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INTRODUCTION

Exposure to endogenous and exogenous carcinogens, and

genotoxic compounds can cause damage to DNA. DNA

repair process monitors and repairs these DNA alterations

using the complex mechanisms. The repair systems include

base excision repair (BER), nucleotide excision repair

(NER), mismatch repair, and double strand break repair

depending on the type of the damaged DNA [1]. The BER

process replaces a single damaged nucleotide with a normal

residue. X-ray repair cross-complementing group1 (XRCC1)

forms protein complexes with DNA ligase III and DNA

polymerase beta to repair gaps left during BER process [2–

4]. The XRCC1 is a critical enzyme for this repair pathway

and being alive. Mice lacking the XRCC1 activity show a

fatal phenotype [5]. The NER pathway primarily removes

bulky DNA lesions from UV radiation or adducts produced

by chemical carcinogens [3,4]. This process also involves a

large number of proteins. The xeroderma pigmentosum

group D (XPD) gene product functions to unwind double-

stranded DNA during DNA repair and RNA transcription [4].

Defects in the NER pathway are known to be associated with

three diseases, including xeroderma pigmentosum (XP),

Cockayne’s syndrome, and trichothiodystrophy [3,6].

Shen et al. [7] have identified three polymorphisms of

XRCC1 gene at codon 194 (Arg to Trp), 280 (Arg to His), and

399 (Arg to Gln), all of which occur at conserved sequences.

These polymorphisms reside in the regions of multi-protein

interaction. In animal models, mutations at these positions

impair DNA repair capacity [8]. The polymorphisms of XPD

codon 312 (Asp to Asn) and 751 (Lys to Gln) are the two most

commonly studied polymorphisms of this gene [7]. Patients

with lung cancer, who have these variant alleles, show

defective DNA repair capacity [9].

The polymorphisms of DNA repair enzymes have been

reported to be associated with the risk of several types of

cancer including lung cancer [10–14], squamous cell

carcinoma of head and neck [15], pancreatic adenocarcinoma

[16], bladder cancer [17], and breast cancer [18]. However,

the results have been inconsistent. In lung cancer, each of the

studies has shown the different XRCC1 or XPD polymorph-

isms to be a significant genetic risk factor among various

ethnicities [10–14]. However, the reports of the association

between DNA repair polymorphisms and childhood acute

lymphoblastic leukemia (ALL) have been scanty. Joseph

et al. [19] have recently shown that XRCC1 399 Gln allele
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increases risk of this disease in an Indian population.

Children with XRCC1 194 Trp or 399 Gln who have been

exposed to ionizing radiation from X-rays may be at a greater

risk of ALL in a French-Canadian population [20]. However,

the effect of genetic polymorphisms on the risk of disease

may vary from one population to the others due to the

differences of the frequencies and types of polymorphisms as

well as the exposed carcinogens in a studied population.

Therefore, this study was performed to determine the

possible effect of XRCC1 and XPD polymorphisms on the

risk of childhood ALL in a Thai population. We then

extended the study to evaluate the association between multi-

polymorphisms of XRCC1 and XPD genes, and childhood

ALL risk by using a haplotype analysis.

PATIENTS AND METHODS

One hundred and eight children diagnosed with ALL at

Department of Pediatrics, Faculty of Medicine Ramathibodi

Hospital between January 1997 and December 2003 were

included in the study. There were 62 males and 46 females

with a median age of 6 years 3 months (range, 10 months–

14 years 9 months). The diagnosis of ALL was made by bone

marrow morphology and immunophenotype. Three hundred

and seventeen healthy volunteers comprising 163 males and

154 females were recruited as controls. Only Thai population

for at least two generations up was recruited for the cases and

controls. The research protocol was approved by the

Research Ethics Committee on Human Experimentation of

Ramathibodi Hospital, Faculty of Medicine, Mahidol Uni-

versity. Informed consent was obtained from each of these

subjects.

We collected 3 ml of venous blood from patients at

remission and controls. Genomic DNA was extracted from

leukocytes using a standard phenol chloroform method.

Genotyping of XRCC1 codon 194 Arg to Trp (C>T), 280

Arg to His (G>A), and 399 Arg to Gln (G>A), and XPD

codon 312 Asp to Asn (G>A), and 751Lys to Gln (A>C)

polymorphisms were performed using PCR-RFLP techni-

que. The details of these methods have been previously

described [7,22]. A small number of PCR products were

confirmed by DNA sequencing with an automated sequencer

(ABI 3100 Genetic Analyzer). Hardy–Weinberg equilibrium

was evaluated by Chi-square test. The frequency of allele in

each polymorphism was in Hardy–Weinberg equilibrium.

Linkage disequilibrium (LD) of polymorphisms in XRCC1

and XPD genes was analyzed as described previously [21].

Polymorphisms of both genes were found not to be in LD.

The differences of genotype, allele, and haplotype

frequencies between cases and controls were determined

using Chi-square or Fisher’s exact test (two-sided). Odds

ratio (OR) and 95% confidence interval (CI) were calculated

using SPSS version 12.0. Reconstruction of estimated

haplotypes using population genotypic data was performed

using PHASE software [22,23].

RESULTS

XRCC1 Polymorphisms

We examined three polymorphisms of XRCC1 gene

including codon 194 Arg to Trp, 280 Arg to His, and 399

Arg to Gln. Regarding XRCC1 codon 194, individuals with

Trp allele demonstrated a decreased risk of ALL with an OR

of 0.67 (95% CI, 0.47–0.97) (Table I). The frequency of Trp/

Trp genotype in ALL patients was significantly lower than

that in controls (Table II). The distribution of the allele and

genotype frequencies of XRCC1 codon 280 Arg to His

polymorphisms are shown in Tables I and II. The frequency

of homozygous variant genotype in the controls was found to

be only 1%. No significant difference of XRCC1 codon 280

allele or genotype frequency was observed between ALL

patients and controls. The analysis of XRCC1 codon 399 Arg

to Gln polymorphism showed that the Gln allele was

associated with an increased risk of this disease (OR 1.67;

Pediatr Blood Cancer DOI 10.1002/pbc

TABLE I. Allele Frequencies of XRCC1 and XPD Polymorphisms in Cases and Controls

Allele Cases (%) (n¼ 216) Controls (%) (n¼ 634) OR (95% CI) P-value

XRCC1 codon 194

Arg 168 (77.8) 445 (70.2) 1.0

Trp 48 (22.2) 189 (29.8) 0.67 (0.47–0.97) 0.03

XRCC1 codon 280

Arg 202 (93.5) 586 (92.4) 1.0

His 14 (6.5) 48 (7.6) 0.85 (0.46–1.57) 0.60

XRCC1 codon 399

Arg 138 (63.9) 474 (74.8) 1.0

Gln 78 (36.1) 160 (25.2) 1.67 (1.20–2.33) 0.002

XPD codon 312

Asp 205 (94.9) 587 (92.6) 1.0

Asn 11 (5.1) 47 (7.4) 0.67 (0.34–1.32) 0.24

XPD codon 751

Lys 193 (89.4) 576 (90.9) 1.0

Gln 23 (10.6) 58 (9.1) 1.18 (0.71–1.97) 0.52
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95% CI, 1.2–2.33) (Table I). The presence of at least one Gln

allele (Arg/Gln or Gln/Gln) was found to contribute to a

significantly increased risk of ALL (OR 2.18; 95% CI, 1.39–

3.42).

XPD Polymorphisms

Polymorphisms of XPD condon 312 Asp to Asn and 751

Lys to Gln were investigated in this cohort study. There was

no difference of genotype or allele frequency between cases

and controls of both polymorphisms (Tables I and II). The

frequency of homozygous variants of the both polymorph-

isms was found to be less than 1% in our population.

Haplotype Analysis

The estimated haplotype frequencies of XRCC1 and XPD

polymorphisms of ALL patients and controls are shown in

Table III. The XRCC1 haplotype consisted of polymorph-

isms of codon 194, 280, and 399, respectively. The possible

seven haplotypes were demonstrated in our population;

however, two of them had the frequencies of less than 0.1% in

both cases and controls. Therefore, we included the five more

common haplotypes for statistical analysis. The haplotype A,

containing all three wild-type alleles (Arg-Arg-Arg), was the

most frequent one in both cases and controls. The frequency

of haplotype B (Trp-Arg-Arg) in cases was significantly

lower than that in controls (Table III). The haplotype C (Arg-

Arg-Gln) was associated with an increased risk of childhood

ALL with an OR of 1.59 (95% CI, 1.14–2.23). For the

haplotypes of XPD polymorphisms, all four possible

haplotypes of the two polymorphisms were found in our

population. There was no difference of the haplotype

frequencies between cases and controls.

DISCUSSION

Our data demonstrate that XRCC1 polymorphisms had

effect on the risk of ALL in Thai children. The XRCC1-194

Trp allele showed a protective effect against ALL (Table II).

Individuals with Trp/Trp genotype had a reduced risk of this

disease with an OR of 0.22 (95% CI, 0.05–0.96). This finding

is consistent with several studies on XRCC1 polymorphisms

and cancers. The XRCC1 194 variant allele is associated with

a decreased risk of lung cancer in African Americans (OR

0.2; 95% CI, 0.1–0.9) and Caucasians (OR 0.5; 95% CI, 0.2–

1.1) [11]. The protective effect of this allele in lung cancer is

also shown in a Chinese population [10]. Stern et al. [17] have

recently shown that the XRCC1 194 Trp allele has a trend to

decreasing the risk of bladder cancer. These results suggest

that the XRCC1 194 Trp allele may afford a protective role in

carcinogenesis.

The XRCC1 399Gln allele has shown evidence as a

genetic risk in a variety of adult solid tumors. Divine et al.

[12] have found that non-Hispanic, White individuals with

XRCC1 399Gln/Gln genotype have an increased risk of

adenocarcinoma of the lung. The XRCC1 399Gln allele is

associated with the risk of breast cancer in African-American

women but not in Whites [18]. Yu et al. [25] studied the
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TABLE II. Genotype Frequencies of XRCC1 and XPD Polymorphisms in Cases and Controls

Genotype Cases (%) (n¼ 108) Controls (%) (n¼ 317) OR (95%CI) P-value

XRCC1 codon 194

Arg/Arg 62 (57.4) 150 (47.3) 1.0

Arg/Trp 44 (40.7) 145 (45.7) 0.73 (0.47–1.15) 0.18

Trp/Trp 2 (1.9) 22 (6.9) 0.22 (0.05–0.96) 0.03

Arg/TrpþTrp/Trp 46 (42.6) 167 (52.7) 0.67 (0.43–1.04) 0.07

XRCC1 codon 280

Arg/Arg 94 (87) 272 (85.5) 1.0

Arg/His 14 (13) 42 (13.2) 0.97 (0.50–1.85) 0.91

His/His 0 3 (1) — —

Arg/HisþHis/His 14 (13) 45 (14.2) 0.90 (0.47–1.71) 0.75

XRCC1 codon 399

Arg/Arg 39 (36.1) 175 (55.2) 1.0

Arg/Gln 60 (55.6) 124 (39.1) 2.17 (1.37–3.45) 0.001

Gln/Gln 9 (8.3) 18 (5.7) 2.24 (0.94–5.37) 0.06

Arg/GlnþGln/Gln 69 (63.9) 142 (44.8) 2.18 (1.39–3.42) 0.001

XPD codon 312

Asp/Asp 97 (89.8) 272 (85.8) 1.0

Asp/Asn 11 (10.2) 43 (13.6) 0.72 (0.36–1.45) 0.35

Asn/Asn 0 2 (0.6) — —

Asp/AsnþAsn/Asn 11 (10.2) 45 (14.2) 0.69 (0.34–1.38) 0.29

XPD codon 751

Lys/Lys 87 (80.6) 260 (82) 1.0

Lys/Gln 19 (17.6) 56 (17.7) 1.01(0.57–1.80) 0.96

Gln/Gln 2 (1.8) 1 (0.3) 5.89 (0.54–66.73) 0.10

Lys/GlnþGln/Gln 21 (19.4) 57 (18) 1.10 (0.63–1.92) 0.73
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association between XRCC1 194 (Arg to Trp) and 399 (Arg

to Gln) polymorphisms, and esophageal squamous cell

carcinoma (ESCC) risk in a Chinese population. They have

shown that the XRCC1 399Gln/Gln genotype significantly

increases the risk of ESCC (OR 5.15; 95% CI, 2.42–10.93).

Joseph et al. [19] have described the role of XRCC1

polymorphisms in childhood ALL. Indian children with

XRCC1 399Gln allele have an increased risk of ALL, but the

effect of XRCC1 194Trp allele is not clearly apparent. Our

results support the hypothesis that XRCC1 399Gln allele

may influence the risk of childhood ALL. Therefore,

interaction between carcinogen exposure and the variation

of XRCC1 gene may be involved in leukemogenesis.

The functional change of XRCC1 polymorphisms has not

been well documented. However, there have been several

reports on the association between XRCC1 polymorphisms

and DNA damage. Lunn et al. [24] have studied the DNA

repair ability of three XRCC1 polymorphisms using aflatoxin

B1-DNA (AFB1-DNA) adducts and erythrocyte glycophorin

A (GPA) variants as markers, and demonstrated that the

XRCC1 399Gln allele is associated with higher levels of both

AFB1-DNA and GPA NN mutations. In contrast, individuals

carrying at least one XRCC1 194 Trp allele are more likely to

have non-detectable level of AFB1-DNA adducts. Abdel-

Rahman et al. [25] explored the effect of amino acid changes

of XRCC1 gene using sister chromatid exchange (SCE) as a

marker of genetic damage and found that cells from

individuals with XRCC1 399Gln allele have a significantly

higher level of SCE compared to those with XRCC1 399Arg/

Arg genotype. The XRCC1 194 Trp allele shows the opposite

effect. The cells with XRCC1 194 Arg/Trp have a lower level

of SCE compared to cells with Arg/Arg genotype. Duell et al.

[26] have also performed experiments supporting these two

results. They found that mean SCE frequencies of current

smokers with XRCC1 399Gln/Gln genotype are higher than

those with Arg/Arg genotype. These data suggest that

XRCC1 399Gln allele is associated with reduced DNA

repair capacity and support the results that individuals with

XRCC1 399Gln allele have a higher risk of several types of

cancers including childhood ALL. Although there has been

no direct evidence of better DNA repair ability in XRCC1

194Trp allele, XRCC1 194Trp allele has shown a lower level

of DNA damage when compared to the wild-type allele [27].

This might explain the protective effect of XRCC1 194Trp

allele for cancer development in previous reports as well as in

our study.

Using PHASE software, the data demonstrated that these

polymorphisms were transmitted as a haplotype. The

frequency of haplotype B was significantly lower in cases

when compared to controls. This may suggest that indivi-

duals with haplotype B had a decreased risk of childhood

ALL. This finding also supported the results of other reports

concerning different cancers. Han et al. [28] genotyped four

XRCC1 polymorphisms including XRCC1 194 (Arg to Trp),

26602 C>A, 399 (Arg to Gln), and 632 (Gln to Gln) for

assessing the association between these polymorphisms and

haplotypes of XRCC1 and breast cancer risk. The haplotype

containing XRCC1 194 Trp allele is more common in

controls than cases. This result is consistent with the previous

study performed by Lee et al. [29], who found that the

haplotype A (XRCC1 194Trp, 280Arg, and 399Arg)

significantly reduces the risk of gastric cancer in Korean

population. Our study also showed that haplotype C was

significantly associated with increasing risk of childhood

ALL (Table III). Either XRCC1 194Trp allele or 399Gln

allele tended segregate with the other two wild-type alleles.

The frequency of haplotype E containing the two variant

alleles (XRCC1 194Trp and 399Gln) represented only 1.7%

in cases and 0.6% in controls. There was no statistical

difference of heplotype E frequency between these two

groups. Therefore, the associations between these haplotypes

and childhood ALL in our population may be due to the effect

of only one dominant, variant allele; alternatively there might

have been some ungenotyped functional variants in LD

within these haplotypes.

Although XPD polymorphisms have been associated with

other types of cancer [13,14,27], our data did not demonstrate

the difference in the genotypes or allele frequencies of XPD

Pediatr Blood Cancer DOI 10.1002/pbc

TABLE III. Haplotype Frequencies of XRCC1 and XPD Polymorphisms in Cases and Controls

Haplotype Cases (n¼ 216) Controls (n¼ 634) OR (95% CI) P-value

XRCC1 (194-280-399)

A Arg-Arg-Arg 80 (37%) 241 (38%) 0.95 (0.69–1.32) 0.80

B Trp-Arg-Arg 44 (20.4%) 185 (29.2%) 0.62 (0.42–0.90) 0.01

C Arg-Arg-Gln 74 (34.3%) 156 (24.6%) 1.59 (1.14–2.23) 0.008

D Arg-His-Arg 14 (6.5%) 47 (7.4%) 0.86 (0.46–1.60) 0.76

E Trp-Arg-Gln 4 (1.7%) 4 (0.6%) 2.97 (0.73–11.98) 0.12

F Trp-His-Arg <0.1% <0.1% — —

G Arg-His-Gln <0.1% <0.1% — —

XPD (312-751)

A Asp-Lys 193 (89.4%) 562 (88.6%) 1.07 (0.65–1.76) 0.90

B Asn-Gln 11 (5.1%) 33 (5.2%) 0.97 (0.48–1.96) 1.00

C Asp-Gln 12 (5.5%) 24 (3.8%) 1.49 (0.73–3.04) 0.32

D Asn-Gln 0 15 (2.4%) — —
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312 Asp to Asn and 751 Lys to Gln. Moreover, there is an

ethnic variability in allelic distribution of both polymorph-

isms. Our population had a much lower frequency of both

variant alleles as compared with other ethnic groups [30].

Therefore, these polymorphisms could be a less important

genetic factor than others in our population or the NER

pathway might not have a crucial role in leukemogenesis.

The XPD 312 polymorphism was in LD with the XPD 751

polymorphism in our population. However, there was no

difference in the haplotype frequencies between cases and

controls.

In conclusion, this study demonstrated an effect of

XRCC1 polymorphisms on the risk of childhood ALL in a

Thai population. The XRCC1 194 Trp allele and haplotype B

showed a protective effect. In contrast, the XRCC1 399Gln

allele and haplotype C were associated with increased risk for

this disease. Thus, the study of the association between

environmental carcinogens involved in DNA repair pathway

and genetic polymorphism causing leukemogeneis is war-

ranted as well as potentially in the incidence of the disease in

susceptible individuals.
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