
Vol.:(0123456789)1 3

Molecular Biology Reports (2019) 46:1117–1125 
https://doi.org/10.1007/s11033-018-4572-2

ORIGINAL ARTICLE

Polymorphisms in XPC gene and risk for prostate cancer

Rahma Said1,4 · Karim Bougatef2   · Nouha Setti Boubaker1 · Rim Jenni1 · Amine Derouiche3 · Mohamed Chebil3   · 
Slah Ouerhani1 

Received: 8 November 2018 / Accepted: 10 December 2018 / Published online: 14 December 2018 
© Springer Nature B.V. 2018

Abstract
Single nucleotide polymorphisms (SNP) in repair gene DNA such as XPC gene can reduce the DNA repair capacity (DRC). 
Reduced DRC induce genetic instability and may increase the susceptibility to prostate cancer (PC). We conducted a case-
controls study to examine the relationship between XPC Lys939Gln and XPC-PAT polymorphisms and the risk for prostate 
cancer in Tunisian population. We have also correlated molecular results with clinical parameters (Gleason score and TNM 
status) and lifestyle factors (tobacco status, alcohol consumption, and exposition to professional risk factors) of prostate 
cancer patients. We have found that the XPC Lys939Gln polymorphism was not associated with a risk of prostate cancer. 
However the XPC PAT I/I genotype was found to be associated with 3.83-fold increased risk of prostate cancer compared to 
controls (p = 0.00006; OR 3.83; 95% CI (1.83–8.05)). The test of linkage disequilibrium showed that XPC-PAT polymor-
phism is in linkage disequilibrium with XPC Lys939Gln variants. The combined analysis of XPC Lys939Gln and XPC-PAT 
variants showed that patients who inherited (Lys/Gln + PAT D/D) genotypes were protected against prostate cancer develop-
ment compared to controls. In the other hand, no significant association has been found between XPC polymorphisms and 
clinical parameters or between XPC polymorphisms and lifestyle factors.
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Introduction

Prostate cancer (PC) is the most frequently diagnosed 
malignancy among men in western countries and the sixth 
leading cause of cancer-specific death worldwide [1]. The 
International Agency for Research on Cancer reported that 
PC accounted for 15% of total new cancer cases in 2012. 
In Tunisia, PC is considered as the third most diagnosed 
cancer in men with the incidence of 14.1/105 person-years 
in 2007 [2]. External exposures, including lifestyle fac-
tors and genetic predisposition, were the most risk factors 
for prostate cancer [3–5]. Prostate-specific antigen (PSA) 
testing for PC has been in common practice for more than 
20 years. Prognosis of prostate cancer depends on the risk 
stratification D’Amico classification [6]. This method is 
based on three factors: prostate specific antigen (PSA), 
Gleason score and clinical stage [6]. Deficient DNA repair 
capacity is known to be cancer predisposing factor. Indeed 
the presence of some Single nucleotide polymorphisms 
(SNP) in repair gene DNA can change the function of 
repair enzyme and corrupt their level of transcription 
or translation. These modifications can reduce the DNA 
repair capacity (DRC) and induce genetic instability, in 
turn, activate the susceptibility to carcinogenesis. There 
are five major important DNA-repair pathways consisting 
of more than 130 genes: nucleotide excision repair (NER), 
base excision repair (BER), mismatch repair (MMR), and 
double-strand break repair (DSBR) and transcription-
coupled repair (TCR) [7]. Among these pathways, NER 
is the most important DNA repair mechanism responsible 
for various types of DNA damage consisting of oxidative 
DNA damage, bulky adducts cross-links, alkylating dam-
age and thymidine dimmers [7].

Xeroderma pigmentosum complementary group C 
(XPC) is an important component of the NER pathway 
[8]. This gene is localized on chromosome 3p25 and 
hosts 16 exons (82–882 bp) and 15 introns (0.08–5.4 kb) 
encodes for a 940 amino acid protein that has a major 
role in the repair of complex protein formations [8]. The 
functional DNA-binding domains interact with HR23B to 
form a complex that recognizes and binds to the sites of 
DNA damage. Many researchers have confirmed the role 
of XPC in the regulation of the cell cycle for DNA dam-
age response and oxidative damage on cells [9]. More than 
one hundred SNPs in the coding regions of XPC have been 
reported. The most common and studied SNPs are XPC 
Lys939Gln and XPC poly (AT) [10]. XPC Lys939Gln is 
a single nucleotide polymorphism (XPC rs2228001 A 
33512> C) consisted in the modification of the nucleotide 
A to C leading to modification from Lysin to Glutamine 
proteins at 939 positions of the DNA repair XPC gene. 
Single nucleotide polymorphisms of XPC Lys939Gln can 

reduce recognition and repair of DNA damage, protein 
expression, thus leading to more somatic DNA mutations 
or alteration to occur [11]. XPC-PAT is an insertion/dele-
tion polymorphisms of XPC gene consisting of an inser-
tion of 83 bases of A to T [poly(AT)] and deletion of 5 
bases (GTAAC) at positions 1457 to 1461 in intron 9 [12]. 
This polymorphism can inhibit DRC and increase the risk 
for tumorigenesis [13]. Although the XPC Lys939 Gln 
and XPC-PAT polymorphisms have been implicated with 
altered susceptibility in a number of cancers [14, 15]; stud-
ies focusing on their relationship with the risk of prostate 
cancer have produced the same results. Indeed, Hirata 
et al. suggested that the 939 Gln mutant allele was sig-
nificantly higher in PC cases in the Japanese population 
[16] and Wu et al. have not found a significant relation-
ship between XPC Lys939Gln variant and PC occurrence 
[17]. With considering the XPC-PAT polymorphism, some 
studies have reported that the mutant genotype (PAT I/I) is 
associated with increasing PC risk in different populations 
such as Indian, Chinese, Japanese, Iranian American and 
Caucasian [18, 19].

In view of that, this work addresses the relationship 
between XPC Lys939Gln and XPC-PAT polymorphisms and 
the predisposition to prostate cancer in a case-control study 
of a previously unstudied Tunisian cohort aiming at clarify-
ing whether genetic variations in XPC represent risk factors 
for the development of prostate cancer in Tunisia. We have 
also analyzed the correlation between XPC polymorphisms 
and tumor characteristics and/or clinical outcome.

Materials and methods

Subjects

This project was approved by a local ethical committee. 
Informed consent was obtained from all individual partici-
pants included in the study. A total of 110 consecutive PC 
patients were included in this study. All patients had previ-
ously undergone prostate biopsy for detection of PC at the 
Department of Urology at the Charles Nicole Hospital of 
Tunis; Tunisia. The typical indications for prostate biopsy 
were: total PSA level > 4.0 ng/ml and abnormal digital rec-
tal examination (DRE) for the prostate nodule and then they 
were confirmed by the result of the pathology report. The 
clinical and epidemiological parameters of PC cases were 
summarized in Table 1. Clinical Characteristics of prostate 
cancer were obtained from medical records, enrolling PSA 
level, Gleason pathological score, Tumor stage, and TNM 
status.

The controls were 266 men matched to PC patients for 
age and geographic origin. They included 145 individuals 
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with benign prostatic hyperplasia (BPH) and normal PSA 
levels and 121 healthy individuals with unknown BPH sta-
tus. BPH samples were identified by their normal patho-
logical reports of transrectal prostate biopsy in the case 
when PSA was > 4.0 ng/ml. The anatomopathological 
reviewed the tumor characteristics and screened for the 
absence of any signs of malignancy in the Formalin Fixed 
Paraffin Embedded (FFPE) tissues of BPH controls and 
the follow up of PSA for BPH samples after treatment is 
< 4 ng/ml. Healthy individuals included in this study are 
volunteers enrolled in the external consultation and they 
have normal digital rectal examination (DRE), serum PSA 
< 0.2 ng/ml and devoid from any forms of cancer.

Molecular analysis

Peripheral blood samples were collected from all subjects 
into tubes with ethylene diamine tetra-acetic acid (EDTA) 
at pH 8. Genomic DNA was extracted by a conventional 
phenol/chloroform protocol [20]. The quantity and quality 
of extracted DNA were estimated by a Nanodrop.

The XPC–PAT polymorphism was genotyped by Poly-
merase Chain Reaction (PCR) followed by electrophoresis 
on 1% agarose gel. The used primers and fragments sizes 
were summarized in Table 2. The PCR reaction was carried 
out in a total volume of 25 µl containing 50 ng of genomic 
DNA, 1 X of DNA polymerase Taq buffer, 2.5 mM of 
MgCl2, 0.2 mM of dNTP, 0.32 µM of each primer and 1 U 
of Taq DNA polymerase (Invitrogen™). Thermal cycling 
conditions were: an initial step of 95 °C for 10 min followed 
by 35 cycles of denaturing step at 95 °C for 45 s, 63 °C for 
45 s and 72 °C for 45 s, followed by a final elongation step 
at 72 °C for 10 min. The PCR product was resolved by aga-
rose gel electrophoresis (1%) and visualized by UV radia-
tion after ethidium bromide staining. The homozygous wild 
genotype (PAT D/D) has resulted in a 266-bp amplification. 
However, the homozygous mutant genotype (PAT I/I) was 
characterized by the presence of only a 344-bp fragment.

The XPC Lys939Gln was genotyped by PCR-RFLP 
(restriction fragment length polymorphism). The used PCR 
primers for XPC Lys939Gln polymorphism were summa-
rized in Table 2. The volume of PCR reaction was carried 
out in a final volume of 25 µl containing 50 ng of genomic 
DNA, 0.24 µM of each primer, 1X of Taq DNA polymerase 
buffer, 2.5 mM of MgCl2, 0.20 mM of dNTP, and 1U of Taq 
DNA polymerase (Invitrogen™). After initial denaturation 
at 95 °C for 5 min, PCR reactions were carried out for 35 
cycles at 95 °C for 45 s, 64 °C for 45 s and 72 °C for 45 s, 
followed by a final elongation step at 72 °C for 10 min. The 
PCR product was digested by 10U of a PvuII enzyme (New 
England Biolabs) for 4 h at 37 °C and analyzed by agarose 
gel electrophoresis at 1.5%. The wild genotype XPC Lys/Lys 
was characterized by the presence of only one fragment of 
244 pb. However, the homozygous and heterozygous geno-
types (Gln/Gln) and (Lys/Gln) were respectively marked by 
the presence of two fragments of 189 and 55 pb and three 
fragments of 244.189 and 55 pb.

Statistical analysis

The Hardy Weinberg equilibrium test as calculated by the 
software package Arlequin (version 3.01) [21]. The differ-
ence of genotypes frequencies between cases and controls 
were determined by the χ2 test. In addition odds ratios (ORs) 
and their 95% Confidence Intervals (95% CI) were calcu-
lated as a measure of the association of the polymorphic 

Table 1   Clinical and epidemiological characteristics of prostate can-
cer patients

TNM tumor nodes metastasis, PY packet year

Clinical and epidemiological param-
eters

Prostate cancer Controls

Samples sizes 110 266
Age at diagnosis (years) 71.79 ± 11.27 68.99 ± 8.51
PSA mean (ng/ml) 111.41 2.225 ± 1.5
Gleason score
 Low score (Gleason score < 7) 32 (29.10%) –
 Intermediate score (Gleason score 

= 7)
36 (32.72%) –

 High score (Gleason score > 7) 42 (38.18%) –
Tumor stage
 T1 22 (20.00%) -
 T2 17 (15.46%) –
 T3 34 (30.90%) –
 T4 22 (20.00%) –
 Not available information 15 (13.64%) –

TNM classification
 T1-T2N0M0 30 (27.27%) –
 T3-T4N0M0 25 (22.73%) –
 TNxM+ 40 (36.36%) –
 Not available informations 15 (13.64%) –

Smoking status
 Smokers 82 (74.55%) 214 (80.45%)
 Non smokers 28 (25.45%) 52 (19.54%)

Number of pack/years
 < 20 PY 22 (26.83%) 94 (43.92%)
 ≥ 20 PY 60 (73.17%) 120 (56.08%)

Alcohol consumption
 Drinkers 54 (49.09%) 123 (46.24%)
 No drinkers 56 (50.91%) 143 (53.76%)

Exposure to professional risk factors
 Not exposed 52 (47.28%) 120 (44.11%)
 Exposed 58 (52.72%) 146 (54.89%)
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Table 2   Primers used for XPC 
Lys939Gln and XPC-PAT 
genotyping

a Homozygous wild genotype
b Homozygous mutant genotype

Studied polymorphism Gene (exon/intron) Primer sequence Annealing 
temperature 
(°C)

Fragment sizes

rs2228001 A > C (Lys939Gln) XPC_Exon 15 F:5′-GAT​GCA​
GGA​GGT​GGA​
CTC​TCT-3′

R:5′-GTA​GTG​
GGG​CAG​CAG​
CAA​ CT-3′

64 244pb

XPC-PAT XPC_Intron 9 F:5′-TAG​CAC​
CCA​GCA​GTC​
AAA​G-3′

R:5′-TGT​GAA​
TGT​GCT​TAA​
TGC​TG-3′

63 266pba/344 pbb

Table 3   Hardy Weinberg 
equilibrium for XPC Lys939Gln 
and XPC-PAT polymorphisms

Obs. Het observed heterozygous genotype, Exp. Het expected heterozygous genotype

Variants Groups

Controls (N = 266) Prostate cancer (N = 110)

Obs. Het Exp. Het p value Obs. Het Exp. Het p value

XPC Lys939Gln 0.5939 0.5487 0.7321 0.50000 0.48032 0.69155
XPC PAT 0.3609 0.3812 0.4189 0.38182 0.48219 0.03357

Table 4   Comparison of 
genotypes distribution of XPC 
Lys939Gln and XPC-PAT in 
controls and prostate cancer 
(PC) from Tunisian population

OR odds ratio, 95% CI confidence interval
1* and 1** reference groups

Genotypes Controls Prostate cancer Controls group vs prostate cancer 
patients

N = 266 N = 110 p value OR 95% CI

XPC Lys939Gln
 Lys/Lys 82 (30.83%) 39 (35.45%) – 1* –
 LyLys/Gln 158 (59.39%) 55 (50.00%) 0.21 0.73 0.44–1.23
 Gln/Gln 26 (9.78%) 16 (14.55%) 0.48 1.29 0.58–2.85
 Lys/Gln + Gln/Gln 184 (69.17%) 71 (64.55%) 0.38 0.81 0.49–1.33
 XPC*Lys 322 (0.605) 133 (0.605) – 1** –
 XPC*Gln 210 (0.395) 87 (0.395) 0.98 1.00 0.72–1.40

XPC-PAT
 D/D 150 (56.39%) 45 (40.91%) – 1*
 D/I 96 (36.09%) 42 (38.18%) 0.13 1.46 0.87–2.46
 I/I 20 (7.52%) 23 (20.91%) 0.00006 3.83 1.83–8.05
 D/I + I/I 116 (43.61%) 65 (59.09%) 0.006 1.87 1.16–3.01
 XPC*D 396 (0.744) 132 (0.600) – 1** –
 XPC*I 136 (0.256) 88 (0.400) 0.00008 1.94 1.37–2.74
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sites with prostate cancer risk. A p-value was considered 
significant at < 0.05.

Results

Hardy Weinberg equilibrium for XPC Lys939Gln and 
XPC-PAT polymorphisms for control subjects and pros-
tate cancer patients are shown in Table 3. All samples were 
found to be in Hardy Weinberg equilibrium (p > 0.05) 
except for prostate cancer patients among whom the geno-
typic distribution for XPC-PAT polymorphism showed a 
statistical difference from Hardy Weinberg expectations 
(p = 0.03357). The frequencies of XPC*C allele (XPC 
939*Gln) were estimated at 0.395 in both control group 
and prostate cancer patients. The frequencies of XPC*I 
allele were estimated at 0.256 and 0.400 in respectively 
control group and prostate cancer patients. The percent-
ages of XPC PAT I/I genotypes in control group and 
prostate cancer patients were respectively estimated at 
7.52% and 20.91%. The comparison of XPC Lys939Gln 
genotypes frequencies between control group and prostate 
cancer patients has not reported a significant difference 
(Table 4). However the XPC PAT I/I genotype has been 

Table 5   Combined effect of XPC Lys939Gln and XPC-PAT poly-
morphisms in prostate cancer susceptibility

OR odds ratio; 95% CI confidence interval
1* reference group; ** corrected p-value

Genotypes Controls Prostate 
cancer

Control group VS pros-
tate cancer patients

N = 266 N = 110 p value OR 95% CI

XPC Lys-
939Gln + 
XPC-PAT

 Lys/Lys + 
D/D

57 (21.43%) 32 (29.09%) – 1*

 Lys/Lys + 
D/I

24 (9.02%) 6 (5.45%) 0.105 0.45 0.15–1.31

 Lys/Lys + 
I/I

1 (0.37%) 1 (0.90%) 0.68 1.78 0–67.91

 Lys/Gln + 
D/D

81 (30.45%) 12 (10.90%) 0.0002 0.26 0.12–0.59

 Lys/Gln + 
D/I

68 (25.57%) 35 (31.81%) 0.77 0.92 0.48–1.74

 Lys/Gln + 
I/I

9 (3.39%) 8 (7.27%) 0.38 1.58 0.49–5.06

 Gln/Gln + 
D/D

12 (4.51%) 1 (0.90%) 0.08** 0.15 0.01–1.19

 Gln/Gln + 
D/I

4 (1.51%) 1 (0.90%) 0.46 0.45 0.02–4.56

 Gln/Gln 
+ I/I

10 (3.75%) 14 (12.72%) 0.08** 2.49 0.91–6.92
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found to be associated with 3.83 increased risk of pros-
tate cancer compared to control group (p = 0.00006; OR 
3.83; 95% CI 1.83–8.05). The test of linkage disequilib-
rium showed that XPC-PAT polymorphism is in linkage 
disequilibrium with XPC Lys939Gln variants. The com-
bined analysis of XPC Lys939Gln and XPC-PAT variants 
showed that patients who inherited Lys/Gln + PAT D/D 
genotypes are protected against prostate cancer develop-
ment compared to controls (Table 5).

The comparison between PC patients according to 
tobacco status and XPC Lys939Gln or XPC PAT poly-
morphisms doesn’t report any significant association 
(Table 6). This result suggests that there isn’t an additive 
effect between tobacco and the studied polymorphisms. 
The same result was obtained when we compare the dis-
tribution of XPC Lys939Gln or XPC-PAT polymorphism 
between drinkers and non-drinkers of alcohol (Table 6). 
In the other hand, the correlations between XPC gene 
polymorphisms and clinical parameters of prostate can-
cer patients (Gleason Score and TNM) don’t report any 
significant association (Tables 7, 8).

Discussion

In this population based case-control study, we investigated 
the effect of environmental risk factor and gene repair poly-
morphisms on prostate cancer (PC) development and their 
association with clinical and epidemiological parameters.

The allele frequency for XPC*C (XPC*Gln) in Tunisian 
control group is estimated at 0.395. This frequency is lower 
to which reported for the Caucasian and African populations 
[18, 22]. The comparison of PC and control group according 

to XPC Lys939Gln polymorphism has not reported a sig-
nificant difference. This result confirms many recent meta-
analyzes. Indeed, in the meta-analysis of Wu et al., authors 
have found that the XPC Lys939Gln polymorphism was not 
associated with PC susceptibility [17]. In this study, authors 
have also reported that in the subgroup analysis by ethnicity, 
no significant association was found in three ethnic groups 
(Asian, Caucasian, and African). Moreover, in the meta-
analysis of He et al. authors have found an increased cancer 
risk associated with this polymorphism in the homozygous 
genetic model for Asian populations, but not for other eth-
nic groups [7]. Conversely, Hirata et al. have found that the 
frequency of 939Gln variant at XPC Lys939Gln was signifi-
cantly lower in PC cases and was associated with a protec-
tive effect (OR 0.39, p = 0.016) [16].

The comparison of PC cases with controls according to 
XPC-PAT polymorphism, suggests that individuals inherit-
ing XPC I/I genotype were at significantly increased risk of 
PC malignancy. This result confirms others reported studies 
and was explained by the fact that the homozygous variant 
genotype of the PAT polymorphism (I/I) exhibited lower 
DRC as compared to wild-type carriers (D/D) [16, 23]. 
To the best of our knowledge, it is the first study in which 
we report a high association between prostate cancer and 
XPC I/I genotype (OR 3.83). Indeed, all of the previously 
reported studies interested in the analysis of the associa-
tion between XPC-PAT polymorphism and prostate cancer 
suggest a moderate risk association which doesn’t exceed 
2.5-fold increased risk [24]. The observed high-risk associa-
tion between XPC I/I genotype and prostate cancer in Tuni-
sian population in comparison to other populations could 
be associated to the difference in ethnicity and may be also 
explained by the additive effect between the inheritance of 

Table 7   Combined analysis of XPC gene polymorphisms and Gleason score of PC patients

OR odds ratio, 95% CI confidence interval
**p-value; 1*: Reference group; ***Corrected p-value

Low Gleason 
score < 7

Intermediate 
Gleason score = 7

High Gleason 
score > 7

Between low and interme-
diate Gleason score

Between low and high Glea-
son score

N N N * * OR (95% CI) ** OR (95% CI)

XPC Lys939Gln
 Lys/Lys 10 14 15 – 1* – 1*
 Lys/Gln 15 16 24 0.61 0.76 (0.23–2.55) 0.90 1.07 (0.34–3.37)
 Gln/Gln 7 6 3 0.47 0.61 (0.13–2.91) 0.146 0.29 (0.04–1.70)

XPC-PAT
 D/D 13 13 19 – 1* – 1*-
 D/I 11 16 15 0.49 1.45 (0.43–4.98) 0.89 0.93 (0.29–3.04)
 I/I 8 7 8 0.83 0.88 (0.20–3.75) 0.53 0.68 (0.17–2.69)

XPC Lys939Gln + XPCPAT
 Lys/Lys + D/D 9 11 12 – 1* – 1*
 Gln/Gln + I/I 7 5 2 0.46 0.58 (0.11–3.10) 0.08*** 0.21 (0.02–1.61)
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XPC I/I genotype, tobacco and professional risk factors. 
Indeed 74.75% (82/110) of PC patients were smokers and 
54.54% of them (60/110) were highly smokers. Moreover 
it has been found that more than 52% of PC patients are 
exposed to professional risk factors. Among the profes-
sional risk factors we cited aromatic amines (benzidine, 
4-aminobiphenyl,2-naphthylamine, 4-chloro-o-toluidine), 
chlorinated hydrocarbon or polycyclic aromatic hydrocar-
bons, or pesticides use mainly in industrial areas processing 
paint, metal, dye, petroleum derivates or agriculture fields. 
These observations highlight the imperative need to enlarge 
the predispositions studies in the Tunisian populations in 
this concern in order to raise the awareness about the use 

and composition of chemical products. Our result is sup-
ported by the study of However, Liu et al. Which suggest 
that XPC-PAT polymorphisms may contribute to the risk of 
developing PC and have found an elevated risk of PC associ-
ated with a gene-environment interaction [8].

In accordance with previous reports, we detected link-
age disequilibrium between XPC Lys939Gln and XPC PAT 
polymorphisms [25]. We have found that the inheritance 
of the (Lys/Gln + PAT D/D) haplotype had a protective 
effect. This result was explained by the presence of the wild 
allele PAT*D (dominant allele) which modulate the effect 
of the XPC* 939Lys or *939Gln allele. However, we have 
not found an additive effect between XPC Gln/Gln and I/I 

Table 8   Logistic regression: effect of tobacco and XPC polymorphisms on PC tumors stages

Logistic regression: number of observation = 95, Chi square: 27.391, p = 0.072, Pseudo R-square = 0.250, Log likelihood = 74.08
a The reference category is PC with tumour stage T1
b This parameter is set to zero because it is redundant

Ta B Std. error df Sig. Exp(B) = OR 95% confidence interval for 
exp(B)

Lower bound Upper bound

T2
 Intercept − 15.872 1.138 1 0.000
 [XPClys939Gln = Gln/Gln] − 18.096 5510.253 1 0.997 1.384E-8 0.000 0
 [XPClys939Gln = Lys/gln] − 0.064 0.859 1 0.940 0.938 0.174 5.053
 [XPClys939Gln = Lys/lys] 0b 0
 [XPCPAT = D/D] 16.625 0.909 1 ,000 16593626.569 2795301.292 98504030.131
 [XPCPAT = D/I] 16.237 0.000 1 11267481.664 11267481.664 11267481.664
 [XPCPAT = I/I] 0b 0
 [Tobacco status = smokers] − 0.510 0.866 1 0.556 0.600 0.110 3.278
 [Tobacco status = non smokers] 0b 0

T3
 Intercept 2.961 1.492 1 0.047
 [XPClys939Gln = Gln/Gln] − 2.781 1.373 1 0.043 0.062 0.004 0.915
 [XPClys939Gln = Lys/gln] − 1.156 0.814 1 0.156 0.315 0.064 1.552
 [XPClys939Gln = Lys/lys] 0b 0
 [XPCPAT = D/D] − 1.703 1.291 1 0.187 0.182 0.015 2.285
 [XPCPAT = D/I] − 0.958 1.251 1 0.443 0.384 0.033 4.449
 [XPCPAT = I/I] 0b 0
 [Tobacco status = smokers] − 0.554 0.704 1 0.431 0.575 0.145 2.283
 [Tobacco status = non smokers] 0b 0

T4
 Intercept 1.271 1.702 1 0.455
 [XPClys939Gln = Gln/Gln] − 3.579 1.719 1 0.037 0.028 0.001 0.811
 [XPClys939Gln = Lys/gln] − 0.059 0.875 1 0.946 0.943 0.170 5.238
 [XPClys939Gln = Lys/lys] 0b 0
 [XPCPAT = D/D] − 2.082 1.357 1 0.125 0.125 0.009 1.782
 [XPCPAT = D/I] − 1.290 1.293 1 0.318 0.275 0.022 3.468
 [GXPCPAT = I/I] 0b 0
 [Tobacco status = smokers] 0.745 0.974 1 0.444 2.106 0.313 14.197
 [Tobacco status = non smokers] 0b 0
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genotypes. This result is in contradiction with previous 
studies which have found that the mutant diplotype (Gln/I) 
could be considered as an aggravating marker for prostate 
cancer [25, 26]. Moreover we have not found a significant 
association between Lys/Lys + I/I or Lys/Gln + I/I and PC 
risk, although the inheritance of the risk genotype PAT I/I. 
These results could be explained by the low number of sub-
jects with Lys/Lys + I/I genotype (only 0.5% of patients 
and controls) and also by the interaction among the the 
XPC polymorphisms. Indeed it has been reported that the 
obtained results for the XPC haplotype could be explained 
by contradictory results frequently found in studies based on 
individual-SNP analyzes. Indeed if the interactions between 
individual-SNP contribute to tumor risk, then the haplotype/
diplotypes constructed by these polymorphisms may exert 
different effects on tumorigenesis in comparison to individ-
ual SNPs [27, 28]. Moreover the interactions between poly-
morphisms, environmental factors and host characteristics 
of PC patients might contribute to the discrepancies.

The combined analysis of XPC gene polymorphisms and 
Gleason score of PC patients don’t report any significant 
result which confirms others previously reported studies [11, 
29]. Conversely, Mandal et al. reported that XPC-PAT poly-
morphism is associated with high Gleason score in Indian 
population and explained this association by the fact that the 
interactions among genetic polymorphisms in NER path-
way genes may affect the DNA damage repair capacity and 
contribute to increased PC risk [25]. We could explain the 
absence of the association between XPC polymorphisms and 
Gleason score of PC in Tunisian population in comparison to 
the Indian population by the fact that these two populations 
were not exposed to the same environmental risk factors. 
The correlation between XPC polymorphisms, lifestyle fac-
tors (tobacco status, alcohol consumption, exposition to the 
professional risk factor) and XPC gene polymorphisms does 
not report any significant difference. These results suggest 
that the severity and the progression of prostate cancer in 
our population don’t depend on environmental and genetic 
risk factors. The role of these risk factors was only limited to 
the tumor initiation, however, tumor progression is directly 
associated with somatic alteration.

Conclusion

In this study, we find that the XPC-PAT I/I genotype may 
be involved in the susceptibility to PC in the Tunisian pop-
ulation. However, this genotype was not associated with 
tumors severity.
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