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Abstract Double-strand breaks (DSBs) inducing agents in-
fluence the fidelity of DNA repair in both normal cells and
leukemic cells, causing major genomic instability. In eukary-
otic cells, non-homologous end joining pathway (NHEJ) is the
major mechanism for DSB repair. Human X-ray repair cross-
complementing 5 (XRCC5) gene encodes for the protein
KU86, an important component of NHEJ pathway. Variable
number of tandem repeats (VNTR) polymorphism (rs
6147172) in the promoter region of XRCC5 gene was shown
to have effect on gene expression and was found to be asso-
ciated with the development of several cancers. We analyzed
VNTR polymorphism of XRCC5 gene in 461 chronic mye-
loid leukemia (CML) cases and 408 controls by polymerase
chain reaction. Our results showed that frequency of 0R/0R

genotype was significantly elevated in CML cases compared
to that of controls (p =0.05). Significant difference in the
genotype distribution was observed between cases and con-
trols (p =0.02). The risk of CML development was found to be
elevated for individuals carrying lower repeats (1R p =0.03;
0R p =0.007). Elevated 0R/0R genotype frequency was found
to be significantly associated with early age at onset
(≤30 years) and slightly elevated in chronic phase and poor
hematologic response to imatinib mesylate. The influence of
zero repeat on enhanced expression of XRCC5 might confer
risk to error-prone repair leading to genomic instability and
CML. Hence, the VNTR polymorphism in the promoter re-
gion of XRCC5 gene could serve as an important prognostic
marker in CML development.
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Introduction

Chronic myeloid leukemia (CML), characterized by the pres-
ence of 9:22 chromosome translocation, is a triphasic disease
progressing from initial chronic phase to accelerated and blast
crisis. This transition is accompanied by an increased BCR-
ABL expression in the leukemic cells due to additional chro-
mosomal and genetic abnormalities causing genomic instabil-
ity in Ph+ve cells [1]. The molecular mechanisms underlying
instability have been extensively studied, and it was believed
that the antiapoptotic effects exerted by the Bcr-Abl
oncoprotein may favor the emergence of cell clones carrying
additional genetic abnormalities.

Double-strand breaks (DSBs) are the most lethal form of
DNA damage, and non-homologous end-joining (NHEJ) is
the dominant mechanism for their repair in eukaryotic cells
[2]. Excessive DNA damage due to DSB-inducing agents may
force the NHEJ components to process DSB aberrantly,
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resulting in chromosomal instability in myeloid leukemias;
hence the NHEJ mechanism is regarded as error prone. The
aberrant DNA repair dependent on the presence of NHEJ
proteins (KU70 and KU86) is crucial for the development
and progression of malignancies including leukemia [3].

The human X-ray repair cross-complementing 5 (XRCC5)
gene located on chromosome 2q35 encodes for the protein
KU86 of NHEJ component [4]. XRCC5 is one of the three
subunits of a DNA-dependent protein kinase which contrib-
utes to NHEJ repair. Loss of XRCC5 function results in
instability of the genome and increased risk for development
of tumors. However, overexpression of XRCC5 was also
shown to be associated with the progression of bladder cancer,
gastric cancer, and breast cancer [5, 6]. Genetic polymor-
phisms in the XRCC5 gene had been reported to be involved
in the origin of digestive system cancers [7].

The proximate promoter region of XRCC5 contains seven
copies of cis elements which are essential for basal expression
of the gene. Variable number of tandem repeats (VNTR)
polymorphism (rs 6147172) is located at −201 to −159 nucle-
otide sites, which includes the sites for SP1 transcription
factor binding [8]. This polymorphism contains three different
alleles, which are two 21 nucleotides repeats (2R), one 21
nucleotides repeat (1R), and zero repeat unit (0R). The alleles
2R, 1R, and 0R possess seven, six, and five copies of cis
regulatory elements, respectively.

The binding affinity of the transcription factor Sp1 to the
allele with two 21-bp repeats was found to be greater than that
for the allele with one 21-bp repeat as determined with gel-
shift and super-shift assays. However, plasmids containing
zero or one repeat element were found to have higher tran-
scriptional activities than plasmids containing two repeat ele-
ments as established with a reporter assay. Furthermore, fewer
tandem repeats in the promoter of XRCC5 was shown to be
associated with enhanced levels of the XRCC5 protein in
bladder cancer patients [9].

A novel allele (3R) was introduced by Rajaei et al., (2012),
which is capable of expanding the number of cis regulatory

elements to eight. The 3R allele was shown to be associated
with decrease in gene expression and was suggested to have
protective role against the development of cancer [10–12].
The present study is planned to analyze the frequency distri-
bution of different alleles of VNTR polymorphism in CML
cases and controls in order to evaluate its role in development
and progression of CML.

Materials and methods

Five milliliter of blood sample was collected from 461 CML
cases diagnosed at Nizam’s Institute of Medical Sciences,
Hyderabad over a duration of 8 years (2005–2012). All pri-
mary Ph+ve CML cases reported with confirmed diagnosis
during this period were included, and secondary or drug-
induced cases were excluded in the study. Samples were

1              2               3              4             5              6               7             8Fig. 1 VNTR polymorphism in
XRCC5 promoter region.Lane 1
224bp (0R/0R genotype), Lane 2
224bp, 245bp (0R/1R genotype),
Lane 3 224bp, 266bp (0R/2R
genotype), Lane 4 245bp (1R/1R
genotype), Lane 5 245bp, 266bp
(1R/2R genotype), Lane 6 266bp
(2R/2R genotype), Lane 7 245bp,
287bp (1R/3R genotype), Lane 8
50bp ladder

Table 1 Distribution of genotypes and alleles of XRCC5 (VNTR)
among CML cases and controls

Cases (n =461) Controls (n =408) pa pb

n (%) n (%)

Genotypes

2R/2R 39 (8.46) 40 (9.80) *0.02 1(ref)

2R/1R 175 (37.96) 133 (32.60) 0.236

2R/0R 18 (3.90) 34 (8.33) 0.097

1R/1R 153 (33.19) 143 (35.05) 0.714

1R/0R 48 (10.41) 45 (11.03) 0.769

0R/0R 28 (6.07) 13 (3.19) *0.05

Alleles

2R 271 (29.39) 247 (30.27) 0.916 1.000

1R 529 (57.38) 464 (56.86) 0.724

0R 122 (13.23) 105 (12.87) 0.719

pa chi square test probability, pb odds ratio probability, and
*p significant
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collected from the patients after obtaining written informed
consent. Four hundred eight age and sex matched controls
from the local population were also included. Epidemiological
information of the patients was obtained through personnel
interview using prepared questionnaire.

Clinical information such as phase of disease, hematolog-
ical, and cytogenetic response of the patients to imatinib
mesylate was noted down from tumor registry with the help
of oncologist (co-author). CML is a triphasic disease compris-
ing of chronic, accelerated, and blast crisis. The accelerated
and blast crisis phases were clubbed into “advanced phase” in
our study. Hematological “major” responders correspond to
the patients who achieved normal leukocyte count within
3 months from the date of start of imatinib mesylate. Cytoge-
netic “major” responders correspond to the patients who
achieved complete response to imatinib mesylate with regard
to the blast percentage (number of cells carrying the Ph+ve
chromosome). The study was approved by the ethical com-
mittee of the Department of Genetics, Osmania University and
NIMS, Hyderabad.

Genomic DNA was isolated from EDTA-treated blood
samples by nonenzymatic/salting out method [13]. The
XRCC5 VNTR polymorphism was analyzed by the polymer-
ase chain reaction (PCR) using primers specific to the pro-
moter region. Sequence of the primers (Bioserve Biotechnol-
ogies, India) is as follows: Forward: 5 ′-AGG CGG CTC AAA
CAC CAC AC-3 ′; Reverse : 5 ′-CAA GCG GCA GAT AGC
GGA AAG-3 ′.

PCR reaction was performed at an annealing temperature
of 62 °C for 40 s [14] within a total volume of 10μl containing
50 ng DNA, 25 mM dNTP mix, 25pM of each forward and
reverse primer, and 0.25–0.5 U Taq polymerase (Bangalore
Genei). PCR products were separated on 3.5 % agarose gel to
identify the genotypes of VNTR polymorphism in XRCC5
promoter region (Fig. 1). Allelic and genotypic frequencies
were calculated for CML cases and controls. Interactive chi-
square analysis was performed and odds ratios were calculated
to study the distribution of different genotypes and alleles
among CML cases and controls. Adjusted odds ratios were
also calculated by adjusting age and sex using “SNP Stats” to
study the association of genotype classes with the develop-
ment of CML.

Results

In the case–control study of 461 CML cases and 408 controls,
the mean age was found to be 36.94±12.48 years for cases
and 33.10±14.74 years for controls. Then 65.84 and 34.16 %
of cases and 60.70 and 39.30 % of controls were males and
females, respectively (p =0.147).

Frequencies of 2R/2R, 2R/1R, 2R/0R, 1R/1R, 1R/0R, and
0R/0R were 8.46, 37.96, 3.90, 33.19, 10.41, and 6.07 %,
respectively, among the CML cases and 9.80, 32.60, 8.33,
35.05, 11.03, and 3.19 %, respectively, among controls. 0R/
0R genotype was significantly elevated among CML cases

Table 2 Distribution of genotype classes and their association with CML development

Genotype classes Cases Controls Unadjusted OR (95 % CI) p Adjusted OR (95 % CI) P

n % n %

Class I (2R/2R+2R/0R) 52 12.2 53 18.1 1.00 0.025* 1.00 0.025*
Class II (1R/1R+1R/2R+1R/0R) 353 82.5 231 79.1 1.56 (1.032–2.36) 1.55 (1.02–2.37)

Class III (0R/0R) 23 5.4 8 2.7 2.93 (1.20–7.14) 3.00 (1.22–7.40)

Odds ratios adjusted for age and gender

*p significant (chi-square test p value)

Table 3 XRCC5 VNTR and gender cross classification interaction (adjusted by age)

Genotype classes Males Females

Cases Controls Unadjusted OR
(95 % CI)

Adjusted OR
(95 % CI)

Cases Controls Unadjusted OR
(95 % CI)

Adjusted OR
(95 % CI)

Class I (2R/2R+2R/0R) 30 30 1.00 1.00 22 23 0.96 (0.44–2.07) 0.92 (0.42–2.02)

Class II (1R/1R+1R/2R+
1R/0R)

235 140 1.68 (0.97–2.90) 1.71 (0.98–2.97) 118 91 1.30 (0.73–2.30) 1.25 (0.70–2.23)

Class III (0R/0R) 17 7 2.43 (0.88–6.70) 2.52 (0.90–7.02) 6 1 6.00 (0.68–52.90) 6.76 (0.76–60.38)

Interaction p value=0.52 (unadjusted OR)

Interaction p value=0.44 (adjusted OR)
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(6.07 %) compared to that of controls (3.19 %) (p =0.05),
whereas the frequency of 2R/0R was elevated in controls
(8.33 %) compared to the frequency in cases (3.90 %)
(p =0.097). Frequency of 0R, 1R, and 2R alleles among the
controls was 0.13, 0.57, and 0.30, respectively. No difference
in the allele frequencies was observed between CML cases
and controls (Table 1). We also detected the 3R allele in
1.91 % of cases and 2.64 % of controls.

The patients were grouped based on prevalence of VNTR
genotypes in the study group into three classes. Class I:
included patients with either 2R/2R or 2R/0R, Class II: pa-
tients with at least one 1R allele (1R/1R+1R/2R+1R/0R), and
Class III: patients having only 0R allele (0R/0R). When these
genotype groups were compared, there was significant differ-
ence between cases and controls (p =0.025). Odds ratios were
also calculated by adjusting the age at onset and gender which
showed significant association of Class III (0R/0R genotype)
with the development of CML (p =0.025) (Table 2).

In addition, risk for CML development was found to be
increased as the number of repeats decreased.When compared

with Class I, Class II had a 1.55-fold increased risk of CML
(95 % CI 1.02–2.37). Individuals in Class III had a 3.00-fold
increased risk of CML compared to those carrying allele with
two repeats after adjusting age and gender (95 % CI 1.22–
7.40); chi-square test probability p =0.025 (Table 2).

The cross-classification interaction studies of VNTR poly-
morphism within age by adjusting gender showed that the
frequency of Class III (0R/0R genotype) had a 5.40-fold
(95 % CI 1.33–22.02) increased risk for the individuals with
age <30 years to develop CML (Tables 3 and 4). Polymor-
phism is not associated with the gender of the CML patient
(Table 3). Genotype frequencies of VNTR polymorphismwas
also compared with respect to clinical variables such as phase
of CML, hematological response, and cytogenetic response to
imatinib mesylate. The frequency of 0R/0R genotype was
found to be 6.35 % in chronic phase and 1.63 % in advanced
phase. Interestingly, genotype elevation was observed in the
frequency of 0R/0R in hematological poor responders
(7.46 %) compared to major responders (3.82 %) (Table 5).

Discussion

Significant difference in the genotype distribution of XRCC5
VNTR polymorphism was observed among cases and con-
trols (χ2=13.403, df=5; p =0.02) (Table 1). Previously, sig-
nificant difference in distribution was reported for bladder
cancer [9] and AML [14] in Chinese population. Frequencies
of 0R, 1R, and 2R alleles reported in the present study were
found to be far from the frequencies reported from Chinese
population [9] and nearer to that of Iranian population [10].
Prevalence of 1R allele was higher, similar to the findings of
Iranian population, and 0R allele frequency was lower than
the frequencies reported for China.

Frequency of 3R allele in our population (0.03) was found
to be nearer to that of Iranian population and lower than that of
European population [12]. Slight elevation of 3R allele fre-
quency in controls support the study of Iranians that 3R allele,
which decrease the XRCC5 gene expression, might have
protective role against the development of cancer [11].

Table 4 XRCC5 VNTR and age cross-classification interaction (adjusted by gender)

Genotype classes ≤30 years >30 years

Cases Controls Unadjusted OR
(95 % CI)

Adjusted OR
(95 % CI)

Cases Controls Unadjusted OR
(95 % CI)

Adjusted OR
(95 % CI)

Class I (2R/2R+2R/0R) 18 25 1.00 1.00 34 28 1.69 (0.77–3.70) 1.71 (0.78–3.77)

Class II (1R/1R+1R/2R+
1R/0R)

124 118 1.46 (0.76–2.81) 1.43 (0.74–2.76) 229 113 2.81 (1.47–5.37) 2.82 (1.48–5.39)

Class III (0R/0R) 12 3 5.56 (1.37–22.59) 5.40 (1.33–22.02) 11 5 3.06 (0.90–10.33) 2.91 (0.86–9.86)

Interaction p value=0.33 (unadjusted OR)

Interaction p value=0.30 (adjusted OR)

Table 5 Distribution of XRCC5 (VNTR) polymorphism among clinical
variables

Clinical variable 2R/2R+2R/
0R

1R/1R+1R/
2R+1R/0R

0R/0R P

N (%) N (%) N (%)

Phase of CML

Chronic (n =298) 41 (13.75) 238 (80.95) 19 (6.35) 0.081
Advanced (n =61) 4 (6.55) 56 (91.80) 1 (1.63)

Hematological response

Major (n =235) 29 (12.34) 197 (83.82) 9 (3.82) 0.459
Poor (n =67) 8 (11.94) 54 (80.59) 5 (7.46)

Cytogenetic response

Major (n =178) 24 (13.48) 146 (82.02) 8 (4.49) 0.824
Poor (n =92) 10 (10.86) 78 (84.78) 4 (4.34)

p chi-square test probability

Odds ratios were calculated and the probabilities were found to be
insignificant
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The genotype classes were also compared with respect to
clinical variables such as phase of CML, hematologic re-
sponse, and cytogenetic response to imatinib mesylate among
CML cases. Although there was no significant difference with
respect to these variables, frequency of 0R/0R genotype was
found to be elevated in cases with chronic phase and the
patients with poor hematologic response (Table 5).

In our study, the risk for CML development was found to
be elevated for the individuals carrying lower repeats (geno-
type class II (1R/1R+1R/2R+1R/0R); p =0.03 and genotype
class III (0R/0R); p =0.007). Earlier study by Wang et al.
(2009) also reported that the genotypes 2R/0R, 1R/1R, 1R/
0R, and 0R/0Rwere found to be associated with increased risk
of AML compared to the 2R/2R and 2R/1R genotypes in a
Chinese population [14].

Results of our study suggest that risk of CML development
was found to increase as the number of repeats in the VNTR
polymorphism of XRCC5 gene promoter decrease. 0R/0R
genotype was found to be significantly associated with devel-
opment of CML. Zero repeat was also found to be significant-
ly associated with early age at onset of disease. XRCC5 gene
expression was found to be elevated in relation to zero repeat
of VNTR in the promoter region of the gene. Elevated XRCC5
gene expression leads to error prone repair of DNA causing
genomic instability.

Conclusion

This is the first study of XRCC5 VNTR polymorphism in
CML patients from Indian population, where the risk of CML
was found to be increased in persons carrying fewer tandem
repeat alleles. Zero repeat (0R) allele was found to confer risk
for early onset (≤30 years) of disease and poor hematologic
response to imatinib mesylate. Zero repeat was found to be
associated with elevated gene expression and error prone
DNA repair. Hence, XRCC5 gene plays an important role
not only in NHEJ pathway of DNA repair but also in confer-
ring risk to CML development. In our study, we observed an
elevation of 0R/0R genotype frequency in hematological poor
responders. However, several factors (BCR/ABL dependent
or BCR/ABL independent mechanisms) were found to be
involved in the progression of CML, hence further functional
studies onXRCC5 gene are needed to confirm its role in CML
progression.
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