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Purpose: DNA damage to hematopoietic progenitor cells is an essential factor for leukemia
development as a failure of the host DNA repair system to fix errors in DNA. This study
aimed to assess the association of XRCCI gene polymorphisms including Argl94Trp,
Arg399Gin, and Arg280His with the risk of development of CML in Sudanese population.
Patients and Methods: The present study was conducted on 186 newly diagnosed patients
with CML, aged 19-70 years (118 males and 68 females; mean age of 46.15+13.91 years)
and 186 normal healthy controls (123 males and 63 females; mean age of 44.94+8.97 years).
Polymerase chain reaction—restriction fragment length polymorphism (PCR-RFLP) assay
was utilized to analyze the XRCCI (Argl94Trp, Arg399GIn, and Arg280His) gene
polymorphisms.

Results: The genotypic frequencies of Arg399GIn polymorphism in cases were 131 (70.4%)
homozygous Arg/Arg, 46 (24.7%) homozygous GIn/Gln, and 9 (4.8%) heterozygous Arg/
Gln as compared to the controls ie, 153 (82.3%), 73 (14.5%), and 6 (3.2%), respectively. The
Arg399GIn variant genotypic frequencies significantly differed between the cases and con-
trols (> = 7.249, P = 0.027). By comparison, no statistically significant difference was
observed in the variant genotype frequencies between the cases and controls in terms of
Argl194Trp and Arg280His polymorphisms.

Conclusion: XRCC! Arg399GIn gene polymorphism might have an important role in
increasing the risk of chronic myeloid leukemia among Sudanese patients. Furthermore, all
tested three polymorphisms showed no association of risk of the development of CML with
age and gender.
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Introduction

Chronic myeloid leukemia (CML) is a member of myeloproliferative neoplasms char-
acterized by the acquired reciprocal chromosomal translocation, t(9;22) (q34; q11) which
occurs as a result of translocation of ABLI (Abelson murine leukemia) gene from
chromosome 9 and its fusion with the BCR (breakpoint cluster region) gene on chromo-
some 22." Fusion of ABL gene with BCR gene encodes an oncoprotein known as BCR-
ABLI protein. BCR-ABL1 oncoprotein possess increased tyrosine kinase activity that
leads to the relentless proliferation of myeloid lineage. This oncoprotein also interacts
with other signaling pathways (STAT, MYC, RAS, RAF and JUN kinase) that also
precipitate excessive proliferation.' In addition to the uncontrolled tyrosine kinase
activity, the BCR-ABL fusion gene leads to the production of increased intracellular
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reactive oxygen species that has spontancous detrimental
effects on DNA.> DNA damage to hematopoietic precursor
cells is an essential factor of leukemia development as the
failure of the host DNA repair system to fix errors in the
DNA.* Many mechanisms participate in protecting genetic
materials, such as DNA repair pathways. Defects in the DNA
repair system and protein function could be affected by a large
number of single-nucleotide polymorphisms (SNPs) that may
cause many malignancies, including hematological
neoplasms.®® Due to their pivotal role in maintaining the
integrity of genome, the genes related with DNA repair have
been studied extensively.

X-ray repair cross-complementing group 1 (XRCCI) is
one of the most important genes embroiled in several pro-
cesses including base excision repair, single-strand break
repair, mismatch repair, and repair of double-strand breaks
that restores the DNA damages occur to due to metabolic
synthesis of reactive oxygen species (ROS), alkylating
agents or radiations.'®!" Common lesions in cellular DNA
are repaired through the interactions of XRCC! with other
DNA repair proteins eg, DNA ligase 3, poly ADP-ribose
polymerase, and DNA polymerase-B.'> The number of
SNPs in the XRCC1 gene have been found to be more than
300."* Among them, three genetic polymorphisms have been
widely studied: Argl94Trp (C—T substitution in codon 194
of exon 6), Arg399GIn (G—A substitution in codon 399 of
exon 10), and Arg280His (G— A substitution in codon 280 of
exon 9).>'*

The effect of the XRCCI gene in the development of
CML have been studied in different populations. However,
in the Sudanese population, data related with the associa-
tion of XRCC! gene polymorphisms with CML are una-
vailable. The main aim of this study was to appraise the
association of XRCCI Argl94Trp, Arg399Gln,

Arg280His gene polymorphisms with the risk of develop-

and

ment of CML in Sudanese population.

Patients and Methods

This was cross-sectional case-control study, conducted on
186 newly diagnosed patients with CML before starting
the treatment, aged 19-70 years (118 males and 68
females; mean age of 46.15+13.91 years) and 186 normal
healthy controls (123 males and 63 females; mean age of
44.9448.97 years). This study was executed after obtaining
ethical approval from the Ethics Committee of Al-Neelain
University, Khartoum, Sudan. Written informed consent
was obtained from each study participant following the
guidelines of the Declaration of Helsinki. Patients with

CML were recruited from the Hematology Clinics,
Radiation and Isotope Center in Khartoum from
August 2018 — December 2020. All CML cases were
positive for Philadelphia chromosome and BCR-ABL
gene rearrangement without a previous history or diagno-
sis of other malignancies. The patients were diagnosed by
hematologist/oncologists in accordance with the WHO
standards. Controls were selected from the same geogra-
phical area to represent a similar age range and ethnic
background of the patients, but they had no previous
history or present evidence of malignancy. The history
and clinical data of the studied subjects were registered
using a structural questionnaire with the help of hemato-
oncologist. EDTA anticoagulated venous blood samples
(5 mL) were collected from all participants in accordance
with the PCR protocol.

DNA Extraction

DNA was extracted from the peripheral nucleated blood
cells using QIAamp® DNA Mini kit (Qiagen GmbH,
Hilden, Germany) in accordance with the manufacturer’s
instructions. Quantitative (DNA and protein) and qualita-
tive (purity and ratio) analyses of the DNA were carried
out using a gene quant device (Amersham Bioscience—
Biochrome Ltd., Cambridge, England). All the samples
in the form of aliquots were stored at —20 °C until
analysis.

Polymerase chain reaction—restriction fragment length
polymorphism (PCR-RFLP) assay was utilized to analyze
the XRCCI (Argl94Trp, Arg399GIn, and Arg280His)
gene polymorphisms. PCR was conducted to amplify
exon 10 of the XRCCI gene. The predesigned gene-
and PCR protocol described by
Annamaneni et al'* and Deligezer et al were followed
for the detection of XRCCI SNPs.’

specific primers

Statistical Analysis

Data were analyzed and computed with the statistical
package for social sciences (SPSS) version 25 (SPSS for
Windows, Chicago, IL, USA) and SNPstat software. For
descriptive parameters (mean and frequencies) and infer-
ential statistics (Student’s #-test to compute the signifi-
cance of the difference between the mean values of
continuous variables). The difference between the propor-
tions and categorical variables were calculated through
Pearson’s Chi-square test (X°). Binary logistic regression
was carried out to analyze the odds ratio (OR) and 95%
confidence interval (CI). SNPstat software was used to
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calculate allele and genotype frequencies. The Hardy-
Weinberg equilibrium (HWE) was used to compare the
observed and expected genotype frequencies. The haplo-
types and their frequencies were determined by using
Linkage disequilibrium (LD) of the three loci. For each
employed test the level of confidence P<0.05 was consid-
ered as a cutoff significance value.

Results

Demographic data of cases (patients with CML) and con-
trol, including age, gender, and phases of CML are
depicted in Table 1. The cases and controls were age—
gender matched. Cases had mean age of 46.15+13.9
years while 72.6% of them were >46 years of age. While
mean age of the controls was 44.9+8.97 years, and 68.3%
of them were > 46 years. The male group constituted
63.4% and 66.1% of cases and controls, respectively.
Among the cases, 157 (84.4%) were diagnosed in the
chronic phase, 21 (11.3%) accelerated phase, and 8
(4.3%) were in the blast crisis phase.

Among the cases, the most common genotype of
Arg194Trp polymorphism was homozygous Arg/Arg 90.3%
(n=168), while heterozygous Arg/Trp was found in 8.6%
(n=16) and homozygous Trp/Trp in 1.1% (n=2) of the total
populace. As for the controls, the genotype frequencies of
homozygous Arg/Arg, heterozygous Agr/Trp and homozy-
gous Trp/Trp were 171 (91.9%), 12 (6.5%), and 3 (1.6%),
respectively. There was statistically insignificant difference in
the variant genotype frequencies between the cases and

Table | Demographic Data of Patients with CML and Controls

Category Cases Controls P-value
(n=186) (n=186)

Gender

Male n (%) 118(63.4) 123(66.1) 0.587

Female n (%) 68(36.6) 63(33.9)

Age

Mean %SD (year) 46.15+13.9 44.9+8.9 0.317

Range (year) 14-80 18-65

< 46 years n (%) 51(27.4) 59(31.7) 0.363

> 46 years n (%) 135(72.6) 127(68.3)

Phase of CML

Chronic n (%) 157 (84.4%)

Accelerated n (%) 21 (11.3%)

Blast n (%) 8 (4.3%)

controls (> =0.798, P =0.671). Analysis of logistic regression
suggested that the odds ratios for homozygous Arg/Arg were
greater (OR = 1.474; 95% CI = 0.243-8.931) than those for
heterozygous Arg/Trp (OR = 0.737; 95% CI = 0.338-1.604).
The genotypic frequencies of Arg399Gln polymorphism in
cases were found as; 131 (70.4%) homozygous Arg/Arg, 46
(24.7%) homozygous GIn/Gln, and 9 (4.8%) heterozygous
Arg/Gln as compared to the controls ie, 153 (82.3%), 73
(14.5%), and 6 (3.2%), respectively. The variant genotype
frequencies significantly differed between the cases and con-
trols (4> = 7.249, P = 0.027). Odds ratios were greater for
homozygous Gln/GIn (OR = 1.752; 95% CI = 0.608-5.052)
than that for homozygous Arg/Arg (OR = 0.880; 95% CI =
0.282-2.745). Genotype and allele frequencies of XCCRI
Argl94Trp, Arg399GIn and Arg280His polymorphisms in
the studied population are shown in Table 2.

Conversely, results of Arg280His polymorphism showed
that a total of 174 (93.5%) cases were homozygous Arg/Arg,
1 (0.5%) homozygous His/His, and 11 (5.9%) heterozygous
Arg/His and in controls, 173 (93%), 1 (0.5%), and 12 (6.5%),
respectively. Statistically no significant difference was
observed between the cases and controls (y* = 0.046, P =
0.977). Logistic regression suggested that the odds were
slightly lower for homozygous His/His (OR = 1.006; 95%
CI = 0.062-16.209) than those for heterozygous Arg/His
(OR =1.097; 95% CI = 0.471-2.554).

Allele frequencies of XCCRI Argl94Trp (rs1799782),
Arg399GIn (rs25487) and Arg280His (rs25489) poly-
morphisms in the studied population are shown in
Table 3. For the Argl94Trp polymorphism, allele frequen-
cies of Arg (C) and Trp (T) were nearly equal in cases as
compared to controls (94.6%, and 5.4% vs 95.2%, and
4.8%). For the Arg399GIn polymorphism, the variant
allele frequencies significantly differed between the cases
and controls (P = 0.0003). The frequency of Arg (A) allele
was 72.8% in cases and 83.9% in controls while the
frequency of Gln allele (G) was 27.2% in cases whereas
in controls it was 16.1%. Regarding the Arg280His poly-
morphism, the distribution of Arg (A) allele, and His (G)
allele frequencies in cases and controls were nearly equal
(96.5%, and 3.5% vs 96.2%, and 3.7%).

Table 4 illustrates the distribution of the studied poly-
morphisms and age of the patients at the time of diagnosis
(age of more than mean age and those less than mean age).
P-values were 0.972, 0.480 and 0.609 for Argl94Trp,
Arg399GIn, and Arg280His polymorphisms, respectively.
The studied polymorphisms also exhibited no impact on the
risk of CML with respect to patients’ gender. Based upon

International Journal of General Medicine 2021:14

8233

Dove:


https://www.dovepress.com
https://www.dovepress.com

Abdalhabib et al

Dove

Table 2 Genotype of XCCRI Argl94Trp, Arg399GIn and Arg280His Polymorphisms in the Studied Population

SNP Location | Genotype Cases (n = Controls (n = Chi Square Odds Ratio
186) 186) (P-value) (95% CI)
Argl94Trp Exon 6 Arg/Arg 168(90.3) 171(91.9) 0.798(0.671) |
(rs1799782) Arg/Trp 16(8.6) 12(6.5) 0.737(0.338-1.604)
Trp/Trp 2(1.1) 3(1.6) 1.474 (0.243-8.931)
Arg399GiIn (rs25487) | Exon 10 Arg/Arg 131(70.4) 153(82.3) 7.249(0.027) I*
GIn/GIn 46(24.7) 27(14.5) 1.752(0.608-5.052)
Arg/Gln 9(4.8) 6(3.2) 0.880(0.282-2.745)
Arg280His (rs25489) Exon 9 Arg/Arg 174(93.5) 173(93.0) 0.046(0.977) |
His/His 1(0.5) 1(0.5) 1.006(0.062—16.209)
Arg/His 11(5.9) 12(6.5) 1.097(0.471-2.554)

Note: *Indicates significance at p<0.05.

gender distribution, the variant genotype frequencies of the
patients with CML did not significantly differ (P-values were
0.782, 0.906, and 0.188) for Argl94Trp, Arg399GIn, and
Arg280His polymorphisms, respectively, as shown in
Table 4. Similarly, phase of CML did not demonstrate any
association with Argl94Trp, Arg399GlIn, and Arg280His

polymorphisms, respectively, as depicted in Table 4.

Discussion

The genomic instability of the BCR-ABL expression in
CML has the potential to create other mutations that
cause DNA damage.'® The unrepaired cellular damage of

Table 3 The Alleles Frequency and Haplotypes Analysis Among
Studied Subjects (N = 372)

Allele/ Cases Controls | Odds Ratio (95% CI) P-value
Haplotype

Allele frequency

rs1799782 (C) | 352 (94.6) | 354 (95.2) | 1.12 (0.58-2.15) 0.739
rs1799782(T) 20 (54) 18 (4.8)

rs25487 (A) 271(72.8) | 312(83.9) | 1.94 (1.35-2.77) 0.0003*
rs25487 (G) 101 (27.2) 60 (l6.1)

rs25489 (A) 359 (96.5) | 358 (96.2) | 0.93 (0.43-2.0) 0.525
rs25489 (G) 13 (3.5) 14 (3.7)

Haplotype analysis

CAA 0.6604 0.7715 1.00 -
CGA 0.252 0.1425 0.66 (0.50-0.88) 0.0052*
TAA 0.0412 0.0403 0.85 (0.44-1.65) 0.63
CAG 0.0258 0.0269 0.86 (0.36-2.04) 0.73
TGA 0.0115 0.0081 1.05 (0.40-2.77) 0.92
CGG 0.0081 0.0108 1.10 (0.47-2.55) 0.98
TAG 0.0011 NA

Note: *Indicates significance at p<0.05.

DNA by exogenous and endogenous agents can lead to
unregulated cell growth and neoplasia. DNA repair genes
play a significant part in repairing this cellular damage and
maintaining the genome integrity. XRCC/ has been studied
in relation to different human cancers, including CML.
Several studies have explored the association of CML
and other types of leukemias in different population and
ethnicities with the three most common XRCCI gene
polymorphisms, namely, Argl94Trp, Arg399Gln, and
Arg280His.'*'® The present study is the first of its kind
from Sudan to report XRCC! gene polymorphisms in
patients with CML. In this study, significant association
of Arg399GIn polymorphism and CML was found as
healthy The Arg399Gin,
GIn399GIn, and Arg399Arg genotypes were detected in
70.4%, 24.7%, and 4.8% of the patients, respectively. This
finding indicated the probable role of Arg399GIn poly-

compared to controls.

morphism in CML in our population. These results agree

1'* who found a correlation

with those of Annamaneni et a
between the occurrence of polymorphisms in the XRCC/
gene and the progression of CML, but this correlation is
inconsistent with the results of some other studies,”'**°
who did not find any association between the XRCC/
codon 399GIn polymorphism and CML. A meta-analysis
on XRCCI Arg399GIn polymorphism and hematological
malignancies reveals a positive association between the
Arg399GIn polymorphism and an increase in the risk of
developing hematological malignancies or leukemia in
Asians.?!

The presence of the GIn399 allele variant is accompa-
nied with multiple abnormalities, including gene muta-
tions, increased levels of sister chromatid exchanges,

delay of the prolonged cell cycle, and considerably
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Table 4 Association of XCCRI Gene Polymorphisms with Age, Gender and CML Phase

SNP Genotype/Allele Age Groups Gender CML Phase
Below the Above the Male Female Chronic Accelerated
Mean Age Mean Age and Blast
Argl94Trp Arg/Arg (CIC) 46 (27.4) 122 (72.6) 107 (63.7) 61 (37.3) 143 (85.1) 25 (14.9)
(rs1799782) Arg/Trp (C/T) 531.3) Il (69.7) 9 (56.2) 7 (43.8) 13 (81.3) 3(18.8)
Trp/Trp (T/T) 0 (0.0) 2 (100) 2 (100) 0 (0.0) 1 (50.0) 1(50.0)
Chi square (P-value) 0.057 (0. 972) 0.491 (0 0.782) 1.985 (0.371)
Arg399Gin Arg/Arg (A/A) 34 (26) 97 (74) 84 (64.1) 47 (35.9) 112 (85.5) 19 (14.5)
(rs25487) GIn/GIn (G/G) 13 (28.3) 33 (71.7) 28 (60.9) 18 (39.1) 39 (84.8) 7(15.2)
Arg/GIn (A/G) 4 (44.4) 5 (55.6) 6 (66.7) 3(333) 6 (66.7) 3(333)
Chi square (P-value) 1.468 (0.480) 0.198 (0.906) 2.275 (0.321)
Arg280His Arg/Arg (A/A) 49 (28.2) 125 (71.8) 108 (62.1) 66 (37.9) 150 (86.2) 24 (13.8)
(rs25489) His/His (G/G) 0 (0.0 1 (100) I (100) 0 (0.0) 0 (0.0) I (100)
Arg/His (A/G) 2 (18.2) 9 (81.8) 9 (81.8) 2 (18.2) 8 (72.7) 3(27.3)
Chi square (P-value) 0.99 (0.609) 3.34 (0.188) 1.508 (0.219)

decreased DNA repair, as measured by the persistence of
DNA adducts.?> These abnormalities may contribute to
disease susceptibility in people with Arg399GIn poly-
morphism defects. The XRCC! variant Arg280His allele
has been reported to be associated with a reduction in the
capacity of single-strand breaks and base excision repair
system thus, this allele has been suggested as a potential
risk factor of cancers.*®

This study provided no evidence supporting the role of
Arg280His polymorphism in susceptibility to CML in
Sudanese patients. The distribution of this polymorphism
was almost similar among CML cases and controls.
However, this finding is contrary to some other reports with
a significantly high risk of CML in individuals with
Arg280His polymorphism.*>** Additionally, Zhaodong et al*®
conducted a meta-analysis and found that the XRCC1 gene in
the Arg280His polymorphism is associated with leukemia
susceptibility.

Argl94Trp polymorphism causes XRCC! dysfunction
via an amino acid (C—T) substitution in evolutionarily
conserved regions, therefore, the risk of carcinogenesis
increases.?® In the current study, we did not observe asso-
ciation of Argl94Trp polymorphism and increased risk of
CML similar to the studies.”*** However, this finding was
in contrast to another study.?’

This study did not find any correlation between the
analyzed SNPs with the clinical phase of the disease,
across the age groups of the study subjects upon diagnosis,

and gender-related disease. However, findings about the
association of XRCCI Argl94Trp, Arg399Gin,
Arg280His polymorphisms, and the risk of CML were

and

contradictory. Literature shows the age association with
Arg/Gln more common in age group 20—40 years as com-
pared to GIn/Gln homozygous which was noted in 40—60
aged group. In addition to that high frequency of Gln allele
suggests an explicit role in the development of CML."
The discrepancies between studies could be possibly due
to study design, ethnicity of the studied populations, gene—
environment interactions, life style, exposure to carcino-
gens, smoking and various roles of polymorphisms in
different cell types or tissues that might have multiple

effects on cancer formation.

Conclusion

In conclusion, XRCCI Arg399GlIn could be attributed as
a risk factor of CML in Sudanese population irrespective
age and gender.
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