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Abstract

Background: Genetic variations, such as those affecting DNA repair genes, could represent susceptibility fac-
tors for sporadic colorectal cancer (CRC) as a result of their interaction with environmental factors. Materials and 
methods: 80 female and 70 males patients diagnosed with sporadic CRC in the Surgical Clinic III Cluj were geno-
typed for Arg399Gln-XRCC1, Lys751Gln-XPD and Met241Thr-XRCC3 using PCR-RFLP methods. We also geno-
typed 100 females and 62 males, who formed the control group. Genotyping results were related to environmental 
risk factors, smoking habit and diet. Results: Male patients carriers of the Arg399Gln, Lys751Gln, Met241Thr 
had a 4.09 (95%CI[0.96-19.98],p=0.05)-fold, 5.95(95%CI[1.08-43.22],p=0.03)-fold and 3.73(95%CI[0.86-
18.53],p=0.05)- fold significantly increased risk to develop sporadic CRC if they smoked. A significantly in-
creased risk for CRC was observed in females and males with high daily fried red meat intake, carriers of the 
Arg399Gln (OR 2.77 95%CI [1.34-6.82],p=0.015  and OR 8.64 95%CI[2.67-29.14],p<0.001), Lys751Gln (OR 
4.12 95%CI[1.37-12.74],p=0.007 and OR 5.06 95%CI[1.4-19.02],p=0.006), Met241Thr (OR5.92 95%CI[2.21-
16.23],p<0.001 and OR 5.64 95%CI[1.52-21.7],p=0.022). Female patients with high fried red meat intake had 
a significantly higher risk to develop early-onset sporadic CRC if they were carriers of the Arg399Gln-XRCC1 
(OR 5.14 95%CI[0.99-28.3],p=0.047), Thr241Met-XRCC3 (OR 6.67 95%CI[1.05-46.67],p=0.025) and Lys-
751Gln-XPD (OR 4.7 95%CI[0.99-23.32],p=0.034). Conclusions: In Romanians, the association between the 
mutated genotypes and environmental risk factors modulates the risk for sporadic CRC. Smoking in association 
with the Arg399Gln-XRCC1 genetic variation influences the early onset of sporadic colorectal cancer in females. 
Diet rich in fried red meat intake associated with Arg399Gln-XRCC1, Lys751Gln-XPD and Thr241Met- XRCC3 
genetic variations significantly influences the early onset of sporadic colorectal cancer in females.
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Rezumat
Introducere: Variațiile genetice, cum ar fi cele care influențează sistemele de reparare a defectelor de replicare 

a ADN, pot reprezenta factori de susceptibilitate în cancerul colorectal sporadic (CCR) ca urmare a interacțiunii 
cu factori de mediu. Material și metodă: 80 de femei și 70 de bărbați, pacienți diagnosticați cu CCR sporadic în 
Clinica Chirurgie III Cluj au fost genotipați pentru Arg399Gln-XRCC1, Lys751Gln-XPD și Met241Thr-XRCC3 
utilizând metodele PCR-RFLP. Am determinat de asemenea, genotipurile pentru 100 femei și 62 bărbați , care au 
format grupul de control. Rezultatele au fost analizate din punct de vedere al relației cu factorii de risc de mediu, 
fumatul și dieta. Rezultate: Bărbații fumători purtători ai variațiilor genetice Arg399Gln, Lys751Gln, Met241Thr 
au avut un risc semnificativ crescut de 4.09 (95%IC[0.96-19.98],p=0.05), 5.95(95%IC[1.08-43.22],p=0.03) și 
respectiv 3.73(95%IC[0.86-18.53],p=0.05) de a dezvolta cancer colorectal sporadic. Un risc semnificativ cres-
cut de a dezvolta cancer colorectal sporadic a fost observat în cazul femeilor și bărbaților cu o dietă bogată 
în carne roșie prăjită purtători ai variațiilor genetice Arg399Gln (OR 2.77 95%IC [1.34-6.82],p=0.015  și OR 
8.64 95%IC[2.67-29.14],p<0.001), Lys751Gln (OR 4.12 95%IC[1.37-12.74],p=0.007 și OR 5.06 95%IC[1.4-
19.02],p=0.006), Met241Thr (OR5.92 95%IC[2.21-16.23],p<0.001 și OR 5.64 95%IC[1.52-21.7],p=0.022). Fe-
meile a căror dietă a inclus cantități mari de carne roșie prăjită au avut un risc semnificativ crescut de a dezvolta 
timpuriu cancer colorectal sporadic dacă au fost purtătoare a variațiilor genetice Arg399Gln-XRCC1 (OR 5.14 
95%IC[0.99-28.3],p=0.047), Thr241Met-XRCC3 (OR 6.67 95%IC[1.05-46.67],p=0.025) și Lys751Gln-XPD (OR 
4.7 95%IC[0.99-23.32],p=0.034). Concluzii: În cazul populației de origine română, asocierea genotipurilor mu-
tante cu factori de mediu modulează riscul pentru CCR sporadic. La femei, fumatul în asociere cu variația genetică 
Arg399Gln-XRCC1 influențează debutul timpuriu al cancerului colorectal sporadic. Tot în cazul femeilor, dieta 
bogată în carne roșie prăjită în asociere cu variațiile genetice Arg399Gln-XRCC1, Lys751Gln-XPD și Thr241Met- 
XRCC3 influențează semnificativ riscul de apariție al cancerului colorectal sporadic. 

Cuvinte cheie: Arg399Gln-XRCC1, Lys751Gln-XPD, Thr241Met-XRCC3, PCR-RFLP, expunere la factori de 
mediu, România
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Introduction

Carcinogenesis involves the interaction of 
genetic risk factors and compounds of tobacco 
smoke with carcinogenic properties or from the 
pyrolysis of red meat. It is known that smoking 
represents a causal risk factor for multiple small-
er or larger colorectal adenoma formation. At the 
same time, the risk of recurrence is increased in 
smoking patients. Because adenoma formation 
is the precursor of carcinomas, we could say that 
smoking is a risk factor for carcinogenesis (1-3). 
Carcinogenic compounds (polycyclic aromat-
ic hydrocarbons, nitrosamines, and arylamines) 
determine DNA damage such as single- and 
double-strand breaks and base adduct formation 
(thymine glycol, 5-hydroxymethyluracil, and 
8-hydroxy-2-deoxyguanosine). Also, in colon 

cancer cells, smoking induces the overexpres-
sion of 5-lipoxygenase or vascular endothelium 
growth factor, two proteins associated with co-
lon tumor progression and invasion (4, 5). On 
the other hand, a diet rich in fried red meat has 
also been reported to be associated with colorec-
tal adenomas (6-8). 

DNA damage caused by carcinogenic com-
pounds from smoking and fried red meat could 
be repaired through two pathways, the base ex-
cision repair pathway (BER) and the nucleotide 
excision repair pathway (NER). BER pathways, 
through XRCC1 (X-ray cross-complementa-
tion group 1), could repair single-strand breaks, 
while NER pathways, through XPD (Xeroderma 
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pigmentosum group D), could repair bulky ad-
ducts (9-12). The X-ray cross-complementation 
group 3 (XRCC3) is a product of a member of 
the RAD51-related gene, involved in the recom-
bination repair of double strand breaks of DNA 
(RR) process (1, 13). 

There are different genetic variations locat-
ed in the genes encoding for proteins involved 
in the DNA repair process, which determine 
decreased enzyme activity and affect the DNA 
repair capacity. Three of these genetic variations 
are Arg399Gln (exon 10 - XRCC1 gene), Lys-
751Gln (exon 23 - XPD gene), and Thr241Met 
(exon 7 - XRCC3 gene) (1).

Aim: to investigate three genetic variants lo-
cated in genes that participate in BER (XRCC1) 
and NER (XPD) pathways, and XRCC3 that 
participates in the homologous recombination 
repair in association with lifestyle (smoking 
behavior and diet) as a risk factor for sporadic 
colorectal cancer in both women and men of Ro-
manian origin; we also investigated the role of 
the interaction of genetic and environmental risk 
factors in early-onset cancer. 

Materials and methods

Patient groups
We included in this study 150 patients with 

sporadic CRC. Diagnosis was made by colonos-
copy and was confirmed after histopathologi-
cal examination at the Surgical Clinic III Cluj.  
Eligible patients had an average age of 63.83 ± 
1.18 years, 80 (53.33%) were females and 70 
(46.67%) were males. Patients included in these 
groups gave their informed consent and were 
interviewed. The consent form contained infor-
mation on the subject such as name, age, gender 
and address, family history of colorectal cancer 
or other forms of cancer, smoking habit, diet. 
They had no other colorectal cancer (familial ad-
enomatous polyposis, hereditary non-polyposis 
colorectal cancer) or inflammatory bowel dis-

ease. The control group consisted of 162 individ-
uals with an average age of 64.09 ± 0.83 years, 
100 (61.73%) females and 62 (38.27%) males, 
without a positive personal or family history of 
colorectal cancer. They were referred for colo-
noscopy because they had medical symptoms 
such as rectorrhagia, transit disorders, tenesmae, 
anemia, subocclusion and occlusion. Genotyp-
ing results were related to environmental risk 
factors, smoking behavior (yes or no) and diet. 
We considered fried red meat intake to be high 
if patients ate fried red meat for more than five 
days a week. The study was approved by the lo-
cal Ethics Committee of our university. Physical 
parameters of the patients and controls included 
in the study are presented in Table I. 

Methods

Blood was collected from each patient 
and control in ethylene-diamine-tetra-acetate 
(EDTA) vacutainers and genomic DNA was ex-
tracted. Amplification of the required product 
was carried out in 25 µl volume of the reaction 
mixture. We amplified the DNA fragments of in-
terest in 25 µl using 5 µl genomic DNA, 0.2 µM 
of each of the primers, 200 mM dNTPs, 0.625U 
Taq DNA polymerase. The sequences of the 
primers were those used by Matullo et al (2001), 
Lunn et al (2000 and 1999) (11, 14, 15). PCR 
products were digested for 3 hours with 5 µl 
specific enzyme (MspI-XRCC1, NcoI-XRCC3 
and PstI-XPD) in a total volume of 10 µl. For 
Arg399Gln-XRCC1, digestion yielded two 374 
bp and 221 bp fragments (Arg399 allele) and 
an undigested 615 bp fragment (Gln399 allele). 
For Lys751Gln-XPD, digestion yielded two 646 
bp and 88 bp fragments (Gln751 allele) and an 
undigested 734 bp fragment (Lys751 allele). For 
Thr241Met-XRCC3, digestion yielded two 97 
bp and 39 bp fragments (Met241 allele) and an 
undigested 136 bp fragment (Thr241 allele). The 
amplified and digested fragments were identified 
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by agarose gel electrophoresis and the gels were 
stained with ethidium bromide solution. All the 
reagents were from Fermentas except the prim-
ers which were from Eurogentec. 

Statistical analysis
We calculated genotype and allele frequen-

cies for both patients and controls and we esti-
mated relative risk and odds ratio (OR) by χ2 
analysis using SPSS® Software version 12 for 
Windows (SPSS Inc., Chicago Illinois, USA 
1989-2003). 95%CI were calculated. p values 
less than 0.05 were considered to have statistical 
significance. We also investigated the interaction 
of smoking and diet with genetic risk factors and 
the influence of risk factors on the onset of can-
cer using the same test. 

Results

A total of 150 patients with sporadic CRC were 
genotyped in this study for Arg399Gln-XRCC1, 
Lys751Gln-XPD and Thr241Met-XRCC3 ge-
netic variations. 162 subjects without confirmed 
malignancy signs formed the control group. 
There were no statistical differences in the age 
of subjects between the two groups, but there 
were differences in lifestyle, smoking behavior 
and daily meat intake, with a higher frequency 
in the patients group as compared to controls. 
Also, there was a higher frequency of smokers 
among both female and male patients compared 
to female and male controls. Both female and 
male patients had a diet rich in fried red meat 
intake compared to controls (Table I). Higher 
frequency of the Arg399Gln-XRCC1 (72% vs. 
45.68%), Lys751Gln-XPD (52.67% vs. 41.98%) 
and Thr241Met-XRCC3 (65.33% vs. 41.98%) 
was encountered in the patients group as com-
pared with controls. The risk to develop sporadic 
CRC was found to be 3.05 (95%CI, [1.86-5.05], 
p<0.001), 1.54 (95%CI, [0.96-2.49], p=0.06) 
and 2.6 (95%CI, [1.61-4.24], p<0.001), respec-

tively in carriers of Arg399Gln-XRCC1, Lys-
751Gln-XPD and Thr241Met-XRCC3 genetic 
variations.

Based on the data obtained from the ques-
tionnaires, we analyzed the possible influence 
of Arg399Gln-XRCC1, Lys751Gln-XPD and 
Thr241Met-XRCC3 genotypes on the metabo-
lization of carcinogens from tobacco smoke and 
diet in both women and men (Tables II, III, IV, 
V). Furthermore, we checked for the influence 
of genetic and environmental exposure on ear-
ly-onset sporadic colorectal cancer in both fe-
males and males (Tables VI, VII).

Discussion

Colorectal cancer, a multifactorial and com-
plex disease, represents one of the common 
cancers that occur worldwide. If, for inherited 
diseases, such as hereditary non-polyposis col-
orectal cancer, there are susceptibility genes, for 
sporadic colorectal cancer many genetic variants 
interact with each other and with environmental 
factors, increasing susceptibility to cancer. Ge-
netic variations such as those affecting the two 
repair pathways, NER and BER, could represent 
susceptibility factors for sporadic colorectal can-
cer when interacting with environmental expo-
sure (4,6-8).

We found a higher frequency of all these 
three polymorphisms in sporadic colorectal can-
cer patients as compared to controls. Our results 
were in agreement with those obtained by Ab-
del-Rahman et al (2000), Yeh et al (2005), Mort 
et al (2003), Stern et al (2009), Jelonek et al 
(2010) and Kabzińsk et al (2010) (16-21). 

In this study, we investigated the role of envi-
ronmental risk factors as modulating factors for 
sporadic colorectal cancer risk in the presence of 
different genetic variations in DNA repair genes 
in a Romanian population. While studies such as 
those performed by Stern et al (2005), Bigler et al 
(2005), Skjelbred et al (2006) Huang et al (2006) 
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and Improta et al (2008) have investigated the 
role of DNA repair gene polymorphisms as risk 
factors for colorectal cancer, only few studies 
have investigated the interaction between these 
polymorphisms and environmental risk factors 
such as smoking behavior and alcohol intake 
(22-26). To the best of our knowledge, this is the 
first Romanian study that investigates the role of 
DNA repair gene variants as modulators of the 
effect of smoking or diet on colorectal cancer 
risk in both females and males. This is also the 
first study that investigates the role of genetic 
risk factors associated with environmental risk 
factors in the onset of sporadic colorectal cancer.

Interaction between XRCC1-Arg399Gln 
and environmental risk factors 
Arg399Gln (G399A) involves the G to A 

transition in exon 10 (position 28152) of the 
XRCC1 gene. Although functional consequenc-
es are unknown, this genetic variation could alter 
protein interaction (15). The study performed by 
Yarosh et al (2005) showed that patients with the 
homozygous Gln399/Gln399 genotype are more 
resistant to anticancer drugs (27). Several other 
studies carried out in different populations have 
reported an association between the Gln399 al-
lele in the XRCC1 gene and smoking as a risk 
factor for sporadic colorectal cancer. Stern et al. 
(2006) showed that among the Los Angeles pop-
ulation, the  Arg399Gln-XRCC1 genetic varia-
tion is linked with colorectal adenomas in smok-
ing patients (28).

We found a significantly higher risk for spo-
radic colorectal cancer in smoking men positive 
for at least one of the Gln399- XRCC1 allele. 
Even if the risk is also increased for females, re-
sults were not statistically significant. Our results 
are in agreement with those obtained by Stern et 
al (2006) but in contrast with the results obtained 
from other populations of the world (25). The 
studies of Taylor et al. (2002) and Takanam et 
al (2005) failed to find any association between 

smoking, the XRCC1 genetic variation and the 
risk for colorectal cancer (29, 30). Regarding the 
interaction of diet and the XRCC1 genetic vari-
ation, a significantly increased risk for sporadic 
colorectal cancer was observed in females who 
ate fried red meat more than five days a week. In 
contrast, in male individuals, a diet rich in fried 
red meat had a major influence on sporadic col-
orectal cancer risk in both positive and negative 
individuals, independently of the genotype. 

Interaction between XPD-Lys751Gln 
and environmental risk factors 
The Lys751Gln genetic variation represents 

a point substitution A to C in position 35931, 
exon 23 of the XPD gene, which determines the 
substitution of Lys with Gln in position 751 of 
the protein. Smoking could represent a risk fac-
tor for sporadic colorectal cancer in both females 
and males. However, a significantly higher risk 
was observed for smoking patients in association 
with XPD genetic variations. Thus, our study 
found that the presence of at least one Gln751 al-
lele could influence the risk of sporadic colorec-
tal cancer in both smoker females and males. 
The results were in accordance with those ob-
tained by Bigler et al  (2005), but not with those 
obtained by Huang et al (2006) and Stern et al 
(2006) (22, 23, 25). We found a stronger associ-
ation between a diet rich in fried red meat intake 
and colorectal cancer risk in both females and 
males, independently of the Gln751-XPD allele.

The explanation for our results could be 
that XPD with DNA helicase activity plays an 
important role in nucleotide excision repair, by 
inducing DNA helix opening, allowing the ex-
cision of damaged DNA (10). The Gln751 allele 
is associated with a lower DNA repair capacity 
of the DNA damage produced by carcinogens. 
Because smoking has a higher amount of carcin-
ogens, it has been suggested that the activity of 
the XPD protein might modulate the DNA dam-
aging effects of smoking (31).
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Interaction between XRCC3-Thr241Met 
and environmental risk factors 
Some genetic variations in XRCC3 genes 

could affect chromosomal instability. One of 
these is the Thr241Met (T241M) which involves 
the substitution of C with T in exon 7 (position 
18067) of the XRCC3 gene. It is possibly asso-
ciated with impaired repair function because this 
substitution influences the enzyme’s function by 
removing a phosphorylation site (32, 33). 

Regarding the Thr241Met-XRCC3 genetic 
variation, our results showed that, while both 
smoker females and males had an increased risk 
for sporadic colorectal cancer in the presence 
of this polymorphism, a significant association 
was found in smoker males. In males, diet rich 
in fried red meat intake represents an indepen-
dent risk factor for sporadic colorectal cancer. 
The risk is nonetheless higher in carriers of the 
Thr241Met -XRCC3 variation. In women nega-
tive for this polymorphism, diet does not repre-
sent a risk factor for sporadic colorectal cancer. 
However, the risk is significantly increased in fe-
males positive for this polymorphism, with a diet 
rich in fried red meat. The Thr241Met-XRCC3 
genetic variation along with smoking behavior 
have been linked with sporadic colorectal cancer 
in several studies in different populations world-
wide, but in other studies such as that performed 
by Tranah et al (2004) and Stern et al (2006), 
there was no association found (22, 34). 

Association between mutated XRCC1, 
XRCC3 and XPD genotypes and lifestyle as 
a modulator for the onset of sporadic 
colorectal cancer
Association between smoking and Arg-

399Gln- XRCC1 genetic variation is an increased 
risk factor for early-onset sporadic colorectal 
cancer in females. Also, association between 
smoking and Lys751Gln- XPD or Thr241Met- 
XRCC3 genetic variations represents a risk fac-
tor for late-onset colorectal cancer in females. 

In male patients, late-onset sporadic colorectal 
cancer was found in smokers positive for the 
three polymorphisms. Female patients who ate 
fried red meat more than 5 days a week had a 
significantly higher risk to develop early-onset 
sporadic colorectal cancer if they were carriers 
of Arg399Gln-XRCC1, Lys751Gln-XPD and 
Thr241Met-XRCC3 genetic variations. Also, 
they had a higher risk to develop late-onset spo-
radic colorectal cancer if they were negative for 
these polymorphisms, but the results were not 
statistically significant.

In male individuals, association between 
diet and Arg399Gln-XRCC1, Lys751Gln-XPD 
and Thr241Met-XRCC3 genetic variations does 
not represent a risk factor for late-onset sporadic 
colorectal cancer. But, male individuals positive 
for Arg399Gln-XRCC1, Lys751Gln-XPD and 
Thr241Met-XRCC3 genetic variations, with a 
diet rich in fried red meat intake, had a higher 
risk to develop early-onset sporadic colorectal 
cancer. The results were statistically significant 
only for the Thr241Met-XRCC3 carriers.  

Conclusions

Our study confirms the influence of the ge-
netic variations in DNA repair genes XRCC1, 
XPD and XRCC3 on the metabolization of car-
cinogens from tobacco smoke and diet. In Ro-
manians, the association between the mutated 
genotypes and environmental risk factors modu-
lates the risk for sporadic colorectal cancer. The 
results confirm the hypothesis that the mutated 
genotypes affect the repair of DNA lesions in 
individuals with such unhealthy behavior and 
genetic factors and environmental exposure act 
simultaneously in the carcinogenesis of spo-
radic colorectal cancer. Smoking in association 
with the Arg399Gln-XRCC1 genetic variation 
influences the early onset of sporadic colorectal 
cancer in females. Diet rich in fried red meat in-
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take associated with  Arg399Gln-XRCC1, Lys-
751Thr-XPD and Thr241Met-XRCC3 genetic 
variations significantly influences the early onset 
of sporadic colorectal cancer in females.
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