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Summary

Purpose: Variants in DNA repair genes may alter the repair
mechanisms that make the persons vulnerable to DNA dam-
age. These polymorphic variants in the DNA repair pathway
genes, such as XRCC1, have been associated with suscepti-
bility of several types of cancer including thyroid cancer.
This study was designed to explore the link between XRCC1
polymorphisms and modulation of thyroid cancer risk.

Methods: Our study consisted of 456 thyroid cancer patients
and 400 controls. For XRCC1 polymorphisms analyses, three
single nucleotide polymorphisms (SNPs) (rs25489, rs25487
and 1799782) were selected and genotyped by ARMS-PCR.

Results: The homozygous mutant (AA) of rs25489 SNP
showed highly significant association with thyroid cancer
risk (OR=0.17; 95%CI=0.10-0.31; p=0.0001). In the rs25487
polymorphism all genotypes showed no significantly in-
creased risk of thyroid cancer in patients compared to
controls (p>0.05). In the rs1799782 of XRCC1 gene, the ho-
mozygous mutant (TT) significantly decreased the risk of

Introduction

Thyroid cancer is the most common endocrine
malignancy. It accounts for more than 90% of all
endocrine malignancies and 50% mortality attrib-
utable to endocrine cancers [1,2]. The incidence of
thyroid cancer is 1-2% worldwide and is alarming
in Europe [3,4], Canada [5,6], United Kingdom [7],
and United States of America [8]. Now it is consid-
ered as fastest growing and sixth most common
cancer type [9]. In Pakistan, the incidence of thyroid

thyroid cancer (OR=0.71; 95%CI=0.50-1.01; p=0.05). Eight
haplotypes were generated for three selected SNPs (rs25489,
1525487 and rs1799782) of XRCC1 gene among thyroid cas-
es and controls. The haplotype GAT (OR=1.69; 95%CI=1.25-
2.30; p=0.0005) and GGC (OR=2.75; 95%CI=2.11-3.58;
p=1.29¢-014) showed highly significant association with
increased risk of thyroid cancer. The haplotypes AAC
(OR=0.31; 95%CI=0.17-0.57; p=0.68e-005), AAT (OR= 0.51;
95%CI=0.34-0.78; p=0.001), AGT (OR=0.46; 95%CI=0.29-
0.71;p=0.0003) and GGT (OR=0.80;95%CI=0.64-0.98;p=0.03)
had significant reducing effect in thyroid cancer patients.

Conclusions: XRCC1 Arg280His and Argl194Trp were as-
sociated with thyroid cancer in Pakistani population. These
genetic markers may provide an insight into the disease
pathogenesis and help open novel therapeutic strategies for
thyroid cancer.

Key words: DNA repair, haplotypes, polymorphism, thy-
roid carcinoma, XRCC1

cancer is 1.2% of all malignancies, among which
69-71% are papillary thyroid carcinoma, 11-13%
follicular thyroid carcinoma, 3-5% medullary thy-
roid carcinoma and 1-2% anaplastic carcinoma [10].

The development of thyroid cancer is a multi-
factorial process associated with a variety of risk
factors. Exposure to ionizing radiation in child-
hood, family history, different thyroid diseases, di-
etary iodine and environmental pollutants (endo-
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crine disruptors) are the main risk factors involved
in thyroid carcinogenesis [11]. Additionally, it is
also a well-established fact that many gene pol-
ymorphisms especially in DNA repair genes are
involved in thyroid carcinogenesis [12]. In many
of the earlier studies, variations in DNA repair
pathways and their mechanisms have been related
with increased risk of cancers [13,14]. Particularly
the genetic polymorphisms in DNA repair genes
cause the substitution of amino acids which may
lead to differential capacity of repair DNA dam-
age. These genetic polymorphisms in DNA repair
genes may be associated with genetic instability
and carcinogenesis [15]. In humans, four DNA re-
pair mechanism have been found which include
base excision repair (BER), nucleotide excision re-
pair (NER), double strand break repair (DSBR) and
mismatch repair (MMR) [16,17]. All these DNA
repair mechanisms are involved in the mainte-
nance of genome integrity and DNA damage re-
pair. These DNA damaged bases are produced due
to exogenous or endogenous mutagens [18,19]. It
has been speculated that 10 lesions of modified
bases are repaired by the BER pathway in each cell
per day [20].

One of the major representative of BER
pathway is X-ray Cross Complementing group 1
(XRCCI) which acts as scaffold to recruit BER for
excision or strand break repair [21]. XRCC1 is in-
volved in the recruitment of other BER proteins
in the first steps of BER pathway [22,23] and helps
correcting errors during DNA replication and re-
combination [24]. The location of this gene is at
19q13.2. DNA ligase, DNA polymerase, endonucle-
ase AP and PARP interact with XRCC1. The most
important function of XRCC1 protein is to coordi-
nate the BER pathway among various components.

More than 300 SNPs have been reported in XRCC1
gene, of which most studied polymorphisms in the
coding region are rs25489 (Arg280His), rs25487
(Arg399GIn) and rs1799782 (Argl194Trp) [25].
The selected SNPs of XRCC1 have the ability to
change the structure of protein which may impair
the function of enzymes associated with the BER
pathway [26]. The present study was designed to
investigate possible associations of BER pathway
gene XRCCI polymorphisms with thyroid cancer.

Methods

Study subjects and ethical approval

The study consisted of 456 diagnosed thyroid can-
cer patients and 400 healthy controls (Table 1). Diag-
nosed thyroid cancer patients were histologically con-
firmed at the Nuclear Medicine Department of Nuclear
Oncology Radiation Institute (NORI) and Pakistan Insti-
tute of Medicine Sciences (PIMS), Islamabad. Controls
were selected from individuals receiving routine medi-
cal examinations in these hospitals, while individuals
with a previous diagnosis of any type of cancer were
excluded. Peripheral blood samples were collected from
all subjects. This study was approved by the institution-
al ethical review boards of COMSATS Institute of Infor-
mation Technology, Islamabad and both collaborating
hospitals. Additionally, all experiments were performed
in accordance with relevant guidelines and regulations.

DNA extraction

Approximately 3-4ml blood samples were collect-
ed in vacutainer tubes from all recruited patients and
controls. DNA was extracted from whole blood by the
phenol-chloroform method with minor modifications
[27]. The extracted DNA was visualized by 1% agarose
gel stained with ethidium bromide. The DNA quality
was measured spectrophotometrically using Nano Drop
(Thermoscientific, USA) and stored at -20°C until used.

Table 1. Demographic characteristics for cases and controls

Variables Cases (n=450) Controls (n=400) OR(95%CI) p value
n (%) n (%) (x2)
Age, years 1.03(0.79-1.35) 0.79
<42 208 (45.6) 179 (44.75)
>42 248 (54.38) 221 (55.25)
Sex 1.44(1.03-2.02) 0.03
Male 107 (23) 70 (18)
Female 349 (77) 330 (82)
Smoking status 0.55(0.41-0.72) 0.0001
Smokers 109 (24) 119 (30)
Non-smokers 347 (76) 281 (70)
Family history 3.5(1.65-7.39) 0.001
Yes 34 (7) 9 (2.25)
No 422 (93) 391 (97.75)
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SNPs selection

Three polymorphisms in DNA repair gene XRCC1
were selected from dbSNP database. The SNP selection
criteria were based on minor allele frequency (MAF)
greater than 0.05. The selected SNPs included Arg-
399GIn (rs25487), Arg280His (rs25489) and Argl194Trp
(rs1799782).

Genotyping

Genotyping was performed by allele-specific poly-
merase chain reaction (ARMS-PCR). Primers for PCR
amplification were designed using WASP (web based
allele specific primer designing tool). Primers specific
for each polymorphism are given in Supplementary
Table 1. PCR reaction was carried out in a reaction vol-
ume of 10ul containing 50-100 ng genomic DNA, 100
M of each primers and Solis BioDyne master mix. The
thermal cycling protocol used was: 94°C for 5mins and
35 cycles at 94°C for 30sec, optimized annealing tem-
perature for 45sec, 72°C for 1min and final extension for
10min. The PCR products were visualized on a 2% aga-
rose gel electrophoresis (100V, 300A for 45mins). Pres-
ence or absence of expected product size bands, specific
for wild or mutant primers, were evaluated using UV
trans illuminator (Gel Doc BioRad, USA). B-Actin was
used as internal control in each reaction. PCR products
with homozygous wild, homozygous mutant and het-
erozygous mutant genotypes were further confirmed
with DNA sequence analysis.

Statistics

For each polymorphism, demographical character-
istics were compared between cancer cases and healthy
controls using x2 test. Odds ratio (ORs) and 95% confi-
dence intervals (CI) were calculated after adjusting for
gender, age, smoking status and family history of can-
cer. P value of <0.05 was statistically significant. Haplo-

types were generated from the genotype data. The link-
age disequilibrium (LD) and haplotype analysis were
performed using Haploview 4.2.

Results

Demographic data obtained from thyroid can-
cer patients (n=456) and healthy controls (n=400)
is shown in Table 1. Based on demographic data,
frequencies of gender (OR=1.44; 95%CI=1.03-2.02;
p=0.03), family history (OR=3.5; 95%CI=1.69-7.39;
p=0.001) and smoking status (OR=1.55; 95%CI=1.41-
1.72; p<0.0001) were found significantly higher in
patients compared to controls.

The genotypic distribution for three XRCC1
SNPs (rs25489, rs25487 and 1799782) and thy-
roid cancer risk are given in Table 2. The results
showed that heterozygous (GA) genotype of
rs25489 did not show significant association with
thyroid cancer (OR=1.05; 95%CI=0.74-1.47; p=0.77),
while homozygous mutant (AA) of the same SNP
significantly decreased the risk of thyroid can-
cer in patients compared to controls (OR=0.17;
95%CI=0.10-0.31; p=0.0001). In the rs25487 poly-
morphism, the heterozygous (GA) genotype sig-
nificantly decreased the risk of thyroid cancer
(OR=0.24; 95%(CI=0.17-0.34; p=0.0001). However,
the homozygous mutant of this SNP significant-
ly increased the risk (OR=4.80; 95%CI=2.54-9.07;
p=0.0001). In the rs1799782 SNP XRCCI hete-
rozygous (CT) genotype did not show significant
association (OR=0.88; 95%CI=0.66-1.16; p=0.38),
while the homozygous mutant (TT) significantly
decreased the risk (OR=0.71; 95%CI=0.50-1.01; p=
0.05), in patients compared to controls.

Table 2. Genotype frequencies of selected SNPs of XRCC1 gene in cases and controls

Polymorphisms of XRCC1 Cases Controls OR (95% CI) p value
n (%) n (%)
1525489
GG 351(76.9) 257(64.25) 1
GA 89(19.5) 75(18.7) 1.05(0.74 to 1.47) 0.77
AA 16(3.5) 68(17.0) 0.17(0.10 to 0.31) 0.0001
GA+AA 105 (23.0) 143 (35.7) 0.53 (0.39 to 0.72) 0.0001
1s25487
GG 150(32.89) 140(35.0) 1
GA 166(36.4) 138(34.5) 1.08(0.82 to 1.43) 0.56
AA 140(30.7) 122(30.5) 1.09(0.75 to 1.35) 0.94
GA+AA 306 (67.1) 260 (65.0) 1.09(0.82 to 1.45) 0.51
151799782
cc 93(20.3) 50(12.5) 1
CT 288(63.1) 264(66.0) 0.88(0.66 to 1.16) 0.38
TT 75(16.44) 86(21.5) 0.71(0.50 to 1.01) 0.05
CT +TT 363 (79.6) 350 (87.5) 0.55 (0.38 to 0.81) 0.002

OR: odds ratio, CI: confidence interval. OR, CI and p value calculated by regression analysis
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Subgroup analysis of different histological
types of thyroid cancer was further performed to
evaluate the association between SNPs and thy-
roid cancer risk. Among all the four subtypes, ho-
mozygous mutant (AA) of rs25489 significantly
decreased the risk of thyroid cancer in papillary
thyroid carcinoma (OR=0.23; 95%CI=0.13-0.41; p=
0.00001). In rs25487, heterozygous (GA) signifi-
cantly decreased the risk of thyroid carcinoma
in all four subtypes (OR=0.25; 95%CI=0.18-0.35;
p=0.0001, OR=0.29; 95%CI=0.17-0.49; p=0.0001,
OR=0.19; 95%CI=0.06-0.52; p=0.001, and OR=0.14;
95%(CI=0.03-0.65; p=0.01, respectively). However,
mutant (AA) rs25487 significantly increased the
risk of thyroid cancer in three subtypes i.e. papillary
(OR=5.49; 95%(CI=2.87-10.49; p=0.0001), follicular
(OR=6.09; 95%CI=2.66-13.90; p=0.0001) and med-
ullary thyroid carcinoma (OR=7.46; 95%CI=1.87-
29.67; p=0.004). In case of rs1799782, mutant (TT)
allele significantly increased the risk in follicular
(OR=1.69; 95%CI=1.00-2.85; p=0.04) and anaplastic
thyroid carcinoma (OR=4.86; 95%CI=1.06-22.16;
p=0.04) but in papillary thyroid carcinoma it sig-
nificantly decreased the risk of thyroid cancer
(OR=0.62; 95%CI=0.42-0.90; p=0.01). Relevant data
is given in Table 3.

Association of thyroid cancer with treatment
types was evaluated in patients compared to con-

trols. Heterozygous (GA) rs25489 significantly
increased the risk of thyroid cancer among all pa-
tients treated with chemotherapy and radiotherapy
(OR=2.38; 95%CI=1.09-5.18; p=0.02, and OR=8.66;
95%(C1=3.74-20.04; p=0.0001, respectively). How-
ever, in the case of patients treated with iodine
therapy, it significantly decreased the risk of thy-
roid cancer (OR=0.21; 95%CI=0.12-0.37; p=0.0001).
Heterozygous (GA) rs25487 significantly de-
creased the risk of thyroid cancer in all patients
treated with iodine therapy, chemotherapy and ra-
diotherapy (OR=0.26; 95%CI=0.18-0.36; p=0.0001,
OR=0.23; 95%CI=0.10-0.49; p=0.0001, and OR=0.06;
95%CI=0.02-0.16; p=0.0001, respectively), while
homozygous (AA) of the same SNP significantly
increased the risk of thyroid cancer in all patients
treated with iodine therapy, chemotherapy and ra-
diotherapy (OR=4.43; 95%(CI=2.31-8.48; p=0.0001,
OR=6.21; 95%CI=2.03-18.98; p=0.001 and OR=13.6;
95%CI=4.97-37.32; p=0.0001). Heterozygous (CA)
mutant of rs1799782 polymorphism showed signif-
icantly decreased risk of thyroid cancer in patients
treated with radiotherapy (OR=0.25; 95%CI=0.11-
0.58; p=0.001). The results are shown in Table 4.

Haplotype analysis results of XRCC1 SNPs

Eight haplotypes were generated for three se-
lected SNPs (rs25489, rs25487 and rs1799782) of

Table 3. Distribution of genotypes and odds ratios (OR) for different histological subtypes of thyroid carcinoma and

controls in XRCC1

Genotypes Controls Papillary carcinoma

Follicular carcinoma

Medullary carcinoma Anaplastic carcinoma

XRCC1 (n=400) (n=351) (n=82) (n=16) (n=7)
n OR p n OR p n OR p n OR p
(95% CI)  value (95% CI) ~ value (95% CI)  value (95% CI) ~ value
1525489
GG 257 264 1.00 56 1.00 8 1.00 3 1.00
(REF) (REF) (REF) (REF)
GA 75 71 1.09 0.60 19 1.30 035 6 2.60 0.07 1 0.72 0.76
(0.76-1.57) (0.73-2.71) (0.91-7.37) (0.08-6.08)
AA 68 16 0.2 0.00001 07 0.45 045 2 0.69 063 3 3.66 0.09
(0.13-0.41) (0.20-1.03) (0.15-3.13) (0.80-16.73)
1525487
GG 52 99 1.00 19 1.00 5 1.00 3 1.00
(REF) (REF) (REF) (REF)
GA 336 201 0.25 0.0001 50 0.29 0.0001 8 0.19 0.001 3 0.14 0.01
(0.18-0.35) (0.17-0.49) (0.06-0.52) (0.03-0.65)
AA 12 51 549 0.0001 13 6.09 0.0001 3 7.46 0004 1 5.03 0.13
(2.87-10.49) (2.66-13.90) (1.87-29.67) (0.60-48.32)
rs1799782
cC 50 87 1.00 19 1.00 4 1.00 1 1.00
(REF) (REF) (REF) (REF)
CT 2064 213 0.79 0.13 47 0.69 0.13 9 0.66 042 2 0.20 0.06
(0.59-1.07) (0.42-1.12) (0.24-1.81) (0.03-1.07)
TT 86 51 0.62 0.01 26 1.69 004 3 0.84 079 4 4.86 0.04
(0.42-0.90) (1.00-2.85) (0.23-3.02) (1.06-22.16)
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XRCC1 among cases and controls. Haplotype GAT
(OR=1.69; 95%CI=1.25-2.30; p=0.0005) and GGC (OR=
2.75; 95%CI1=2.11-3.58; p=1.29e-014) showed high-
ly significant association with increased risk of
thyroid cancer. Decreased risk was observed in hap-
lotypes AAC (OR=0.31; 95%CI=0.17-0.57; p=06.68e-
005), AAT (OR=0.51; 95%CI=0.34-0.78; p=0.001),
AGT (OR=0.46; 95%CI=0.29-0.71; p=0.0003) and
GGT (OR=0.80; 95%CI=0.64-0.98; p=0.03), as shown
in Table 5.

Genotype-genotype interaction

After haplotype analysis, interaction between
the selected SNPs of XRCC1I was calculated by the

joint effect model. The combined effects of rs25489
vs rs25487 are shown in Table 6, and increase in
thyroid cancer risk was observed in the combined
effect of GG/AA genotype (OR=11.37; 95% CI=4.06-
31.87; p=0.0001), GA/GG genotype (OR=2.85; 95%CI=
1.20-6.76; p=0.01) and GA/AA genotype (OR=2.44;
95%CI1=0.77-7.74; p=0.12), whereas decreased thy-
roid cancer risk was observed in the combined
effect of GG/GA genotype (OR=0.43; 95%CI=0.32-
0.57; p=0.0001) and AA/GA genotype (OR=0.16;
95%CI=0.08-0.31; p=0.0001) and AA/AA genotype
(OR=0.21; 95%CI= 0.02-1.95; p=0.17).

The combined effect of rs25489 vs rs1799782
is shown in Table 6. A significant increase in risk

Table 4. Distribution of genotypes and odds ratios (OR) of XRCC1 polymorphisms for different treatments of thyroid

carcinoma and controls

Genotypes Controls Radioactive I3;-therapy Chemotherapy Radiotherapy
XRCC1 (n=400) (n=398) (n=31) (n=27)
n OR p n OR p n OR p
(95% CI) value (95% CI) value (95% CI) value
1525489
GG 257 297 1.00 18 1.00 7 1.00
(REF) (REF) (REF)
GA 75 84 1.15 040 11 2.38 0.02 18 8.66 0.0001
(0.81-1.64) (1.09-5.18) (3.74-20.04)
AA 68 17 0.21 0.00001 02 0.33 0.14 2 0.39 0.20
(0.12-0.37) (0.07-1.44) (0.09-1.68)
1s25487
GG 52 119 1.00 09 1.00 12 1.00
(REF) (REF) (REF)
GA 336 231 0.25 0.0001 17 0.29 0.0001 07 0.19 0.001
(0.18-0.35) (0.17-0.49) (0.06-0.52)
AA 12 48 549 0.0001 05 6.09 0.0001 08 746 0.004
(2.87-10.49) (2.66-13.90) (1.87-29.67)
1s1799782
cc 50 87 1.00 08 1.00 12 1.00
(REF) (REF) (REF)
CT 264 240 0.79 0.13 16 0.69 0.13 09 0.66 0.42
(0.59-1.07) (042-1.12) (0.24-1.81)
TT 86 71 0.62 0.01 07 1.69 0.04 06 0.84 0.79
(0.42-0.90) (1.00-2.85) (0.23-3.02)

Table 5. Distribution of haplotype analysis in the study cohort

Haplotype Cases (freq) Controls (freq) x2 Fisher’s p value Pearson’s p value OR (95% CI)

AAC 15.25 (0.017) 40.93 (0.051) 15.919 6.71e-005 6.68e-005 0.31 (0.17-0.57)
AAT 39.56 (0.43) 64.31 (0.080) 10.24 0.001380 0.001378 0.51 (0.34-0.78)
AGC 33.22 (0.036) 46.64 (0.058) 4.58 0.032271 0.32244 0.61 (0.38-0.96)
AGT 32.97 (0.036) 60.12 (0.075) 12.60 0.000387 0.000387 0.46 (0.29-0.71)
GAC 189.07 (0.207) 184.78 (0.231) 01.39 0.237105 0.237028 0.87 (0.69-1.09)
GAT 131.12 (0.144) 71.98 (0.090) 11.79 0.000599 0.000598 1.69 (1.25-2.30)
GGC 237.46 (0.260) 90.65 (0.113) 58.488 1.47e-014 1.29e-014 2.75 (2.11-3.58)
GGT 233.35 (0.2506) 240.58 (0.301) 4284 0.38525 0.038493 0.80 (0.64-0.98)

OR: odds ratio, CI: confidence interval. OR, CI and p value calculated by regression analysis. Haplotypes follow the SNPs as: rs25489

(Arg280His), rs25487 (Arg399Gln) and rs1799782 (Arg194Trp)
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was observed in the combined effect of GG/CT gen-
otype (OR=1.33; 95%CI=1.02-1.75; p=0.03) and GA/
CC genotype (OR=2.84; 95%CI=1.20-6.73; p=0.01),
while significantly decreased thyroid cancer risk
was observed in the combined effect of AA/CT
genotype (OR=0.18; 95%CI=0.09-0.36; p=0.0001)
and AA/TT genotype (OR=0.32; 95%CI=0.12-0.82;
p=0.018).

The combined effects of rs25487 vs 1799782
are shown in Table 6. A significant increase in thy-
roid cancer risk was observed in the combined effect
of GG/CT genotype (OR=4.77;95%CI=1.81-12.56;
p=0.0015), AA/CC genotype (OR=8.94; 95%CI=
1.14-70.19; p=0.03) and AA/CT genotype (OR=4.06;
95%CI=2.01-8.19; p=0.0001), whereas significant-
ly decreased risk was observed in the combined
effect of GA/CT genotype (OR=0.42; 95%CI=0.31-
0.55; p=0.0001) and GA/TT genotype (OR=0.47;
95%CI=0.31-0.70; p=0.0002).

Discussion

In this study, the possible association of XRCC1
gene polymorphisms with thyroid cancer risk was
evaluated in thyroid cancer patients and healthy
controls. XRCC1 is an important BER pathway re-
pair protein which repairs single strand breaks in
combination with three other DNA repair genes i.e
DNA ligase III, PARP and DNA polymerase [28].
XRCC1 is located on chromosome 19q13.2-13 [29]
and has 22 exons and produces about 2.2kb tran-
script. Evidence has indicated that DNA damage
and impaired DNA repair system may cause vari-
ous diseases and alterations in DNA structure [30].
DNA repair efficiency in cells is a determining fac-
tor for preventing the development of thyroid can-
cer [31]. Polymorphisms in XRCC1 gene disturb
the interaction of proteins with other enzymes of
the BER pathway which ultimately decrease the

Table 6. Risk of thyroid cancer in relation to combined genotype

Genotypes Cases Controls OR (95% CI) p value
1525489 vs rs25487
GG/GG 115 35 1
GG/GA 189 217 0.43(0.32 to 0.57) 0.0001
GG/AA 47 4 11.37(4.06 to 31.87) 0.0001
GA/GG 22 7 2.85(1.20 to 6.76) 0.016
GA/GA 56 65 0.72(0.49 to 1.06) 0.097
GA/AA 11 2.44(0.77 to 7.74) 0.1280
AA/GG 3 8 0.32(0.08 to 1.23) 0.0982
AA/GA 12 56 0.16(0.08 to 0.31) 0.0001
AA/AA 1 4 0.21(0.02 to 1.95) 0.1733
125489 vs 1s1799782
GG/CC 72 35 1
GG/CT 229 172 1.33(1.02 to 1.75) 0.0349
GG/TT 50 49 0.88(0.58 to 1.34) 0.5577
GA/CC 22 07 2.84(1.20 to 6.73) 0.0173
GA/CT 48 47 0.88(0.57 to 1.35) 0.5697
GA/TT 19 22 0.74(0.39 to 1.40) 0.3635
AA/CC 00 08 15.18(0.87 to 263.86) 0.0619
AA/CT 10 44 0.18(0.09 to 0.36) 0.0001
AA/TT 06 16 0.32 (0.12t0 0.82) 0.0185
125487 vs 11799782
GG/CC 26 05 1
GG/CT 90 34 4.77(1.81 to 12.56) 0.0015
GG/TT 24 11 1.96(0.94 to 4.06) 0.0685
GA/CC 58 44 1.17(0.77 to 1.78) 0.4389
GA/CT 154 219 0.42(0.31 to 0.55) 0.0001
GA/TT 45 75 0.47(0.31 to 0.70) 0.0002
AA/CC 10 01 8.94(1.14 to 70.19) 0.0371
AA/CT 43 10 4.06(2.01 to 8.19) 0.0001
AA/TT 06 01 5.32(0.63 to 44.38) 0.1225

OR: odds ratio, CL: confidence interval. OR, CI and p value calculated by regression analysis and then confirmed by Bonferroni
correction. P values in bold have still maintained their significance after Bonferroni correction
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Supplementary Table 1. Primers for XRCC1 gene SNPs with product size and annealing temperature

Name of SNPs Primer sequence Product size ~ Annealing temp.
(bp) 0
rs25489 227 56
WR* CCAGTGCCAGCTCCAACTAA
MR** CCAGTGCCAGCTCCAACTAG
CR*** TACTTGGCCCCAAGCTCTAG
rs25487 171 58
WR GCGTGTGAGGCCTTACCTAT
MR GCGTGTGAGGCCTTACCTAC
CF CACACCTAACTGGCATCTTC
rs1799782 253 57
WF GGGGGCTCTCTTCTTCAGAC
MF GGGGGCTCTCTTCTTCAGAT
CR AGTGATCCAGGAGTCCCAGC

SNPs: single nucleotide polymorphisms, *Wild forward, **Mutant forward, ***Common reverse

DNA repair capacity and start the carcinogenic
process [32].

In XRCC1 gene, several SNPs are present.
Three common SNPs in the coding region of XRCC1
gene have been frequently studied which include
Arg399GIn (rs25487), Arg280His (rs25489) and
Argl94Trp (rs1799782) [33-36]. XRCC1 SNPs have
previously been studied in many cancers including
prostate cancer [34], glioma [37] and endometrial
cancer [38]. These polymorphisms have also been
reported in thyroid cancer in different populations
and in different ethnic groups with inconsistent
results [35,39-43] In this study, association of
three SNPs i.e Arg399Gln (rs25487), Arg280His
(rs25489) and Argl94Trp (rs1799782) in XRCC1
have been evaluated with modulated thyroid can-
cer risk.

Polymorphism rs25487 (Arg399Gln) is in non-
conserved region having higher sister chromatid
exchange frequency and lengthy cell cycle delay in
response to ionizing radiations [44]. Our results re-
vealed that rs25487polymorphism of XRCC1 gene
do not show any association with thyroid cancer
in Pakistani population. Similar to our findings, no
association between thyroid cancer and rs25487
polymorphism have earlier been observed in dif-
ferent populations [38,43]. Similar results were
obtained with breast cancer in Saudi population
[44,45], gastric cancer in Korean population [46,47]
and pancreatic cancer in Chinese population [48].
Nevertheless, increased association of Arg399Gln
(rs25487) has been observed with primary open-
angle glaucoma (POAG) in Polish population [49].

In the present study, our findings with rs25489
(Arg280His) polymorphism of XRCC1 showed sig-
nificantly decreased risk with variant genotypes in
thyroid cancer patients compared to controls. In
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consistence with our observations, protective as-
sociation with thyroid cancer has also been found
in Chinese population [31]. It has been suggested
that Arg280His might contribute towards differen-
tiated thyroid carcinoma (DTC) in Caucasians and
provide protective effect in Asian population [50].
Protective effects against the risk of thyroid cancer
among Asians have been observed with heterozy-
gous genotype of Arg280His, but this did not reach
statistical significance [39,51]. In contrast to our
findings, variant genotypes of Arg280His have sig-
nificantly been associated with DTC among Cauca-
sians by different researchers [28,38,52]. A similar
trend was also observed in two other studies with
DTC but with no statistical significance [53,54]. In
a meta-analysis, no positive association has been
reported with rs25489 polymorphism in thyroid
cancer [43].

In the 151799782 (Arg194Trp) polymorphism,
variant 194Trp allele has been reported with in-
creased protein function which led to enhanced
DNA repair capacity and decreased sensitivity to
genotoxins. Therefore, decreased risk of certain
cancers has been observed in different populations
[55]. Our results with rs1799782 (Arg194Trp) have
also indicated decreased risk of thyroid cancer in
patients compared to controls. Like our results,
decreased thyroid cancer risk with papillary thy-
roid cancer has been reported with mutant Trp al-
lele of Argl194Trp in Kazakhstan with OR of 0.55
[41] and in Korean population [56]. Similarly, a
protective effect against thyroid cancer with OR
of 0.76 has been observed for heterozygous geno-
type Arg/Trp in Caucasian population which is in
agreement with our observed risk of heterozygous
genotype (OR=0.71). Protective effect of rs1799782
(Arg194Trp) has been observed with other cancers
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such as breast cancer [57] and lung cancer [38].
Nevertheless, increased risk of thyroid cancer with
Argl194Trp polymorphism has also been reported
in Taiwanese population [39] and in United States
[40].

Subtype analysis in the present study showed
2-fold significantly increased risk of follicular thy-
roid carcinoma in homozygous mutant (TT) and
31% decreased risk in heterozygous genotypes
(CT) of rs1799782 polymorphism. However, de-
crease in papillary thyroid carcinoma was found
in both the homozygous minor (AA) and heterozy-
gous genotypes (GA) of rs25487. These results are
consistent with earlier findings of one study, but
the values in that study did not reach statistical
significance [31].

Haplotype analysis of rs25489 (Arg280His),
1s25487 (Arg399Gln) and rs1799782 (Argl94Trp)
in our study has shown significant association
with thyroid cancer risk. Similarly, Yan et al.
[31] revealed that haplotypes of XRCC1, rs25489
(Arg280His), rs25487 (Arg399Gln) and rs1799782
(Argl94Trp) polymorphisms are associated with
DTC risk in Chinese population. In contrast to this
result, Fard-Esfahani et al. [54] reported no signifi-
cant risk association between XRCCI haplotypes
and DTC patients in Iranian population. Previous
findings among Asian countries concluded that
Arg194-GIn399+Trpl194 and Arg399 haplotypes
have been associated with increased risk of breast
cancer [58]. Multiple haplotypes of XRCCI1 poly-
morphisms thus have been associated with signifi-
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