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ABSTRACT 
Aim: In our study, we analyzed the allelic frequency of XPD Lys751Gln polymorphism of the XPD gene and the 
correlation between its variant alleles with colorectal cancer in patients and control groups. 
Background: Human cells are routinely exposed to mutagenic and carcinogenic aromatic amines via smoking, pollution 
areas and other sources. These chemicals can form DNA adducts in vivo and thus lead to DNA damage. Amongst the 
known genetic polymorphisms of the DNA-repair genes the xeroderma pigmentosum group D (XPD, also known as 
ERCC2) has been the most extensively studied most commonly.  
Patients and methods: This study has examined the relationship between the XPD Lys 751 Gln polymorphism and 
colorectal cancer in 88 patients and their 88 age and sex-matched controls. Genomic DNA from peripheral whole blood 
was extracted using Miller method to determine the genotype of subjects with RFLP-PCR analysis. 
Results: This study shows cancer patients have more of the heterozygous genotype (XPD Lys 751 Gln) compared to 
control group. However the results are not statistically significant. Furthermore, colorectal cancer was less common in 
individuals with recessive homozygous genotype (P< 0.0001).  
Conclusion: This study suggests that individuals with heterozygous polymorphism (Lys/Gln) may have an increased 
susceptibility to colorectal cancer compared to other polymorphisms (Lys/Lys and Gln/Gln). 
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 Colorectal cancer is the third most common 
cancer in industrialized countries and is a major 
cause of cancer-related death in these countries 
(1). There are no accurate statistics on the 
colorectal cancer mortality in Iran, but after gastric 
cancer, colorectal cancer is the most common 

gastrointestinal cancer (2). About 10 to 15 percent 
of colorectal cases are due to hereditary 
syndromes (3). Environmental factors could also 
have role in developing colorectal cancer, possibly 
through direct binding of metabolites (DNA 
adduct) or oxidative stress leads to damage to 
DNA. The primary mechanism for removal of this 
type of DNA damage is nucleotide excision repair 
(NER). If these DNA lesions are left without repair, 
they cells are at increased risk of mutagenesis and 
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oncogenesis. Variation in repair capacity may be due 
to polymorphisms in genes responsible for DNA 
repair. Therefore, a polymorphism in a DNA repair 
gene may affect an individual’s genetic 
predisposition for cancer development. This 
relationship has been shown in NER pathway, for 
polymorphisms including XPD Asp312Asn, XPA 
G23A, XPC Lys939Gln, ERCC1 Asn118Asn and 
particularly XPD Lys751Gln polymorphism. The 
excision repair cross-complementing rodent repair 
deficiency, group 2 (ERCC2) gene, also called the 
xeroderma pigmentosum group D (XPD) gene, is 
located at chromosome 19q13.3. It comprises 23 
exons and spans about 54,000 base pairs (4) The 
XPD gene encodes XPD protein with helicase 
activity that participates in unwinding of helix 
around DNA damages site during NER and 
transcription (5). Also it has been reported that 
inactivation of the XPD gene is lethal for mice 
embryos (6).  

XPD gene polymorphisms may act as genetic 
susceptibility factors because this gene is involved 
in several cellular activities and rare mutations in 
this gene causes genetic disease. Recently several 
studies have shown that variant alleles of 
polymorphism for XPD Lys751Gln has been 
associated with increased DNA adduct levels (7, 
8, and 9) and with reduced capacity to DNA repair 
(10) and with cancer risk (11-13). 

However, the association between variant alleles 
of this polymorphism and colorectal cancer is a 
matter of debate (14-17). We have selected this 
polymorphism to study the frequency of this 
polymorphism variants in Iranian population and 
examine whether the association between this 
polymorphism variants and risk of colorectal cancer. 

In our study we analyzed the allelic frequency 
of XPD Lys751Gln polymorphism of the XPD 
gene and the correlation between its variant alleles 
with colorectal cancer in patients and control 
groups.  

 

Patients and Methods 
Study groups, extraction of genomic DNA and 
genotyping 

Eighty-eight colorectal cancer patients (age 28-
74 years with mean ± SE = 54±1.4) and 88 age 
and gender-matched controls (age 34-81 years 
with mean ± SE = 52.39±1.318) were enrolled in 
this study. From each individual 5 ml blood was 
collected and stored in -20°C. Genomic DNA was 
extracted using Millerr procedure (18). 

After designing the forward primer 
5́ATCCTGTCCCTACTGGCCATTC and the reverse 
primer 5́CCACTAACGTCCAGTGAACTGC using 
NCBI and SGD data base (19, 20) the polymorphic 
sites in exon 23 was amplified (476 bp fragments). 

RFLP-PCR analysis was used to genotype all 
samples. Briefly, the selected fragments from 23 
exons were amplified using PCR and then 
digested with PstI enzyme. Agarose gel 
electrophoresis was performed to determine the 
type of polymorphism. The PCR reaction mixture 
contained 0.75 mM MgCl2, mixture of 0.5 mM 
deoxynucleotide triphosphates, 0.5 nM of each 
primer, 0.5 units of Taq DNA polymerase and 
100–200 ng of genomic DNA. PCR program 
consisted of a 4min denaturation step at 94ºC 
followed by 40 cycles of 30s at 94 ºC, 35s at 
61.8ºC, 40s at 72ºC and 10min at 72ºC. The PstI 
used to digestion PCR amplicon for 16 h at 37ºC 
and digested product was separated using agarose 
gels (PstI enzyme according to Spitz et al (10). 
Table 1 displays details of RFLP-PCR reactions.  

To ensure the proper functioning of restriction 
enzyme, primers were designed to cut a natural 
site, and create bands of 105 bp and 371 bp (Fig 1, 
AA, when there aren’t any polymorphisms). In the 
presence of polymorphism, restriction enzyme 
makes 63 bp, 105 bp, 308 bp and 371bp in the 
heterozygous state (Fig 1, AC) and 63bp, 105 bp, 
308 bp in the homozygote state (Fig1, CC). 
Finally, to demonstrate reproducibility, 27 
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samples (case and control) (15.34%) were 
randomly re-genotype.  
 

 
Figure 1. RFLP analysis of the XPD Lys751Gln 
polymorphism. Fragment sizes (bp) for each genotype 
with cut PCR product by PstI enzyme, along with the 
Marker (molecular size standard as M) are shown. 
Notably, the 63 bp on the gels used are not resolved. 
 
Table 1. Details of RFLP-PCR analysis of the XPD 
Lys751Gln polymorphism. 
PCR primers 
 

 
Forward 5́ATCCTGTCCCTACTGGCCATTC 

 Reverse 5́CCACTAACGTCCAGTGAACTGC 
 PCR fragment 

 
 

476 
 Restriction enzyme PstI 
 Fragment size  

Wild type 
 

105,371 
 Heterozygote (AC) 63,105, 308, 371 
 Varian homozygote 

 
63, 105, 308 
 Agarose gel 1.5% 

 
Statistical analysis  

To calculate the difference in the distribution 
of the genotype frequency between patients with 
colorectal cancer and control group Pearson’s 𝛘𝛘2 
test was used. To compare observed and expected 
genotype frequencies between patients and control 

subjects Hardy-Weinberg equilibrium was tested 
by the goodness-of-fit 𝛘𝛘2 test. In all cases, a 
colorectal cancer patient vs. controls odd ratios 
(ORs) with 95% confidence intervals (CIs) was 
estimated. In all cases P <0.05 was considered 
statistically significance. 

 
Results 

In this study, male to female ratios were similar 
in both groups, 0.568 and 0.59 for patients and 
controls, respectively. Demographic characteristics 
of two groups have been shown in Tables 2. Forty-
five percent of patients had a positive family history 
for colorectal cancer in their first-degree relatives 
(55% with AA genotype and 45% with AC 
genotype). The frequency of genotypes of the XPD 
Lys751Gln polymorphism has been shown in Table 
3 and Fig. 2 depicts the frequencies of analyzed 
genotypes. The frequency of alleles A and C in the 
patients was 0.68 and 0.32 and in controls was 0.48 
and 0.52, respectively. 

 
Table 2. Demographic characteristics of study groups  
 Patients  Control P-Value 

Total 88(100%) 88(100%)  
Gender   0.760 
  Men 52(59%) 50(56.8%)  
  Female 36(40.9%) 38(43.1%)  
 Mean age (SD), 
years 

54.9± 1.4 52.39±1.318 0.140 

 
In this case-control study we observed a 

difference in genotypic frequency between 
patients and controls (Table 3). Heterozygous 
genotype XPD Lys751Gln was more common in 
cancer patients compare to cases in controls (OR: 
1.33, 95%CI: 0.679-2.620) but this difference was 
not statistically significant (P = 0.406) and it could 
be due natural variation or a significant 
association concealed by a small sample size. 
Notably, patients with colorectal cancer are less 
frequently carriers of homozygous recessive 
genotype XPD Gln751Gln compared to controls 
and we observed a negative correlation, but 
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statistically significant between XPD Gln751Gln 
genotype and colorectal cancer risk (OR: 0.097, 
95%CI: 0.032-0.297, P<0.0001). Moreno has 
found higher risk of colorectal cancer among 
variant allele carriers versus for those with 
homozygous wild genotype (OR: 1.40, 95%CI: 
1.08-1.81) (16). Also, Stern and colleagues have 
demonstrated lower risk for developing colorectal 
cancer in homozygous genotype carriers (OR=0.7, 
95%CI: 0.4-1.0) (21). 

In subgroup analysis we analyzed genotypes 
according to gender in both groups. In this study, 
although women with the heterozygous genotype 
were (OR=2.18) more common in cancer patient 
group compared to women in control group, this 
difference was not statistically, supported 
accordingly by the 95%CI for OR and 
interestingly no women in patient group showed a 
homozygous genotype (Table 3). A similar 
analysis carried out among men, but it did not 
show statistically significant results. 
 
Table 3. Distribution of XPD genotypes by case and 
control status 
Genotype case/ 

control 
P-value OR 95%CI 

Total 
subjects 

88/88    

AA 36/28 1.0 1.0٭  
AC 48/28 0.406 1.333 0.679-2.620 
CC 4/32 0.000 0.097 0.032-0.297 
Male 52/50    
AA 20/14 1.0 1.0  
AC 28/20 0.965 0.980 0.405-2.372 
CC 4/16 0.006 0.175 0.051-0.616 
Female 36/38    
AA 16/14 1.0 1.0  
AC 20/8 0.156 2.18 0.747-6.384 
CC 0/16 -† -†  
 Reference value٭
†No Case were observed in this group; therefore, it is not 
possible to calculate an P-value and OR 
 

The age difference was another issue that was 
investigated in this study. In order to better 
evaluate the impact of age on the risk of colorectal 
cancer, patients based on the average age were 
divided in two groups of ≤54 years old (group Ι) 

and >54 years (group ΙΙ) (Table 2). In this study, 
statistical analysis showed three times (OR=3. 
95%CI=1.411-7.870, P=0.025) increased risk of 
colon cancer with increasing age in women 
compared to men, but for rectal cancer, increasing 
age is associated with increased cancer risk more 
than doubles in females compared to male, but not 
statistical significance (OR=2.4, 95%CI=0.673-
8.411, P=0.183). For colon cancer there is 
approximately 6-fold increased risk of cancer with 
advancing age in women compared to men 
(OR=6, 95%CI= 1.206-29.887, P=0.027) (data not 
shown). Patients in this study have had significant 
positive history of colorectal cancer in their first 
degree relatives (OR=4.5; 95%CI= 2.010-10.044, 
P<0.0001).  

 

 
Figure 2. Frequencies of analyzed genotypes in control 
and colorectal cancer groups. 
 

Discussion 
XPD protein is an ATP-dependent helicase, 

absolutely essential nucleotide excision repair. 
Studies have shown that the activity of this protein 
is essential for life, complete elimination of XPD 
gene leads to embryonic lethality (22). Point 
mutations in this gene play a decisive role in 
diseases associated with the repair-defect such as 
xeroderma pigmentosum, trichothiodystrophy, and 
Cockayne syndrome. (23). Most of these 
mutations are located in the interaction domain (C 
terminal) with the p44 protein, in the transcription 
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factor IIH complex, that is essential for activating 
the helicase activity (24). 

The aim of this study was to investigate if there 
was any relationship the between XPD 
polymorphisms and the risk of colorectal cancer. 
Many epidemiological studies with the aim of 
identifying the role of XPD polymorphisms on the 
risk of various cancers have been done and 
different association between two polymorphisms 
(Asp312Asn and Lys751Gln) and the risk of 
various cancers such as melanoma, lung, breast, 
basal cell carcinoma, bladder, prostate, head and 
neck and lung has been reported. 

In this study, the heterozygous variant was 
more common in patients with colorectal cancer 
than in the control group, these results are 
consistent with the studies from Skjelbred (17) 
and Moreno (16). Some studies show reduced 
capacity to repair the heterozygous genotype 
(Lys751Gln) (10, 25 and 26). 

There are some reports that denote higher 
levels of mRNA of the XPD gene (27) and higher 
repair capacity in women (28) in sub-cohort 
studies. In this study, gender differences in cancer 
incidence have also been observed, but it was not 
statistically significant and this result is contrary 
to other previously mentioned studies. These 
results show that a gender difference might have a 
role in predisposition to colorectal cancer in view 
of genotype polymorphism. 

Age-related increase in cancer of the 
cooperation between the accumulation of 
mutations and age-related changes is driven (29). 
The NER system has the ability to repair some 
oxidative damages and bulky photo-products 
induced by UV (30) and DNA oxidation rate and 
with increasing age can dramatically increase in 
activity due to the decreased ability of cells to 
repair DNA (31). Studies have shown that older 
tissues are more sensitive to oxidative damage and 
some studies have shown that younger cells DNA 
are more damaged by UV radiation compare to 
older cells (32). In summary, some studies 

indicate that the aging process increases the 
susceptibility to developing cancer and this study 
also shows that aging (in group ΙΙ than group Ι) 
increases the risk of colorectal cancer to three 
times. 

The goal of this study was to analyze the 
relationship between the XPD Lys751Gln 
polymorphism and colorectal cancer. This study 
demonstrates that heterozygous genotype is more 
common in patients with colorectal cancer and 
homozygous genotype is not associated with this 
cancer. This correlation may translate that carriers 
of heterozygous genotypes are more prone to 
develop colorectal cancer compared to the people 
with wild or homozygous genotype because 
individual with heterozygote genotype have 
reduced capacity repair and it can be diagnostic 
biomarker in colorectal patients. Although this 
study has not demonstrated statistical significance, 
this hypothesis warrants further cohort and 
prospective studies with more cases in the future.  
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