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Polymorphisms that occur in DNA repair genes affect DNA repair capacity and constitute a risk factor in
hematological malignancies. This study, was aimed to investigate whether xeroderma pigmentosum
complementation group D (XPD) and x-ray repair cross-complementing group 1 (XRCC1) gene
polymorphisms were involved in the susceptibility to different hematological malignancies. The
genotype and allele frequencies were obtained by analyzing XPD gene codon 751 in a total of 80
patients and XRCC1 gene codon 399 polymorphism in a total of 100 patients with hematological
malignancies and 100 healthy controls. Mean age was 45 (range: 16 to 75) and 46 (range: 16 to 82) in the
patients groups and 39.5 (range: 18 to 67) in the control group, respectively. Additionally, distribution of
genotypes and alleles were compared in the patient and control groups. In the comparison of genotype
and allele frequencies in hematological malighancies and healthy controls, XPD-751GIn variant was
arranged and compared according to age and sex and GIn/Gin genotype was reported to be a protector,
which was decreased significantly in acute myeloblastic leukemia (AML) (p = 0.042). No relationship
was determined between allele frequencies (p = 0.054). In XRCC1-399, it was shown that GIn/GIn
genotype was decreased significantly in AML (p = 0.014) plus all hematological malignancies (p = 0.033)
and that GIn allele was present at a lower ratio in AML (p = 0.046). The distribution of polymorphism of
both genes was not statistically significant in terms of age and sex. In leukemia with early relapse, XPD
751 Lys/Lys genotype was determined at a statistically higher ratio (p = 0.042). In the evaluation of both
genes together, a decrease was noted in GIn/GIn + Lys/Gln haplotype frequency in hematological
malignancies (p = 0.048). In this study, it was demonstrated that a decrease in GIn/GIn genotype and
GIn allele acted as a protector in XPD codon 751 and XRCC1 codon 399 polymorphisms in acute
myeloblastic leukemia (AML) and that an increase in Lys/Lys genotype in acute leukemia was
associated with early relapse.
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INTRODUCTION

DNA repair mechanisms have an essential role in genome

*Corresponding author. E-mail: tomatir@pau.edu.tr. Tel: +90
258 2962578. Fax: +90 258 2962433.

# These Authors contributed eaqually.

stability. The polymorphisms in DNA repair genomes
resulting from the interaction between gene and the
environment increase the tendency of cells to cancer by
affecting DNA repair mechanisms. It has been shown in
literature that these polymorphisms play an important role
in mismatch repair (MMR), DNA repair, nucleotide
excision repair (NER) and base excision repair (BER)
mechanisms in hematological malignancies (Das-Gupta



et al., 2000; Pedersen -Bjergaard et al., 2002).

XPD (Xeroderma pigmentosum complementation group
D) gene participates in NER and it is in the 13.3th district
of Q part in the 19th chromosome. Transcription factor |l
H is an inferior unit of the basal transcription complex
(http://www.ncbi.nlm.nih.gov/gene?term=%20L47234).
DNA repair includes a 5°—3’ helicase activity dependant
on ATP molecule. Several polymorphisms have been
identified in the XPD repair gene and the most important
of these have been determined in codons 156, 312 and
751. These polymorphisms lead to changes at the amino
acid level. The polymorphism in codon 751 transforms
into glutamine amino acid. The polymorphisms in XPD
gene give information about the capacity of DNA repair
and the risk of cancer. Studies have shown that these
polymorphisms lead particularly to cancer, xeroderma
pigmentosum, cockayne syndrome and various
neurological defects (Taylor et al., 1997; Taylor and
Lehman, 1998; Kumar et al., 2003). The polymorphisms
in XPD-751 gene have been investigated in several
diseases. XPD repair gene polymorphisms have been
examined especially in colorectal glands and cancers
(Yeh et al., 2005; Skjelbred et al., 2006, Artac et al.,
2010), breast cancers (Metsola et al., 2005; Shi et al.,
2004; Chacko et al., 2005), pancreas cancers (Jiao et al.,
2007), bladder cancers (Shen et al., 2003), lung cancers
(Hou et al., 2002; Xing et al., 2002; Park et al., 2002 a, b;
Gao et al., 2003; Liang et al., 2003; Sreeja et al., 2007),
esophageal carcinomas (Yu et al, 2004) and
hematological malignancies (Allan et al., 2004; Mehta et
al, 2006; Monzo et al., 2006).

XRCC1 (X-ray repair cross-complementing group 1)
gene one is of the BER repair genes and is located at the
13.2 district of Q part in chromosome 19. This gene has
17 exons (Chacko et al., 2005) which is essential for the
synthesis of DNA proteins including DNA polymerase
beta and DNA ligase Ill and BER and single suture
fractures. There are 3 common polymorphisms in XRCC1
DNA repair gene: codon 194 (Arg—Trp), codon 280
(Arg—His) and codon 399 (Arg—GIn) polymorphisms.
XRCC1 codon 399 is considered to be protected in the
process of evolution. The 399 poly (ADP-ribose) poly-
merase (PARP) and BRCT (BRCA1 C-end) on the XRCC
codon are associated. On the way to BER and PARP is
an enzyme in the form of zinc finger causing DNA suture
fractures; it also has a great importance in the repair of
endogen oxidative DNA damage (Duell et al., 2000; Lei et
al., 2002). XRCC1 gene polymorphisms have been
investigated in several diseases and tissues. Polymor-
phisms in XRCC1 repair gene have been examined
especially in colorectal cancers (Artac et al., 2010), breast
cancers (Duell et al., 2001; Moullan et al., 2003; and Smith
et al, 2003a,b), pancreas cancers (Duell et al., 2002),
bladder cancer (Stern et al., 2001; 2002), head and neck
cancers (Tae et al., 2004), lung cancers (David-Beabes
and London, 2001; Park et al.,, 2002a,b; Sreeja et al.,
2007; Kalikaki et al., 2009), prostate cancers (Rybicki et
al., 2004), skin cancers (Hemminki et al., 2001). leukocyte
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diseases (Duell et al., 2000; Qiao et al., 2002)
and hematological malignancies (Seedhouse et al., 2002;
2004; Seedhouse and Russell, 2007).

The objective of this study was to compare the poly-
morphisms in XPD (codon 751) and XRCC1 (codon 399)
DNA repair genes in patients with hematological maligna-
ncies and healthy individuals using the polymerase chain
reaction restriction fragment length polymorphism (PCR-
RFLP) method and to determine other associated clinical
parameters.

MATERIALS AND METHODS
Subjects

Ethics committee approval was obtained for the study. A total of
100 patients who had been diagnosed between the dates 1 July,
2004 and 1 June, 2005 by a hematologist with various hematological
malignancies including Hodgkin-leukemia (HL), non-Hodgkin
lymphoma (NHL), acute myeloblastic leukemia (AML), acute
lymphoblastic leukemia (ALL) and multiple myeloma (MM), and 100
healthy individuals (controls) were involved in the study. The mean
age was 45 (range: 16 to 75) and 46 (range: 16 to 82) in the
patients groups, and 39.5 (range: 18 to 67) in the control group.
Blood samples were obtained from all the individuals into tubes with
EDTA and DNA extraction was performed in these samples.

Genotyping

DNA was extracted from peripheral blood samples using the
Invisorb DNA isolation kit. PCR followed by enzymatic digestion
analysis and was used for genotyping of XRCC1 Arg399GiIn and
XPD Lys751GIn polymorphisms. The XRCC1 Arg399Gin poly-
morphism, a A —G transversion and the XPD Lys751GIn
polymorphism, a A —C transversion in exon 23 were amplified in a
403-bp fragment and in a 324-bp fragment using the following
primers: XRCC1-399F 5-AGTAGTCTGCTGGCT CTGG-3 and
XRCC1-399R 5-TCTCCCTTGGTCTCCAACCT-3’; XPD-751F 5'-
ATCCTGTCCCTACTGGCCATTC-3 and XPD-751R 5-TGTGGA
CGTGACAGTGAGAAA-3 with 2 mM/I MgCl, (Butkiewicz et al.,
2001; Yu et al., 2004; Baccaralli et al., 2004). The following thermal
cycling conditions were used: PCR initiated by a 4 min denaturation
step at 94°C followed by 35 cycles of 94°C for 30 s, 60°C for 30 s,
72°C for 45 s and a final elongation step of 72°C for 7 min. The
PCR product was digested with 10 units/ul Mspl (the restriction site
is located at the XRCC1 Arg399Gin allele) and 10 units/ul Pstl (the
restriction site is located at the XPD Lys751Gin allele) at 37°C over-
night. Next, the product was resolved using 2% agarose gels. XPD-
751 PCR products contained an internal Pst/ site in the 751Lys
allele, resulting in 104 and 220-bp long products. In addition, an
extra Pstl site was present in the GIn allele, resulting in 63, 104,
and 157-bp long products. The agarose gel displayed results of
these are shown in Figure 1. The XRCC1-399 PCR products
contained an internal Mspl site, resulting in 162-, 239-bp long
products of 399Arg allele and 401-bp long product of 399Gin allele.
The agarose gel display results of these are shown in Figure 2.
Arginine—Glutamine substation in codon 399 in XRCC1 gene
polymorphism and Lysine—Glutamine substation in codon 751 of
exon 23 in XPD gene polymorphism were genotyped using PCR-
RFLP. The frequencies of XPD-751 genotypes Lys/Lys, Lys/GIn,
GIn/GlIn and XRCC1-399 genotypes Arg/Arg, Arg /Gin, GIn/GIn and
allele frequencies in patients and healthy controls were compared.

Statistical analysis

Genotype, allele frequency and haplotype distribution frequencies
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Figure 1._Pst | enzyme cutting of XPD gene codon 751 district. M, marker, ND; uncut PCR product
is 1to2,4,7to12; 14 Lys/Lys genotype; 3, 5, 6, GIn/GIn genotype. 13th sample was separated to

perform serial DNA analyses.
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Figure 2. Msp | enzyme cutting of XRCC1-399 district. M, marker ND; uncut PCR product is 1-3, 6, 7, 11, 15, 18,
19, 22; Arg/Arg genotype, 4, 5, 8, 10, 12, 13, 14, 16, 17, 20, 21, 23, 24; Arg/GIn genotype, 9; GIn/GIn genotype.

of XRCC1-399 and XPD-751 polymorphisms were determined in
healthy controls and patients with hematological malignancies and
chi-s¢ tare and logistic regression analysis tests (Odds ratios ORs)
were performed using SPSS 11.0 statistical program. A confidence
interval of 95% and P values < 0.05 were considered statistically
significant.

RESULTS

In this study, DNA repair gene XPD-751 and XRCC1-399
polymorphisms were investigated using PCR-RFLP
method in patients with hematological malignancies and
healthy controls. Demographic features including age,
gender and specific type of hematological malignancy are
presented in Table 1.

Genotype and allele frequencies are shown in Table 2
according to the results of the analysis of XPD gene

codon 751 Gin polymorphism in 80 patients with
hematological malignancies including 35 subjects with
acute myeloblastic leukemia (AML), 10 subjects with ALL,
15 subjects with acute lymphoblastic leukemia (MM), 4
subjects with Hodgkin-leukemia (HL) and 16 subjects
with non-Hodgkin lymphoma (NHL), plus 100 healthy
control individuals.

In the comparison of XPD codon 751GiIn variant
genotype frequency between patients with hematological
malignancies and healthy control groups, it was noted
that GIn/Gin genotype was infrequent in AML, whereas,
frequent in control groups (Table 2). The protective role
of GIn/GIn genotype in AML has not been proven
statistically. No statistically significant findings were
obtained in other hematological malignancies either. No
statistically significant relationship was determined bet-
ween the allele frequencies of patients with hematological
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Table 1. The distribution of age, gender and diagnosis in subjects with
hematological malignancies and healthy controls.

Parameter Hematological malignancy  Healthy control group
XPD-751 n=80 n=100
Age 45 (16-75) 39.5 (18-67)
Gender M/F 49/31 (61/39) 70/30
Diagnose

AML 35

ALL 10

MM 15

HL 4

NHL 16

XRCC1-399 N=100 n=100
Age 46 (16-82) 39.5 (18-67)
Gender M/F 54/46 74/26
Diagnose

AML 36

ALL 9

MM 12

HL 20

NHL 23

Table 2. The comparison of XPD variant gene frequency between subjects with hematological malignancies and healthy

controls.
AML ALL HL MM NHL HMT Healthy control group
XPD Codon 751 n=35 n=10 n=4 n=15 n=16 n=80 n=100 (%) P
(%) (%) (%) (%) (%) (%)
Genotype Lys/Lys 18 (51) 4(40) 4(100) 9(60) 7 (44) 42(52) 41 (41) 0.284%2
Lys/GIn 16 (46) 4 (40) 0 4(27) 6(38) 30(38) 41 (41) 0.627°2
GIn/GIn 1 (2) 2 (20) 0 2(13) 3(18) 8 (10) 18 (18) 0.027°
Allele Lys 52 (74) 12(60) 8(100) 22 (73) 20(63) 114 (71) 123 (62) 0.071°2
Gln 18 (26) 8 (40) 0(0) 8(27) 12(37) 46(29) 77 (38)

A comparison of XPD variant gene frequencies between hematological malignancies and healthy control groups.
AML, Acute myeloid leukemia; ALL, acute lymphoid leukemia; HL, Hodgkin lymphoma; MM, multiple myeloma; NHL, non-Hodgkin
lymphoma; HMT, total of hematological malignancies and healthy controls.

malignancies and healthy control groups (p 0.71)
(Table 2). XPD-751 variant genotype (GIn/GIn) frequen-
cies were 0.02, 0.20, 0.0, 0.13, 0.18, 0.10 for AML, ALL,
HL, MM, NHL and HMT, respectively. In contrast, the
frequency was 0.18 in the healthy control group. The
frequency of normal genotype (Lys/Lys) was 0.51, 0.40,
1.0, 0.60, 0.44, 0.52 for AML, ALL, HL, MM, NHL and
HMT, respectively and 0.41 in the control group (Table
2).
The genotype and allele frequencies obtained by
analyzing XRCC1 gene codon 399 GIn polymorphism in
a total of 100 patients with hematological malignancies

and healthy controls are shown in Table 3. In this study, it
was demonstrated that XRCC1 codon 399 Gin/Gin
genotype was statistically significantly less frequent (p =
0.014; 0.047; 0.003) in AML, NHL and all other hemato-
logical malignancies compared with the control group. No
significant relationship was determined in allele
frequencies (p = 0.063) (Table 3).

Similarly, no statistically significant difference was
determined in XPD-751 and XRCC1-399 genotype and
allele frequencies in terms of age and gender (Table 4).
In the comparison of patients with myeloid and lymphoid
malignancies associated with XPD-751 and controls,
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Table 3. The comparison of XRCC1 variant gene frequencies between subjects with hematological malignancies and healthy controls.

Healthy
Codon AML ALL HL MM NHL HMT control
XRCC1 399 group P
n=36 (%) n=9 (%) n=20(%) n=12(%) n=23 (%) n=100 (%) n=100(%)
Genotype Arg/Arg 19 (53) 3(33) 6 (30) 5 (42) 9 (39) 42 (42) 42 (42) 0.265°
Arg/GIn 17 (47) 5 (56) 14 (70) 5 (42) 14 (61) 55 (55) 43 (43) 0.662°
GIn/GIn 0 (0) 1(11) 0 (0) 2 (16) 0 (0) 3 (3) 15 (15) 0.014%0.047°0.003°
Allele Arg 55 (76) 11 (61) 26 (65) 15 (63) 32 (70) 139 (70) 127 (64) 0.063%
GIn 17 (24) 7 (39) 14 (35) 9 (37) 14 (30) 61 (30) 73 (36)

AML: Acute myeloid leukemia, ALL: Acute lymphoid leukemia, HL: Hodgkin lymphoma, MM; Multiple myeloma, NHL: Non-Hodgkin lymphoma, HMT:

Total Hematological malignancy and healthy control.

&, Comparison of XRCC1 variant gene frequencies between hematological malignancies and healthy control groups; b comparison of XRCC1 variant
gene frequencies between myeloid malignancies and healthy control groups; °, comparison of XRCC1 variant gene frequencies between lymphoid

malignancies and healthy control groups.

Table 4. The comparison of XPD-751 and XRCC1-399 genotypes in terms of age and gender in
patients with hematological malignancies, (), P<0.05.

Patients with hematological malignancy

Parameter

Age <40 Age 240 P Male Female P

XPD — 751 n=38 (%) N=42 (%) n=49 (%) n=31 (%)

Lys/Lys 21 (55) 21 (50) 0.638 25 (51) 17 (55) 0.739
Lys/GIn 13 (34) 17 (40) 0.563 19 (39) 11 (35) 0.767
GIn/Gin 4 (11) 4 (10) 0.881% 5 (10) 3 (10) 0.939
XRCC1-399 n=62 (%) n=38 (%) n=54 (%) N=46 (%)

Arg/Arg 25 (40) 16 (42) 0.847™ 19 (35) 23 (50) 0.135
Arg/GIn 35 (56) 20 (53) 0.884 32 (59) 22 (48) 0.354
GIn/GiIn 2 (4) 2 (5) 0.583% 3 (6) 1(2) 0.390

individuals with GIn/GIn genotype were found to be
significantly less in number (OR = 0.115% 95% Cl = 0.014
to 0.928% p = 0.042%). In other words, it was concluded
that the protective GIn/GIn genotype was not present in
these individuals (Table 5).

In the comparison of patients with myeloid and lymp-
hoid malignancies associated with XRCC1-399 amino
acid changes and controls, it was shown that individuals
with heterozygote (Arg/Gin) and homozygote (GIn/Gin)
genotype were significantly decreased in number in each
one of the malignancies. Parallel to that, it was concluded
that GIn/GIn genotype did not have any protective role in
these individuals (Arg/Gin, OR = 2.310°; 95% Cl= 1.154
t0 4.623°; p =0.018°), (GIn/GIn, OR = 0.275%; 95% Cl =
0.084 to 0.898 ¥ p = 0.033 **; OR = 0.850% 95% Cl =
0.783 to 0.923 °; p = 0.014 °). In addition, it was found
that GIn allele frequency was significantly less in the
group of patients with myeloid malignancies (OR =
1.860°; 95% Cl = 0.749 to 0.788°; p = 0.046°) (Table 6).

Leukemia in early relapse was found to be significantly
more frequent in subjects with XPD-751 Lys/Lys
genotype in the first 12 months (OR = 13.122*; 95% ClI =
1.091 to 157.761%; p = 0.042*) (Table 7).

In the comparison of subjects with haploid XRCC1-399
and XPD-751 genes and controls, a statistically
significant relationship was determined between disease
and the decrease in the frequency of haploid GIn/GIn +
Lys/Lys. It was shown that, the risk of developing a
hematological malignancy increased with the number of
GlIn alleles (OR = 0.932% 95% CI = 0.881 to 0.986% p =
0.048 ) (Table 8). No significant difference was deter-
mined in other haploids.

DISCUSSION

The mechanisms of BER and NER have been studied in
a very detailed manner in breast cancer (Mechanic et al.,
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Table 5. The comparison of XPD-751 variant gene genotype and allele frequency between subjects with hematological
malignancies, myeloid malignancies, lymphoid malignancies and healthy controls.

Hematological Myeloid Lymphoid Healthy
malignancy malignancy  malignancy control
XPD-751 (AML) (ALL, HL, group OR* 95% CI* p
MM and NHL)
n=80 (%) n=35 (%) n=45 (%) n=100 (%)
Genotype
Lys/Lys 42 (52) 18 (51) 24 (53) 41 (41) 1.513*  0.830-2.758*  0.177*
1.466°  0.664-3.239°  0.344"
1.513%*  0.736-3.111%  0.261%*
Lys/GIn 30 (38) 16 (46) 14 (31) 41 (41) 0.875*  0.476-1.608**  0.666*
1.317>  0.596-2.912°  0.496>
0.643°*  0.302-1.369°*  0.252°
GIn/GIn 8 (10) 1(2) 7 (16) 18 (18) 0.543*  0.219-1.346**  0.188%
0.115  0.014-0.928°*  0.042"
1.002°*  0.375-2.676  0.996°
Allele
Lys 114 (71) 52 (74) 62 (69) 123 (62) 0.551%  0.994-2.422%  0.053%
Gln 46 (29) 18 (26) 28 (31) 77 (38) 1.808°  0.986-3.318°  0.054°
1.386° 0.816-2.354° 0.226°

&, Comparison of XPD variant gene frequencies between hematological malignancies and healthy control groups; b comparison of XPD

variant gene frequencies between myeloid malignancies

and healthy control groups; °, comparison of XPD variant gene frequencies between lymphoid malignancies and healthy control groups;

*

adjusted by age and sex. And adjusted OR (odds ratio) at 95% confidence interval (Cl) and P < 0.05.

2006), nasopharynx cancer (Yang et al., 2007), gastric
cancer (Ruzzo et al., 2007), skin cancers (McCarty et al.,
2007), esophageal cancer (Ye et al., 2006), leukemia
(Rzeszowska-Wolny et al.,, 2005), multiple myeloma
(Hsieh et al., 2008) and cataract disease (Unal et al.,
2007). In this study, the polymorphisms of XPD Lys751
Gln and XRCC1 Arg399GIn genes were analyzed which
are nucleotide excision repair and base excision repair
genes, respectively, with regard to their protective roles
against the development of hematological malignancies.

In hematological malignancies, XPD gene responsible for
AML is determined as the allele that encodes glutamine
in codon 751 (Smith et al., 2007). Functional disorder in
DNA helicase responsible for the NER function results
from chemotherapy that leads to DNA defects and
replacement of Lys amino acid with glutamine amino acid
in XPD gene codon 751. In a study carried out after
chemotherapy On AML, it was found that the rate of
individuals that recovered from the disease were 44%
Lys homozygote subjects (Lys/Lys), 36% heterozygote
subjects (Lys/GIn) and 16% glutamine homozygote
subjects (GIn/GIn) in one year. Similarly, subjects who
died in one year were 38% Lys homozygotes, 35% hete-
rozygotes and 23% glutamine homozygotes. Accor-ding
to these results, XPD codon-751 glutamine variant

significantly increases the risk of development of AML
after chemotherapy and it tends to prevent myeloid cell
death (Allan et al., 2004). In this study, comparison of
myeloid and lymphoid malignancies associated XPD-751
with the control proved that individuals with homozygote
GIn/GiIn genotype were presented with significantly less
myeloid malignancies. In other words, it was suggested
that the absence of GIn/GIn genotype had a protective
role in these individuals.

There are studies suggesting that GIn/Gin genotype
poses a great risk for cancer (Seker et al., 2001). Studies
on lung cancer had demonstrated that cancer is higher in
individuals with XPD Gin/GIn genotype compared with
individuals with XPD-751 Lys/Lys genotype; that is, XPD-
751 Gin allele is the risk allele (Hu et al., 2004; De Las
Penas et al., 2006). According to Allan et al. (2004), XPD
codon 751 genotype frequencies were recorded as 0.39
for Lys/Lys, 0.48 for Lys/GiIn and 0.13 for GIn/GIn in AML
patients in the post-chemotherapy period (p = 0.008).
According to this, it might be suggested that, the
presence of at least one Gin variant allele increases the
risk of the disease in AML patients. The comparison of
XPD codon 751GIn variant genotype frequencies bet-
ween subjects with hematological malignancies and
healthy individuals showed that GiIn/GIn genotype was
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Table 6. The comparison of XRCC1-399 variant gene genotype and allele frequency between subjects with hematological
malignancies, myeloid malignancies, lymphoid malignancies and healthy controls.

Hematological Myeloid Lymphoid Healthy
malignancy malignancy malignancy control
XRCC1-399 (AML) (ALL, HL, group OR* 95% CI* p
MM and NHL)
n=100 (%) n=36 (%) n=64 (%) n=100 (%)
Genotype
Arg/Arg 42 (42) 19 (53) 23 (36) 42 (42) 0.909%*  0.504-1.639%  0.752%
1.496>  0.679-3.293>  0.317™
0.632°*  0.315-1.271%  0.198°
Arg/Gin 55 (55) 17 (47) 38 (59) 43 (43) 1.690*  0.941-3.034%*  0.079*
1.119>  0.509-2.460>  0.780™
2.310%  1.154-4.623°*  0.018°*
GIn/GIn 3 (3) 0 (0) 3 (5) 15 (15) 0.275*  0.084-0.898**  0.033%
0.850°  0.783-0.923°  0.014°
0.425°*  0.126-1.436°*  0.168°*
Allele
Arg 139 (70) 55 (76) 84 (66) 127 (64) 1.310°  0.864-1.987%  0.204°
Gln 61 (30) 17 (24) 44 (34) 73 (36) 1.860°  0.749-0.788°  0.046°
0.967°  0.849-1.207°  0.888°

a, Comparison of XRCC1 variant gene frequencies between hematological malignancies and healthy control groups; b, comparison of
XRCC1variant gene frequencies between myeloid malignancies and healthy control groups; ¢, comparison of XRCC1variant gene frequencies
between lymphoid malignancies and healthy control groups. * Adjusted by age and sex, and adjusted OR (odds ratio) at 95 % Confidence

interval (Cl), P < 0.05.

Table 7. The relationship between polymorphisms of XPD-751 and XRCC1-399 in early relapse in

leukemia.
Parameter Early relapse in leukemia in the first 12 months b
Present Absent OR* 95% CI*

XPD - 751 n=21 (%) n=8 (%)

Lys/Lys 12 (57) 1 (13) 13.122* 1.091-157.761* 0.042*
Lys/GIn 7 (33) 6 (75) 0.090* 0.008-1.054~ 0.055*
GIn/GIn 2 (10) 1 (12) 0.508* 0.033-7.841* 0.627*
XRCC-399 n=19 (%) n=8 (%)

Arg/Arg 10 (53) 2 (25) 3.607* 0.419-31.034* 0.243*
Arg/GIn 9 (47) 5 (63) 0.277* 0.032-2.385 0.243*
GIn/GIn 0 (0) 1(12) 0.857 0.633-1.160 0.093

* Adjusted by age and sex; and adjusted OR (odds ratio) at 95 % confidence interval (Cl) and P < 0.05.

less frequent in AML, but more frequent in the healthy
controls. It was proven that the protective role of GIn/Gin
genotype in AML was statistically significant. No other
statistically significant findings were determined in sub-
groups of the hematological malignancies. It was sugges-
ted that, **Asp and "°'GIn haploids possess a 6.9% risk
of developing pancreas cancer; similarly, it was found

that ***Asp and °'GIn haploids determined in breast
cancer and basal cell carcinomas were more com-mon in
the patients compared with the healthy controls. Gin/
Gln+Lys/Lys haploids were noted in 63.3% of patients
with pancreas cancer and 61.5% of healthy controls (Jiao
et al.,, 2007). In this study, a statistically significant
relationship was determined between the decrease in the
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Table 8. The comparison of XRCC1-399 and XPD-751 haploid analysis; the comparison of genotype and allele frequencies between
subjects with hematological malignancies, myeloid malignancies, lymphoid malignancies and healthy controls.

Hematological Myeloid Lymphoid Healthy
malignancy malignancy malignancy control
isg‘%‘fgg* (AML) (ALL, HL, group OR*  95%CI* p
i MM and NHL)
n=55 (%) n=31 (%) n=24 (%) n=88 (%)
Genotype
Arg/Arg + Lys/Lys 11 (20) 9 (29) 2(8) 17 (19)  0.897** 0.371-2.168%*  0.809*
1.431%  0.530-3.864°*  0.480°
0.373%* 0.079-1.749%*  0.211°%
Arg/Arg + Lys/GIn 8 (15) 5 (16) 3(13) 16 (18)  0.799%* 0.313-2.040*  0.638*
1.010°* 0.327-3.115°*  0.987™
0.618%* 0.163-2.353%  0.481°%*
Arg/Arg + GIn/GIn 3(5) 1(3) 2(8) 6 (7) 0.856™ 0.203-3.611%*  0.832*
0.467° 0.052-4.188°*  0.496"
1.272°* 0.238-6.784%  0.779°
Arg/GIn + Lys/Lys 14 (25) 7 (23) 7 (30) 14 (16)  1.718*™ 0.743-3.960*  0.206*
g ys/Ly
1.243  0.420-3.682°*  0.694°*
2.177°* 0.751-6.308“  0.152%
Arg/GIn + Lys/GIn 14 (25) 8 (26) 6 (25) 15(17) 0.516™ 0.101-2.636%  0.427*
1.844% 0.672-5.068°*  0.234%
1571  0.532-4.644%  0.414%
Arg/GIn + GIn/GIn 2 (4) 0 (0) 2(8) 7 (8) 0.938* 0.161-5.473%  (0.943*
0.920° 0.866-0.979°  0.106°
1.188°* 0.224-6.304“  0.840%*
GIn/GIn + Lys/Lys 2 (4) 1(3) 1(4) 4 (5) 0.909* 0.504-1.639%*  0.752*
0.999> 0.103-9.700>  0.999°
0.934° 0.097-9.018%*  0.953%*
GIn/GIn + Lys/Gln 0 (0) 0 (0) 0 (0) 6 (7) 0.932° 0.881-0.986%  0.048°
0.932° 0.881-0.986°  0.136°
0.932° 0.881-0.986°  0.189°
GIn/GIn + GIn/Gin 1(2) 0 (0) 1 (4) 1(2) 0.658* 0.064-6.777%*  0.725*
0.966° 0.929-1.005°  0.298°
1.542° 0.144-16.558%* 0.721%*

a, Comparison of XRCC1-399 and XPD-751 haplotype frequencies between hematological malignancies and healthy control groups; b,
comparison of XRCC1-399 and XPD-751 haplotype frequencies between myeloid malignancies and healthy control groups; ¢, comparison of
XRCC1-399 and XPD-751 haplotype frequencies between lymphoid malignancies and healthy control groups.” Adjusted by age and sex,

adjusted OR ( odds ratio) at 95 % confidence interval (Cl) and P < 0.05.

frequency of GIn/Gln+Lys/GIn haploids and the increase
in the number of GIn allele as well as the risk of
developing disease.

Seedhouse et al. (2002) showed that the frequency of
Arg homozygote genotype in AML patients was higher
compared with healthy controls. They found that Arg
homozygotes were in equal proportion; however, Arg/Gin
heterozygotes were higher in number in AML group
compared with healthy individuals.

XRCC1 Arg399GIn genotype has a protective role in
hematological malignancies, especially against the
development of AML (Allan et al., 2004). The same effect
has also been shown in bladder and skin cancer (Andrew

et al., 2008). This important effect has been determined
in all XRCC1-399 hematological malignancies and AML.
In this study, XRCC1 codon-399 GiIn/GIn genotype was
found to be statistically significantly less frequent in AML,
NHL and the other hematological malignancies compared
with the controls. It was concluded that, there was no
significant difference in allele frequencies. Moreover, no
statistically significant difference was determined
between XPD-751 and XRCC1-399 genotype and allele
frequencies when compared in terms of age and gender.
In terms of XRCC1-399 amino acid changes, subjects
with myeloid and lymphoid malignancies were compared
with the controls and individuals with heterozygote



8868 Afr. J. Biotechnol.

(Arg/Gln) and homozygote (GIn/GIn) genotype were
significantly less in number in both malignancies. The
protective role of GIn/Gin genotype faded with the
decrease in the number of GIn/GIn genotypes.
Meanwhile, a significant decrease was observed in the
number of myeloid malignancies with GIn allele. A
considerable difference was determined in the feature of
being GIn homozygote in between XRCC1-399 NHL
patients and healthy controls. It was thus concluded that,
GIn homozygote genotype had a protective role in AML
and NHL. The reduction in the disease intensity and the
risk of relapse was found to be 70% in the newly
diagnosed AML patients after the administration of
chemotherapy. Leukemia in early relapse was found to
be statistically more common in subjects with XPD-751
Lys/Lys genotype in the first 12 months. Hence, it was
demonstrated that individuals with Lys/Lys genotype
were at risk of the disease relapse. Comparison of the
haploid analysis of subjects with XRCC1-399 and XPD-
751 genes with the control group showed that there was
no significant difference between the frequency of
GIn/GiIn+Lys/Lys haploids and the development of the
disease. It has been shown that in hematological
malignancies, disease risk increased in parallel to the
number of Gin allele increases. No statistically significant
differences were determined in the other haploids.

In conclusion, relying on the data obtained in this study
it can be suggested that XPD variant allele GIn/GIn is
associated with a reduced DNA repair capacity and
increased leukomogenic risk. At the same time, the
protective role of the GIn/Gln genotype in XPD and
XRCC1 genes was confirmed. The XRCC1 gene codon
399 and the XPD gene codon 751 polymorphisms were
declared to have protective roles in GIn/Gln genotypes in
AML. These are possibly associated with the reduced
frequency of GIn allele and with early relapse in acute
leukemia subjects with Lys/Lys genotype. However, due
to the small sample size of this study, further studies are
needed to evaluate these associations within acute
leukemia and in other populations. XPD and XRCC1
DNA repair genes was studied in terms of their
association with the risk of leukemia and disease
outcome. Polymorphisms in XPD, a member of
nucleotide excision repair pathway and XRCC1 base
excision repair pathway, was associated with the
development of treatment-related AML and with poor
outcome of AML in elderly patients. It can be suggested
that, XPD Lys751GIn  and XRCC1 Arg399GIn
polymorphisms might have a role in the etiology of AML
in children as well as in adults which may affect the
outcome of childhood AML therapy.

REFERENCES

Allan JM, Smith AG, Wheatley K, Hills RK, Travis LB, Hill DA , Travis
LB, Hill DA, Swirsky DM, Morgan GJ, Wild CP (2004). Genetic
variation in XPD predicts treatment outcome and risk of acute
myeloid leukemia following chemotherapy. Blood, 104: 3872-3877.

Andrew AS, Karagas MR, Nelson HH, Guarrera S, Polidoro S,
Gamberini SSacerdote C, Moore JH, Kelsey KT, Demidenko E,
Vineis P and Matullo G (2008). DNA repair polymorphisms modify
bladder cancer risk: a multi-factor analytic strategy. Hum. Hered. 65:
105-118.

Artac M, Bozcuk H, Pehlivan S, Akcan S, Pehlivan M, Sever T,
Ozdogan M, Savas B (2010). The value of XPD and XRCC1
genotype polymorphisms to predict clinical outcome in metastatic
colorectal carcinoma patients with irinotecan-based regimens. J.
Cancer Res. Clin. Oncol. 136: 803-809.

Baccaralli A, Calista D, Minghetti P, Albetti B, Tseng T, Hedayati M
Grossman L, Landi G, Struwing JP, Landi MT (2004). XPD gene
polymorphism and host characteristics in the association with
cutaneous malignant melonoma risk. Br. J. Cancer. 90: 497-502.

Butkiewicz D, Rusin M, Enewold I, Shields PG, Chorazy M, Harris CC
(2001). Genetic Polimorphisms in DNA repair genes and risk of lung
cancer. Carcinogenesis, 22: 543-597.

Chacko P, Rajan B, Joseph T, Mathew BS, Pillai MR (2005).
Polymorphisms in DNA repair gene XRCC1 and increased genetic
susceptibility to breast cancer. Breast Cancer Res. Treat. 89: 15-21.

Das-Gupta EP, Seedhouse CH, Russell NH (2000). DNA repair
mechanisms and acute myeloblastic leukemia. Hematol. Oncol. 18:
99-110.

David-Beabes GL, London SJ (2001). Genetic polymorphism of XRCC1
and lung cancer risk among African-Americans and Caucasians.
Lung Cancer, 34: 333-339.

De las Penas R, Sanchez-Ronco M, Alberola V, Taron M, Camps C,
Garcia-Carbonero R, Massuti B, Queralt C, Botia M, Garcia-Gomez
R, Isla D, Cobo M, Santarpia M, Cecere F, Mendez P, Sanchez JJ,
Rosell R (2006). Polymorphisms in DNA repair genes modulate
survival in cisplatin/gemcitabine-treated non-small-cell lung cancer
patients. Ann. Oncol. 17: 668-675.

Duell EJ, Holly EA, Bracci PM, Wiencke JK, Kelsey KT (2002). A
population-based study of the Arg399GIn polymorphism in x-ray
repair cross-complementing group 1 (XRCC1) and risk of pancreatic
adenocarcinoma Cancer Res. 62: 4630-4636.

Duell EJ, Millikan RC, Pittman GS, Winkel S, Lunn RM, Tse CK, Tse C-
KJ, Aeton A, Mohrenweiser HW, Newman B, Bell DA (2001).
Polymorphisms in the DNA repair gene XRCC1 and breast cancer.
Cancer Epidemiol. Biomarkers Prev. 10: 217-222.

Duell EJ, Wiencke JK, Cheng TJ, Varkonyi A, Zuo ZF, Ashok TD, Mark
EJ, Wain JC, Christiani DC, Kelsey K (2000). Polymorphisms in the
DNA repair genes XRCC1 and ERCC2 and biomarkers of DNA
damage in human blood mononuclear cells. Carcinogenesis, 21: 965-
971.

Gao WM, Romkes M, Day RD, Siegfried JM, Luketich JD, Mady HH,
Melhem M F, Keohavong P (2003). Association of the DNA repair
gene XPD Asp312Asn polymorphism with p53 gene mutations in
tobacco-related non-small cell lung cancer. Carcinogenesis, 24:
1671-1676.

Hemminki K, Xu G, Angelini S, Snellman E, Jansen CT, Lambert B, Hou
S-M (2001). XPD exon 10 and 23 polymorphisms and DNA repair in
human skin in situ. Carsinogenesis, 22: 1185-1188.

Hou SM, Falt S, Angelini S, Yang K, Nyberg F, Lambert B, Hemminki K
(2002). The XPD variant alleles are associated with increased
aromatic DNA adduct level and lung cancer risk. Carcinogenesis, 23:
599-603.

Hsieh YY, Chang CC, Bau DT, Yeh LS, Tsai FJ, Tsai CH (2008). X-ray
repair cross-complementing group 4 (XRCC4) promoter -1394(*) T-
related genotype, but not XRCC4 codon 247/intron 3 or xeroderma
pigmentosum group D codon 312, 751/promoter -114,
polymorphisms are correlated with higher susceptibility to myoma.
Fertil. Steril. 90: 1417-1423.

Hu Z, Wei Q, Wang X, Shen H (2004). DNA repair gene XPD
polymorphism and lung cancer risk: a meta-analysis. Lung Cancer,
46: 1-10.

Jiao L, Hassan MM, Bondy ML, Abbruzzese JL, Evans DB, Li D (2007).
The XPD Asp®®Asn and Lys”®'GIn polymorphisms, corresponding
haplotype, and pancreatic cancer risk. Cancer Lett. 245: 61-68.

Kalikaki A, Kanaki M, Vassalou H, Souglakos J, Voutsina A,
Georgoulias V, Mavroudis D (2009). DNA repair gene polymorphisms
predict favorable clinical outcome in advanced non-small-cell lung



cancer. Clin. Lung Cancer, 10: 118-123.

Kumar R, Angelini S, Hemminki K (2003). Simultaneous detection of the
exon 10 polymorphism and a novel intronic single base insertion
polymorphism in the XPD gene using single strand conformation
polymorphism. Mutagenesis, 18: 207-209.

Lei YC, Hwang SJ, Chang CC, Kuo HW, Luo JC, Chang MJ, Cheng TJ
(2002). Effects on sister chromatid exchange frequency of
polymorphisms in DNA repair gene XRCC1 in smokers. Mutat. Res.
519: 93-101.

Liang G, Xing D, Miao X, Tan W, Yu C, Lu W, Lin D (2003). Sequence
variations in the DNA repair gene XPD and risk of lung cancer in a
chinese population. Int. J. Cancer, 105: 669-673.

McCarty KM, Smith TJ, Zhou W, Gonzalez E, Quamruzzaman Q,
Rahman M, et al (2007). Polymorphisms in XPD (Asp312Asn and
Lys751GIn) genes, sunburn and arsenic-related skin lesions.
Carcinogenesis, 28: 1697-1702.

Mechanic LE, Millikan RC, Player J, de Cotret AR, Winkel S, Worley K
Heard K, Heard K, Tse CK, Keku T (2006). Polymorphisms in
nucleotide excision repair genes, smoking and breast cancer in
African Americans and whites: a population-based case-control
study. Carcinogenesis, 27: 1377-1385.

Mehta PA, Alonzo TA, Gerbing RB, Elliott JS, Wilke TA, Kennedy RJ
Ross JA, Perentesis JP, Lange BJ and Davies SM (2006). XPD
Lys751GIn polymorphism in the etiology and outcome of childhood
acute myeloid leukemia: a Children’s Oncology Group report. Blood,
107: 39-45.

Metsola K, Kataja V, Sillanpaa P, Siivola P, Heikinheimo L, Eskelinen M
Kosma V-M, Uusitupa M, Hirvonen A (2005). XRCC1 and XPD
genetic polymorphisms, smoking and brest cancer risk in a Finnish
case-control study. Breast Cancer Res. 7: 987-997.

Monzo M, Brunet S, Urbano-Ispizua A, Navarro A, Perea G, Esteve J,
Artells R, Granell M, Berlanga J, Ribera JM, Bueno J, Llorente A,
Guardia R, Tormo M, Torres P, Nomdede'u JF, Montserrat E, Sierra
J (2006). Genomic polymorphisms provide prognostic information in
intermediate-risk acute myeloblastic leukemia. Blood, 107: 4871-
4879.

Moullan N, Cox DG, Angele S, Romestaing P, Gerard JP, Hall J (2003).
Polymorphisms in the DNA repair gene XRCC1, breast cancer risk,
and response to radiothrapy. Cancer Epidemiol. Biomarkers Prev. 12:
1168-1174.

Park JY, Lee SY, Jeon HS, Bae NC, Chae SC, Joo S, Kim CH, Park J-
H, Kam S, Kim I-S, Jung TH (2002a). Polymorphism of the DNA
repair gene XRCC1 and risk of primary lung cancer. Cancer
Epidemiol Biomarkers Prev. 11: 23-27.

Park JY, Lee SY, Jeon HS, Park SH, Bae NC, Lee EB Cha SI, Park H,
Kam S, Kim I-S, Jung TH (2002b). Lys751GIn polymorphism in the
DNA repair gene XPD and risk of primary lung cancer. Lung Cancer,
36: 15-16.

Pedersen-Bjergaard J, Andersen MK, Chistiansen DH, Nerlov C (2002).
Genetic pathways in therapy-related myelodysplasia and acute
myeloid leukemia. Blood, 99: 1909-1912

Qiao Y, Spitz MR, Shen H, Guo Z, Shete S, Hedayati M Grossman L,
Mohrenweiser H, Wei Q (2002). Modulation of repair of ultraviolet
damage in the host-cell reactivation assay by polymorphic XPC and
XPD/ERCC2 genotypes. Carcinogenesis, 23: 295-299.

Ruzzo A, Canestrari E, Maltese P, Pizzagalli F, Graziano F, Santini D
Catalano V, Ficarelli R, Mari D, Bisonni R, Giordani P, Giustini L,
Lippe P, Silva R, Mattioli R, Torresi U, Latini L, Magnani M (2007).
Polymorphisms in genes involved in DNA repair and metabolism of
xenobiotics in individual susceptibility to sporadic diffuse gastric
cancer. Clin. Chem. Lab. Med. 45: 822-828.

Rybicki BA, Conti DV, Moreira A, Cicek M, Casey G, Witte JS (2004).
DNA repair gene XRCC1 and XPD polymorphisms and risk of
prostate cancer. Cancer Epidemiol. Biomarkers Prev. 13: 23-29.

Rzeszowska-Wolny J, Polanska J, Pietrowska M, Palyvoda O,
Jaworska J, Butkiewicz D, Hancock R (2005). Influence of
polymorphisms in DNA repair genes XPD, XRCC1 and MGMT on
DNA damage induced by gamma radiation and its repair in
lymphocytes in vitro. Radiat. Res. 164:132-140.

Seedhouse C, Bainton R, Lewis M, Harding A, Russell N, Das-gupta E
(2002). The genotype distribution of the XRCC1 gene indicates a role
for base excision repair in the development of therapy-related acute

Ozcan et al. 8869

myeloblastic leukemia. Blood. 100: 3761-3766.

Seedhouse C, Faulkner R, Ashraf N, Das-gupta E, Russell N (2004).
Polymorphisms in genes involved in homologous recombination
repair interact to increase the risk of developing acute myeloid
leukemia. Clin. Cancer Res. 10: 2675-2680.

Seedhouse C, Russell N (2007). Advances in the understanding of
susceptibility to treatment-related acute myeloid leukaemia. Br. J.
Haematol. 137: 513-529.

Seker H, Butkiewicz D, Bowman ED, Rusin M, Hedayati M, Grossman L

Haris CC (2001). Functional Significance of XPD Polymorphic
Variants: Attenuated Apoptosis in Human Lymphoblastoid Cells with
the XPD 312 Asp/Asp Genotype. Cancer Res. 61: 7430-7434.

Shen M, Hung RJ, Brennan P, Malaveille C, Donato F, Placidi D, Carta
A, Hautefeuille A, Boffetta P, Porru S (2003). Polymorphisms of the
DNA repair genes XRCC1, XRCC3, XPD, interaction with
enviromental exposures, and bladder cancer risk in a case-control
study in Northern ltaly. Cancer Epidemiol. Biomarkers Prev. 12:
1234-1240.

Shi Q, Wang LE, Bondy M, Brewster A, Singletary SE, Wei Q (2004).
Reduced DNA repair of benzo[a]pyrene diol epoxide-induced adduct
and common XPD polymorphisms in breast cancer patient.
Carcinogenesis, 25: 1695-1700.

Skjelbred CF, Seebg M, Wallin H, Nexe BA, Hagen PC, Lothe IM, Aase
S, Johnson E, Hansteen I-L, Vogel U, Kure EH (2006).
Polymorphisms of the XRCC1, XRCC3 and XPD genes and risk of
colorectal adenoma and carsinoma, in Norwegian cohort: a case
control study. BMC Cancer, 6: p. 67.

Smith AG, Worrillow LJ, Allan JM (2007). A common genetic variant in
XPD associates with risk of 5g- and 7g-deleted acute myeloid
leukemia. Blood. 109: 1233-1236.

Smith TR, Levine EA, Perrier ND, Miller MS, Freimanis RI, Lohman K,
Case LD, Xu J, Mohrenweiser HW, Hu JJ (2003a). DNA-repair
genetic polymorphisms and breast cancer risk. Cancer Epidemiol.
Biomarkers Prev. 12: 1200-1204.

Smith TR, Miller MS, Lohman K, Lange EM, Case LD, Mohrenweiser

HW, Hu JJ (2003b). Polymorphisms of XRCC1 and XRCC3 genes
and susceptibility to breast cancer. Cancer Lett. 190: 183-190.

Sreeja L, Syamala VS, Syamala V, Hariharan S, Raveendran PB,
Vijayalekshmi RV, Madhavan J, Ankathil R (2008). Prognostic
importance of DNA repair gene polymorphisms of XRCC1 Arg399Gin
and XPD Lys751GiIn in lung cancer patients from India. J. Cancer
Res. Clin. Oncol. 134: 645-652.

Stern MC, Umbach DM, van Gils CH, Lunn RM, Taylor JA (2001). DNA
repair gene XRCC1 polymorphisms, smoking, and bladder cancer
risk. Cancer Epidemiol. Biomarkers Prev. 10: 125-131.

Stern MC, Umbach DM, Lunn RM, Taylor JA (2002). DNA repair gene
XRCC3 codon 241 polymorphism, its Interaction with smoking and
XRCC1 polimorphisms, and bladder cancer risk. Cancer Epidemiol.
Biomarkers Prev. 11: 939-943.

Tae K, Lee HS, Park BJ, Park CW, Kim KR, Cho HY Kim LH, Park BL,
Shin HD (2004). Association of DNA repair gene XRCC1
polymorphisms with head and neck cancer in Korean population. Int.
J. Cancer. 111: 805-808.

Taylor EM, Broughton BC, Botta E, Stefanini M, Sarasin A, Jaspers NG,
Fawcett H, Harcourt S, Arlett CF, Lehmann AR (1997). Xeroderma
pigmentosum and trichothiodystrophy are associated with different
mutations in the XPD (ERCCZ2) repair/transcription gene. Proc. Natl.
Acad. Sci. USA. 94: 8658-8663.

Taylor EM, Lehmann AR (1998). Conservation of eukaryotic DNA repair
mechanisms. Int. J. Radiat Biol. 74: 277-286.

Unal M, Giiven M, Batar B, Ozaydin A, Sarici A, Devranoglu K (2007).
Polymorphisms of DNA repair genes XPD and XRCC1 and risk of
cataract development. Exp. Eye Res. 85: 328-334.

Xing D, Tan W, Wei Q, Lin D (2002). Polymorphisms of the DNA repair
gene XPD and risk of lung cancer in a Chinese population. Lung
Cancer, 38: 123-129.

Yang ZH, Du B, Wei YS, Zhang JH, Zhou B, Liang WB, Zhang BL,
Zhang L (2007). Genetic polymorphisms of the DNA repair gene and
risk of nasopharyngeal carcinoma. DNA Cell Biol. 26: 491-496.

Ye W, Kumar R, Bacova G, Lagergren J, Hemminki K, Nyrén O (2006).
The XPD 751Gin allele is associated with an increased risk for



8870 Afr. J. Biotechnol.

esophageal adenocarcinoma: a population-based case-control study
in Sweden. Carcinogenesis, 27: 1835-1841.

Yeh CC, Sung FC, Tang R, Chang-Chieh CR, Hsieh LL (2005).
Polymorphisms of the XRCC1, XRCC3, & XPD genes and colorectal
cancer risk: a case-control study in Taiwan. BMC Cancer, 5: p. 12.

Yu HP, Zhang XY, Wang XL, Shi LY, Li YY, Li F Su Y-H, Wang Y-J, Lu
B, Sun X, Lu W-H, Xu S-Q (2004). DNA repair gene XRCCH1
polymorphisms, smoking, and esophageal cancer risk. Cancer Detect
Prev. 28: 194-199.



