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ABSTRACT. We examined the influence of the Arg194Trp, 
Arg280His, and Arg399Gln polymorphisms of XRCC1 (X-ray repair 
cross-complementing group 1) on the development of childhood acute 
lymphoblastic leukemia (ALL) in 120 ALL patients and 120 controls 
in Mexico. All of them were genotyped for these polymorphisms, using 
polymerase chain reaction. No significant differences in allele and 
genotype frequencies for any polymorphism were observed between 
patients and controls. Estimation of haplotypes showed the eight 
expected haplotypes (A-H), seven of which were found in both patients 
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and controls; haplotype A (Arg-Arg-Arg) was the most common, 
whereas haplotypes F and G were absent in patients and controls, 
respectively. Haplotype B (Trp-Arg-Arg) was found to be associated 
with an increased risk of ALL (odds ratio (OR) = 1.95, 95% confidence 
interval (CI) = 1.13-3.37; P = 0.016), particularly in males (OR = 2.65, 
95%CI = 1.25-5.63; P = 0.01). Individually, the 194Trp, 280His, and 
399Gln alleles were not associated with significantly increased risk for 
ALL in these Mexican children.
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INTRODUCTION

DNA repair systems maintain genome integrity, which is of vital importance for 
cellular functions. A failure of these systems has been associated with cancer, birth de-
fects, and an accelerated rate of aging (Ronen and Glickman, 2001). Polymorphisms in 
DNA repair genes may result in deficient DNA repair, which in turn leads to cumulative 
genotoxic damage and increased cancer susceptibility (Krajinovic et al., 2002). The X-ray 
repair cross-complementing group 1 (XRCC1) protein participates in the DNA repair pro-
cess by base excision repair. There are 21 single nucleotide polymorphisms in the XRCC1 
gene that produce amino acid substitutions (Hubbard et al., 2009); three of them have been 
associated with cancer, including leukemia, but controversial results have been reported 
(Seedhouse et al., 2002; Hu et al., 2005; Joseph et al., 2005; Zhu et al., 2005; Matullo et 
al., 2006; Deligezer et al., 2007; Pakakasama et al., 2007; Batar et al., 2009). Such poly-
morphisms are rs1799782 (Arg194Trp) localized in exon 6, rs25489 (Arg280His) in exon 
9, and rs25487 (Arg399Gln) in exon 10 (Hubbard et al., 2009). Recently, association stud-
ies between these XRCC1 polymorphisms and childhood acute lymphoblastic leukemia 
(ALL) have been performed (Joseph et al., 2005; Zhu et al., 2005; Pakakasama et al., 2007; 
Batar et al., 2009). In this study, we searched for an association of the XRCC1 Arg194Trp, 
Arg280His, and Arg399Gln polymorphisms with the development of childhood ALL in a 
Mexican population.

MATERIAL AND METHODS

Study subjects

One hundred and twenty consecutive children with ALL (116 with ALL-L1 and 4 with 
ALL-L2) diagnosed clinically and histopathologically at the Centro Medico Nacional de Occi-
dente in Guadalajara, Jalisco, Mexico, and a control group composed of 120 healthy individu-
als randomly selected from blood donors were analyzed for the Arg194Trp, Arg280His, and 
Arg399Gln polymorphisms of the XRCC1 gene. Both groups were mestizos of the Mexican 
West (States of Jalisco, Colima, Michoacan, and Aguascalientes). The patient group, analyzed 
before treatment, was composed of 65 males and 55 females with an average age of seven 
years (range 1-14 years at diagnosis), and the control group included 84 males and 36 females. 
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Informed written consent was obtained from all individuals, and the study was conducted in 
accordance with the guidelines of the Declaration of Helsinki.

Methods

Genomic DNA was extracted from peripheral blood of patients and of controls by 
the phenol-chloroform or GenomicPrepTM Blood DNA Isolation Kit (Amersham Bioscience; 
Piscataway, NJ, USA) procedure; a polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP) analysis was then performed. The primers used were 
5’-GCCCCGTCCCAGGTA-3’ and 5’-AGCCCCAAGACCCTTTCACT-3’ for polymorphism 
Arg194Trp, 5’-TTGTGCTTTCTCTGTGTCCA-3’ and 5’-TCCTCCAGCCTTTTCTGATA-3’ 
for Arg399Gln, and 5’-CCAGTGGTACTAACCTAATC-3’ and 5’-CACTCAGCACCAGTAC
CACA-3’ for Arg280His. PCR-RFLP was carried out according to methods previously 
described (Butkiewicz et al., 2001; Zhang et al., 2005). The amplification program consisted 
of an initial denaturation at 94°C for 4 min and 35 cycles at 94°C for 30 s, 60°C for 30 s 
(62°C for 30 s for Arg280His), and 72°C for 30 s, followed by a final elongation at 72°C for 
4 min. The PCR products were 491 bp for Arg194Trp; 201 bp for Arg280His, and 615 bp 
for Arg399Gln. Cleavage with specific endonucleases for each polymorphism was done as 
follows; HpaII for Arg194Trp and Arg399Gln, and RsaI for Arg280His (Butkiewicz et al., 
2001; Zhang et al., 2005) (see Figures 1, 2 and 3). 

Figure 1. Polyacrylamide gel showing results of the XRCC1 Arg194Trp polymorphism in some individuals. Lanes 
1, 6, and 7: Mutated homozygous (Trp/Trp). Lanes 2, 4, 15, and 16:  Heterozygous (Arg/Trp). Lanes 3, 5, 10-14, and 
17-19: Wild homozygous (Arg/Arg). Lane 8: 100-bp marker. Lane 9: Result not conclusive. Note: Cleavage with 
HpaII yielded fragments of 292, 178, and 21 bp for the wild allele, and 313 and 178 bp for the polymorphic allele. 
Fragments of 21 bp are not shown.
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Figure 2. Polyacrylamide gel showing results of the XRCC1 Arg280His polymorphism in some individuals. 
Lanes 1-4, 6, 8-11, 13, and 14: Wild homozygous (Arg/Arg). Lane 5: Heterozygous (Arg/His). Lane 7: 50-bp 
marker. Lane 12: Without sample. Note: Digestion with RsaI rendered products of 131, 48, 14, and 8 bp for 
the wild allele, and 179, 14, and 8 bp for the polymorphic allele. Fragments of 14 and 8 bp are not shown.

Figure 3. Polyacrylamide gel showing results of the XRCC1 Arg399Gln polymorphism in some individuals. Lanes 
1, 7, 8, 15, and 16: Heterozygous (Arg/Gln). Lanes 2 and 11: Mutated homozygous (Gln/Gln). Lanes 3-6, 9, 10, 12 
and 14: Wild homozygous (Arg/Arg). Lane 13: 100-bp marker. Note: Cleavage with HpaII produced fragments of 
377 and 238 bp for the wild allele and 615 bp for the polymorphic allele.
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Statistical analysis

Statistical analysis was performed with the SPSS 10.0 for Windows software. 
Hardy-Weinberg equilibrium was evaluated by the Fisher exact test. Comparison of allele 
and genotype frequencies between patients and controls was carried out by the chi-square 
test. Risk of ALL was estimated calculating the odds ratio (OR) and 95% confidence in-
tervals (95%CI). Moreover, analysis by gender was done contrasting allele frequencies 
between patients and controls. On the other hand, estimation of haplotypes was done 
with the Hapstat 3.0 software using the genotypic data, and evaluation of risk of ALL 
was performed. In all analyses, the wild alleles were taken as reference and the level of 
significance was defined as P < 0.05.

RESULTS

The allele and genotype frequencies are shown in Table 1. The allele frequen-
cies of the three polymorphisms were consistent with Hardy-Weinberg equilibrium (P = 
1.0 for Arg194Trp, P = 0.70 for Arg280His, and P = 1.0 for Arg399Gln). No significant 
differences in allele and genotype frequencies for any polymorphism were observed be-
tween patients and controls, although the polymorphic alleles were more frequent in 
patients (Table 1). The analysis by gender also showed no differences. 

Genotype	 Controls	 Patients	 OR (95%CI)1	 P1	 OR (95%CI)2	 P2

	 (N = 120)	 (N = 120)

Arg194Trp
   Arg/Arg	 86	 80	 1.0 (Reference)
   Arg/Trp	 31	 34	  1.18 (0.66-2.09)	 0.57	 1.30 (0.81-2.09)	 0.28
   Trp/Trp	   3	   6	  2.15 (0.52-8.89)	 0.28
Arg280His
   Arg/Arg	 88	 87	 1.0 (Reference)
   Arg/His	 31	 31	  1.01 (0.57-1.81)	 0.97	 1.07 (0.64-1.79)	 0.79
   His/His	   1	   2	    2.02 (0.18-22.72)	 0.56
Arg399Gln
   Arg/Arg	 65	 57	 1.0 (Reference)
   Arg/Gln	 47	 51	  1.24 (0.73-2.11)	 0.43	 1.28 (0.86-1.90)	 0.23
   Gln/Gln	   8	 12	  1.71 (0.65-4.48)	 0.27

Table 1. Genotype frequencies of XRCC1 polymorphisms in patients and controls.

Comparison of genotype1 and allele2 frequencies between patients and controls. 2Wild alleles were taken as 
reference. Chi-square test.

We found the expected eight haplotypes (A-H), including seven in both patients and 
controls (Table 2); haplotype A (Arg-Arg-Arg) was the most common, whereas haplotypes F 
and G were absent in patients and controls, respectively. Only the four most frequent haplo-
types were considered for analysis. Haplotype B (Trp-Arg-Arg) was associated with an in-
creased risk of ALL (OR = 1.95, 95%CI = 1.13-3.37; P = 0.016) (Table 2), particularly in 
males (OR = 2.65, 95%CI = 1.25-5.63; P = 0.01) (Table 3). 
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DISCUSSION

Our findings suggest that independently 194Trp, 280His, and 399Gln alleles do not 
significantly increase the risk of ALL in Mexican mestizo children, a finding similar to that 
of Batar et al. (2009) in Turkish children for 194Trp and 399Gln alleles. Yet, it has been 
shown that 399Gln increases the risk of childhood ALL in Indians (OR = 2.01, 95%CI = 
1.19-3.40; P = 0.009) (Joseph et al., 2005), Chinese (OR = 2.24, 95%CI = 1.04-4.81) (Zhu 
et al., 2005), and Thais (OR = 1.67, 95%CI = 1.20-2.33; P = 0.002) (Pakakasama et al., 
2007). Additionally, Pakakasama et al. (2007) suggested that the 194Trp allele has a protec-
tive effect against ALL in the Thai population (OR = 0.67, 95%CI = 0.47-0.97; P = 0.03). 
The frequency of the polymorphisms was similar in males and females in our population. In 
this regard, Joseph et al. (2005) showed that carriers of polymorphic alleles had an elevated 
risk of ALL; however, significant differences for 194Trp (OR = 2.04, 95%CI = 1.0-4.20; P = 
0.049) and for 399Gln (OR = 2.58, 95%CI = 1.35-4.94; P = 0.004) were found only in male 
carriers. In another study, the 194Trp allele was associated with an increased risk of ALL in 
females (Batar et al., 2009). In our population, the haplotype B was associated with a greater 
risk of ALL in males (OR = 2.65, 95%CI = 1.25-5.63; P = 0.01).

Our finding that haplotype B (Trp-Arg-Arg) was significantly related to ALL (OR = 
1.95, 95%CI = 1.13-3.37; P = 0.016) contrasts with the reduced frequency of such haplotype in 
cases and the corresponding decreased risk of ALL (OR = 0.62, 95%CI = 0.42-0.90; P = 0.01) 
found by Pakakasama et al. (2007). Moreover, the higher albeit nonsignificant risk related to 

Haplotype	 Controls	 Patients	 OR (95%CI)	 P*
	 (N = 240)	 (N = 240)

A Arg-Arg-Arg	 118	 93	 1.0 (Reference)	
B Trp-Arg-Arg	   28	 43	  1.95 (1.13-3.37)	   0.016
C Arg-Arg-Gln	   59	 67	  1.44 (0.93-2.24)	 0.11
D Arg-His-Arg	   26	 28	  1.37 (0.75-2.49)	 0.31
E Trp-Arg-Gln	     2	   2	 ND	 ND
F Trp-His-Arg	     5	   0	 ND	 ND
G Arg-His-Gln	     0	   6	 ND	 ND
H Trp-His-Gln	     2	   1	 ND	 ND

Table 2. Haplotype frequencies of the three XRCC1 polymorphisms in patients and controls.

Comparison of haplotype frequencies between patients and controls. ND = Not determined. *Chi-square test.

Table 3. Haplotype frequencies of the three XRCC1 polymorphisms in patients and controls stratified by gender.

Haplotype	                   Males		  OR (95%CI)	 P*	                    Females		  OR (95%CI)	 P*
	 Controls	 Patients			   Controls	 Patients
	 (N = 168)	 (N = 130)			   (N = 72)	 (N = 110)

A Arg-Arg-Arg	 86	 51	 1.0 (Reference)		  34	 42	 1.0 (Reference)
B Trp-Arg-Arg	 14	 22	 2.65 (1.25-5.63)	 0.01	 14	 21	  1.21 (0.54-2.74)	 0.64
C Arg-Arg-Gln	 41	 37	 1.52 (0.87-2.67)	 0.14	 15	 30	  1.62 (0.75-3.49)	 0.22
D Arg-His-Arg	 18	 13	 1.22 (0.55-2.69) 	 0.63	   7	 15	  1.74 (0.64-4.74)	 0.28
E Trp-Arg-Gln	   3	   2	 ND	 ND	   0	   0	 ND	 ND
F Trp-His-Arg	   4	   0	 ND	 ND	   0	   0	 ND	 ND
G Arg-His-Gln	   0	   4	 ND	 ND	   2	   2	 ND	 ND
H Trp-His-Gln	   2	   1	 ND	 ND	   0	   0	 ND	 ND

Comparison of haplotype frequencies between patients and controls for gender. ND = Not determined. *Chi-square test.
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haplotype C (Arg-Arg-Gln) in our study is consistent with the significant risk of ALL (OR = 
1.59, 95%CI = 1.14-2.23; P = 0.008) documented in Thai patients (Pakakasama et al., 2007). 

On the other hand, no association was found between some of these XRCC1 alleles and 
acute myelogenous leukemia in Caucasians in the United Kingdom (Seedhouse et al., 2002), 
chronic myelogenous leukemia in Turkish people (Deligezer et al., 2007), malignant lympho-
mas in Japanese (Matsuo et al., 2004), follicular lymphoma in Danes and Swedes (Smedby et 
al., 2006), and non-Hodgkin’s lymphoma in a Chinese population (Liu et al., 2009), whereas 
an increased risk related to the 399Gln allele was found for leukemia in a European population 
(Matullo et al., 2006), Hodgkin’s lymphoma in an American population (El-Zein et al., 2009), 
and follicular lymphoma among Chinese heavy smokers (Liu et al., 2009). In contrast, a protec-
tive effect was observed for 194Trp allele in non-Hodgkin’s lymphoma in Australians (Shen 
et al., 2007) and for 399Gln in therapy-related acute myelogenous leukemia (Seedhouse et al., 
2002). Moreover, these XRCC1 polymorphisms have been extensively analyzed in several solid 
tumors in many populations, but controversial results have been reported (Hu et al., 2005). 

There is no doubt that the inter-study discordances noted here are due to many factors 
including cancer type, tumor histology, selection criteria, wrong diagnosis, and of course ethnic 
background. It has been suggested that changes in the XRCC1 protein, mainly in amino acid 
399, increase the susceptibility for tumor development via genomic instability (Lunn et al., 1999; 
Abdel-Rahman and El-Zein, 2000; Duell et al., 2000; Lei et al., 2002). Nevertheless, another 
study did not find any effect of Arg194Trp and Arg399Gln polymorphisms with regard to DNA 
damage (Pastorelli et al., 2002), even though it is not well known whether these polymorphisms 
produce a functional change in the protein. In any case, the risk of cancer depends on the in-
volvement of several factors, and not only on the presence or combination of certain common 
genetic polymorphisms (Naccarati et al., 2007). Likewise, it has been suggested that several low 
penetrance genes, together with dietary effects, environmental exposure and individual immune 
system responses, could be the main factors predisposing to leukemia (Bolufer et al., 2006).

In conclusion, the differences between our results and those reported previously could 
be fortuitous and may be attributed to the size of the samples, different selection criteria or wrong 
diagnosis; nevertheless, such discordances could be due to the diverse genetic backgrounds 
among ethnic groups. Thus, further studies with larger samples may be necessary to elucidate 
the association between XRCC1 polymorphisms and an increased risk of childhood ALL.
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