarcinoma cases and 1196 cancer-free
controls by Tagman assays. Odds ratios (OR) and 95% confidence intervals (Cl) were used to estimate risk associations, and
false-positive report probabilities (FPRP) were calculated for assessing significant findings.

Results: ERCCT rs2298881C and rs11615A variant genotypes were associated with increased gastric cancer risk (adjusted
OR=1.33, 95% Cl=1.05-1.67 for rs2298881 AC/CC and adjusted OR=1.23, 95% Cl = 1.05-1.46 for rs11615 AG/AA, compared
with their common genotype AA and GG, respectively). Patients with 2-3 ERCCT risk genotypes had significant increased risk
(adjusted OR=1.56, 95% Cl=1.27-1.93), compared with those with 0-1 ERCC1 risk genotypes, and this risk was more
significantly in subgroups of never drinkers, non-gastric cardia adenocarcinoma (NGCA) and clinical stage I+lI. All these risks
were not observed for XPF SNPs.

Conclusions: These findings suggest that functional ERCCT SNPs may contribute to risk of gastric cancer. Larger and well-
designed studies with different ethnic populations are needed to validate our findings.
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Introduction nucleotide excision repair (NER) pathway removes a wide variety
of DNA lesions, including bulky adducts, cross links, oxidative
DNA damage, alkylating damage and thymidine dimers [9-11]. In
addition, at least seven xeroderma pigmentosum (XP) comple-
mentation groups have been identified, which are the rate-limiting
ones in the NER mechanism [12]. For example, the excision
repair cross-complimentary group 1 (ERCCI) gene encodes a
subunit of the NER complex required for the incision step of NER.
e ietal] | More importantly, the ERCC1 protein forms a heterodimer with
gastroesophageal reflux gnd obesity [5], high body mass index the XPF endonuclease (also known as ERCC4) to catalyze the 5’
(6], and Helicobacter pylori (H. pylori) infection [7]. It is likely that incision in the process of excising the DNA lesion [13]. Since the
genetic variation may also influence susceptibility to gastric cancer ERCCI1 protein is critical for NER and may influence genomic
[8]- instability, variations in ZRCC1 are likely to play an important role
DNA repair are important in maintaining stability and integrity in maintaining genomic stability that is disrupted in carcinogenesis
of human genome. In humans, there are at least five major DNA [14,15].
repair pathways consisting of more than 130 genes, of which the

Gastric cancer is the second leading cause of cancer-related
deaths worldwide, with an estimated nearly one million new cases,
accounting for 10% of all cancer-related deaths occurred in 2008
and approximately 40% of all cases occurred in China [1], ranking
the third most common cancer in China [2]. To date, the etiology
of gastric cancer remains unclear, although currently suggested
risk factors include smoking and dietary deficiencies [3,4],
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Three common ERCC] variants, namely rs11615, rs321986 and
rs3212961, have been investigated previously, because they are
probably functional [16]. Specifically, two case-control studies
reported the association between ERCCI rs11615 variant geno-
types and gastric cancer risk, including one study of 126 cases [17]
and another of 314 cases [18] in Italian populations. For the
association between FER(CC4 polymorphisms and cancer risk,
previous studies have mainly focused on a functional SNP
rs1800067G>A, and few case-control studies reported on gastric
cancer to date [19,20].

To further assess the associations of FRCCI and ERCC4
polymorphisms with gastric cancer risk, we conducted a case-
control study by genotyping five potential functional SNPs, three
in ERCCI and two in ERCC4, in an Eastern Chinese Han
population of 1125 gastric cancer cases and 1196 cancer-free
controls.

Materials and Methods

Study Population

The subjects were recruited from an ongoing case-control study
as described previously [21]. This study included 1125 unrelated
ethnic Han Chinese patients with newly diagnosed and histopath-
ologically confirmed primary gastric adenocarcinoma recruited
from Fudan University Shanghai Cancer Center (FUSCC)
between January 2009 and March 2011. All the patients were
from Eastern China, including Shanghai, Zhejiang, Jiangsu and
the surrounding regions. Because gastric adenocarcinoma ac-
counts for nearly 98.5% of all gastric cancer patients seen at our
hospital, we excluded from participation those patients who had
interstitialoma, gastric adenosquamous carcinoma, squamous cell
carcinoma, metastasized cancer from other organs or any
histopathologic diagnosis other than gastric adenocarcinoma. An
additional 1196 controls of age- (*5 years) and sex-matched
cancer-free ethnic Han Chinese with written informed consent
were recruited from the Taizhou Longitudinal (TZL) study
conducted at the same time period in Eastern China which was
approved by the Human Ethics Committee of Fudan University as
described previously [22]. All blood samples from patients with
gastric adenocarcinoma were provided by the tissue bank of
FUSCC. All patients had signed a written informed consent for
donating their biological samples to the tissue bank of FUSCC.
The response rate was approximately 91% for cases and 90% for
controls. This research protocol was approved by the Institutional
Review Board of FUSCC.

SNP Selection and Genotyping

We selected potentially functional SNPs of interest by using the
NCBI dbSNP database and SNPinfo with the following criteria: (1)
the minor allele frequency reported in HapMap was =5% for
Chinese subjects; (2) affecting transcription factor binding site
(TFBS) activity in the putative promoter region; (3) affecting the
microRNA (miRNA) binding site activity; and (4) not included in
the published GWASs. For the ERCCI! gene, we chose
rs2298881C>A that may affect the TFBS activity, in addition to
other two widely investigated potentially functional SNPs
(rs3212986C>A and rs11615G>A, the former may be associated
with transcript stability alterations, while the latter may be
associated with mRNA levels alterations). For the EFRCC4 gene,
we chose 1s2276466C>G and rs6498486A>C; the former may
affect the miRINA binding site activity, while the latter may affect
the TFBS activity as predicted by the SNPinfo. These five
potentially functional SNPs also captured other 49 SNPs in the
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nearby genes (Table S1 for FRCCI and Table S2 for ERCC4)
and were genotyped as described previously [21].

Statistical Analysis

We used %7 test to compare the differences in the frequencies of
alleles and genotypes as well as demographic and other covariates
between the cases and controls. The goodness-of-fit % test was
employed to calculate the Hardy—Weinberg equilibrium of
genotype distributions in the controls. We calculated crude and
adjusted odds ratios (ORs) and 95% confidence intervals (Cls) by
univariate and multivariate logistic regression models, respectively,
to evaluate associations between the genotypes and risk of gastric
adenocarcinoma with and without adjustment for and stratified by
age, sex, smoking/drinking status, primary tumor site and clinical
stage. We also performed homogeneity tests to detect the
difference in risk estimates among subgroups. Because the selected
SNPs appear to be in the same block, the haplotype analysis was
not performed.

We calculated the false-positive report probability (FPRP) [23]
for all significant findings. We set 0.2 as an FPRP threshold and
assigned a prior probability of 0.01 to detect an OR of 1.50 (for
risk effects) or 0.67 (for protective effects) for an association with
genotypes under investigation. Only significant results with an
FPRP value <0.2 were considered as noteworthy associations.

We performed all analyses with SAS software (version 9.1; SAS
Institute, Cary, NC), and all statistical tests were two-sided, and P
values less than 0.05 were considered statistically significant.

Results

Characteristics of the Patients

The distributions of demographic characteristics of the subjects
are presented in Table 83, and were similar to those presented in
a previous report [21]. Briefly, the current case-control study
included 1196 cancer-free controls and 1125 gastric cancer cases,
including 305 (27.1%) gastric cardia adenocarcinoma (GCA) and
820 (72.9%) NGCA, of which 476 (42.3%) were of TNM stage
I+I1, and 649 (57.7%) were of stage III+IV according to the 7
Edition of the AJCC [24].

Association between Selected SNPs and Gastric Cancer
Risk

The genotype distributions of the five selected SNPs in cases and
controls are shown in Table 1. The observed genotype
distributions among the controls were agreed with the Hardy—
Weinberg equilibrium (P=0.550 for rs2298881, P=0.859 for
rs3212986, P=0.990 for rs11615, P=0.288 for rs2276466, and
P=0.398 for rs6498486). The genotype distributions were
significantly different for ERCCI 1rs2298881 (P=0.037) and
ERCCI 1311615 (P=0.0496) between the cases and controls, but
not for the other three SNPs. When the rs2298881AA genotype
was used as the reference, the C variant genotypes were associated
with an increased risk of gastric adenocarcinoma (adjusted
OR=1.37, 95% CI=1.08-1.74 for AC, adjusted OR =1.26,
95% CI=0.98-1.63 for CC and adjusted OR=1.33; 95%
CI=1.05-1.67 for AC/CC after adjustment for age, sex, smoking
and drinking status); when the rs11615GG genotype was used as
the reference, the A variant genotypes were associated with an
increased risk of gastric adenocarcinoma (adjusted OR =1.25,
95% CI=1.05-1.48 for AG, adjusted OR=1.13, 95% CI=0.78-
1.63 for AA and adjusted OR=1.23; 95% CI=1.05-1.46 for
AG/AA). Nevertheless, no associations with risk of gastric
adenocarcinoma were found for other three SNPs (Table 1).
Patients with 2-3 risk genotypes of FERCCI had significant
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Table 1. Logistic regression analysis of associations between selected ERCCT and XPF/ERCC4 SNPs and gastric cancer risk in an
Eastern Chinese population.
Cases Controls Crude OR Adjusted OR
Variants Genotypes (N=1125)  (N=1196) P (95% C1) P (95% cn® I
ERCCT rs2298881
AA 151 (13.4) 204 (17.1) 0.037¢ 1.00 1.00
AC 599 (53.2) 592 (49.5) 1.37 (1.08-1.74) 0.010 1.37 (1.08-1.74) 0.011
CcC 375 (33.3) 400 (33.4) 1.27 (0.98-1.63) 0.067 1.26 (0.98-1.63) 0.071
AC/CC 974 (86.6) 992 (82.9) 0.015¢ 1.33 (1.06-1.67) 0.015 1.33 (1.05-1.67) 0.016
ERCCT rs3212986
cC 526 (46.8) 574 (48.0) 0.814¢ 1.00 1.00
AC 489 (43.5) 511 (42.7) 1.04 (0.88-1.24) 0.620 1.03 (0.87-1.23) 0.704
AA 110 (9.8) 111 (9.3) 1.08 (0.81-1.44) 0.595 1.06 (0.79-1.42) 0.692
AC/AA 599 (53.2) 622 (52.0) 0.551¢ 1.05 (0.89-1.24) 0.551 1.04 (0.88-1.22) 0.650
ERCC1 rs11615
GG 610 (54.2) 707 (59.1) 0.0496° 1.00 1.00
AG 454 (40.4) 425 (35.5) 1.24 (1.04-1.47) 0.014 1.25 (1.05-1.48) 0.011
AA 61 (5.4) 64 (5.4) 1.11 (0.77-1.59) 0.596 1.13 (0.78-1.63) 0.521
AG/AA 515 (45.8) 489 (40.9) 0.017¢ 1.22 (1.04-1.44) 0.018 1.23 (1.05-1.46) 0.013
ERCC4 rs2276466
cc 694 (61.7) 735 (61.5) 0.985°¢ 1.00 1.00
CG 385 (34.2) 413 (34.5) 0.99 (0.83-1.17) 0.885 0.98 (0.83-1.17) 0.853
GG 46 (4.1) 48 (4.0) 1.02 (0.67-1.54) 0.944 0.99 (0.65-1.51) 0.964
CG/GG 431 (38.3) 461 (38.5) 0.908¢ 0.99 (0.84-1.17) 0.908 0.98 (0.83-1.17) 0.855
ERCC4 rs6498486
AA 652 (58.0) 694 (58.0) 0.968° 1.00 1.00
AC 413 (36.7) 441 (36.9) 1.00 (0.84-1.18) 0.971 0.99 (0.83-1.18) 0.917
cC 60 (5.3) 61 (5.1) 1.05 (0.72-1.52) 0.809 1.05 (0.72-1.52) 0.815
AC/CC 473 (42.0) 502 (42.0) 0.972¢ 1.00 (0.85-1.18) 0.972 1.00 (0.85-1.18) 0.977
Combined effect of ERCCT risk genotypes
0 151 (13.4) 197 (16.5) <0.0001°¢ 1.00 1.00
1 30 (2.7) 79 (6.6) 0.50 (0.31-0.79) 0.004 0.49 (0.31-0.79) 0.003
2 774 (68.8) 736 (61.5) 1.37 (1.09-1.74) 0.008 1.37 (1.08-1.73) 0.009
3 170 (15.1) 184 (15.4) 1.21 (0.90-1.62) 0.218 1.20 (0.89-1.62) 0.226
0-1 181 (16.1) 276 (23.1) <0.0001 1.00 1.00
2-3 944 (83.9) 920 (76.9) 1.57 (1.27-1.93) <0.0001 1.56 (1.27-1.93) <0.0001
SNP, single-nucleotide polymorphism; Cl, confidence interval; OR, odds ratio.
The results were in bold, if the 95% Cl excluded 1 or P<0.05.
Chi square test for genotype distributions between cases and controls.
PAdjusted for age, sex, smoking and drinking status in logistic regress models.
For additive genetic models.
4For dominant genetic models.
doi:10.1371/journal.pone.0049308.t001
increased risk (adjusted OR=1.56, 95% CI=1.27-1.93), com- females (OR=1.64, 95% CI=1.05-2.56), current-smokers

pared with those with only 0-1 risk genotypes.

Stratification Analysis

We further evaluated the association between variant genotypes
of three selected SNPs of ZRCC and gastric cancer risk stratified
by subgroups of age, sex, smoking and drinking status, tumor site
and clinical stage, assuming a dominant genetic model based on
the results from univariate analysis (Table 2). The rs2293881
variant AC/CC genotypes was associated with an increased risk
(adjusted ORs unless otherwise specified) that was more evident in
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(OR =149, 95% CI=1.03-2.14), never drinkers (OR=1.31,
95% CI=1.00-1.71), NGCA (OR=1.33, 95% CI=1.03-1.71)
and clinical stage I+II (OR=1.58, 95% CI=1.15-2.18). Quite
similar results were found for rs11615 variant AG/AA genotypes,
especially in the younger group (OR =1.34, 95% CI=1.07-1.69),
females (OR=1.38, 95% CI=1.02-1.88), current-smokers
(OR=1.38, 95% CI=1.06-1.80), ever drinkers (OR=1.67,
95% CI=1.20-2.31), NGCA (OR=1.23, 95% CI=1.03-1.47)
and clinical stage I+II (OR =1.33, 95% CI=1.08-1.65). When all
risk genotypes were combined into a new variable, we found that
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the patients carrying 2-3 risk genotypes had a more evident risk in
older group (OR=1.62, 95% CI=1.19-2.20), females
(OR=1.82, 95% CI=1.22-2.72), current-smokers (OR=1.76,
95% CI=1.26-2.47), ever drinkers (OR =1.75, 95% CI=1.16-
2.64), NGCA (OR =1.59, 95% CI=1.26-2.01) and clinical stage
I+II (OR=1.78, 95% CI=1.33-2.38). However, further homo-
geneity tests suggested no differences in the risk estimates among
the strata without statistical evidence of interactions between these
variables and the variant genotypes on the risk (data not shown).

The FPRP values at different prior probability levels for
significant findings are shown in Table 3. For a prior probability
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Table 3. False-positive report probability values for associations between the risk of gastric cancer and the frequency of
genotypes of the ERCCT gene.
Genotype Crude OR (95% CI) 4 Statistical Power® Prior probability
0.25 0.1 0.01 0.001 0.0001
ERCCT rs2298881
AC vs. AA 1.37 (1.08-1.74) 0.010 0.989 0.031 0.086 0.510 0.913 0.991
AC/CC vs. AA 1.33 (1.06-1.67) 0.015 0.838 0.052 0.141 0.644 0.948 0.995
AC/CC vs. AA
Female 1.65 (1.06-2.56) 0.026 0.354 0.181 0.399 0.879 0.987 0.999
Current smoker 1.50 (1.04-2.16) 0.030 0.503 0.150 0.345 0.853 0.983 0.998
NGCA 1.34 (1.04-1.73) 0.022 0.795 0.077 0.201 0.734 0.965 0.996
Stage I+l 1.61 (1.17-2.21) 0.004 0.353 0.031 0.088 0.516 0.915 0.991
ERCC1 rs11615
AG vs. GG 1.24 (1.04-1.47) 0.014 0.990 0.042 0.116 0.590 0.936 0.993
AG/AA vs. GG 1.22 (1.04-1.44) 0.018 0.994 0.050 0.137 0.636 0.946 0.994
AG/AA vs. GG
=59 1.34 (1.07-1.69) 0.012 0.832 0.042 0.117 0.594 0.937 0.993
Female 1.37 (1.01-1.85) 0.042 0.731 0.148 0.343 0.852 0.983 0.998
Current smoker 1.36 (1.04-1.78) 0.023 0.766 0.082 0.212 0.747 0.968 0.997
Ever drink 1.65 (1.20-2.28) 0.002 0.279 0.024 0.069 0.449 0.892 0.988
NGCA 1.21 (1.01-1.45) 0.035 0.991 0.097 0.243 0.779 0.973 0.997
Stage I+l 1.33 (1.07-1.65) 0.009 0.868 0.030 0.085 0.507 0912 0.990
ERCC1 risk genotypes
1vs. 0 0.50 (0.31-0.79) 0.004 0.228 0.044 0.121 0.603 0.939 0.994
2vs. 0 1.37 (1.09-1.74) 0.008 0.976 0.025 0.071 0.457 0.895 0.988
2-3 vs. 0-1 1.57 (1.27-1.93) <0.0001 0.361 0 0.001 0.007 0.065 0.409
2-3 vs. 0-1
=59 1.55 (1.16-2.07) 0.003 0.420 0.020 0.057 0.398 0.870 0.985
>59 1.58 (1.17-2.14) 0.003 0.382 0.023 0.066 0.437 0.887 0.987
Male 1.48 (1.16-1.89) 0.002 0.549 0.010 0.029 0.245 0.766 0.970
Female 1.83 (1.23-2.72) 0.003 0.188 0.046 0.126 0.613 0.941 0.994
Never smoker 1.49 (1.13-1.97) 0.005 0.524 0.029 0.083 0.500 0910 0.990
Current smoker 1.78 (1.27-2.48) 0.001 0.185 0.013 0.038 0.300 0.812 0.977
Never drinker 1.50 (1.18-1.92) 0.001 0.496 0.006 0.018 0.166 0.668 0.953
Ever drinker 1.73 (1.15-2.59) 0.009 0.267 0.089 0.226 0.763 0.970 0.997
GCA 1.46 (1.05-2.02) 0.024 0.567 0.111 0.272 0.805 0.976 0.998
NGCA 1.61 (1.28-2.03) <0.0001 0.298 0.001 0.002 0.019 0.163 0.661
Stage I+l 1.80 (1.35-2.41) <0.0001 0.124 0.002 0.005 0.053 0.361 0.850
Stage III+IV 1.42 (1.12-1.82) 0.005 0.660 0.020 0.058 0.403 0.872 0.986
Chi-square test was used to calculate the genotype frequency distributions.
bStatistical power was calculated using the number of observations in the subgroup and the OR and P values in this table.
doi:10.1371/journal.pone.0049308.t003

of 0.01, assuming that the OR for specific genotype was 1.50 (risk)
or 0.67 (protection), with statistical power of 0.361, the FPRP
values were 0.007 for an association of the ERCCI 2-3 risk
genotypes, with an increased risk of gastric adenocarcinoma in all
individuals. We also found a significant association with gastric
adenocarcinoma risk from never drinkers, NGCA and clinical
stage I+II among those patients with 2-3 risk genotypes. These
significant associations were considered as noteworthy, because
the probability of a false-positive result was <20%. In contrast,
greater FPRP values were observed for other significant associa-
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tions between ERCC1 variants and gastric adenocarcinoma,
suggesting some possible bias in these positive findings.

Discussion

In this study, we found that ERCCI rs2298881C and rs11615A
variant genotypes were associated with a pronounced increased
risk of gastric adenocarcinoma and that the increased risk
associated with 2-3 risk genotypes was more evident in never
drinkers, NGCA and clinical stage I+II. To our knowledge, this is
the first study that ERCCI intron rs2298881 C/A and coding
region rs11615 G/A polymorphisms were found to be associated
with gastric adenocarcinoma risk. Because ERCC1 plays a critical
role in NER, these findings are biologically plausible.

ERCCI has been mapped to chromosome 19q13.32, consisting
of 10 exons and encoding a 297 acetaldehyde ammonia product,
while ERCC4, located on 16pl13.12, comprises 11 exons and
encodes a 916 acetaldehyde ammonia product. ERCCI encodes a
subunit for the NER complex that was required for the incision
step of the NER pathway [15,25]. Importantly, a heterodimer of
ERCC1/XPF catalyzes the 5" incision in the process of excising
DNA lesions in recombinational DNA repair and in the repair of
inter-strand crosslinks [26-28]. Thus, it is possible that functional
ERCCI variants may also play a role in cancer risk. For example,
the ERCCI Asnll8Asn (rs11615) SNP has been reported to be
associated with some specific subtype of lung cancer as well as
early onset of lung cancer [29]. Likewise, the ZRCCI 19007 C
(rs11615) allele was found to be associated with an elevated lung
cancer risk in Asian populations [16]. To date, in the published
studies on associations between the ERCCI 1s11615T>C,
rs3212986C>A and rs3212961A>C polymorphisms and cancer
risk [16], only two studies focused on ERCCI polymorphisms and
risk of gastric cancer, both of which studied the rs11615T>C only
in a relatively small Italy population, including one [17] with only
126 gastric cancer cases and the other of only 314 cases [18], but
none of these two studies included the SNPs under investigation in
the present study.

When we combined these three selected ERCCI SNPs, we
found that patients with 2-3 risk genotypes had significantly
increased risk of gastric cancer compared with those with 0-1 risk
genotypes. In the stratified analysis, we also found that the effect of
the rs2298881 AC/CC genotypes on cancer risk was more evident
in subgroups of females, current-smokers, never drinkers, NGCA
and clinical stage I+II and that quite similar results were for
rs11615 variant AG/AA genotypes, especially in younger subjects,
females, current-smokers, ever drinkers, NGCA and clinical stage
I+II. However, after FPRP was calculated for these significant
findings, only the findings for never drinkers, NGCA and clinical
stage I+II remained significant for the patients with 2-3 risk
genotypes. Therefore, some of our findings from the stratified
analysis may be chance findings because of reduced sample sizes in
the subgroups. For example, we found that the ever-drinkers had a
more evident risk (OR=1.75, 95% CI=1.16-2.64) than the
never-drinkers (OR =1.51, 95% CI=1.18-1.93); however, based
on the FPRP calculation, the risk found for the ever-drinkers was
not significant for a prior probability of 0.01. This may be ascribed
to the reduction of sample sizes, for there were more never-
drinkers than ever-drinkers in our current study. Tobacco smoke-
related carcinogens may induce various kinds of DNA damage
that mainly removed by the NER pathway [30]. If unrepaired,
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