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Abstract Myelodysplastic syndromes (MDSs) are heteroge-
neous hematopoietic disease characterized by ineffective
haematopoiesis that frequently transforms into acute leukae-
mia. Alterations in many individual biologic pathways have
been reported in MDS pathophysiology. Disease progression
along the MDS, acute myeloid leukemia (AML) continuum is
believed to be a consequence of stepwise accumulation of
DNA mutations which infers a defect in DNA repair. The
present study investigated the association between DNA re-
pair genes (XRCC1, XRCC3, OGG1, XPD and RAD51) and
the risk of developing MDS. The study was carried out in 92
primary MDS patients. The genotyping study was carried out
by PCR-RFLP technique. We have studied seven single-
nucleotide polymorphisms (SNPs) of five DNA repair genes
(XRCCI (Argl94Trp, Arg280His, Arg399Gln), XRCC3,
XPD, RADS1 and OGG1). Significantly, a high frequency
of DNA repair gene XRCC1 (Arg280His) (p=0.05) and
XPD (Lys751GIn) (p=0.01) polymorphism was observed in
MDS patients compared to controls. The distribution of poly-
morphisms in MDS subgroups showed a significant associa-
tion of XRCC1 with RAEB I compared to other subgroup.
Though a high frequency of XRCC1 gene polymorphism was
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observed in farmers and tobacco chewers, it was not statisti-
cally significant. Our study suggests that XRCCI
(Arg280His) and XPD polymorphisms are associated with
risk of MDS and XRCCI1 polymorphism strongly associated
with advanced MDS subgroup. Hence, these polymorphisms
can be used as a prognostic marker in MDS.
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Introduction

Myelodysplastic syndromes (MDSs) are heterogeneous he-
matopoietic disease characterized by ineffective
haematopoiesis that frequently transforms into acute leukae-
mia. MDS is primarily a disease of the elderly, whereas some
cases can occur following large genotoxic insults such as che-
motherapy drug treatment [1]. Alterations in many individual
biologic pathways have been reported in MDS pathophysiol-
ogy. However, despite a hypercellular bone marrow, the gen-
erally accepted primary hypothesis involves an initial delete-
rious genetic event within a hematopoietic stem cell, subse-
quent development of excessive cytokines/inflammatory re-
sponse leading to a pro-apoptotic/ proliferative state and re-
sultant peripheral cytopaenias [2].

DNA damage repair pathways are important for removing
different types of DNA damage. The base excision repair
(BER), nucleotide excision repair (NER) and double-strand
break repair (DSB repair) are the most important DNA repair
pathways. Mutations are early events in carcinogenesis, and
impaired DNA repair might be a risk factor for many cancers
[3]. Common genetic polymorphisms in DNA repair genes
might affect protein function and, thus, the capacity of repair
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DNA damage, which in turn could lead to genetic instability
and leukemogenesis. Polymorphisms in DNA repair genes are
thought to be a risk factor for cancer as a result of increased
rate of mutations. Among them, polymorphisms of X-ray re-
pair cross complementing group 1 (XRCCI), X-ray repair
cross complementing group 3 (XRCC3) and xeroderma
pigmentosum Complementation group D (XPD) have been
studied extensively. Several single-nucleotide polymorphisms
(SNPs) in XRCC1, XRCC3 and XPD genes have been identi-
fied. Among them, XRCCI Arg399GIn, Arg280His,
Arg194Trp, XRCC3 Thr241Met and XPD Lys751Gln poly-
morphisms are the most studied in cancers, including leukae-
mia [4]. The DNA repair enzyme human oxoguanine
glycosylase 1 (hOGG1) is a DNA glycosylase/AP lyase that
has been indicated to play an important role in preventing
carcinogenesis by repairing oxidative damage to DNA.
Specifically, glycosylase/AP lyase could efficiently catalyze
the excision and removal of 8-OH-dG adducts. HOGG1 may
play a vital role in maintaining genome integrity and
preventing the development of cancer [5].

Human RADS1, known to function in DNA repair, inter-
acts with a number of proteins implicated in breast cancer,
including BRCA1 and BRCA2. In vitro, RADS51 protein pro-
motes DNA homologous pairing and strand exchange, in as-
sociation with other proteins of the gene conversion complex
[6]. Two SNP polymorphisms have been described in the 5'-
untranslated region (5'-UTR) of RADS1 gene, a G to C sub-
stitution at position +135 bp and a G to T substitution at
position +172 bp from the start of the cDNA sequence.
Several studies have linked the RADS51 135C allele with al-
tered susceptibility to both breast cancer and ovarian cancer
[7, 8].

Disease progression along the MDS-acute myeloid leukae-
mia (AML) continuum is believed to be a consequence of
stepwise accumulation of DNA mutations which infers a de-
fect in DNA repair [9]. Genetic background is thought to
influence the risk of developing MDS; several case—control
studies have investigated the relationships between specific
genetic polymorphisms and the risk of MDS [10]. The present
study investigated the seven SNPs of DNA repair genes
(XRCC1, XRCC3, OGGI, XPD and RADS51) in MDS, as
these SNPs associated with various cancers.

Materials and methods

Patients

The study was carried out in 92 primary MDS patients includ-
ing 52 males and 40 females. The MDS patients were diag-
nosed according to WHO classification [11]. Sixty age- and

sex-matched controls were also recruited. The study was car-
ried out with consent of patients and controls. The patients’
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demographic details such as occupational exposure and habits
(tobacco chewing, smoking, alcohol, etc.) were recorded in
our proforma. The study protocols were approved by the
Institutional Ethics Committee.

DNA isolation

Genomic DNA was extracted from the peripheral blood of the
patients’ sample collected in EDTA Vacutainers. The DNA
was extracted using QIAamp DNA Blood Mini Kit
(Qiagen), based on column extraction method.

Genotyping

Seven SNPs of five DNA repair genes (XRCC3, XRCCI1,
OGGl1, XPD, RADS51) were selected for the study. The geno-
types were determined by the PCR-RFLP method, and
primers, annealing temperature, length of amplified frag-
ments, restriction pattern and restriction enzymes used are
listed in Supplementary Table. The PCR was done using
100 ng of genomic DNA, 0.2 umol/L of each primer, 1x
PCR buffer, 0.2 umol/L of each deoxynucleotide triphos-
phate, 2.0 mmol/L MgCl, and 0.625 units of Taq in a 25-pL
reaction volume. PCR program was a 5-min denaturation step
at 95 °C followed by 35 cycles of 94 °C for 50 s, 55 to 63 °C
for 30 to 50 s, 72 °C for 30 to 50 s (according to the length of
fragment amplified), respectively, and a final extension step at
72 °C for 10 min. The amplified PCR products were digested
at 37 °C for 5 min using restriction enzymes (Fermentas, Inc.).
The digested products were resolved on 3 % agarose gels and
analyzed under UV light (Supplementary Methods,
Supplementary Fig. 1).

All data were analyzed by GraphPad InStat software, ver-
sion 3 (GraphPad, San Diego, CA, USA). Fischer’s exact test
(two-sided) was used to compare the distribution of qualitative
variables between cases and controls. A value less than 0.05
was considered as statistically significant.

Results

The male/female ratio of 92 MDS was 1.3:1 and the age group
ranging from 15 to 92 years with a median age of 47 years.
The subgroups of MDS were RA (43 %), RAEB I (8.6 %),
RAEB I (9.7 %), RARS (4.3 %), RCMD (32.6 %) and MDS-
U (1.08 %) (Fig. 1). Clinical characteristics of MDS patients
are presented in Table 1.

Our study investigated the frequency of seven polymor-
phisms in 92 MDS patients and 60 controls. The distributions
of genotypes and alleles of XRCC1 (Arg194Trp, Arg280His,
Arg399GlIn), XRCC3, XPD, RADS51 and OGGI1 genes in
MBDS patients are summarized in Table 2. Among seven poly-
morphisms, XPD (p=0.011) and XRCC1 (Arg280His) (p=
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Fig. 1 Graphical representation of MDS subgroup as per WHO
classification

0.05) were found to be significantly associated with MDS.
The frequency of homozygous variant His/His of XRCC1
Arg280His genotype was higher in patients (64 %) compared
to controls (20 %). It was observed that the frequency of
heterozygous variant Arg/His and Arg/Arg genotype was high
in controls (22 and 58 %) compared to patients (15 and 21 %).
XPD Lys751GIn showed a significantly higher frequency of

Table 1  Clinical characteristics of MDS patients

Clinical presentation MDS group (n=92)

Haemoglobin (g/1)

Median 7.39

Range 24-12 g/l
White blood cell (x10°/1)

Median 43

Range 13-11.5x10%/1
Platelets (x10/1)

Median 78

Range 19-419%10%/1
Creatinine (mg%)

Median 0.9

Range 0.7-1.5 mg%
Gum bleeding 16 %
SGOT (840 TU/)

<40 28 %

>40 41 %
SGPT (5-35 TU/)

<35 33 %

>35 37 %
LDH (230460 U/N)

<460 25 %

>460 50 %
Cellularity

Hypercellular 44 %

Normocellular 20 %
Blast (%)

<5 20 %

5-10 5%

11-20 5%

homozygous variant GIn/Gln in patients (15 %) compared to
controls (3 %). The frequency of wild-type variant Lys/Lys
was high in controls (57 %) compared to patients (48 %). In
case of XRCC1 (Arg194Trp, Arg399GIn), XRCC3, RADS1
and OGG1 DNA repair genes, no significant difference was
observed between MDS patients and controls.

The distribution of variant allele and genotype frequency of
MBDS subtypes revealed that the XRCC1 Arg280His homozy-
gous variant (His/His) allele was higher in MDS RAEB I and
II compared to other subgroups (Table 3). The frequency of
this variant allele when compared between MDS patients with
and without blast and the frequency of XRCCI1 homozygous
variant (his/his) were high in patients with blast (76.47 %)
compared to patients without blast (38.02 %).

In this study, the data on occupational exposure revealed a
high frequency (63.2 %) of homozygous variant of XRCC1
(Arg280His) in farmers exposed to pesticides compared to
other occupations (exposed to polyvinyl chloride, toluene
and zinc oxide). However, the genotype was not found to be
significantly associated (p>0.05) with occupational exposure

Table 2  Distribution of XRCC1, XRCC3, XPD, RAD51 and hOGG1
genotype frequencies in MDS patients and control groups

Polymorphisms ~ Cases n=92 (%)  Controls n=60 (%)  p value
XRCC3 (Thr241Met)
Thr/Thr 62 (67 %) 39 (65 %) 0.271
Thr/Met 22 (24 %) 15(25 %)
Met/Met 8 (9 %) 10 (16 %)
hOGG1 (Ser326Cys)
Ser/Ser 60 (65 %) 48 (80 %) 0.158
Ser/Cys 32 (35 %) 12 (20 %)
Cys/Cys 0 0
XRCCI (Argl94Trp)
Arg/Arg 61 (66 %) 41 (68 %) 1.00
Arg/Trp 21 (23 %) 13 (22 %)
Trp/Trp 10 (11 %) 6 (10 %)
XRCCI (Arg280His)
Arg/Arg 19 21 %) 35 (58 %) 0.05
Arg/His 14 (15 %) 13 (22 %)
His/His 59 (64 %) 12 (20 %)
XRCC1 (Arg399GIn)
Arg/Arg 44 (48 %) 40 (66 %) 0.271
Arg/Gln 45 (49 %) 15 (25 %)
GIn/Gln 33 %) 58 %)
XPD (Lys751Gln)
Lys/Lys 44 (48 %) 34 (57 %) 0.011
Lys/Gln 34 (37 %) 23 (38 %)
GIn/Gln 14 (15 %) 3(5 %)
RADSI (GInl135His)
Gln/Gln 49 (53 %) 44 (73 %) 0.056
Gln/His 35 (38 %) 11 (18 %)
His/His 8 (9 %) 58 %)
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Table 3 Distribution of XRCCl,

XRCC3, XPD, RAD51 and Polymorphisms MDS subtypes
hOGG1 genotype frequencies in
MDS subtypes RA RAEB I RAEB II RARS RCMD MDS-U
XRCC3
Thr/Thr 16 (40 %) 3 (38 %) 7 (78 %) 125 %) 21 (70 %) 1 (100 %)
Thr/Met 7 (18 %) 4 (50 %) 1 (11 %) 2 (50 %) 8 (27 %) 0
Met/Met 4 (10 %) 1(13 %) 1 (11 %) 1 (25 %) 13 %) 0
hOGG1
Ser/Ser 26 (65 %) 6 (75 %) 6 (67 %) 3(75 %) 18 (60 %) 1 (100 %)
Ser/Cys 14 (35 %) 2 (25 %) 3 (33 %) 1 (25 %) 12 (40 %) 0
Cys/Cys 0 0 0 0 0 0
XRCCI
Arg/Arg 27 (68 %) 5 (63 %) 6 (67 %) 4 (100 %) 19 (63 %) 0
Arg/Trp 8 (20 %) 1(13 %) 3 (33 %) 0 9 (30 %) 0
Trp/Trp 5(13 %) 2 (25 %) 0 0 2 (6 %) 1 (100 %)
XRCC1
Arg/Arg 10 (25 %) 0 0 2 (50 %) 7 (23 %) 0
Arg/His 6 (15 %) 1(13 %) 3(33 %) 0 19 (63 %) 0
His/His 20 (50 %) 7 (88 %) 6 (67 %) 2 (50 %) 4 (13 %) 1 (100 %)
XRCC1
Arg/Arg 13 (32 %) 3 (38 %) 5(56 %) 1 (25 %) 17 (56 %) 1 (100 %)
Arg/Gln 21 (53 %) 5(62 %) 3(33 %) 3(75 %) 13 (43 %) 0
GIn/Gln 2 (5 %) 0 1 (11 %) 0 0 0
XPD
Lys/Lys 19 (47 %) 4 (50 %) 6 (67 %) 2 (50 %) 13 (43 %) 0
Lys/GIn 15 (37 %) 2 (25 %) 3(33 %) 2 (50 %) 11 (37 %) 1 (100 %)
Gln/Gln 6 (15 %) 2 (25 %) 0 0 6 (20 %) 0
RADS51
Gln/Gln 27 (67 %) 4 (50 %) 5 (56 %) 125 %) 11 (37 %) 1 (100 %)
Gln/His 10 (25 %) 3 (38 %) 3 (33 %) 2 (50 %) 17 (57 %) 0
His/His 3 (8 %) 1(13 %) 1 (11 %) 125 %) 2 (6 %) 0

(Table 4). The lifestyle of MDS patients such as smoking,
alcohol and tobacco consumption was studied. In our
study group, 39.76 % MDS patients had a history of
smoking (4.3 %); tobacco chewing (21.5 %); being alco-
holics (5.37 %); smoking and drinking alcohol (1.07 %);
smoking and using tobacco (4.30 %); drinking alcohol and
using tobacco (2.15 %); and smoking, drinking alcohol and
using tobacco (1.07 %) (Fig. 2). DNA repair gene polymor-
phisms showed a high frequency (67.8 %) of homozygous

variant His/His of XRCC1 Arg280His polymorphisms in to-
bacco chewers compared to controls. However, these results
were statistically not significant (p>0.05) (Table 5).

Discussion

DNA damage occurs due to several factors such as exposure
to environmental factors (chemicals, toxins, ultraviolet light

Table 4  Occupational exposure and genotyping frequency in MDS patients

Occupation Cases n=33  XRCCI (Arg280His) XPD (Lys751Gln)

wt Hetero Homo pvalue  wt Hetero Homo p value
Polyvinyl chloride 1 0 0 1 (100 %) 1.00 0 1(100%) 0 1.00
Pesticides 19 3(157%) 421 %) 12 (63.2 %) 0.88 9(474%) 6315%) 4(21%) 1.00
Toluene and zinc oxide 3 0 2(66.6 %) 1(33.3 %) 0.52 0 3(100%) O 0.87
Other 10 3 (30 %) 2 (20 %) 5 (50 %) 4 (40 %) 4 (40 %) 2 (20 %)
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Fig. 2 Distribution of MDS patients with different lifestyles

and ionizing radiation) or cellular metabolisms (replications)
[12]. The DNA damage is controlled by several DNA repair
genes (XRCC1, XRCC3, XPD, OGGI1, RADS51, etc.). We
have studied seven polymorphisms in five DNA repair genes
(OGG1, XRCC1 (Argl94Trp, Arg280His, Arg399Gln),
XRCC3, XPD and RADS1) in primary MDS patients. Our
study showed a high frequency (15 %) of Gln/GIn genotype
of XPD gene in MDS compared to controls. We also observed
statistically significant (p=0.05) association of His/His geno-
type in XRCCI1 gene between MDS patients and controls. The
results suggest that XRCC1 (Arg280His) and XPD
(Lys751GIn) polymorphisms exist in Indian patients with
MDS, and these polymorphisms may be playing a role in
progression of the disease. However, the frequency of
751Lys (G) allele was found to be high (0.664) as compared
to 751Gln (C) allele (0.336) in MDS patients. The 280Arg (G)
allele frequency was 0.282 as compared to 280His (A) allele
(0.717). Several studies have shown the association of genetic

polymorphisms of DNA repair genes with haematological
malignancies such as AML [13], ALL [14] and CML [15].
Recent studies demonstrated the potential impact of genetic
polymorphisms on the risk to develop MDS. The study carried
out by Aktuglu et al. [16] showed the association of XRCC3,
XPD and OGG1 genotypes with an increased MDS risk in
Turkish population. Similarly, Li et al. [17] showed a signifi-
cant difference of RADS51 between MDS patients and con-
trols. Belickova et al. [18] reported a significant association
of LIG1, RADS52, MSH3 and GPX3 genotypes with MDS,
thus indicating that these genes might have important role on
MDS. However, a study carried out by Fabiani et al. [10]
showed that the difference of frequencies of DNA repair gene
polymorphisms (RAD51, XRCC3 and XPD) was not signif-
icant between MDS patients and controls. Kreuziger et al. [19]
did not find any correlation of RADS51 and XRCC3 gene
polymorphisms with MDS. A study carried out by Sekar
et al. [20] suggests that GIn/GIn genotype of XPD poses a
great risk for cancer. The protective effect of variant allele
399GIn of XRCClI also has been reported in the development
oft-AML [21]. A study from British population demonstrated
an increased risk of AML in individuals with XPD 751GIn
genotype [22]. Similar results were observed in paediatric
AML cases in a study carried out in USA [23]. Our extensive
literature survey indicates that the XRCC3, XPD and RADS51
gene polymorphisms are frequently associated with MDS.
However, our results are slightly different from the existing
literature on polymorphisms of DNA repair genes. In our co-
hort, the XRCC1 polymorphism was observed in significant
number of patients (Table 2). Hence, XRCC1 polymorphism
might be associated with risk of MDS in Indian population.
However, the prognostic significance of the XRCC1 polymor-
phism needs to be established. Our interesting observation is
that the XRCC1 polymorphism was significantly associated
with RAEB I and II subgroup MDS (Table 4). The frequency
was found to be high in patients with excess blasts as com-
pared to patients without excess blasts. However, a large sam-
ple size of RAEB I and II needs to be studied to show the

Table 5 Lifestyle and genotype

frequency in MDS patients Polymorphism Controls No exposure Alcoholic Tobacco chewer Smokers
XRCC1 (Arg280His)
Arg/Arg 35 (58 %) 13 (23.6 %) 2(22.2 %) 3 (10.7 %) 2 (20 %)
Arg/His 13 (22 %) 7 (12.7 %) 2(22.2 %) 6(21.4 %) 2 (20 %)
His/His 12 (20 %) 35 (63.6 %) 5(55.6 %) 19 (67.8 %) 6 (60 %)
p value 1.00 0.58 1.00
XPD (Lys751Gln)
Lys/Lys 34 (57 %) 21 (38.2 %) 4 (44.4 %) 10 (35.7 %) 6 (60 %)
Lys/Gln 23 (38 %) 24 (43.6 %) 5(55.6 %) 14 (50 %) 3(30 %)
GIn/Gln 3(5 %) 10 (18.2 %) 0 4 (143 %) 1 (10 %)
p value 0.61 0.48 0.76

@ Springer



84

Ann Hematol (2016) 95:79-85

involvement of these polymorphisms in advanced MDS
group.

Few studies have shown that the genetic variant of genes
may alter endonuclease and DNA binding activity and reduce
ability to communicate with BER proteins [24, 25]. XRCC1 is
an important component of BER pathway. After excision of a
damaged base, it stimulates endonuclease action and acts as a
scaffold in the subsequent restoration of the site by
complexing with DNA ligase III via a BRCT domain in its
COOH terminus and with DNA polymerase h via the NH2-
terminal domain [26]. XPD plays an important role in recog-
nizing damaged DNA in nucleotide excision repair (NER)
pathway by ATP-dependent helicase. Functional disorder in
helicase that is responsible for the NER function usually re-
sults from chemotherapy that leads to DNA defects and re-
placement of Lys amino acid with glutamine amino acid in
XPD gene codon 751 [22]. The defects in these genes affect
the DNA repair process leading to genomic instability and
tumorigenesis.

The investigation of gene-environment interaction is im-
portant in studying the impact of repair genes on cancers,
since the effects of genetic polymorphisms may be apparent
only in presence of carcinogenic agents such as pesticides, etc.
Several etiological factors have been reported in MDS.
Importantly, exposure to tobacco, smoking and alcohol found
to have association with MDS. In our study group, majority of
the MDS patients had a history of pesticide exposure and
tobacco chewing habit (Tables 4 and 5). The MDSs were
distributed according to gene polymorphisms, and we have
observed a high frequency (62 %) of XRCC1 gene polymor-
phisms in MDS patients who had a history of exposure to
pesticides and a habit of tobacco chewing. However, the re-
sults were not statistically significant. There are several stud-
ies that have shown the association of smoking, alcohol and
tobacco usage with MDS [27, 28]. Ma et al. [29] suggested
that the smoking exposure in low-risk MDS is associated with
increased mortality.

In conclusion, XRCC1 (Arg280His) and XPD genotypes
are associated with an increased MDS risk, suggesting the
involvement of these genes in the pathogenesis of disease.
XRCCI1 gene polymorphism is significantly present in
Indian patients with MDS and associated may be with
RAEB I and II subgroup, and this needs to be confirmed with
large sample size.
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