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INTRODUCTION

Cervical cancer (CC) is a leading health problem worldwide, 
particularly a serious burden in developing countries including 
India. Over the past few years, it was observed that millions 
of women are diagnosed with CC, and thousands of deaths 
have been reported every year due to this deadly disease 
from different parts of India. It is universally concerned that 
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the etiologic factors involved in cervical carcinogenesis 
could be either a combination of reproductive factors such 
as sexual habits like age at intercourse, sexual partners, 
multiple pregnancies, tobacco and drinking habits, use of oral 
contraceptives or infection with human papillomavirus (HPV), 
or other sexually transmitted diseases. Although the impact of 
such etiologic risk factors related to CC development, only 
small portion of women develops CC which suggests that 
other endogenic factors such as genetic determinants may also 
contribute to the development of CC. Identification of such 
genetic determinants associated with CC may contribute to 
understand mechanisms behind the development of cancer. The 
exogenous risk factors such as tobacco, alcohol or infection with 
oncogenic HPV cause the formation of deoxyribonucleic acid 
(DNA) lesions. Till now, more than 100 molecules in several 
DNA repair mechanisms have been reported which helps in 
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the maintenance of individual’s genomic integrity and genetic 
stability. Base excision repair (BER), nucleotide excision repair 
(NER), double strand repair, and DNA mismatch repair are the 
four major pathways involved in DNA repair mechanism.

Xeroderma pigmentosum complementation group D (XPD) 
is a major component of the NER pathway which involved in 
recognition and repair of a variety of bulky DNA lesions such 
as pyrimidine dimmers or other chemical or photo adducts.[1] 
Genetic polymorphisms in the NER pathway genes have been 
associated with individual’s susceptibility to develop cancer. 
Number of such polymorphisms in DNA repair genes has 
been frequently studied and some of them were evidenced 
to be concerned with cancer risk with significance. XPD 
is highly polymorphic gene and about 17 single nucleotide 
polymorphisms (SNPs) have been reported in this gene, 
of which six were found in exons and 11 in introns which 
occurred in codons 156 (rs238406), 312 (rs1799793), and 
751(rs13181) are common.[2] Earlier studies investigated 
the association of polymorphisms of XPD and head and 
neck,[3,4] oesophagus,[5] lung,[6,7] and breast cancer,[8] but some 
of the studies produced contradictory or an inconclusive 
results which found no involvement of XPD genotypes in 
breast cancer.[9,10] Similarly, studies were carried out on 
polymorphisms of XPD and its association with various 
cancers including bladder,[11] prostate,[12,13] breast,[8] and lung 
cancer[14] in Indian population. Some of the studies from 
Indian population produced insignificant results showing a 
negative association of XPD polymorphisms with prostate,[15] 
lung,[16] and gastric cancer risk.[17] Few studies have also 
investigated the probable association between the risk of CC 
and polymorphisms in XPD but previous interpretations were 
inconsistent in terms of their role in CC susceptibility.[18,19]

To the best of our knowledge, studies on SNPs in XPD 
and their association with CC risk in Indian population are 
missing. Therefore, we hypothesized that the polymorphisms 
in three sites of XPD gene (Arg156Arg, Asp312Asn, and 
Lys751Gln) might contribute to etiology of CC. To test 
this hypothesis, we proposed a hospital based case–control 
study to investigate the SNPs in XPD and their association 
with risk of CC in Maharashtrian population. We genotyped 
these three polymorphisms; (A) XPD C22541A at codon 
156 of the exon 6, (B) XPD G23592A at codon 312 in the 
exon 10, and (C) XPD A35931C at codon 751 in the exon 
23 from 350 patients with CC and 400 controls to evaluate 
their association with CC development in a population from 
Southwestern Maharashtra region of India.

MATERIALS AND METHODS

Study Subjects

A total of 350 newly diagnosed CC patients and 400 healthy, 
cancer-free, age-matched females as controls were included 
in this study. All cases ranged in age from 20 to 80 years 

(mean ± standard deviation [SD]) (48.67 ± 13.78) were recruited 
immediately after being diagnosed during the year 2014–2017.

Place of Study

This study was conducted in Krishna Institute of Medical 
Sciences “Deemed to be University” from Southwestern 
Maharashtra of India.

Selection of Cases and Controls

Incidence cases of CC were identified using colposcopy at 
Department of Obstetrics and Gynecology of the Krishna 
Hospital and Medical Research Centre (KH and MRC) and 
cell cytology at Department of Pathology of Krishna Institute 
of Medical Sciences. Controls were randomly selected from a 
group of women visiting to KH and MRC for blood donation 
and other purposes.

Inclusion and Exclusion Criteria

Relatives of cases with prior history of cancer were excluded 
from the study. All 100% of cases and controls agreed to 
provide a blood sample included.

Genomic DNA Isolation from Whole Blood

Genomic DNA was extracted from 5 ml of blood using blood 
genomic DNA extraction and purification Kit (Invitrogen 
Life Technologies).

Genotyping Assays

Genotyping assay was performed by polymerase chain 
reaction-restriction fragment length polymorphism (PCR-
RFLP). Oligonucleotides used to amplify the polymorphic sites 
of interest were: (A) XPD C22541A at codon 156 of the exon 
6(rs238406), (B) XPD G23592A at codon 312 in the exon 10 
(rs1799793), and (C) XPD A35931C at codon 751 in the exon 
23(rs13181). The primers selected to amplify the specific SNPs 
of interest were; Forward 5’- TGG AGT GCT ATG GCA CGA 
TCT CT -3’; Reverse 5’-5’- CCA TGG GCA TCA AAT TCC 
TGG GA -3’ for codon 156; Forward 5’-CTG TTG GTG GGT 
GCC CGT ATC TGT TGG TCT-3’, Reverse 5´-TAA TAT CGG 
GGC TCA CCC TGC AGC ACT TCC T- 3’ for codon 312, and 
Forward 5’- GCC CGC TCT GGA TTA TAC G -3’; Reverse 
5’- CTA TCA TCT CCT GGC CCC C -3’ for codon 751. The 
PCR amplifications were performed in separate reactions of 20 
micro liter (µL) reaction volumes containing 0.2 µg of genomic 
DNA, 10 picomoles of each above mentioned primers, 200 µm 
each dNTPs, 10 mili molar (mM) Tris-HCl (pH 9.0), 50 mM 
KCl 1.5 mM MgCl2, and 1 unit of Taq DNA polymerase (GeNei, 
Merck Biosciences). The amplification with different PCR 
conditions was carried out in a thermal cycler (Eppendorf). The 
conditions for PCR of XPD codon 156 of 644 bp (denaturation 
at 95°C–5 min, 30 cycles of 95°C–30 s, 60°C–30 s, 72°C–30 s, 
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and final extension at 72°C–10 min), XPD codon 312 of 751bp, 
95°C–5 min, 35 cycles of 95°C–30 s, 62°C–45 s, 72°C–30 s, 
72°C–10 min, and XPD codon 751 of 436 bp (95°C–5 min, 
30 cycles of 95°C–30 s, 55°C–30 s, 72°C–45 s, and 72°C–
10 min). After confirmation of the amplification of specific 
fragments by agarose gel electrophoresis, each PCR products 
were allowed for restriction digestion with specific restriction 
enzymes (Fermentas, Thermo Fisher Scientific USA) at 37°C. 
2 units of TfiI, StyI, and PstI restriction endonucleases were 
used, respectively, for digestion of 644, 751, and 436 bp of 
exon 6, 10, and 23 of XPD gene. The restriction digested PCR 
products were resolved on 2.0% agarose gels, documented with 
transilluminator system (BioRad Laboratories).

Statistical Analysis

The association between the XPD genotypes and risk of CC 
development were studied using odds ratio (OR). Both the 
univariate and multivariate logistic regression analyses were 

employed to calculate the adjusted ORs and 95% confidence 
intervals (CIs) with adjustment of variables to determine the 
CC risk associated with genotypes. The differences in the 
distribution between cases and controls were tested using the 
Chi-square test.

Ethics and Biosafety

Ethics approval for the use of human subjects in research 
by Institutional Ethics and Biosafety Committee of Krishna 
Institute of Medical Sciences “Deemed to be University.”

RESULTS

A total of 350 patients and 400 cancer-free controls were 
included in the study. The characteristics of the study 
participants are summarized in Table 1. The mean ± SD age 
of cases and controls was 48.67 ± 13.78 (median: 50 and 

Table 1: Distribution of selected demographic variables of CC cases and healthy controls
Variable Cases n=350 Controls n=400 P‑value based on χ2

Age (mean±SD) years 48.67±13.78 46.37±13.90 0.03

n (%) n (%)
≤50 215 (61.40) 284 (71.00)
51–60 59 (16.90) 69 (17.20)
61–70 57 (16.30) 34 (08.50)
>70 19 (5.40) 13 (03.20)
Tobacco smoking status <0.001

Tobacco users 189 (54.00) 113 (28.20)
Tobacco no users 161 (46.00) 287 (71.80)

Age at first pregnancy (years) <0.001
15–20 276 (78.90) 181 (45.25)
21–25 73 (20.90) 178 (44.50)
26–30 00 (0.00) 36 (9.00)
31–35 01 (0.20) 05 (01.25)

Diet 0.59
Vegetarian 97 (27.70) 118 (29.50)
Mixed 253 (72.30) 282 (70.50)

Education <0.001
High School 139 (39.71) 108 (27.00)
High School 
graduate (12 years)

24 (06.86) 49 (12.25)

College/graduate 43 (12.29) 129 (32.25)
No school 144 (41.14) 114 (28.50)

Economic status <0.001
Poor 198 (56.58) 132 (33.00)
Middle 97 (27.71) 161 (40.25)
Rich 55 (15.71) 107 (26.75)

Family history of cancer <0.001
Yes 62 (17.71) 10 (02.50)
No 288 (82.29) 390 (97.50)

SD: Standard deviation
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range 25–75) and controls 46.37 ± 13.90 (median: 33.5 and 
range 24–75) years, respectively.

Association between SNPs of XPD Gene and Risk of CC

We have analyzed the distribution and association between 
the previously described polymorphisms of cd156 (silent 
nucleotide substitution), cd312 and cd751 (non-conservative 
amino acid substitutions) in XPD gene of rural Maharashtrian 
population. The distribution of XPD genotypes and the 
concordance of the polymorphisms in patients with CC and 
controls are presented in Table 2.

Analysis of the XPD C22541A codon 156 exon 6

The association of XPD genotypes and CC risk is shown 
in Table 2. The frequency of wild-type XPD 22541CC 
homozygotes was 31.43% in patients and 36.25% in controls 
whereas the variant XPD22541A allele was lower in the cases 
(15.71%) than in the controls (17.50%). The frequency of 
XPD22541 CA heterozygotes was 52.86% in cases and 46.25% 
in controls [Table 2]. Thus, the C→A polymorphisms in exon 6 
do not result in change at codon 156 in cases as well as controls.

Analysis of the XPD G23592A codon 312 exon 10

Table 2 showed the distribution of genotypes and frequency 
of G23592A polymorphisms in patients with CC and 
controls. The G>A polymorphism in codon 312 of the 
exon 10 results in Asp>Asn substitution. The frequency 
of XPD 23592GG homozygotes was 85.43% in cases and 
49.50% in controls whereas 23592AA homozygote was 
03.71% in cases and 06.75% in controls. The frequency of 
23592GA heterozygotes was 10.86% in cases and 43.75% 
in controls [Table 2]. Compared to 23592GG genotype, 
the variant genotype 23592AA genotype was negatively 
associated with CC risk (OR = 0.31; 95% CI = [0.16–0.63]; 

P = 0.001). The 23592 variants XPD gene are extremely 
lower and do not contribute to the CC risk in the population 
of Maharashtra.

Analysis of the XPD A35931C codon 751 exon23

The PCR of XPD codon 751 produced in the product of 
436 bp. The PCR amplified products when digested with PstI, 
yielded wild-type (35931A) alleles of 290, 146 bp fragments, 
and the polymorphic (C) allele produces three fragments of 
227, 146, and 63 bp [Figure 1]. The A→C polymorphism in 
exon 23 at nucleotide position 35931 gives rise to the amino 
acid substitution Lys→Gln in the codon 751. Table 2 displays 
the distribution of genotypes and frequency of alleles of the 
A35931C polymorphisms in patients with CC and controls. 
The frequency of the XPD 35931C allele in cases was higher 
(6.28%) than the controls (8.00%).

Association of age at cancer occurrence, tobacco status, 
and age at first pregnancy with CC risk

The association between XPD and the risk of CC was further 
examined after stratification of confounding factors such as 
age, age at first pregnancy and tobacco chewing status. In 
Maharashtrian patients, the age of CC beginning is 30 years, 
considerably lesser than reported in other reports. To assess 
the relationship of analyzed polymorphisms with the age at 
occurrence of CC, we grouped the patients as ≤50 (n = 95) 
or >50 (n = 75) years of age and compared with age-matched 
controls which surprisingly showed that the XPD cd 312 
(OR = 0.24; CI = 0.12–0.46); P < 0.0001) displayed negative 
risk of CC at the age below 50. Furthermore, the association 
of CC with first delivery age was reviewed in this study which 
showed that 15–20 years age of first delivery, considerably 
associated with increased CC risk. The distribution of 
genotype polymorphisms along with the statistical analysis 
is shown in Table 3.

Table 2: The genotype frequencies of XPD gene variants in untreated CC patients and controls
Gene Genotype Cases 

(n=350) (%)
Control 

n=400 (%)
OR (95% CI) P value Adjusted 

OR (95% CI)
P value

XPD Arg156Arg
codon 156 Ex‑6
C22541Ars238406

CC/CC 110 (31.43) 145 (36.25) 1 1
CC/AA 185 (52.86) 185 (46.25) 1.31 (0.95–1.81) 0.09 1.32 (0.95–1.84) 0.95
AA/AA 55 (15.71) 70 (17.50) 1.03 (0.67–1.59) 0.87 1.06 (0.67–1.67) 0.78
CC/AA+AA/AA 240 (68.57) 255 (63.75) 1.24 (0.91–1.68) 0.16 1.27 (0.93–1.74) 0.12

XPD Asp312Asn
codon312 Ex‑10 
G23591A
rs1799793

GG/GG 299 (85.43) 198 (49.50) 1 1
GG/AA 38 (10.86) 175 (43.75) 0.14 (0.09–0.21) 0.0001* 0.42 (0.28–0.65) 0.001
AA/AA 13 (3.71) 27 (6.75) 0.31 (0.16–0.63) 0.001* 0.23 (0.12–0.45) 0.001
GG/AA+AA/AA 51 (14.57) 202 (50.50) 0.16 (0.11–0.23) 0.0001* 0.35 (0.24–0.51) 0.001

XPD Lys751Gln
codon751 Ex‑23 
A35931C rs13181

AA/AA 155 (44.29) 187 (46.75) 1 1
AA/CC 173 (49.43) 181 (45.25) 1.15 (0.85–1.55) 0.34 1.09 (0.80–1.50) 0.56
CC/CC 22 (6.28) 32 (8.00) 0.82 (0.46–1.48) 0.52 0.82 (0.44–1.50) 0.52
AA/CC+CC/CC 195 (55.14) 213 (53.25) 1.10 (0.82–1.47) 0.49 1.08 (0.80–1.46) 0.59

*Indicates significant OR (P<0.001), P value determined based on χ2, XPD: Xeroderma pigmentosum complementation group D, OR: Odds 
ratio, CI: Confidence interval, CC: Cervical cancer
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Figure 1: Representative agarose gel image showing nucleotide polymorphism by polymerase chain reaction (PCR) restriction fragment 
length polymorphism of (a) xeroderma pigmentosum complementation group D (XPD) C22541A at codon 156 of the exon 6 (lane 1: 100bp 
DNA ladder, lane 2: Uncut PCR product, lane 3: Wild-type allele, lane 4: Heterozygote, and lane 5: Variant allele), (b) XPD G23592A at 
codon 312 in the exon 10 (Lane 1: 100bp DNA ladder, lane 2: Uncut PCR product, lane 3: Asp/Asp genotype lane 4: Asp/Asn genotype, and 
lane 5: Cys/Cys genotype), and (c) XPD A35931C at codon 751 in the exon 23 (lane 1: 100bp DNA ladder, lane 2: Uncut PCR product, lane 
3: Lys/Lys genotype lane 4: Lys/Gln genotype, and lane 5: Gln/Gln genotype)

DISCUSSION

This study was proposed to investigate the relationship 
between reported SNPs of XPD and the elevated risk for 
CC particularly in the parts of western Maharashtra. We 
determined the genotypic frequency of polymorphisms of 
(A) XPD C22541A at codon 156 of the exon 6, (B) XPD 
G23592A at codon 312 in the exon 10, and (C) XPD A35931C 
at codon 751 in the exon23. The frequency of allele of the 
XPD polymorphisms at 22541 (C-A), 23592 (G-A), and 
35931 (A-C) did not show much variation with the CC risk in 
the western Maharashtrian population. We found a negative 
association of SNPs of XPD codon 312 at Asp 312 Asn 
polymorphism with CC risk.

Earlier few researchers reported reduced DNA repair capacity 
due to 312Asn genotypes for various cancers including 
bladder,[20] prostate,[13] and lung cancer.[14] Furthermore, the 
Lys751Gln T > G, rs13181 SNP at codon 751 of exon 23 
of XPD causes a non-synonymous substitution which had 
been studied for its role in the susceptibility of various 
cancers.[5,6,8,21] Although a number of polymorphisms reported 
in codons 156, 312, and 751 of exon 6, 10, and 23 which are 
common in XPD gene,[2] we did not find any report stating 
association of XPD codon 156 with the development of any 
cancer type. In our study, the frequency of Asn allele XPD 
312 was 0.03 that of XPD 156 allele Arg was 0.15 and that 
frequency of XPD 751 allele Gln was 0.06 which were to 
some extent different from other reports. The investigations 
into the relationship between polymorphisms in XPD 
gene and susceptibility to cancer have not yet produced 
consistent results in different populations. Number of studies 
highlighted the role of XPD polymorphisms in cancer 
susceptibility including, lung,[5] prostate,[12] breast,[8] and 
head and neck cancer[3,4] among different ethnic populations, 
whereas other studies failed to find positive association of 

XPD polymorphism in the head and neck cancer[22] or breast 
carcinoma.[9,10] Furthermore, few studies from Northern and 
Southern India have reported the SNPs in the XPD in relation 
to a variety of cancer risks including bladder,[11] lung,[14] 
prostate,[13] and breast cancer[8] whereas some studies showed 
negative association of SNPs of codon 312 and codon 751 in 
the XPD gene with development of prostate,[15] lung,[16] and 
gastric cancer.[17] Thus, these earlier interpretations suggested 
that SNPs (rs238406, rs1799793, and rs13181) of XPD may 
or may not involve in cancer susceptibility, but our earlier 
studies showed positive evidence for XPD gene at position 
23592 of codon 312 of exon 10 polymorphism associated 
with the risk of breast cancer[23] and polymorphism in BER 
pathway gene associated with head and neck cancer risk.[24]

However, there were no reports available on the relationship 
between SNPs of NER pathway genes including XPD 
and their susceptibility to CC in Maharashtra where the 
prevalence of CC cases is high. Therefore, we investigated the 
development of CC and association of polymorphisms in XPD 
gene from Maharashtrian population which showed negative 
association XPD gene (SNP rs1799793) at codon 312 in the 
exon 10 which may play a role in cervical carcinogenesis in 
Maharashtrian women. Such type of analysis will enhance 
our skill to categorize susceptible individuals for cervical 
carcinogenesis in the studied population. Although the study 
is first in the medical literature to investigate and to show the 
association of polymorphism in XPD and CC occurrence, it 
showed similar outcome as mentioned in the above studies.

CONCLUSION

Our results showed that the XPD gene at position 23592 of 
codon 312 of exon 10 polymorphism negatively associated 
with the risk of CC. This analysis of correlation of DNA 
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repair genes and CC may provide a deeper insight into the 
genetic factors to CC risk in the unexplored population. 
Furthermore, this study is the first of its kind to report the 
combined effect of SNPs of the XPD gene on the risk of CC 
in Maharashtrian population.
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