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Abstract—XPG protein is a crucial component of the nucleotide excision repair pathway. Various single
nucleotide polymorphisms of XPG gene have been reported to modulate colorectal cancer susceptibility.
Therefore, this case control study evaluated the association of XPG (rs1047768 T>C) polymorphism with
risk of colorectal cancer. In this study total 175 individuals comprising of age matched one hundred pathologically
confirmed colorectal cancer cases and seventy-five controls were genotyped for XPG (rs1047768 T>C) polymor-
phism. Genotyping was accomplished with “Tetra amplification-refractory mutation system (ARMS) PCR”
and PCR products were electrophoretically resolved on agarose gel. To validate the results 10% samples were
re-analysed for XPG genotyping. Demographic factors were represented by mean ± SD. Multivariate logistic
regression analysis was applied to compute odds ratio and confidence interval considering association
between genotypes, demographic factors and colorectal cancer risk. Results were computed by MedCalc and
SPSS version 24. Results showed significant association of XPG rs1047768—T>C genotype (OR: 7.51,
CI: 1.63–35.02) and increased risk of colorectal cancer. Additionally, smoking and family history were sig-
nificant contributors in colorectal cancer development. In summary, XPG (rs1047768 T>C) polymorphism
is a low susceptibility penetrance gene for colorectal cancer and has never been screened before in Pakistani
population.
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INTRODUCTION
Colorectal cancer is the third most pften diagnosed

malignancy in all age groups and fourth leading cause
of cancer related mortality throughout the world [1].
Underlying mechanism of colorectal cancer develop-
ment is still not completely understood. Low pene-
trance susceptibility genes along with environmental
factors plays a complex interaction in its development
[2]. DNA repair systems play fundamental roles in the
maintenance of genome integrity and protecting nor-
mal cells against genetic alterations. Various genetic
polymorphisms among genes responsible for DNA
damage responses contribute towards cancer develop-
ment and associated with increased cancer risk. Genes
linked with DNA repair mechanisms have been con-
sidered as candidate genes for cancer susceptibility
because decreased DNA repair efficiency may initiate
genetic instability and carcinogenesis [3, 4].

Nucleotide excision repair (NER) pathway is most
adaptable and multifaceted DNA repair mechanism
and is involved in the removal of helix distorting DNA

lesions from the genome. It counteracts the harmful
effects caused by mutagenic exposure of cells by recog-
nizing the lesion, protein binding, excision of oligonu-
cleotides and reconstruction of DNA fragment. NER
pathway comprises of more than thirty proteins and
among them seven are xeroderma pigmentosum (XP)
complementation groups (ranging from XPA to XPG)
representing malfunctioning proteins [5, 6].

XPG gene is an indispensable component of NER
pathway. It encodes a “structure-specific endonucle-
ase which catalyses 3' incision and involves subsequent
5' incision” with the help of ERCC1-XPF heterodi-
mer [7]. Few evidences suggested that polymorphism
of XPG variant, rs1047768 (T > C) plays an important
role in carcinogenesis and yield varied survival out-
comes [8]. It results in a coding synonymous polymor-
phism His46His. Association of gene polymorphism
with cancer may be explained by its linkage with vari-
ous other non-synonymous polymorphisms or its pre-
cise impact on enzyme confirmation leading to altered
substrate specificity or activity. Association of nucleic
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Table 1. Distribution of selected variables between colorectal cancer cases and controls

Variables
Cases (n = 100) Control (n = 75)

P-value
n, % n, %

Age (mean ± SD) 45.99 ± 11.64 42.57 ± 12.23
Family history
Yes 42 42 8 10.7 0.000
No 58 58 67 89.3
Smoking
Yes 46 46 23 30.7 0.040
No 54 54 52 69.3
XPG
TT 78 78 72 96
TC 18 18 2 2.7 0.003
CC 4 4 1 1.3
acid repair genes was evaluated by different studies,
but the results were inconclusive [8–11].

Therefore, we planned to explore the involvement
of XPG (rs1047768 T>C) polymorphism in colorec-
tal cancer development. Furthermore, association of
various clinical parameters with the onset and devel-
opment of colorectal cancer was illustrated.

MATERIALS AND METHODS

Study was approved from ethical committees of
“Fatima Jinnah Women University and Rawalpindi
Medical University along with its affiliated hospitals
including Holy Family Hospital, Benazir Bhuto Sha-
heed Hospital and District Headquarter Hospital,
Rawalpindi.” A total of 100 histopathologically diag-
nosed colorectal cancer cases along with age matched
75 healthy controls were recruited over a period of one
year (May 2017–April 2018). Blood samples and detailed
clinical history was collected by interviewing the patients
and controls after taking informed consent.

SNP rs1047768 was situated in DNA region with
average CG in exon 2 of XPG gene placed on chromo-
some 13 and has T>C polymorphism. Tetra ARMS-
PCR “tetra-primer amplification refractory mutation
system-polymerase chain reaction” primers were
designed using a program developed by Ye et al. [12]
and all default primer settings were used for genotyp-
ing. DNA was extracted by phenol chloroform
extraction method [13]. In tetra ARMS-PCR, frag-
ment generated by outer primers was used as a tem-
plate for inner primers to produce allele specific frag-
ments [14]. Therefore, outer primers were first opti-
mized separately, and then complete reaction was
performed with both outer and inner primers. Ampli-
fied PCR product was visualized using gel electropho-
resis.
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Age for both colorectal cancer cases and controls
was expressed by mean ± standard deviation. Multi-
variate logistic regression analysis was applied to com-
pute odds ratio and 95% confidence interval exploring
association between genotypes, clinical details and
colorectal cancer risk. Correlation of other clinical
features like age and family history with colorectal
cancer was also evaluated by 2 tailed test considering
P ≤ 0.05 as statistically significant. SPSS version 24
and MedCalc was used to perform statistical analysis.

RESULTS
Clinicopathological features of colorectal cancer

cases and controls are briefed in Table 1 including age,
family history of cancer and XPG rs1047768 polymor-
phism. Mean age of colorectal cancer cases and con-
trols were 45.99 ± 11.64 and 42.57 ± 12.23 years
respectively. There was non-significant difference
between colorectal cancer cases and controls in term
of age as we tried to enrol age matched cases and con-
trols. Colorectal cancer cases were more likely to have
positive family history of respective cancer as com-
pared to controls. Greater percentage of cases were
smokers than controls. Further, genotype distribu-
tions of XPG polymorphism were more prevalent for
TC (heterozygous) and CC (homozygous mutant)
among colorectal cancer cases as compared to controls
(Fig. 1).

Multivariate logistic regression analysis was used to
find out the associated risk factors of colorectal can-
cer. Results showed that TC genotype was significantly
associated with increased risk of colorectal cancer
(OR 7.51; 95% CI 1.63–35.02). Though homozygous
mutant i.e., CC genotype was found to be more com-
mon among colorectal cancer cases than controls, but
it was calculated to be statistically non-significant
(OR: 3.7, CI: 0.34–39.26). Moreover, positive signifi-
cant association was found for family history of col-
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Fig. 1. Electropherogram representing XPG rs1047768
polymorphism in colorectal cancer cases.

M CC CCTC TCTT

305 bp
180 bp
170 bp

Table 2. Multivariate logistic regression analysis of risk fac-
tors associated with colorectal cancer

***P < 0.001, **P < 0.01. CI: Confidence interval, #one medium
bowl per week.
Null model –2 log Likelihood 239.018.
Full model –2 log Likelihood 200.576.
Cox & Snell R2: 0.1972.
Nagelkerke R2: 0.2648.

Variables
Colorectal cancer

P (Wald’s test)
OR (95% CI)

TC 7.51 (1.63 to 35.02) 0.0137**
CC 3.68 (0.34 to 39.26) 0.2793
TT 0.515 (0.03 to 8.34) 0.641
Family history 6.25 (2.61 to 15.00) 0.0001***
Smoking 2.41 (1.20 to 4.83) 0.0131**

Red meat# 1.07 (0.69 to 1.65) 0.7490

Fig. 2. Forest plot measuring the risk factor of colorectal
cancer.
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orectal cancer (OR 6.25; 95% CI 2.61–15.00) and
smoking (OR 2.41; 95% CI 1.20–4.83) with increased
colorectal cancer risk (Table 2). We are unable to find
any association between intake of red meat (1 medium
bowl per week) and colorectal cancer in our study
population (Fig. 2).

DISCUSSION

In this study we explored the relationship of XPG
rs1047768 polymorphism with colorectal cancer and
associated risk factors. Current study reported that
increased colorectal cancer risk was correlated with
family history of colorectal cancer concordant with
already reported literature [15]. While evaluating that
smoking and red meat intake are associated with
increased colorectal cancer risk it was found that
smoking was statistically associated with increased risk
of the disease [16]. Being an essential part of Western
diet, red meat consumption like beef, lamb, pork and
mutton is fairly high in most of the developed coun-
tries [17]. Therefore, in those countries red meat was
reported to be a contributor in increasing incidence of
colorectal cancer [18]. But we are unable to find any
such association in our population probably because
of less intake of red meat due to its high rates. As a
developing and resource poor country, it’s not possi-
ble for everyone to include meat in their weekly diet.
Another possible reason might be the small sample
size of the study.

Genetic alterations which affect gene expression
regulation can contribute to the differences among
individuals in susceptibility to risk of disease and its
severity. Regulation of nucleotide excision repair
pathway is crucial to maintain genome integrity. XPG
is a multi-functional gene in NER pathway encoding
for a structure specific endonuclease [19]. Single
nucleotide polymorphisms in coding region of XPG
results in elusive alteration of XPG activity which may
lead to increased cancer susceptibility [20]. Literature
have reported association of XPG gene polymor-
phisms with various cancers [7]. Liang et al. reported
MOLECULAR GENETICS, MICROBIOLOGY AND VIRO
that XPG rs7655 may not contribute in the develop-
ment of lung cancer [21] whereas, it significantly asso-
ciated with increased risk of laryngeal cancer illus-
trated by Lu and colleagues [22]. Similarly, another
case-control study showed significant association of
rs229647 and rs751402 polymorphisms with gastric
cancer [23]. A meta-analysis reported significant asso-
ciation of rs1047768 with lung cancer in a stratified
analysis [7]. It was reported that XPG rs1047768
polymorphism with C allele promotes sensitivity to
platinum-based chemotherapy [24]. Another study
reported significant association of rs751402 polymor-
phism with risk of oral cancer [25]. A meta-analysis
showed that XPG gene polymorphism contribute
towards the development and severity of colorectal
cancer [5]. Literature had shown inconsistent results
and unable to generate a conclusion. Discrepancies
LOGY  Vol. 36  Suppl. 1  2021
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between results of already reported studies may be due
to differences in study populations, design and tumour
types.

CONCLUSIONS
Current study reported statistically significant

association of XPG heterozygous T>C polymorphism
with colorectal cancer. Whereas, no association was
found for homozygous mutant CC genotype, although
it was more common in cases than controls. Literature
is limited in this area therefore, studies with larger
sample and more precision are prerequisite to get pro-
nounced results. Briefly, XPG rs1047768 polymor-
phism may contributes towards increased colorectal
cancer risk. Furthermore, family history and smoking
are contributing factors in colorectal cancer develop-
ment.

ACKNOWLEDGMENTS

I would like to thank all my patients, their family mem-
bers and lab personnel at Armed Forces Institute of Pathol-
ogy for their kind help and support.

COMPLIANCE WITH ETHICAL STANDARDS

Conflict of interests. The authors declare that they have
no conflicts of interest.

Statement on the welfare of humans. All applicable inter-
national, national, and/or institutional guidelines were fol-
lowed.

REFERENCES
1. Siegel, R.L., Miller, K.D., and Jemal, A., Cancer sta-

tistics, 2016, Ca-Cancer J. Clin., 2016, vol. 66, no. 1,
pp. 7–30.

2. Su, J., Zhu, Y., Dai, B., Yuan, W., and Song, J., XPG
Asp1104His polymorphism increases colorectal cancer
risk especially in Asians, Am. J. Transl. Res., 2019,
vol. 11, no. 2, p. 1020.

3. Al-Shaheri, F.N., Al-Shami, K.M., Gamal, E.H., Ma-
hasneh, A.A., and Ayoub, N.M., Association of DNA
repair gene polymorphisms with colorectal cancer risk
and treatment outcomes, Exp. Mol. Pathol., 2020,
vol. 113, p. 104364.

4. Masood, N., Malik, S.S., Raja, M.N., Mubarik, S.,
and Yu, C., Unraveling the epidemiology, geographical
distribution, and genomic evolution of potentially le-
thal coronaviruses (SARS, MERS, and SARS CoV-2),
Front. Cell. Infect. Microbiol., 2020, vol. 10, p. 499.

5. Du, H., Zhang, X., Du, M., Guo, N., Chen, Z., Shu, Y.,
Zhang, Z., Wang, M., and Zhu, L., Association study
between XPG Asp1104His polymorphism and colorec-
tal cancer risk in a Chinese population, Sci. Rep., 2014,
vol. 4, p. 6700. 
https://doi.org/10.1038/srep06700

6. Malik, S.S., Zia, A., Rashid, S., Mubarik, S., Masood, N.,
Hussain, M., Yasmin, A., and Bano, R., XPC as breast
MOLECULAR GENETICS, MICROB
cancer susceptibility gene: evidence from genetic profil-
ing, statistical inferences and protein structural analy-
sis, Breast Cancer, 2020, vol. 27, no. 6, pp. 1168–1176.

7. Han, C., Huang, X., Hua, R., Song, S., Lyu, L., Ta, N.,
Zhu, J., and Zhang, P., The association between XPG
polymorphisms and cancer susceptibility: Evidence
from observational studies, Medicine (Baltimore,
MD, U. S.), 2017, vol. 96, no. 32, p. e7467. 
https://doi.org/10.1097/MD.0000000000007467

8. Sun, X.-H., Hou, W.-G., Zhao, H.-X., Zhao, Y.-L.,
Ma, C., and Liu, Y., Single nucleotide polymorphisms
in the NER pathway and clinical outcome of patients
with bone malignant tumor, Asian Pac. J. Cancer Prev.,
2013, vol. 14, no. 3, pp. 2049–2052. 
https://doi.org/10.7314/apjcp.2013.14.3.2049

9. Xu, X.M., Xie, L.C., Yuan, L.L., Hu, X.L., Jin, J.Q.,
and Niu, Y.M., Association of xeroderma pigmento-
sum complementation group G Asp1104His polymor-
phism with breast cancer risk: A cumulative meta-anal-
ysis, Mol. Clin. Oncol., 2014, vol. 2, no. 6, pp. 1177–
1181. 
https://doi.org/10.3892/mco.2014.384

10. Jeggo, P.A., Pearl, L.H., and Carr, A.M., DNA repair,
genome stability and cancer: A historical perspective,
Nat. Rev. Cancer, 2016, vol. 16, no. 1, pp. 35–42. 
https://doi.org/10.1038/nrc.2015.4

11. Na, N., Dun, E., Ren, L., and Li, G., Association be-
tween ERCC5 gene polymorphisms and breast cancer
risk, Int. J. Clin. Exp. Pathol., 2015, vol. 8, no. 3,
p. 3192.

12. Ye, S., Dhillon, S., Ke, X., Collins, A.R., and
Day, I.N., An efficient procedure for genotyping single
nucleotide polymorphisms, Nucleic Acids Res., 2001,
vol. 29, no. 17, p. E88.

13. Malik, S.S., Masood, N., and Yasmin, A., Prostate
cancer and glutathione S-transferase deletions, EXCLI
J., 2015, vol. 14, pp. 1049–1054. 
https://doi.org/10.17179/excli2015-192

14. Malik, S.S., Mubarik, S., Masood, N., and Khadim, M.T.,
An insight into clinical outcome of XPG polymor-
phisms in breast cancer, Mol. Biol. Rep., 2018, vol. 45,
no. 6, pp. 2369–2375.

15. Gausman, V., Dornblaser, D., Anand, S., Hayes, R.B.,
O’Connell, K., Du, M., and Liang, P.S., Risk factors
associated with early-onset colorectal cancer, Clin.
Gastroenterol. Hepatol., 2020, vol. 18, no. 12, pp. 2752–
2759.

16. Hua, R.-X., Zhuo, Z.-J., Zhu, J., Zhang, S.-D.,
Xue, W.-Q., Zhang, J.-B., Xu, H.-M., Li, X.-Z.,
Zhang, P.-F., He, J., and Jia, W.-H., XPG gene poly-
morphisms contribute to colorectal cancer susceptibili-
ty: A two-stage case-control study, J. Cancer, 2016,
vol. 7, no. 12, pp. 1731–1739. 
https://doi.org/10.7150/jca.15602

17. Durko, L. and Malecka-Panas, E., Lifestyle modifica-
tions and colorectal cancer, Curr. Colorectal Cancer
Rep., 2014, vol. 10, no. 1, pp. 45–54.

18. Mattiuzzi, C. and Lippi, G., Epidemiologic burden of
red and processed meat intake on colorectal cancer
mortality, Nutr. Cancer, 2021, vol. 73, no. 4, pp. 562–
567.
IOLOGY AND VIROLOGY  Vol. 36  Suppl. 1  2021



ROLE OF XPG GENE POLYMORPHISM TOWARDS COLORECTAL S41
19. Spivak, G., Nucleotide excision repair in humans, DNA
Repair (Amsterdam), 2015, vol. 36, pp. 13–18. 
https://doi.org/10.1016/j.dnarep.2015.09.003

20. Servant, G., Streva, V.A., Derbes, R.S., Wijetunge, M.I.,
Neeland, M., White, T.B., Belancio, V.P., Roy-En-
gel, A.M., and Deininger, P.L., The nucleotide exci-
sion repair pathway limits L1 retrotransposition, Ge-
netics, 2017, vol. 205, no. 1, pp. 139–153. 
https://doi.org/10.1534/genetics.116.188680

21. Liang, Y., Deng, J., Xiong, Y., Wang, S., and Xiong, W.,
Genetic association between ERCC5 rs17655 polymor-
phism and lung cancer risk: evidence based on a meta-
analysis, Tumour Biol., 2014, vol. 35, no. 6, pp. 5613–
5618.

22. Lu, B., Li, J., Gao, Q., Yu, W., Yang, Q., and Li, X.,
Laryngeal cancer risk and common single nucleotide
polymorphisms in nucleotide excision repair pathway
genes ERCC1, ERCC2, ERCC3, ERCC4, ERCC5 and
XPA, Gene, 2014, vol. 542, no. 1, pp. 64–68. 
https://doi.org/10.1016/j.gene.2014.02.043

23. Duan, Z., He, C., Gong, Y., Li, P., Xu, Q., Sun, L.P.,
Wang, Z., Xing, C., and Yuan, Y., Promoter polymor-
phisms in DNA repair gene ERCC5 and susceptibility
to gastric cancer in Chinese, Gene, 2012, vol. 511, no. 2,
pp. 274–279. 
https://doi.org/10.1016/j.gene.2012.09.025

24. Xu, M., Liu, Y., Li, D., Wang, X., Liang, S., Zhang, G.,
and Yang, X., Chinese C allele carriers of the ERCC5
rs1047768 polymorphism are more sensitive to plati-
num-based chemotherapy: a meta-analysis, Oncotar-
get, 2018, vol. 9, no. 1, pp. 1248–1256. 
https://doi.org/10.18632/oncotarget.18981

25. Zavras, A.I., Yoon, A.J., Chen, M.K., Lin, C.W., and
Yang, S.F., Association between polymorphisms of
DNA repair gene ERCC5 and oral squamous cell carci-
noma, Oral Surg., Oral Med., Oral Pathol., Oral Radiol.,
2012, vol. 114, no. 5, pp. 624–629. 
https://doi.org/10.1016/j.oooo.2012.05.013
MOLECULAR GENETICS, MICROBIOLOGY AND VIROLOGY  Vol. 36  Suppl. 1  2021


	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	REFERENCES

		2022-02-21T14:43:53+0300
	Preflight Ticket Signature




