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Abstract

Background: Acute lymphoblastic leukemia (ALL) is the most common childhood cancer. Glutathione-S-methyl
transferase (GSTs) enzymes’ family is known to catalyze carcinogens detoxification. Overexpression of (GSTO) omega
class was reported in cancer occurrence. The purpose of the study was to investigate the association of
GSTO1*A140D (rs4925) and GSTO2*N142D (rs156697) polymorphisms with the susceptibility to childhood ALL and to
evaluate their prognostic impact. Genotyping was performed using polymerase chain reaction-restriction fragment
length polymorphism technique in 96 Egyptian pediatric ALL patients and 99 controls.

Results: No statistically significant different GSTO1*A140D genotype and allele distribution was observed among ALL
cases and controls; however, a statistically significant different GSTO1*A140D genotype distribution was found between
de novo ALL cases and controls [CC (37% vs. 56.6%), CA (47.8% vs. 40.4%), and AA (15.2% vs. 3.0%), respectively] (0.008).
GSTO1*A140D variant genotypes’ frequency was significantly higher in de novo cases than in controls (63% vs. 43.4%)
(0.028). The minor allele frequency (MAF) of GSTO1*A140D-A was significantly higher in de novo cases compared to
controls (0.39 vs. 0.23) (0.005). Genotyping of GSTO2*N142D revealed a statistically significant difference of genotype
distribution between ALL patients and controls [AA (26% vs. 36.3%), AG (62.5% vs. 61.6%), and GG (11.4% vs. 2.0%),
respectively] (0.017) and between de novo ALL cases and controls [AA (37% vs. 36.3%), AG (45.7% vs. 61.6%), and GG
(17.3% vs. 2.0%), respectively] (0.002). The MAF of GSTO2*N142D-G was significantly higher in ALL patients than in
controls (0.42 vs. 0.32) (0.046). The high-risk ALL group had a higher frequency of GSTO1*A140D and GSTO2*N142D
variant genotypes compared to corresponding wild genotypes and a higher frequency of combined polymorphisms
compared to single polymorphisms and wild genotypes but with no statistically significant difference.

Conclusion: A statistically significant difference of GSTO1*A140D and GSTO2*N142D genotype distribution was detected
between de novo ALL cases and controls. Compared to the control group, the MAF of GSTO1*A140D-A was overexpressed
in de novo ALL cases and that of GSTO2*N142D-G was significantly higher in ALL patients. These findings suggest that the
studied polymorphisms might play a significant role in the susceptibility to de novo childhood ALL in Egypt; however,
GSTO1*A140D and/or GSTO2*N142D polymorphisms have no impact on ALL prognosis.

Keywords: Acute lymphoblastic leukemia (ALL), GSTO1*A140D (rs4925) polymorphism, GSTO2*N142D (rs156697)
polymorphism, PCR-RFLP, Egyptian children
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Background
Acute lymphoblastic leukemia (ALL) is the most com-
mon type of childhood cancer. Although overall long-
term disease-free survival has improved to more than
70% with modern chemotherapy [1], the exact molecular
mechanism of this disease remains unknown. The inter-
action of several environmental and genetic factors has
been implicated in cancer occurrence [2]. Moreover,
children are exposed to toxic environmental substances
in the prenatal period where cell differentiation and
growth occur. Upon exposure to drugs or toxic sub-
stances, these compounds are metabolized to non-
harmful molecules by a biphasic mechanism involving
drug detoxification enzymes. These enzymes are essen-
tial for the elimination of these toxic substances [3].
They are divided into phase I enzymes, represented by
cytochrome P450 isoenzymes (CYP) that catalyze hy-
drolysis, reduction, and oxidation reactions, and phase II
enzymes, which catalyze conjugation reactions, including
the glutathione S-transferases (GST) and the N-acetyl
transferases (NAT) [4].
Glutathione S-transferases (GSTs) are categorized as

phase II drug detoxification enzymes that induce the con-
jugation of glutathione (GSH) using a number of en-
dogenous or exogenous substances. The genes encoding
GSTs were categorized into eight classes: α (GSTA), κ
(GSTK), μ (GSTM), ω (GSTO), π (GSTP), ς (GSTS), θ
(GSTT), and ζ (GSTZ) [5]. This classification was based
on the immunological properties, catalytic activity, amino
acid sequence homology, the sequence of bases in genes,
and the location of genes on chromosomes [6]. These en-
zymes have an influence on cell proliferation, apoptosis,
neoplastic transformation, tumor metastasis, and develop-
ment of drug resistance [7]. They are essential for cell pro-
tection against cellular stress and toxic compounds [8].
Most often, the polymorphisms that reduce GSTs activity
are associated with increased cancer risk and varied re-
sponse to therapy [9]. Moreover, due to their high level in
the plasma from cancer patients and their high expression
in tumors compared to normal tissues, these enzymes
were identified as cancer markers [10]. For example,
GSTM1 and GSTP1 gene polymorphism were known to
increase the risk of breast cancer and hepatocellular car-
cinoma [6]. GSTP1 gene polymorphism and its combin-
ation with the GSTM1 and GSTT1 polymorphisms
predispose to bladder cancer [11]. Deletion of both alleles
of GSTT1 predisposes to lung cancer in Asians [12].
Glutathione S-transferases omega class (GSTO) is

encoded by two genes, GSTO1 and GSTO2, located on
chromosome 10 (10q24.3) [13]. Unlike other GSTs, it in-
cludes an active site cysteine which forms a disulfide
bond with GSH and displays glutathione-dependent ac-
tivities [14]. The widespread distribution of GSTO in
normal tissues such as the liver, colon, heart, ovary,

pancreas, prostate, and spleen indicates its significant
biological role [15]. GSTO participates in cellular signaling
[16] and was shown to activate the pro-inflammatory cyto-
kine, interleukin-1b (IL-1b) by post-translational processing
[17]. GSTO1 utilizes glutathione in reactions and contributes
to the biotransformation and disposition of several drugs,
carcinogens, and products of oxidative stress [18]. Reduced
thiol-transferase activity may result in defective protection
against cellular oxidative stresses [19, 20].
Several studies investigating the association of GSTO

gene polymorphism and cancer risk revealed the linkage
between GSTO1*A140D and increased risk of breast
cancer, hepatocellular carcinoma, cholangiocarcinoma,
urothelial cancer, non-small cell lung cancer, and ALL
[21]. GSTO2 polymorphism has been identified in ovar-
ian cancer [22, 23]. No evidence of an association of
GSTO polymorphism with the increased risk of breast,
thyroid, and colon cancer was detected [24]. Previous
studies had demonstrated an ethnic variability in GSTO1
and GSTO2 polymorphisms [25–27].
This evidence had led us to hypothesize that genetic

variation at GSTO1 and GSTO2 genes has been impli-
cated in the occurrence of ALL. In the current study, we
aimed to examine the frequency of different genotypes
of GSTO1*A140D (rs4925) and GSTO2*N142D
(rs156697) polymorphisms in the Egyptian pediatric ALL
patients, to study the possible association of the variant
genotypes with the susceptibility to childhood ALL and
to evaluate their prognostic implications.

Methods
The study population
This study was conducted on 96 patients diagnosed as
ALL. The ALL population was a selection of all patients
attending the pediatric hematology clinic, New Children
Hospital, Cairo University (NCHCU), during the period
from April 2015 to October 2017. Selected patients were
Egyptian ALL patients of the pediatric age group. The
patients’ ages ranged from 1.5 and 14 years with a mean
of 6.95 ± 3.01 years and a median of 7 years. Among the
96 patients, 69 (72%) were males and 27 (28%) were fe-
males. The diagnosis of ALL was based on the presence
of 20% or more lymphoblasts in the bone marrow ac-
cording to WHO criteria. Out of the 96 studied ALL pa-
tients, 46 (48%) patients were de novo ALL cases.
Ninety-nine age- and sex-matched healthy volunteers
who did not suffer from any illness were included in the
study as a control group, they were 61 (61.6%) males
and 38 (38.3%) females, their ages ranged from 1.5 to 12
years with a mean of 5.929 ± 2.84 and a median age of
5.5 years. Controls were selected from Kasr El Aini out-
patient clinic, Cairo University Hospitals.
All cases were subjected to careful history-taking,

comprehensive clinical examination, and full laboratory
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investigations including complete blood counts, periph-
eral blood and bone marrow smear examination, cyto-
chemistry, immune-phenotyping, and molecular analysis
for t(1;19), t(4;11), t(12;21), t(9;22) p190kD, and t(9;22)
p210kD. The clinical and laboratory data of the ALL pa-
tients are shown in Table 1. Informed consent was ob-
tained from all subjects’ legal guardians in accordance
with the Declaration of Helsinki and the hospital-based
ethics committee as well. The study protocol was ap-
proved by the Research Ethics Committee of the Clinical
Pathology Department, Faculty of Medicine.

GSTO1*A140D (rs4925) and GSTO2*N142D (rs156697)
genotyping
GSTO1*A140D (rs4925) and GSTO2*N142D (rs156697)
single nucleotide polymorphisms (SNPs) were tested
using polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) assay. Two milliliters
of whole blood samples were collected from each patient
and control subject in sterile ethylene di-amine tetra
acetic acid (EDTA) vacutainer tubes. Samples were
stored at − 20 °C or used directly within 24 h for DNA
extraction. Briefly, DNA extraction from peripheral
blood samples was carried out using the Biospin Whole
Blood Genomic DNA Extraction Kit (Cat# BSC06S1 Bio-
flux, China). DNA was stored at − 20 °C until use. PCR-
RFLP was performed for GSTO1*A140D (rs4925) and
GSTO2*N142D (rs156697) on Hybaid PCR express
thermo-cycler (PCR system 9700) using the 2x Dream
Taq Green PCR Master Mix (Cat# MB203-0100, Gene-
DireX, China). In brief, the 25-μL reaction mixture con-
tains 12.5 μL 2X Dream Taq Green PCR Master Mix
(2x), 5 μL DNA, 2 μL primer pair mix, and 5.5 μL sterile
DW. The primers used for amplification were
GSTO1*A140D (rs4925) Forward 5′-GAACTTGATG
CACCCTTGGT-3′; Reverse 5′-TGATAGCTAGGAGA
AATAATTAC-3′ and GSTO2*N142D (rs156697) For-
ward 5′-AGGCAGAACAGGAACTGGAA-3′; Reverse
5′-GAGGGACCCCTTTTTGTACC-3′. The PCR pa-
rameters were as follows: initial denaturation at 94 °C for
2 min, 35 cycles of PCR reaction at 95 °C for 30 s, 60 °C
for 1 min and 72 °C for 2 min, and then 72 °C for 2 min.
Identification of the alleles at each polymorphic site was
performed by incubating the PCR products with a re-
striction enzyme [BstC8I (Cat# E305, SibEnzyme,
RUSSIA) and BstMB I (Cat# E120, SibEnzyme,
RUSSIA)] for GSTO1*A140D and GSTO2*N142D, re-
spectively. The amplified products were incubated with
the restriction enzyme at 37 °C for 16 h in a total reac-
tion volume of 20 μL containing 15 μL of the amplified
product and 5 μL of the diluted restriction enzyme. The
digested fragments were separated by electrophoresis
through a 2% agarose gel. These PCR products and
digested fragments were separately visualized in 2%

agarose gel with ethidium bromide staining under UV
light. The digestion products for GSTO1*A140D
(rs4925) revealed the presence of three different pat-
terns: the C/C wild-type homozygote demonstrated by 2
fragments (186 bp and 68 bp), the A/A polymorphic
homozygote presented by a single fragment (254 bp),
and the C/A heterozygote exhibited 3 fragments (254 bp,
186 bp, and 68 bp) (Fig. 1). Similarly, the digestion prod-
ucts for GSTO2*N142D (rs156697) revealed the presence
of three different patterns: the A/A wild-type homozy-
gote demonstrated a single fragment (185 bp), the G/G
homozygote presented 2 fragments (122 bp and 63 bp),
and the A/G heterozygote exhibited 3 fragments (185 bp,
122 bp, and 63 bp) (Fig. 2).

Statistical analysis
Data were analyzed using SPSS with statistical package
version 15. Numerical data were expressed as the mean
and standard deviation (SD) or median and range as ap-
propriate while qualitative data were expressed as fre-
quency and percentage. For the quantitative data,
Student’s t test was used to compare the studied groups
while the categorical variables were compared using chi-
square (χ2) test. Odds ratio (OR) with 95% confidence in-
tervals (CI) was calculated for the studied genes between
cases and controls as well as between every 2 groups. A p
value < 0.05 was considered as statistically significant.

Results
The characteristics of ALL patients
Our study was performed on 96 ALL patients and 99
age- and sex-matched control subjects. The baseline
characteristics of ALL patients are shown in Table 1.
The clinical characteristics of the patients were obtained
by patient clinical examination and reviewing the med-
ical records. The patients' ages ranged from 1.5 and 14
years with a mean of 6.95 ± 3.01 years. Among the 96
patients, 69 (72%) were males and 27 (28%) were fe-
males. In this study, 32 (33.3%) patients had pallor, 15
(15.6%) patients suffered from dyspnea, 49 (51%) patients
were feverish, 1 (1.04%) patient had bleeding manifesta-
tions, 4 (4.1%) patients had bony pains, 3 (3.1%) patients
had lymphadenopathy, and 1 (1.04%) patient had CNS
infiltration at presentation. At initial diagnosis, the pa-
tients presented with high initial white blood cell count
(WBCs) ranging from 2 to 437 × 109/L with a median of
47.9 × 109/L. Blast cell count ranged from 22 to 98%
with a median of 60%. Hemoglobin level ranged from
3.3 to 11.8 g/dL with a median of 7.9 g/dL and platelet
count ranged from 3 to 118 × 109/L with a median of
39.5 × 109/L. The most commonly encountered FAB
subgroup was L2 in 53 (55.2%) patients followed by
L1 in 43 (44.8%) patients but none of the patients was
classified as FAB L3. 61 (63.5%) patients were classified
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as B-ALL where 41 (42.7%) patients as pre-B and 20
(20.8%) patients as common B-ALL while 35 (36.4%) pa-
tients as T-ALL where 7 (7.3%) patients as early T-ALL,
25 (26%) patients as intermediate T-ALL and 3 (3.1%) pa-
tients as late T-ALL. t(1;19) was found in 3 (3.1%) pa-
tients while all cases were negative for t(4;11), t(12;21),
t(9;22) p190kD, and t(9;22) p210kD. Out of the studied
96 ALL patients, 46 (48%) patients were de novo cases.
The clinical and hematological data of the de novo ALL
cases are demonstrated in Table 2.

GSTO1*A140D (rs4925) genotyping
No statistically significant different GSTO1*A140D
(rs4925) genotype distribution was observed among ALL
cases and controls [CC (44.8% vs. 56.6%), CA (46.9% vs.
40.4%), and AA (8.3% vs. 3.0%), respectively] (0.106).
GSTO1*A140D variant genotypes' (CA + AA) frequency
did not differ significantly between ALL cases and con-
trols (55.8% vs. 43.4%) [OR (95%CI): 1.643 (0.932–2898)]
(0.085). The minor allele frequency (MAF) of
GSTO1*A140D-A was comparable between the 2 groups

Table 1 Clinical and laboratory data of the ALL patients studied

Variables ALL patients [N = 96]

Clinical data

Age [years (mean ± SD)] 6.95 ± 3.01

Sex

Male [N (%)] 69 (71.9%)

Female [N (%)] 27 (28.1%)

Pallor [N (%)] 32 (33.3%)

Dyspnea [N (%)] 15 (15.6%)

Fever [N (%)] 49 (51%)

Bleeding [N (%)] 1 (1.04%)

Bony pains [N (%)] 4 (4.1%)

Lymphadenopathy [N (%)] 3 (3.1%)

CNS infiltration [N (%)] 1 (1.04%)

Laboratory data

WBCs at initial diagnosis [× 109/L (mean ± SD)] 106.07 ± 128.65

Blast count at initial diagnosis [% (mean ± SD)] 68.4 ± 22.7

Hemoglobin at initial diagnosis [g/dL (mean ± SD)] 7.9 ± 1.791

Platelets at initial diagnosis [× 109/L (mean ± SD)] 44.46 ± 29.19

FAB classification

L1 [N (%)] 43 (44.8%)

L2 [N (%)] 53 (55.2%)

Immune-phenotyping

B-ALL

Pre-B-ALL [N (%)] 42 (42.7%)

Common B-ALL [N (%)] 20 (20.8%)

T-ALL

Early T-ALL [N (%)] 7 (7.3%)

Intermediate T-ALL [N (%)] 25 (26%)

Late T-ALL [N (%)] 3 (3.1%)

Cytogenetic

t(1;19) [N (%)] 3 (3.1%)

t(4;11) [N (%)] 0%

t(12;21) [N (%)] 0%

t(9;22), p190 kD [N (%)] 0%

t(9;22), p210 kD [N (%)] 0%

SD sStandard deviation, Hb hemoglobin, WBCs white blood cell count, IVIg intravenous immunoglobulin
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(0.31 vs. 0.23) [OR (95%CI): 1.563 (0.997–2.488)] (0.051)
(Table 3).
Comparison of de novo patient group to controls re-

vealed a statistically significant different GSTO1*A140D
(rs4925) genotype distribution [CC (37% vs. 56.6%), CA
(47.8% vs. 40.4%), and AA (15.2% vs. 3.0%), respectively]
(0.008). GSTO1*A140D variant genotypes' (CA+AA) fre-
quency was significantly higher in the de novo group
compared to controls (63% vs. 43.4%) [OR (95%CI):
2.222 (1.038–4.558)] (0.028), and the MAF of
GSTO1*A140D-A was significantly higher in de novo
cases compared to controls (0.39 vs. 0.23) [OR (95%CI):
2.124 (1.24–3.620)] (0.005) (Table 3).

GSTO2*N142D (rs156697) genotyping
A statistically significant different GSTO2*N142D
(rs156697) genotype distribution was observed among
ALL patients and controls [AA (26% vs. 36.3%), AG

(62.5% vs. 61.6%), and GG (11.4% vs. 2.0%), respectively]
(0.017). GSTO2*N142D variant genotypes' (AG + GG)
frequency did not differ significantly between the 2
groups (73.9% vs. 63.6%) [OR (95%CI): 1.600 (0.866–
2955)] (0.132). The MAF of GSTO2*N142D-G was sig-
nificantly higher in ALL patients than in controls (0.42
vs. 0.32) [OR (95%CI): 1.521 (1.006–2.298)] (0.046)
(Table 3).
A statistically significant difference of GSTO2*N142D

(rs156697) genotype distribution was observed among
de novo ALL patients and controls [AA (37% vs. 36.3%),
AG (45.7% vs. 61.6%), and GG (17.3% vs. 2.0%), respect-
ively] (0.002). GSTO2*N142D variant genotypes' (AG +
GG) frequency was comparable between the de novo
group and controls (63% vs. 63.6%) [OR (95%CI): 0.975
(0.472–2.013)] (0.945), and the MAF of GSTO2*N142D-
G was comparable between the 2 groups (0.40 vs. 0.32)
[OR (95%CI): 1.37 (0.825–2.296)] (0.220) (Table 3).

The impact of GSTO1*A140D (rs4925) and GSTO2*N142D
(rs156697) polymorphisms on ALL prognosis
ALL patients were categorized into high-risk and
standard-risk groups based on the age, WBCs, and
immune-phenotypic analysis. The high-risk group is
more than 10 years old or had WBCs > 50 × 109/L or T
cell immune-phenotype while the standard-risk group is
less than 10 years old or had WBCs < 50 × 109/L and
has no T cell immune-phenotype. ALL patients with
high-risk factors were studied for the frequencies of
GSTO1*A140D (rs4925) and GSTO2*N142D (rs156697)
polymorphisms. The present study revealed that
GSTO1*A140D and GSTO2*N142D variant genotypes in
the high-risk ALL group had a higher frequency than
the corresponding wild genotypes but the difference did
not reach a statistical significance (Table 4).
Moreover, the combined GSTO1*A140D and

GSTO2*N142D polymorphisms in the high risk ALL
group showed a higher frequency than single polymor-
phisms [GSTO1*A140D or GSTO2*N142D] and wild ge-
notypes but the difference did not reach a statistical
significance. Thus, we did not find any association of
GSTO1*A140D and/or GSTO2*N142D polymorphisms
with the poor prognostic factors (Table 4).

Discussion
Acute lymphoblastic leukemia (ALL) is the most com-
mon type of childhood cancer [1]. Genetic susceptibility
has been studied as a risk factor since environmental ex-
posure to xenobiotics induces the accumulation of som-
atic mutations [4]. Drug detoxification enzymes are
divided into phase I and phase II enzymes [3]. Glutathi-
one S-transferases (GST) are categorized as phase II
drug detoxification enzymes that facilitate the conjuga-
tion of glutathione (GSH) using several endogenous and

Fig. 1 Agarose gel electrophoresis of GSTO1*A140D (rs4925) SNP
RPFP-PCR products. Lanes 1, 2, and 3: homozygous wild genotype
C/C (186 bp, 68 bp). Lane 4: homozygous mutant genotype A/A
(254 bp). Lanes 5 and 6: heterozygous mutant genotype C/A
(254,186 bp, 68 bp)

Fig. 2 Agarose gel electrophoresis of GSTO2*N142D (rs156697) SNP
RPFP-PCR products. Lanes 1 and 2: heterozygous mutant genotype
G/A (185 bp, 122 bp, 63 bp). Lane 3: homozygous wild genotype A/A
(185 bp). Lanes 4, 5, and 6: homozygous mutant genotype G/G
(122 bp, 63 bp)
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exogenous substances. They are indispensable for cellu-
lar protection against oxidative stresses [28]. GST gene
polymorphisms cause alterations in the enzyme activity
that may modify the individual susceptibility to cancer
[25].
The present case-control study aimed to investigate

the potential association of GSTO1*A140D (rs4925) and
GSTO2*N142D (rs156697) polymorphisms with the sus-
ceptibility to childhood ALL and their impact on ALL
prognosis in the Egyptian population. Genotyping was

performed by PCR amplification of the target gene
followed by the RFLP technique. The study included 96
pediatric ALL patients and 99 age- and sex-matched
control subjects.
The ALL population was a selection of all patients at-

tending the pediatric hematology clinic, New Children
Hospital, Cairo University (NCHCU) during the period
from April 2015 to October 2017. Selected patients were
Egyptian ALL patients of the pediatric age group. The
patients’ ages ranged from 1.5 and 14 years with a mean

Table 2 Clinical and laboratory data of the de novo patients

Variables De novo [N = 46]

Clinical data

Age [years (mean ± SD)] 6.685 ± 3.028

Sex

Male [N (%)] 36 (78.3%)

Female [N (%)] 10 (21.7%)

Pallor [N (%)] 32 (69.4%)

Dyspnea [N (%)] 15 (32.6%)

Fever [N (%)] NA

Bleeding [N (%)] 1 (2.2%)

Bony pains [N (%)] 3 (6.5%)

Lymphadenopathy [N (%)] 3 (6.5%)

CNS infiltration [N (%)] 1 (2.2%)

Laboratory data

WBCs at initial diagnosis [× 109/L (mean ± SD)] 125.01 ± 151.372

Blast count at initial diagnosis [% (mean ± SD)] 65.96 ± 24.87

Hemoglobin at initial diagnosis [g/dL (mean ± SD)] 8.07 ± 1.85

Platelets at initial diagnosis [× 109/L (mean ± SD)] 40.46 ± 27.57

FAB classification

L1 [N (%)] 19 (41.3%)

L2 [N (%)] 27 (58.7%)

Immune-phenotyping

B-ALL

Pre-B-ALL [N (%)] 15 (32.6%)

Common B-ALL [N (%)] 14 (30.4%)

T-ALL

Early T-ALL [N (%)] 5 (10.8%)

Intermediate T-ALL [N (%)] 9 (19.5%)

Late T-ALL [N (%)] 3 (6.5%)

Cytogenetic

t(1;19) [N (%)] 0%

t(4;11) [N (%)] 0%

t(12;21) [N (%)] 0%

t(9;22), p190 kD [N (%)] 0%

t(9;22), p210 kD [N (%)] 0%

SD standard deviation, Hb hemoglobin, WBCs white blood cell count, IVIg intravenous immunoglobulin
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Table 3 GSTO1*A140D and GSTO*2N142D genotypes and allele distribution in the ALL cases, de novo ALL cases, and control groups

ALL cases [N = 96] De novo cases [N = 46] Controls [N = 99] P value OR (95% CI)

GSTO1 genotypes

CC 43 (44.8%) 17 (37%) 56 (56.6%) 0.106a

0.008b
CA 45 (46.9%) 22 (47.8%) 40 (40.4%)

AA 8 (8.3%) 7 (15.2%) 3 (3.0%)

CA + AA 53 (55.8%) 29 (63%) 43 (43.4%) 0.085a 1.643(0.932–2.898)a

0.028b 2.222 (1.083–4.558)b

Alleles

C 131 (68.2%) 56 (60.9%) 152 (76.8%) Reference

A [minor allele] 61 (31.77%) 36 (39.1%) 46 (23.2%) 0.051a 1.563(0.997–2.448)a

0.005b 2.124 (1.24–3.620)b

GSTO2 genotypes

AA 25 (26.0%) 17 (37%) 36 (36.3%) 0.017a

0.002b
AG 60 (62.5%) 21 (45.7%) 61 (61.6%)

GG 11 (11.4%) 8 (17.3%) 2 (2.0%)

AG + GG 71 (73.9%) 29 (63.0%) 63 (63.6%) 0.132a 1.600(0.866–2.955)a

0.945b 0.975 (0.472–2.013)b

Alleles

A 111 (57.8%) 55 (59.8%) 133 (67.2%) Reference

G [minor allele] 81 (42.2%) 37 (40.2%) 65 (32.8%) 0.046a 1.521(1.006–2.298)a

0.220b 1.37 (0.825–2.296)b

P value < 0.05 is considered significant
aALL cases and controls
bDe novo cases and controls

Table 4 The frequency of GSTO1*A140D and GSTO2*N142D polymorphisms in the high-risk ALL group

Frequency of GSTO1*A140D genotypes in the high-risk ALL group

GSTO1*A140D Variant [N = 54] Wild [N = 42] P
value

Age (> 10 years) 17 (31.4%) 10 (23.8%) 0.687

WBCs (> 50 × 109/L) 28 (51.8%) 18 (42.8%) 0.765

T cell phenotype [N
(%)]

21 (38.8%) 13 (30.9) 0.650

Frequency of GSTO2*N142D genotypes in the high-risk ALL group

GSTO2*N142D Variant [N = 70] Wild [N = 26] P
value

Age (> 10 years) 22 (31.4%) 5 (19.2%) 0.237

WBCs (> 50 × 109/L) 33 (47.1%) 13 (50%) 0.062

T cell phenotype [N
(%)]

23 (32.8%) 11 (42.3%) 0.740

Frequency of combined GSTO1*A140D and GSTO2*N142D polymorphisms in the high-risk ALL group

GSTO1*A140D and
GSTO2*N142D
polymorphisms

Combined polymorphisms [GSTO1
and GSTO2 variant genotypes] [N =
47]

Single polymorphism [GSTO1 or
GSTO2 variant genotypes] [n =
27]

No polymorphism [GSTO1 and
GSTO2 wild genotypes] [n =
22]

P
value

Age (> 10 years) 11 (23.4%) 5 (18.5%) 1 (4.5%) 0.159

WBCs (> 50 × 109/L) 25 (53.1%) 11 (40.7%) 10 (45.4%) 0.567

T cell phenotype [N
(%)]

18 (38.2%) 8 (29.6%) 8 (36.3%) 0.574

P value < 0.05 is considered significant
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of 6.95 ± 3.01 years and a median of 7 years. Among the
96 patients, 69 (72%) were males and 27 (28%) were fe-
males with a male to female ratio = 2.5:1. The diagnosis
of ALL was based on WHO criteria. Sixty-one (63.5%) pa-
tients were classified as B-ALL while 35 (36.4%) patients as
T-ALL. t(1;19) was found in 3 (3.1%) patients while all cases
were negative for t(4;11), t(12;21), t(9;22) p190kD, and t(9;22)
p210kD. The number of patients with the most common
ALL translocations is very low. That might be attributed to
the low sensitivity of the used technique. Out of the studied
96 ALL patients, 46 (48%) patients were de novo ALL cases.
In the present study, GSTO1*A140D (rs4925) genotyp-

ing revealed a statistically non-significant distribution
among ALL patients and controls [CC (44.8% vs. 56.6%),
CA (46.9% vs. 40.4%), and AA (8.3% vs. 3.0%), respect-
ively] (0.106). GSTO1*A140D variant genotypes' (CA +
AA) frequency did not differ significantly between ALL
cases and controls (55.8% vs. 43.4%) [OR (95%CI): 1.643
(0.932–2898)] (0.085). However, comparing the de novo
ALL cases to controls revealed a statistically significant
different GSTO1*A140D genotype distribution [CC (37%
vs. 56.6%), CA (47.8% vs. 40.4%), and AA: (15.2% vs.
3.0%), respectively] (0.008). GSTO1*A140D variant geno-
types' (CA + AA) frequency was significantly higher in
the de novo group than in controls (63% vs. 43.4%) [OR
(95%CI): 2.222 (1.038–4.558)] (0.028).
The MAF of GSTO1*A140D-A was higher in ALL patients

than in controls; however, the difference did not reach a sta-
tistically significant level (0.31 vs. 0.23) [OR (95%CI): 1.563
(0.997–2.488)] (0.051). However, in the de novo group, it
was significantly higher than controls (0.39 vs. 0.23) [OR
(95%CI): 2.124 (1.24–3.620)] (0.005) (Table 3).
GSTO2*N142D (rs156697) genotyping showed a statis-

tically significant different distribution between ALL pa-
tients and controls [AA (26% vs. 36.3%), AG (62.5% vs.
61.6%), and GG: (11.4% vs. 2.0%), respectively] (0.017)
and between de novo ALL patient group and controls
[AA (37% vs. 36.3%), AG (45.7% vs. 61.6%), and GG:
(17.3% vs. 2.0%), respectively] (0.002). The MAF of
GSTO2*N142D-G was significantly higher in ALL pa-
tients than in controls (0.42 vs. 0.32) [OR (95%CI): 1.521
(1.006–2.298)] (0.046) (Table 3).
Based on these findings, we concluded that

GSTO1*A140D (rs4925) and GSTO2*N142D (rs156697)
polymorphisms are associated with an increased risk of de
novo childhood ALL in the Egyptian population. Our re-
sults are in accordance with those of Pongstaporn et al.
[29], who investigated the association of GSTO polymor-
phisms with the susceptibility to ALL in the pediatric Thai
population. They reported that GSTO1*A140D (rs4925)
was associated with the susceptibility to ALL [OR
(95%CI): 2.24 (1.16–4.35); 0.009] while GSTO2*N142D
(rs156697) was associated with the high-risk group of ALL
patients [OR (95%CI): 5.52 (1.72–17.71); 0.004], thus,

suggesting that GSTO polymorphisms may play a role in
the occurrence of ALL.
However, our results were discordant with the findings

of Rezazadeh et al. [30] who studied the association of
GSTO polymorphisms with the susceptibility to pre-B-
ALL in the pediatric Iranian population. They found that
GSTO genotype distribution was similar among pre-B-
ALL patients and controls. The difference between their
results and ours may be attributed to the ethnic vari-
ation of the GSTO polymorphisms as variant genotypes
are variably expressed among different ethnic popula-
tions as shown in previous studies [25–27].
The MAF of GSTO1*A140D-A in the Europeans (Ital-

ian and Spaniard) and European ancestors (Australian)
ranged from 0.302 to 0.399 while in Asians (Chinese,
Japanese and Mongolian), it ranged from 0.108 to 0.165.
In the Africans (Bantu and Ovambo), it was much lower
than those of the Europeans and Asians (ranging from
0.040 to 0.081). In contrast, the Turkish population
followed a pattern similar to that of Africans. On the
other hand, the MAF of GSTO2*N142D-G in Asians
(ranging from 0.173 to 0.285) was lower than that of the
Europeans (ranging from 0.310 to 0.341). In the Turkish
population, it was similar to that of the Asians while in
the Africans, it was higher than that of Asians, ranging
from 0.583 to 0.855 [15, 26, 27, 31]. In our Egyptian con-
trol group, the MAF of GSTO1*A140D-A was 0.23 while
that of GSTO2*N142D-G was 0.32. The latter is similar
to that of the Europeans. In conclusion, for
GSTO1*A140D (rs4925) and GSTO2*N142D (rs156697),
the MAFs were different among different ethnic popula-
tions suggesting that these polymorphisms could be use-
ful genetic markers but the association of cancer with a
particular mutation in one population might be of lim-
ited value as a cancer biomarker into another popula-
tion. Further detailed studies on different ethnic
populations are needed to clarify the geographical distri-
bution of these genetic markers and the possible associ-
ation between GSTO polymorphism, ethnicity, and the
occurrence of ALL. In addition, studying the physio-
logical role of GSTO1*A140D (rs4925) and
GSTO2*N142D (rs156697) will lead to a greater insight
into the significance of GSTO polymorphism.
ALL patients were categorized into high-risk and

standard-risk groups based on the age, WBCs, and
immune-phenotypic analysis. The high-risk group is
more than 10 years old or had WBCs > 50 × 109/L or T
cell immune-phenotype while the standard-risk group is
less than 10 years old or had WBCs < 50 × 109/L or had
no T cell immune-phenotype [32]. The present study re-
vealed that the frequency of GSTO1*A140D (rs4925) and
GSTO2*N142D (rs156697) variant genotypes in the
high-risk ALL group was higher than the corresponding
wild genotypes; moreover, the frequency of the combined
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GSTO1*A140D and GSTO2*N142D polymorphisms in the
high-risk ALL group was higher than single polymorphisms
[GSTO1*A140D or GSTO2*N142D] and wild genotypes, but
these differences did not reach a statistical significance (Table
4). However, Pongstaporn et al. [29] found that
GSTO2*N142D (rs4925) polymorphism was associated with
the high-risk group of childhood ALL (0.004), indicating that
GSTO2*N142D is associated with the susceptibility to high-
risk ALL and can be used as an indicator of the disease
severity.

Conclusion
In conclusion, we identified the frequencies of
GSTO1*A140D (rs4925) and GSTO2*N142D (rs156697)
polymorphisms in the pediatric Egyptian ALL patients. In
order to explore the geographic distribution of these
markers, the MAF obtained was compared with different
ethnic populations as reported in the literature. We also
demonstrated a statistically significant difference of
GSTO1*A140D and GSTO2*N142D genotype distribution
between de novo ALL cases and controls. Compared to the
control group, the MAF of GSTO1*A140D-A was overex-
pressed in de novo ALL cases and that of GSTO2*N142D-G
was significantly higher in ALL patients. We did not test
more than reported in the manuscript with a p value of 0.05.
There was no need to correct the interpretation of p values
for the statistical analysis done. These findings suggest that
the studied polymorphisms could be genetic risk factors of
de novo childhood ALL in the Egyptian population. The
present study also showed that the high-risk ALL group had
a higher frequency of GSTO1*A140D and GSTO2*N142D
variant genotypes compared to the corresponding wild geno-
types and a higher frequency of the combined
GSTO1*A140D and GSTO2*N142D polymorphisms com-
pared to single polymorphisms (GSTO1*A140D or
GSTO2*N142D) and wild genotypes; however, these differ-
ences did not reach a statistical significance.

Recommendations
To the best of our knowledge, this is the first study to examine
the association of GSTO1*A140D (rs4925) and GSTO2*A142D
(rs156697) polymorphisms with the susceptibility to childhood
ALL in the Egyptian population. These results must be verified
by further studies that enroll a larger population. Moreover, the
follow-up of the patients is highly recommended to verify the
prognostic implications of the studied polymorphisms. In the
present study, since the samples were obtained from de novo
ALL cases at the time of diagnosis, contamination by tumor
cells cannot be ruled out. The presence of deletion or amplifica-
tions in the tumor genome might impact the genotyping and
bias the results. So, more studies are recommended on Egyptian
pediatric ALL cases when reaching remission to reassess the
difference in the studied genotype frequencies in the studied
pediatric ALL population.
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