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Abstract

Background/Aims: To investigate the association of several single nucleotide polymorphisms
(SNPs) within XRCC gene and additional gene- environment interaction with papillary thyroid
cancer (PTC) risk. Methods: Testing for Hardy-Weinberg equilibrium in controls was conducted
using SNPstats (online software: http://bioinfo.iconcologia.net/SNPstats). Generalized
multifactor dimensionality reduction (GMDR) was used to screen the best interaction
combination among 5 SNPs within XRCC gene and obesity. Results: Logistic regression analysis
showed that the C allele of rs861539 and T allele of rs1799782 were associated with increased
PTC risk Adjusted ORs (95%CI) were 1.65 (1.23-2.12) and 1.61 (1.20-2.04). However There was
no relation of rs25489 Rs25487 and rs13181 with PTC. The cross-validation consistency and the
testing accuracy for each of the models were determined by GMDR analysis. One two-locus
model (rs1799782 and obesity) had a testing accuracy of 62.11% Which was significant at the
p < 0.01 level. The D’ value between rs1799782 and rs13181 within ERCC1 gene was more than
0.75 (0.825). So haplotype analysis was just conducted for rs1799782 and rs13181 using the
SHEsis online haplotype analysis software. In all samples The haplotype C- A was observed
most frequently in two groups With 49.46% and 55.79% in the PTC patients and controls
Respectively. The results also indicated that haplotype T- C was significantly associated with
increased PTC risk. Conclusion: The C allele of rs861539 and T allele of rs1799782 Interaction
between rs1799782 and obesity and haplotype T- C were all associated with increased PTC

risk.
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Introduction

Thyroid cancer (TC) is the most common endocrine malignancy that accounts for 1%
of all cancers, about 95% of endocrine cancers and 60% of all death from endocrine [1,
2]. Clinically, TC could be further divided into 4 forms: papillary thyroid carcinoma (PTC),
follicular thyroid carcinoma (FTC), medullary TC (MTC), and anaplastic TC (ATC) [2, 3]. PTC
is the main subtype of thyroid tumor and occurred usually in the women in the age group
from 20 to 50 years, accounts for 75 to 85% among all TC patients [4]. In China, the TC
incidence was increased 2.35 times from 1988 to 2009, with an average annual increase of
5.92%. Moreover, the female TC incidence has been ranked among the top 10 cancer profile
between 2005 and 2010 [5, 6]. To date, the molecular mechanism underlying this disease
remain largely unknown. Generally, the pathological mechanism of PTC is considered as
a complex process, which is caused mainly by the combined action of environmental and
genetic factors [7, 8].

X-ray repair cross-complementing group 1 (XRCC1) protein functions in a complex with
many other components to facilitate BER and single-strand break-repair processes, and it
plays an important role in base excision repair (BER) and single-strand breaks repair (SSBR),
upon exposure to endogenous reactive oxygen species, ionising radiation or alkylating agents
[9, 10]. Recently, two studies have reported associations of between XRCC1 and XRCC3 gene
polymorphisms and risk of TC [11, 12], but they concluded inconsistent results. In addition,
increasing evidence suggests that combination of both genetic and environmental risk
determinants contribute to the development and progression of PTC. But to date, less study
focused on the impact of gene- environment interaction on PTC risk. So the present study
evaluates the influence of several single nucleotide polymorphisms (SNPs) within XRCC
gene, and possible gene- environment interaction on PTC risk.

Materials and Methods

Subjects

A total of 458 PTC patients meet the standards were selected from our Hospital. PTC patients were
confirmed by two thyroid pathologist independently through histopathological examination according to
the World Health Organization standards. None of the participants had history of other cancer and received
chemotherapy or radiotherapy. All the recruited subjects were Han Chinese with no genetic relationship
with each other. Control subjects were those without any type cancer and matched to case patients (nearly
1:1) on the basis of their age (+ 5 years). Obesity was defined as BMI = 28 kg/m?. At recruitment, written
informed consent was obtained from each subject.

Genomic DNA extraction and genotyping

All SNPs were selected based on the NCBI database (http://www.ncbi.nlm.nih.gov/projects/SNP)
according to the following criteria: 1) the minor allele frequency reported in HapMap was more than 5 %;
2) locating in the promoter region and 3’ -and 5’ -untranslated region; and 3) not included in the published
GWAS study. Blood samples (3.0 ml) from all participants were collected. Genomic DNA from participants
was extracted from EDTA-treated whole blood, using the DNA Blood Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions and stored at -20°C until use. The genotyping for the selected
five SNPs was conducted using polymerase Chain Reaction (PCR)-based Restriction Fragment Length
Polymorphism (RFLP). The nucleotide sequence of primers and description for the 5 SNPs were shown in
Table 1. The amplification conditions were used as follows: one initial denaturation step at 95°C for 5 min,
then 30 cycles of 94°C for 0.5 min, 60°C for 0.5 min and 72°C for 1 min, at last 72°C for 10 min.

Statistical analysis

The statistical difference between cases and controls was analyzed by Chi-squared test for percentages
calculated for categorical variables for normally distributed continuous variables, and by student t test for the
means and standard deviations (SDs) calculated for normally distributed continuous variables. Testing for
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Table 1. Description and primer sequences designed for sequencing 5 SNPs

Major/
SNPs Chromosome Functional Consequence minor Primer (5’'—3")
alleles
Forward: 5"
ERCC1-194 ’
(Arg>Trp) 19:43553422 Missense C/T GCCAGGGCCCCTCC:ITCAA 3
rs1799782 Reverse: 5*
s TACCCTCAGACCCACGAGT-3'
Forward: 5'-
ERCC1- 280 ’
(Arg>His) 19:43552260 Missense G/A CAGTGGTGCTAéCCTAATC_3
1525489 Reverse: 5'- AGTA-
s GTCTGCTGGCTCTGG-3'
Forward: 5'-
ERCC1-399 ,
(Arg>Gln) 19:43551574 Missense G/A CAGTGGTGCTAACQTAATC-?)
125487 Reverse: 5'-
AGTAGTCTGCTGGCTCTGGG-3'
. Forward: 5
ERCC2- Downstream variant 500B, ,
Lys751Gln 19:45351661 missense, nc transcript A/C GCCCGC’EQS:;‘:_T;I}?TACGB
rs13181 variant CTATCATCTCCTGGCCCCC-3'
Forward: 5'-
XRCC3-241
. . GGTCGAGTGACAGTCCAAAC-3'
g‘gg;g[;; 14:103699416 Intron variant, missense T/C Reverse: 5'- TGCAACGGC

TGAGGGTCTT-3'

Hardy-Weinberg equilibrium in controls  Taple 2. Comparison of case and control groups in different
was conducted using SNPstats (online demographic characteristics

software: http://bioinfo.iconcologia.

. . Case group Control group
net/SNPstats). Generalized multifactor Variables P-values
dimensionality reduction (GMDR) was (n=458) (n=460)
used to screen the best interaction Males, N (%) 286 (624) 279 (60.6) 0576
combination among 5 SNPs within XRCC

Age (year), (Means *SD) 58.4+12.6 59.5+13.1 0.195

gene and obesity. All reported p-values

were two-tailed, and those less than 0.05 Obesity (BMI228 kg/m2), N (%) 147 (32.1) 108 (23.5) 0.00356
were considered statistically significant.

Current or ex-smokers, N (%) 132 (28.8) 91 (19.8) 0.0014
Current or ex-drinkers, N (%) 191 (41.7) 153 (33.3) 0.0082

Results Family history of cancer, N (%) 47 (10.3) -

Comparison of case and control TSH level
groups in different demographic £0.3 mIU/L 47 (103) 31(67)  <0.0001
characteristics and prevalence of
systemic diseases were shown in
Table 2. A total of 918 participants >3.0 mIU/L 113 (24.7) 50 (10.9)
were selected, including 458
patients with PTC and 460 control
participants. The mean age of all <1 273 (59.6)
participants is 58.9 + 12.8 years.
No significant difference in the
parameters of gender and mean
age were observed between these
two groups (both P > 0.05). The TSH levels of the case group were evidently different in
comparison to the control group (both P < 0.05). In addition, the rates for obesity, current or
ex-smokers and current or ex-drinkers were higher in cases than controls.

In our study, all genotypes are distributed according to Hardy-Weinberg equilibrium
in controls. The frequencies for the T allele of rs1799782 were 29.9% in cases, and 19.9%
in controls, which differed significantly between the case group and the control group. The

0.3-3.0 mIU/L 298(65.1) 379 (82.4)

Mass size, cm

21 185 (40.4)
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frequencies for the C allele of rs861539 were 31.7% in cases, and 21.4% in controls, which
also differed significantly between the case group and the control group. Logistic regression
analysis showed that the C allele of rs861539 and T allele of rs1799782 were associated with
increased PTCrisk,adjusted ORs (95%CI)were 1.65(1.23-2.12)and 1.61 (1.20-2.04).However,
there was no relation of
rs25489, rs25487 and
rs13181 with PTC. (Table 3)

As shown in Table
4, the cross-validation
consistency and the testing

Table 3. Genetic risk estimation for 5 target SNPs within XRCC gene
and PTC. *Adjusted for age, gender, BMI

Frequencies N (%)

SNP Genotypes or Alleles OR(95%CI)* HWE test for controls

Controls (n=460) Cases (n=458)

accuracy for each of the — ERCL-194(aT) 1799782

models were determined cc 299 (65.0) 228 (49.8) 1.00 (ref) 0.266
by GMDR analysis. One two- cr 12‘: S(’;) 148:((;"5)] ;:z S;:jg
T : i 02 (1.31-2.
locus mOdel (I'Sl7997.82 CT+TT 161 (35.0) 230(50.2)  1.61(1.20-2.04)
and obesity) had a testl.ng AT ) 163 (199) 274 (299)
accuracy of 62.11%, which ERCC1- 280 (Arg>His), rs25489
was significant at the p < a6 265 (57.6) 240 (52.4) 100 (re) 0235
0.01 level. Therefore, in the GA 162(352)  173(378)  124(081:183)
overall multi-dimensional AA 3302 4508 157(075-240)
model, regardless ofhow the GA+AA 195024 21B(A76) 126 (079:199)
)
.. . Allele, A (%) 228 (24.8) 263 (28.7)
data were divided, this best . 100 (arpau, mosier
model had the highest cross- c 295 (64.1) 256 (55.9) 1,00 (ref) 084
validation consistency. It . 145 (31.5) 166 (36.2)  1.36(0.92-188)
provided evidence of gene- AA 20 (4.4) 36(79)  152(087-211)
Obesity interaction effects. GA+AA 165 (35.9) 202 (44.1)  1.40 (0.90-1.94)
The analysis indicated Allee, A (%) 185 (20.1) 238(26.0)
th t Obesl lnﬂ enced ERCC2- Lys751Gin, rs13181
a - ty u . AA 270 (58.7) 241 (52.6) 1.00 (ref) 0.451
the therId cancer risk AC 161 (35.0) 179 (39.1)  1.23 (0.95-1.61)
depending on the genotypes cc 29(63) 38(83)  135(0.87-186)
at each of the other loci. ACHCC 190 (41.3) 217 (474) 127 (0.93-1.66)
Pairwise LD analysis Allle, C (%) 219 (238) 255 (27.8)
among flVe SN PS was XRCC3- 241 (Thr>Met), rs861539
290 (63.0 219 (47.8 1.00 0.102
meaSUFEd’ and we found " 143 ESl 1; 188 §41 0; 1.49 (1 2(;6?87)
X - e . . 49 (1.25-1.
that JUSt the D Value cc 27 (5.9) 51(11.1) 2.10 (1.41-2.86)
between rs1799782 within Terce 170 (37.0) 239(522) 165 (1.23-2.12)
ERCC1 gene and rs13181 Alleke, C (%) 197 (21.4) 290 (31.7)

Table 4. GMDR analysis for the best interaction combination models. *Adjusted for age, gender, BMI, alcohol
drinking and smoking. **Adjusted for age, gender, alcohol drinking and smoking

Locus Best combination Cross-Yalidaﬁon Testing p-

no. consistency accuracy values

Gene- gene interactions”

2 1rs1799782 x rs861539 9/10 0.5399 0.0547

3 151799782 x rs861539x rs25489 9/10 0.4958 0.1719

4 1rs1799782 x rs861539 x rs25489 xrs13181 7/10 0.4958 0.3770

5 rs1799782 x rs861539 x rs25489 x rs13181x 6/10 0.5399 04258
1s25487

Gene- obesity interactions ™

2 rs1799782 x obesity 9/10 0.6011 0.0010

3 rs1799782 x rs861539 xobesity 7/10 0.5399 0.3770

4 1rs1799782 x rs861539 x rs25489 x obesity 6/10 0.4958 0.4258

5 1rs1799782 x rs861539 x 1rs25489 x rs13181x 3/10 04958 0.9893
obesity

6 rs1799782 x rs861539 x rs25489 x rs13181 x 5/10 04958 0.6230

rs25487 x obesity
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Table 5. Haplotype analysis on association of XRCC1 gene and PTC risk. *Adjusted for gender, age, smoking,
alcohol drinking and BMI

Frequencies

Haplotypes (rs1799782and rs13181) Crsomrons  Comimel e

OR (95%CI) p-values®

C-A 0.4946 0.5579 1.00 --

C-C 0.2346 0.2282 1.35(0.72- 2.02) 0.462
T-A 0.1981 0.1811 1.26 (0.69- 1.98) 0.546
T-C 0.0727 0.0328 1.71(1.09- 2.36) <0.001

within ERCC2 was more than 0.75 (0.825). So haplotype analysis was just conducted for
rs1799782 and rs13181 using the SHEsis online haplotype analysis software. In all samples,
the haplotype C- A was observed most frequently in two groups, with 49.46% and 55.79%
in the PTC patients and controls, respectively. The results also indicated that haplotype T- C
was significantly associated with increased PTC risk (Table 5).

Discussion

In our study, we found that the C allele of rs861539 and T allele of rs1799782 were
associated with increased PTC risk. However, there was no relationship of rs25489, rs25487
and rs13181 with PTC. The mutations in XRCC genes may cause decrease or loss of DNA
repair capacity and confer the variation in development of many malignant tumors, and
previously, some studies have reported that XRCC1 and XRCC3 gene polymorphisms may
modify the risk for some types of cancer, such as gastric cancer [13], glioma [14], breast
cancer [15] and colorectal cancer [16]. But to date, less study focused on the association
between XRCC gene polymorphisms and PTC risk, especially for Chinese population, and
these published literatures could not concluded a consistent result. Santos et al [17]. found
that XRCC1 Arg194- Trp polymorphism was not significant associated with TC risk, but just
109 TC patients were included in this study. Sigurdson et al [18]. concluded an inverse result
with our study, they suggested that XRCC1 Arg194Trp polymorphism was associated with
a reduced risk of TC. And different nationalities between these two studies and our study
were the main reasons for this inconsistency, and the sample size of the two studies was
relatively small and was less than that in our study. Recently, Wang et al [11]. suggested that
XRCC1 194 (Arg>Trp) and XRCC3 241 (Thr>Met) polymorphisms may be associated with TC
risk in a Chinese population, especially in smokers and drinkers. Two recent meta-analyses
demonstrated that XRCC1 Arg194Trp polymorphism conferred an increased risk for PTC
[19, 20], which was consistent with the results obtained from current study.

Generally, the pathological mechanism of PTC is considered as a complex process, which
is caused mainly by the combined action of environmental and genetic factors [7, 8]. The main
risk factors for thyroid cancer are exposure to ionizing radiation, a history of benign thyroid
disease, and a family history of PTC [21, 22]. Recently, a new risk factor- overweight and
obesity, expressed as a high body mass index (BMI), was considered as a possible risk factor
for PTC. However, there are few reports on the relationship between obesity and PTC, and
the underlying mechanism is largely unknown [23]. In this study, we found that the obesity
rate was higher in cases than that in controls. So we also conducted an interaction analysis
between XRCC gene and obesity. We found a significant interaction between rs1799782 and
obesity, and it provided evidence of gene-obesity interaction effects. The analysis indicated
that obesity influenced the thyroid cancer risk depending on the genotypes at a certain
loci. To our knowledge, the present study is the first report looking for a possible impact of
XRCC gene- obesity interaction on PTC risk. We also conducted haplotype analysis for SNPs
(rs1799782 and rs13181), the D’ value for which was more than 0.75, and the results also
indicated that haplotype T- C was significantly associated with increased PTC risk.
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There several limitations in our study. Firstly, the sample size for this study was relatively
small, although it has met the requirement. Secondly, the PTC patients were no divided into
different subtype, to explore the impact of this gene on different subtype of PTC. Thirdly, the
demographical characteristics of thyroid cancer included 62.4% of male patients. However,
thyroid cancer is reported to be much higher, i.e. three times in females compared to males,
so the selection bias may existed in this study, however, this was a case- control study, and
the controls have been selected scientifically.

Conclusion

We found that the C allele of rs861539 and T allele of rs1799782, interaction between
rs1799782 and obesity and haplotype T- C were all associated with increased PTC risk.
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