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ABSTRACT. Several polymorphisms in the DNA repair gene are thought 
to have significant effects on cancer risk. We investigated the association 
of polymorphisms in the DNA repair genes XRCC1 Arg399Gln, XRCC3 
Thr241Met, XPD Lys751Gln, XPG Asp1104His, APE1 Asp148Glu, 
and HOGG1 Ser326Cys with endometriosis risk. Genotypes were 
determined by PCR-RFLP assays in 52 patients with endometriosis and 
101 age-matched healthy controls. Although there were no significant (P 
> 0.05) differences in the frequencies of genotypes or alleles of APE1, 
XRCC1, XPD, XPG, and HOGG1 genes between patients and controls, 
the frequency of  the XRCC3 Thr/Thr genotype was significantly greater 
in endometriosis patients compared with controls (P = 0.005). XRCC3 
Thr/Met genotypes (P = 0.022), and the Met allele (P = 0.005) seem 
to have a protective role against endometriosis. The distributions of 
genotypes and alleles of the genes APE1, XRCC1, XRCC3, XPD, XPG, 
and HOGG1 were not significantly associated with the different stages of 
endometriosis (P > 0.05). We conclude that the XRCC3 Thr/Thr genotype 
is associated with endometriosis in Turkish women.

Key words: DNA repair; XRCC3 Thr/Thr; Endometriosis; Polymorphism



630

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 9 (2): 629-636 (2010)

R. Attar et al.

INTRODUCTION

Endometriosis is a common, benign, estrogen-dependent, chronic gynecological 
disorder associated with pelvic pain and infertility. It is characterized by the presence 
of uterine endometrial tissue outside the uterine cavity (Giudice and Kao, 2004). Al-
though multiple theories exist regarding the etiology of endometriosis, the exact etiology 
and pathogenesis remain uncertain. Recently, several lines of genetic-association stud-
ies have revealed associations between the development of endometriosis and certain 
genetic polymorphisms. However, the genes that play a role in susceptibility to the de-
velopment and progression of endometriosis are still unknown (Hsieh et al., 2005; Luisi 
et al., 2006).

Oxidative stress has been proposed as a potential factor involved in the pathophysi-
ology of endometriosis (Lambrinoudaki et al., 2009). Several studies indicate that antioxi-
dant defenses may be altered in endometriosis, as suggested by aberrant expression of endo-
metrial antioxidant enzymes and lower levels of the antioxidant vitamin E in peritoneal fluid 
(Van Langendonckt et al., 2002; Lambrinoudaki et al., 2009). Excess reactive oxygen spe-
cies may induce oxidative DNA damage, DNA strand breaks, base modifications, and chro-
mosomal aberrations (Marnett, 2000). For repair of oxidative DNA damage, human cells 
are supported by five DNA repair systems: direct reversal, mismatch repair, double-strand 
break repair, base excision repair (BER), and nucleotide excision repair (NER) (Wood et 
al., 2001). Nearly all oxidatively induced DNA lesions, as well as single-strand breaks, are 
repaired via the BER pathway in organisms ranging from Escherichia coli to mammals 
(Krokan et al., 2000; Hazra et al., 2007). The human oxoguanine glycosylase 1 (hOGG1), 
APE1 and X-ray repair cross-complementing 1 (XRCC1) genes are key genes in the BER 
pathway (Wood et al., 2001). Human 8-oxoguanine glycosylase 1 (hOGG1) encoded by 
the hOGG1 gene can directly remove 8-hydroxy-2-deoxyguanine from damaged DNA as 
a part of the BER pathway (Kohno et al., 1998; Yamane et al., 2004). XRCC1 is a multi-
domain protein that repairs single-strand breaks in DNA (Kubota et al., 1996; Masson et al., 
1998). APE1 is the rate-limiting enzyme in the BER pathway. The gene encoding APE1 is 
located on chromosome 14q11.2-q12 and encodes a 317-amino acid protein (Ramana et al., 
1998). The XRCC3 protein functions in the homologous DNA double-strand break repair 
pathway and directly interacts with and stabilizes Rad51 (Bishop et al., 1998). NER is the 
major pathway in humans for the removal of cyclopyrimidine dimers and 6-4 photoproducts 
produced by ultraviolet (UV) light and a wide variety of bulky lesions formed by chemi-
cal agents (Friedberg et al., 1995). The NER pathway consists of 30 proteins involved in 
DNA damage recognition, incision, DNA ligation, and resynthesis (Costa et al., 2003). The 
NER pathway consists of several genes termed xeroderma pigmentosum (XP) or excision 
repair cross complementing (ERCC) where XPA, ERCC1, ERCC2/XPD, ERCC4/XPF, and 
ERCC5/XPG are central (Hanawalt et al., 2003). 

Endometriosis displays some features of metaplasia and tumorigenesis, and it can 
be suggested that some genetic variants of DNA repair genes may contribute to the patho-
genesis of endometriosis. For this reason, we investigated the association �������������between poly-
morphisms in different DNA repair pathway genes, namely XRCC1 Arg399Gln, XRCC3 
Thr241Met, XPD Lys751Gln, XPG Asp1104His, APE1 Asp148Glu, HOGG1 Ser326Cys, 
and endometriosis risk. 
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MATERIAL AND METHODS

Subjects

One hundred and fifty-three women of reproductive age undergoing laparoscopy for un-
explained infertility, pelvic pain, ultrasonographically identified adnexal mass, or tubal ligation at 
the Obstetrics and Gynecology Department of I.U. Istanbul Medical School were included in the 
study. One hundred and one women (mean age 38.43 ± 7.23 years) who did not have endometriosis 
served as the control group. The endometriosis group (mean age 35.20 ± 9.04 years) consisted of 
52 women: 9 at stage I, 4 at stage II, 16 at stage III, and 23 at stage IV. Diagnosis of endometriosis 
was made on the basis of laparoscopic findings. The revised American Fertility Society staging 
system was used for staging (Anonymous, 1997). All participants signed an informed consent form 
before enrollment and Institutional Ethics Committee approval was obtained for the study.

Polymorphism analysis

Blood samples from all study participants were collected in EDTA-containing tubes. Ge-
nomic DNA was extracted from peripheral whole blood according to the salting-out technique 
(Miller et al., 1988). The genotypes were determined by the polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP) method and primers, annealing temperature, length of 
amplified fragments, restriction pattern, and restriction enzymes used are listed in Table 1 (Sturgis 
et al., 1999; Hu et al., 2002; Le Marchand et al., 2002; Mort et al., 2003; Yeh et al., 2005). PCR was 
done using 50 ng genomic DNA in a 25-µL reaction mixture containing 20 mM Tris-HCl, 50 mM 
KCl, 20 mM MgCl2, 0.3 mM each dNTP, 0.3 mM each primer and 0.2 U Taq DNA polymerase. The 
temperature conditions for PCR were established as denaturation at 94°C for 30 s, annealing for 30 
s, elongation at 72°C for 30 s and final extension at 72°C for 5 min. The amplified fragments were 
digested with appropriate restriction endonucleases and analyzed. The digested PCR products were 
resolved on 3% agarose gels containing ethidium bromide and visualized under UV light. Each gel 
was read by two researchers independently. If there was disagreement, genotyping was repeated.

Polymorphisms	 Primers (forward and reverse)	 Annealing	 PCR product	 Restriction	 Restriction
		  temperature (°C)		  enzyme	 pattern (bp)

APE	 5’-CTGTTTCATTTCTATAGGCTA-3’	 52°C	 164 bp	 FspBI (MaeI)	 Asp/Asp: 164 bp
Asp148Glu	 5’-AGGAACTTGCGAAAGGCTTC-3’				    Asp/Glu: 164 bp, 144 bp, 20 bp
					     Glu/Glu: 144 bp, 20 bp
XRCC1 	 5’-GCCAGGGCCCCTCCTTCAA-3’	 61°C	 485 bp	 PvuII	 Arg/Arg: 485 bp
Arg399Gln	 5’-TACCCTCAGACCCACGAGT-3’				    Arg/Gln: 485 bp, 399 bp, 194 bp
					     Gln/Gln: 399 bp, 194 bp
XRCC3	 5’-GGTCGAGTGACAGTCCAAAC-3’	 59°C	 456 bp	 Hsp92 (NIaIII)	 Thr/Thr: 456 bp
Thr241Met	 5’-TGCAACGGCTGAGGGTCTT-3’				    Thr/Met: 456 bp, 315 bp, 141 bp
					     Met/Met: 315 bp, 141 bp
XPD 	 5’-CCTCTCCCTTTCCTCTGTTC-3’	 52°C	 734 bp	 PstI	 Lys/Lys: 734 bp
Lys751Gln	 5’-CAGGTGAGGGGGGACATCT-3’				    Lys/Gln: 734 bp, 646 bp, 88 bp
					     Gln/ Gln: 646 bp, 88 bp
XPG 	 5’-GACCTGCCTCTCAGAATCATC-3’	 62°C	 271 bp	 NIaIII	 GG: 271 bp
Asp1104His	 5’-CCTCGCACGTCTTAGTTTCC-3’				    GC: 271 bp, 227 bp, 44 bp
					     CC: 227 bp, 44 bp
HOGG1	 5’-ACTGTCACTAGTCTCACCAG-3’	 60°C	 200 bp	 Fnu4HI	 Ser/Ser: 200 bp
Ser326Cys	 5’-GGAAGGTGCTTGGGGAAT-3’				    Ser/Cys: 100 bp, 200 bp
					     Cys/Cys: 100 bp

Table 1. Primer sequences, conditions for amplification, restriction pattern, and restriction enzymes used.
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Statistical analyses

Statistical analyses were performed with SPSS for Windows (version 11.5; SPSS Inc., 
Chicago, IL, USA). The chi-square test was used to differentiate the genotype and allele fre-
quencies between groups. The Fisher exact test was used if the number in any cell of the 2 x 2 
contingency table was <5. Relative risk at 95% confidence intervals (CI) was calculated as the 
odds ratio (OR). Statistical significance was set at P < 0.05.

RESULTS

Table 2 summarizes the distributions of genotypes and alleles of APE1, XRCC1, XRCC3, 
XPD, XPG, and HOGG1 genes in patients with endometriosis and controls. The distributions of 
the genotypes and alleles of the study groups were in Hardy-Weinberg equilibrium. We did not 
find any significant differences for APE1, XRCC1, XPD, XPG, and HOGG1 genotype and allele 
frequencies in patients with endometriosis and controls. The distribution of XRCC3 genotypes in 
patients was significantly different from that of controls (P = 0.018). XRCC3 Thr/Thr genotype 
was significantly increased in endometriosis patients compared with the control group (P = 0.005; 

Polymorphism	 Controls (N = 101)	 %	 Endometriosis (N = 52)	 %	 P

APE Asp148Glu
   Asp/Asp	   58	 57.4%	 27	 51.9%
   Asp/Glu	   31	 30.7%	 21	 40.4%
   Glu/Glu	   12	 11.9%	   4	   7.7%	 0.42
   Asp/Glu+Asp/Asp	   89	 88.1%	 48	 92.3%	 0.42
   Asp/Glu+Glu/Glu	   43	 42.6%	 25	 48.1%	 0.51
XRCC1 Arg399Gln
   Arg/Arg	   86	 85.1%	 40	 76.9%
   Arg/Gln	   15	 14.9%	 12	 23.1%
   Gln/Gln	     0	      0%	   0	 0%	    0.20
   Arg/Gln+Arg/Arg	 101	  100%	 52	 100%	    0
   Arg/Gln+Gln/Gln	   15	 14.9%	 12	 23.1%	 0.20
XRCC3 Thr241Met
   Thr/Thr	   24	 23.8%	 24	 46.2%
   Thr/Met	   66	 65.3%	 24	 46.2%
   Met/Met	   11	 10.9%	   4	   7.7%	   0.018
   Thr/Met+Thr/Thr	   90	 89.1%	 48	 92.3%	   0.52
   Thr/Met+Met/Met	   77	 76.2%	 28	 53.8%	   0.005
XPD Lys751Gln
   Lys/Lys	   39	 38.6%	 19	 36.5%
   Lys/Gln	   50	 49.5%	 28	 53.8%
   Gln/Gln	   12	 11.9%	   5	   9.6%	 0.85
   Lys/Gln+Lys/Lys	   89	 88.1%	 47	 90.4%	 0.67
   Lys/Gln+Gln/Gln	   62	 61.4%	 33	 63.5%	 0.80
XPG Asp1104His
   Asp/Asp	   62	 61.4%	 34	 65.4%
   Asp/His	   33	 32.7%	 13	 25.0%
   His/His	     6	   5.9%	   5	   9.6%	 0.49
   Asp/His+Asp/Asp	   95	 94.1%	 47	 90.4%	 0.40
   Asp/His+His/His	   39	 38.6%	 18	 34.6%	 0.62
HOGG1 Ser326Cys
   Ser/Ser	   70	 69.3%	 35	 67.3%
   Ser/Cys	   27	 26.7%	 15	 28.8%
   Cys/Cys	    4	 4%	   2	   3.8%	 0.96
   Ser/Cys+Ser/Ser	   97	 96.0%	 50	 96.2%	 0.97
   Ser/Cys+Cys/Cys	   31	 30.7%	 17	 32.7%	 0.80

Table 2. Distribution of APE1, XRCC1, XRCC3, XPD, XPG, and HOGG1 genotype frequencies in patients with 
endometriosis and control groups. 
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c2 = 7.99; OR = 2.75; 95%CI = 1.34-5.60). We also found that there are protective role of XRCC3 
Thr/Met genotypes (P = 0.022; c2 = 5.22; OR = 0.45; 95%CI = 0.23-0.89) and Met allele (P = 
0.005; c2 = 7.99; OR = 0.36; 95%CI = 0.17-0.74) against endometriosis.

In order to evaluate whether DNA repair gene polymorphisms were associated with 
the severity of endometriosis or not, participants were categorized into two groups according 
to r-AFS classification: early stage (stage I + II) and late stage (stage III + IV) (Table 3). We 
did not find any association between the distributions of genotypes or alleles in APE1, XRCC1, 
XRCC3, XPD, XPG, and HOGG1 and the stage of endometriosis (P > 0.05).

Polymorphisms	 Early stage (N = 13)	 %	 Late stage (N = 39)	 %	 P

APE Asp148Glu
   Asp/Asp	   8	 61.5%	 19	 48.7%
   Asp/Glu	   5	 38.5%	 16	 41.0%
   Glu/Glu	   0	 0%	   4	 10.3%	 0.43
XRCC1 Arg399Gln
   Arg/Arg	 10	 76.9%	 30	 76.9%
   Arg/Gln	   3	 23.1%	   9	 23.1%
   Gln/Gln	   0	 0%	   0	 0%	 1.0
XRCC3 Thr241Met
   Thr/Thr	   6	 46.2%	 18	 46.2%
   Thr/Met	   7	 53.8%	 17	 43.6%
   Met/Met	   0	 0%	   4	 10.3%	 0.45
XPD Lys751Gln
   Lys/Lys	   2	 15.4%	 17	 43.6%
   Lys/Gln	 10	 76.9%	 18	 46.2%
   Gln/Gln	   1	   7.7%	   4	 10.3%	 0.14
XPG Asp1104His
   Asp/Asp	   7	 53.8%	 27	 69.2%
   Asp/His	   5	 38.5%	   8	 20.5%
   His/His	   1	   7.7%	   4	 10.3%	 0.43
HOGG1 Ser326Cys
   Ser/Ser	   9	 69.2%	 26	 66.7%
   Ser/Cys	   3	 23.1%	 12	 30.8%
   Cys/Cys	   1	   7.7%	   1	   2.6%	 0.64

Table 3. The distribution of APE1, XRCC1, XRCC3, XPD, XPG, and HOGG1 genotypes according to the stage 
of endometriosis.

DISCUSSION 

Endometriosis is increasingly recognized as a complex trait, the development of which 
is influenced by interactions between multiple genes and environmental factors (Zondervan 
et al., 2001). In the present study, we determined whether polymorphisms in the DNA repair 
pathway (XRCC1 Arg399Gln, XRCC3 Thr241Met, XPD Lys751Gln, XPG Asp1104His, APE1 
Asp148Glu, HOGG1 Ser326Cys) are associated with the risk of endometriosis. Although the 
XRCC3 Thr/Thr genotype was associated with the risk of endometriosis, the XRCC3 Thr/Met 
genotypes and Met allele appear to have a protective role against endometriosis. On the other 
hand, we could not find any statistically significant difference in the distribution of genotypes 
between the control and the endometriosis groups, except ���������������������������������with regard to the XRCC3��������� polymor-
phism. To the best of our knowledge, this is the first study showing the association between 
the XRCC3 gene and endometriosis. 

Although most studies have suggested that the XRCC3 241Met variant is a risk 
factor for different kinds of diseases, in our study, the XRCC3 ��������������������������Thr/Thr������������������� genotype was asso-
ciated with the risk of endometriosis. There are conflicting results with respect to almost all 
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studies related to polymorphisms. These differences may be attributable to some factors such as 
ethnic differences and sample size. Variant allele frequencies ranged from 5 to 45%, so there are 
significant differences in the prevalence of the XRCC3-241 polymorphism between different 
ethnic groups. Prevalence of Met/Met homozygosity was 4.6% in African Americans, 0.2% in 
Asians, and 12.4% in Caucasians (Manuguerra et al., 2006). The frequency of these genotypes 
in our population matches that in Caucasians. 

Several studies have examined the association between the XRCC3 Thr241Met poly-
morphism and risk of cancer (Matullo et al., 2001; Butkiewicz et al. 2001; Kuschel et al., 2002). 
For example, XRCC3 241Met was reportedly associated with an increased risk of melanoma 
(Winsey et al., 2000; Tomescu et al., 2001), bladder cancer (Matullo et al., 2001; Narter et al., 
2009) and breast cancer (Kuschel et al., 2002). On the other hand, other studies found that the 
XRCC3 241Met variant was not associated with risk of lung cancer and cervical cancer ��������(Butkie-
wicz et al., 2001; He et al., 2008). The protein product of the XRCC3 gene participates in DNA 
double-strand break/recombinational repair. This protein is a member of a family of Rad-51-re-
lated proteins that participate in homologous recombination to maintain chromosome stability 
and repair DNA damage (Tebbs et al., 1995). The protein product of XRCC3 may be altered 
depeding on the genotype. As mentioned above, the XRCC3 Thr/Thr genotype was associated 
with endometriosis risk, but XRCC3 Thr/Met genotypes and Met allele seem to protect against 
endometriosis. Subjects with XRCC3 Thr/Thr may be susceptible to DNA damage, because the 
activity of product of Thr/Thr genotypes may be lower than that of the other genotypes of the 
same gene, which has an effect on chromosome stability and repair DNA damage (Tebbs et al., 
1995)��������������������������������������������������������������������������������������������.������������������������������������������������������������������������������������������� It is hard to decide whether oxidative stress is a cause or result of mutation or polymor-
phism, which is correlated with diseases such as endometriosis. The development of endome-
triosis is estrogen-dependent. Estrogens and their metabolites play a role in tumor initiation via 
direct damage to DNA by the formation of bulky DNA adducts (Zhu and Conney, 1998). Also, 
estrogens and their metabolites can undergo redox cycling, producing reactive oxygen species, 
which may cause oxidative stress, lipid peroxidation (Wang and Liehr, 1995) and DNA damage 
(Zhu and Conney, 1998; Cavalieri et al., 2000). 

In conclusion, women with the XRCC3 Thr/Thr genotype may be susceptible to the 
development of endometriosis. In contrast, the XRCC3 Thr/Met genotype or Met allele seem 
to be protective against the risk of endometriosis. 

The present study reports a novel finding, as to date there are no reliable markers for 
diagnosing endometriosis. However, our study has some limitations. The major limitation of 
our study is the small sample size. Our results should encourage investigators to conduct a 
multicenter study involving women of other ethnicities and nationalities to confirm the results 
obtained here. In such a study, it could be determined if the XRCC3 Thr/Met genotype and the 
Met allele do in fact have a protective effect against endometriosis.
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