
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=yhem20

Download by: [Hend Ellithy] Date: 10 February 2016, At: 14:10

Hematology

ISSN: 1024-5332 (Print) 1607-8454 (Online) Journal homepage: http://www.tandfonline.com/loi/yhem20

Relation between glutathione S-transferase genes
(GSTM1, GSTT1, and GSTP1) polymorphisms and
clinical manifestations of sickle cell disease in
Egyptian patients

Hend N. Ellithy, Sherif Yousri & Gehan H. Shahin

To cite this article: Hend N. Ellithy, Sherif Yousri & Gehan H. Shahin (2015) Relation between
glutathione S-transferase genes (GSTM1, GSTT1, and GSTP1) polymorphisms and clinical
manifestations of sickle cell disease in Egyptian patients, Hematology, 20:10, 598-606

To link to this article:  http://dx.doi.org/10.1179/1607845415Y.0000000013

Published online: 16 Apr 2015.

Submit your article to this journal 

Article views: 20

View related articles 

http://www.tandfonline.com/action/journalInformation?journalCode=yhem20
http://www.tandfonline.com/loi/yhem20
http://dx.doi.org/10.1179/1607845415Y.0000000013
http://www.tandfonline.com/action/authorSubmission?journalCode=yhem20&page=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=yhem20&page=instructions
http://www.tandfonline.com/doi/mlt/10.1179/1607845415Y.0000000013
http://www.tandfonline.com/doi/mlt/10.1179/1607845415Y.0000000013


Relation between glutathione S-transferase
genes (GSTM1, GSTT1, and GSTP1)
polymorphisms and clinical manifestations of
sickle cell disease in Egyptian patients
Hend N. Ellithy1, Sherif Yousri2, Gehan H. Shahin2

1Clinical Hematology Unit, Internal Medicine Department, Faculty of Medicine, Cairo University, Egypt, 2Clinical
Pathology Department, Faculty of Medicine, Cairo University, Egypt

Objectives: Clinical manifestations of sickle cell disease (SCD) result from sickling of Hb S due to oxidation,
which is augmented by accumulation of oxygen-free radicals. Deficiencies in normal antioxidant protective
mechanism might lead to clinical manifestations of SCD like vaso-occlusive crisis (VOC) and acute chest
syndrome (ACS). The glutathione system plays an important role in the removal of endogenous products
of peroxidation of lipids, thus protecting cells and tissue against damage from oxidative stress.
Impairment of the glutathione system due to genetic polymorphisms of glutathione S-transferase (GST)
genes is expected to increase the severity of SCD manifestations. This report describes a case control
study aimed at studying the ethnic-dependent variation in the frequency of GST gene polymorphisms
among participants selected from the Egyptian population and to find out the association between GST
gene polymorphisms and the severity of SCD manifestations.
Methods: We measured the frequency distribution of the three GSTs gene polymorphisms in 100 Egyptian
adult SCD patients and 80 corresponding controls. GSTM1 and GSTT1 genotypes were determined by
multiplex polymerase chain reaction (PCR). GSTP1 genotyping was conducted with a PCR-restriction
fragment length polymorphism assay.
Results: The GSTM1 null genotype was significantly associated with ACS and VOC (P= 0.03 and 0.01,
respectively). The GSTT1 null genotype was associated with significantly increased requirement of blood
transfusion (P= 0.01). Absence of both GSTM1 and GSTT1 genes was significantly associated with
pulmonary hypertension (P= 0.04). The non-wild-type GSTP1 polymorphism was not associated with
clinical manifestations of SCD.
Discussion: Some GST gene polymorphisms were significantly associated with the worsening of the clinical
manifestations of SCD.

Keywords: Sickle cell disease, Glutathione S-transferase genes polymorphisms, Acute chest syndrome, Vaso-occlusive crisis

Background
Sickle cell disease (SCD) is an inherited disorder in
which normal hydrophilic glutamic acid is substituted
by a hydrophobic valine. This substitution is due to a
single nucleotide mutation (GAG/GTG) in the sixth
codon of the beta-globin gene, which favors aggrega-
tion of hemoglobin molecules.1 As a result, Hb S is
less soluble when deoxygenated, precipitates with
intraerythrocytic polymerization of deoxyhemoglobin
S, and displays a morphologic change to a crescent
shape. These rigid sickle cells lead to hemolytic
anemia and the corresponding clinical complications
of SCD.2

Multiple factors determine the clinical manifes-
tations of SCD. Both intracellular and extracellular
factors influence sickling, including the types of hemo-
globin in the cell and their concentrations, the level of
2,3-BPG (2,3-DPG), and the hydrogen ion concen-
tration. Some of these factors are determined predomi-
nantly by genetic factors; others are environmentally
modified. In addition to physiologic changes such as
tissue oxygenation and pH, multiple genetic poly-
morphisms and mutations may modify the presen-
tation of the disease.3,4 The variability of these
factors as well as many others that are not understood
probably account for the natural pattern of this group
of diseases. This is best appreciated by examining the
influence of the coinheritance of other Hb abnormal-
ities on the effects of Hb S. For example, the
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coexistence of Hb F (sickle thalassemia) reduces the
hemolytic severity as well as the risk of cerebrovascular
accidents.5,6

Patients with SCA are subject to increased oxidative
stress as a result of continuous reactive oxygen species
production that might lead to Hb autoxidation,
especially during vaso-occlusive crises (VOC) and
acute chest syndrome (ACS), resulting in a continuous
inflammatory response and oxidative stresses.7,8

Among the SCD-derived oxidative stress conse-
quences are an increase in membrane lipid peroxi-
dation levels and alterations in antioxidant defense
systems.9

Glutathione S-transferases (GSTs) constitute a
family of multifunctional enzymes that are coded for
by at least eight distinct loci: alpha-(GSTA), mu-
(GSTM), theta-(GSTT), pi-(GSTP), sigma-(GSTS),
kappa-(GSTK), omega-(GSTO), and zeta-(GSTZ),
each one composed of one or more homodimeric or
heterodimeric isoforms.10,11

GSTs are involved in catalyzing reactions between
glutathione (GSH) and a number of potentially toxic
and carcinogenic electrophilic compounds.12 GSTs
also display peroxidase activity and can protect
against oxidative damage through the combination
with GSH, thereby maintaining cellular integ-
rity.13,14 Deficiency in the activity of this enzyme
can be produced by inherited polymorphisms
within specific GST genes, e.g., GSTT1 (22q11.23),
GSTM1 (1q13.3), and GSTP1 (11q13).15

Polymorphisms of two isoforms of GST, GSTM1
and GSTT1, have been studied in many chronic
diseases like cardiovascular and neurodegenerative
diseases and these allelic variations have been
linked to the inflammatory nature of these dis-
eases.16 In addition, genotypic and phenotypic vari-
ations in the activity of GSTs have been studied in
relationship to the risk and prognosis of several
cancers.17–19

GST gene polymorphisms may cause loss of the
protective role of GSH against oxidative stress which
might exacerbate the clinical manifestations of SCD.
Consequently, in this study, we focus on the associ-
ation of GSTM1, GSTT1, and GSTP1 polymorph-
isms on the clinical manifestations of SCD including
frequency of blood transfusion, VOC, pulmonary
hypertension, and ACS.

Patients and methods
Clinical and hematologic analysis
The study is a case control study, including 100
Egyptian SCD patients and 80 Egyptian controls of
similar age that were healthy and without significant
medical history. The study protocol was in accordance
with the local hospital research guidelines and written
informed consent was obtained from all patients.

Patients were diagnosed and followed up in the
clinical hematology unit of the Kasr Alainy teaching
hospital. Clinical as well as demographic data were
obtained from medical records and interviews with
the patients.
Controls that were enrolled had normal complete

blood counts, normal hemoglobin electrophoresis,
and normal echocardiography. They had no history
of previous blood transfusion, bony pains, or chest
pains.
Diagnosis of SCD was based on hemoglobin elec-

trophoresis and high-performance liquid chromato-
graphy (HPLC Bio Rad, USA) was used to measure
several hemoglobin species (Hb F, Hb A1, Hb A2,
and Hb S).
Patients were followed up prospectively between

June 2012 and June 2014 to evaluate the relation
between GST genes polymorphisms and the frequency
of complications of SCD, in the form of severity of
anemia, number of VOC attacks, ACS, and pulmon-
ary hypertension. The patients were assessed for the
severity of anemia by the average number of units of
packed red cells (PRCs) transfused per year. The
average number of VOC per year was documented as
was any attack of ACS. ACS in SCA is defined as a
new infiltrate on chest radiograph associated with
one or more symptoms, such as fever, cough,
hypoxia, tachypnea, and dyspnea.20 Pulmonary hyper-
tension was evaluated using echocardiography; it was
defined when tricuspid regurgitant jet velocity (TRV)
>2.5 m/second.21

Molecular analysis
Blood samples and DNA extraction
Blood samples of 5 mL were obtained from all par-
ticipants, collected in sterile EDTA tubes, and then
stored at −20°C until use. Genomic DNA was
extracted from whole blood using an established
protocol for DNA extraction from blood samples
using a DNA extraction kit (QIAGEN, Hilden,
Germany).

Genotyping of GSTM1 and GSTT1 polymorphisms
Analysis of GSTM1 and GSTT1 polymorphisms was
determined by multiplex polymerase chain reaction
(PCR) using a housekeeping B-globin gene as an
internal control. The primer sequence and fragments
produced are listed in Table 1. The primers were syn-
thesized by Sangon and PCR amplifications were
carried out using the thermal cycler Applied
Biosystems 9600 (Perkin Elmer). Main cycling par-
ameters were 94°C for 8 minutes, followed by 35
cycles of 94°C for 30 seconds, 60°C for 40 seconds
and 72°C for 1 minute with a final extension at 72°C
for 10 minutes. The product obtained from each
reaction was subjected to electrophoresis on a 2%
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agarose gel in an electric field of 10 V/cm, stained with
5 μg/mL ethidium bromide, and visualized and
recorded with the aid of a video documentation

system (Image Master VDS®, Amersham Pharmacia
Biotech).

GSTM1 and GSTT1 genotypes were determined by
the presence and absence (null) of bands of 157 and
480 bp, respectively, with an internal control of
268 bp (Figs. 1 and 2).

Genotyping of GSTP1 polymorphism (Ile105Val)
GSTP1 (Ile105Val) polymorphism was determined
with a polymerase chain reaction-restriction fragment
length polymorphism assay (PCR-RFLP). The PCR
primers were: 5′-GTA GTT TGC CCA AGG TCA
AG-3′ (F) and 5′-AGC CAC CTG AG G GGT
AAG-3′ (R). PCR assay was performed for each
sample in a final reaction volume of 25 μL, using

Table 1 Primers sequences used or GSTM1, GSTT1, and
GSTP1 genotyping

Gene Primers
Fragment
size

GSTM1 F: 5′-GCTTCACGTGTTATGGAGGTTC-3′

R: 5′-GAGATGAAGTCCTCCAGATTT-3
157 bp

GSTT1 F: 5′-TTCCTTACTGGTCCTCACATCTC-3′

R: 5′-TCACCGGATCATGGCCAGCA-3′
480 bp

GSTP1 F: 5′-GTA GTT TGC CCA AGG TCA AG-3′

R: 5′-AGC CAC CTG AG G GGT AAG-3′

B-globin F: 5′-CAACTTCATCCACGTTCACC-3′

R: 5′-GAAGAGCCAAGGACAGGTAC-3′
286 bp

Figure 2 Agarose gel electrophoresis for amplified PCR products of GSTT1 (480 bp) and B-globin (268 bpb) fragments. M: DNA
molecular marker. Lanes 1, 2, 4, 8, and 9 show GSTT1 present genotype. Lanes 3, 5, 6, and 7 show GSTT1 null genotype.

Figure 1 Agarose gel electrophoresis for amplified PCR products of GSTM1 (157 bp) and B-globin (268 bpb) fragments. M: DNA
molecular marker. Lanes 1, 2, 7, and 8 show GSTM1 present genotype. Lanes 3, 4, 5, 6, and 9 show GSTM1 null genotype.
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5 μL genomic DNA, 12.5 μL universal master mix,
1 μL forward primer, 1 μL reverse primer, together
with 5.5 μL distilled water. The PCR conditions
were as follows: initial denaturation at 95°C for
12 minutes followed by 15 cycles of denaturation at
95°C for 30 seconds, annealing at 58°C for
30 seconds and extension at 72°C for 60 seconds.
These were then followed by a further 25 cycles of
amplification: denaturation at 95°C for 30 seconds,
annealing at 55°C for 30 seconds, and extension at
72°C for 60 seconds, completed by one cycle of a
final extension step at 72°C for 5 minutes. All reac-
tions were done using the thermal cycler Applied
Biosystems 9600 (Perkin Elmer). The PCR product
was digested with the restriction endonuclease
Alw26I enzyme (Fermentas, Fast Digest® Alw26I #
FD0034) via incubation at 37°C for 30 minutes. The
products were then resolved on 2% agarose gels elec-
trophoresis containing ethidium bromide, and then
visualized using a UV transilluminator. DNA mol-
ecular weight marker (QIAGEN GelPilot 50 bp
Ladder (100) (cat no. 239 025)) was used to assess
the size of the PCR-RFLP products. The amplified
fragment after digestion with Alw26I restriction
enzyme can give rise to either two fragments at
329 and 107 bp which indicates the presence of
wild-type GSTP1 (IIe/IIe), or two fragments at
222 and 107 bp which indicates the presence of the
homozygous mutant type (Val/Val), or three frag-
ments at 329, 222, and 107 bp, which indicates the
presence of heterozygous mutant type (Ile/Val)
(Fig. 3).

Statistical analysis
Data were transferred to the Statistical Package for the
Social Sciences (SPSS) Software program, version 21
to be statistically analyzed. Data were summarized
using range, mean, and standard deviation and
median for continuous variables and frequency and
percentage for discrete ones. Comparison of continu-
ous variables was performed using either independent
sample t-tests or Mann–Whitney tests, while the com-
parison of discrete variables was conducted through
chi square. P values less than 0.05 were considered
statistically significant, and less than 0.01 were con-
sidered highly significant.

Results
One hundred SCD patients were enrolled in this study,
their age ranged from 18 to 34 years, the mean of the
patients’ age was 24.6± 3.4 years; 53 patients (53%)
were males while 47 (47%) were females. Out of the
100 patients, 61 patients (61%) were diagnosed as
having sickle cell anemia (HbSS), and 39 patients
(39%) were diagnosed as having sickle beta thalasse-
mia (Hb SB).
Eighty healthy controls were enrolled in this study,

their age ranged from 17 to 35 years, the mean of
the controls’ age was 22.3± 2.5 years; 42 controls
(52.5%) were males while 38 (47.5%) were females.
Out of 100 patients 16 (16%) had attacks of ACS,

while 84 patients (84%) had no attack of ACS.
Pulmonary hypertension was observed by echocardio-
graphy (TRV >2.5 m/second) in 32% of the patients
(32/100); 68% of the patients (68/100) had no

Figure 3 PCR-RFLP analysis of GSTP1 (Ile105Val) gene polymorphism using Alw261 restriction enzyme. M: DNA molecular
weight marker: 50–500 bp. Lanes 1, 2, 6, 8, and 10: homozygous wild-type (Ile/Ile): two bands at 329 and 107 bp. Lanes 3, 7, and
11: heterozygous mutant (Ile/Val): three bands 329, 222, and 107 bp. Lanes 4, 5, and 9: homozygous mutant (Val/Val): two bands
at 222 and 107 bp.
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pulmonary hypertension. The number of VOC per
year ranged from one to six attacks; the median was
two attacks per year. The number of PRCs transfused
per year ranged from 1 to 12 units/year; the median
was three units per year.
The frequency of the GST null genotypes was found

to be 58% for the SCD patients included in this study.
The highest prevalence was for the GSTM1 null geno-
types (42%); however, there was no statistical signifi-
cant difference when compared to the control (25%)
group (OR= 1.6, 95% CI= 0.9–3, P= 0.163),
GSTT1 null genotype frequencies were similar

between patients (32%) and the control (31.3%)
group (OR= 0.7, 95% CI= 0.4–1.2, P= 1.6).
Absence of both GSTM1 and GSTT1 genes was
found in 16% of SCD patients and 16.25% in control
group (Table 2).

The frequency distribution of GSTP1 polymorph-
isms in the patient group revealed the highest fre-
quency for the wild-type genotype (I/I) that was
observed in 59% of the patients, followed by the I/V
genotype (heterozygous) that was observed in 35% of
the patients. V/V genotype (homozygous) was
observed in minority (6%) of the patients. There was

Table 2 Frequency distribution of GSTs genes polymorphisms among SCD patients and control

Case (n= 100) Control (n= 80) Chi square P value Odd ratio 95% CI

GSTM1
Null 42 (42%) 25 (31.25%) 2.2 0.163 1.6 0.9–3.0
Non-null 58 (58%) 55 (68.75%)

GSTT1
Null 32 (32%) 33 (41.25%) 1.6 0.215 0.7 0.4–1.2
Non-null 68 (68%) 47 (58.75%)

GSTM1+GSTT1
Null 16 (16%) 13 (16.25%) 0.002 1.0 0.98 0.44–2.18
Non-null 84 (84%) 67 (83.75%)

GSTP1
Homo (V/V) 6 (6%) 2 (2.5%) 1.8 0.4 2.7 0.5–13.9
Hetero (I/V) 35 (35%) 25 (31.25%) 1.3 0.7–2.4
Wild (I/I) 59 (59%) 53 (66.25%) – –

GSTP1
Wild 59 (59%) 53 (66.25%) 0.99 0.355 0.7 0.4–1.4
Non-wild 41 (41%) 27 (33.75%)

The table shows, there is no significant difference in the frequency distribution of GSTM1, GSTT1, and GSTP1 polymorphisms
between cases and controls.

Table 3 The association between GST genes polymorphisms, and pulmonary hypertension and acute chest syndrome in SCD
patients

Null Non-null Chi square P value Odd ratio 95% CI

GSTM1
Pulmonary hypertension
Yes 15 (15%) 17 (17%) 0.5 0.5 1.3 0.6–3.1
No 27 (27%) 41 (41%)

ACS
Yes 11 (11%) 5 (5%) 5.6 0.03 3.8 1.2–11.8
No 31 (31%) 53 (53%)

GSTT1
Pulmonary hypertension
Yes 14 (14%) 18 (18%) 3.0 0.1 2.2 0.9–5.2
No 18 (18%) 50 (50%)

ACS
Yes 6 (6%) 10 (10%) 0.3 0.8 1.3 0.4–4.1
No 26 (26%) 58 (58%)

GSTM1+GSTT1
Pulmonary hypertension
Yes 9 (9%) 23 (23%) 5.1 0.04 3.4 1.1–10.2
No 7 (7%) 61 (61%)

ACS
Yes 3 (3%) 13 (13%) 0.1 0.07 1.3 0.3–5.0
No 13 (13%) 71 (71%)

The table shows that ACS is significantly frequent among patients who carrying the GSTM1 null genotype compared to patients
carrying non-null genotype (OR= 3.8; P= 0.03). Pulmonary hypertension is significantly higher among the group of SCD patients
who carrying both GSTM1 and GSTT1 null genotypes when compared to patients carrying non-null genotypes (OR= 3.4; P= 0.04).
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no statistically significant difference in the frequency
of the distribution of GSTP1 polymorphisms
between patients and controls (Table 2).
In this study, ACS was the most frequent compli-

cation in SCD patients with GSTM1 null genotype:
i.e., it was significantly higher in the GSTM1 null
sub-group when compared to the non-null genotype
SCD sub-group (OR= 3.8; P= 0.03), followed by
pulmonary hypertension, which was not statistically
significantly higher when compared to the non-null
genotype SCD arm (OR= 1.3; P> 0.05) (Table 3).
The frequency of VOC was significantly higher of

patients carrying the null GSTM1 genotype compared
to those carrying the non-null genotype (median= 2
and 1, respectively; P= 0.01) (Table 4). Regarding
the frequency of PRCs transfusion, there was no differ-
ence between patients carrying null GSTM1 genotype
and patients carrying non-null genotype (median= 3
and 3, respectively; P= 0.8) (Table 4).
In our study, the absence of GSTT1 was associated

with increased risk of pulmonary hypertension and
ACS but was not statistically significant when com-
pared to the group of patients carrying the GSTT1
gene (OR 2.2 and 1.3, respectively; P= 0.1 and 0.8,
respectively) (Table 3). The null GSTT1 genotype was
significantly associated with increased frequency of
PRCs transfusion compared to patient carrying the
GSTT1 gene (median 3 and 2, respectively; P= 0.01)
(Table 4). Although absence of GSTT1 gene is associ-
ated with increased frequency of VOC when compared
to patients carrying the GSTT1 genotype, it was not of
statistical significance (median= 2 and 1, respectively;
P= 0.2) (Table 4).
SCD patients who carried both GSTM1 and GSTT1

null genotypes were significantly predisposed to pulmon-
ary hypertension (OR= 3.4; P= 0.04). In addition,
they were also at a non-significantly increased risk of
ACS (OR= 1.3; P= 0.7) when compared to those
patient who carried both GSTM1 and GSTT1 geno-
types. However, the risk of VOC and frequency of
blood transfusion were not increased (P= 0.6 and
0.5, respectively) (for more information, see Tables 3
and 4).
In our study, patients carrying the non-wild-type

GSTP1 polymorphism (I/V or V/V) were not at
increased risk of developing pulmonary hypertension
or ACS when compared to patients carrying the
wild-type (OR= 0.7 and 0.6, respectively; P= 0.5
and 0.6, respectively) (Table 5). Patients carrying the
non-wild-type GSTP1 polymorphism were not at
increased frequency of VOC when compared to
patients carrying the wild-type genotype (median 2
and 2, respectively; P= 0.9) or increased frequency
of PRCs transfusion (median= 2.5 and 3, respectively;
P= 1) (Table 6).

Table 4 The association between GST genes
polymorphisms and, number of VOC and frequency of PRCs
transfusion per year in SCD patients

Null Non-null P value

GSTM1
Number of VOC/year
Range 1.0–6.0 1.0–5.0 0.01
Mean± SD 2.4± 1.5 1.6± 0.9
Median 2.0 1.0

Frequency of PRCs transfusion (unit/year)
Range 1.0–12.0 1.0–12.0 0.8
Mean± SD 3.4± 3.1 3.3± 2.5
Median 3.0 3.0

GSTT1
Number of VOC/year
Range 1.0–6.0 1.0–6.0 0.2
Mean± SD 2.1± 1.2 1.8± 1.3
Median 2.0 1.0

Frequency of PRCs transfusion (unit/year)
Range 1.0–12.0 1.0–4.0 0.01
Mean± SD 3.8± 3.1 2.2± 1.2
Median 3.0 2.0

GSTM1+GSTT1
Number of VOC/year
Range 1.0–6.0 1.0–6.0 0.6
Mean± SD 2.2± 1.5 1.9± 1.2
Median 2.0 2.0

Number of PRCs transfusion (unit/year)
Range 1.0–4.0 1.0–12.0 0.5
Mean± SD 2.5± 1.4 3.5± 2.9
Median 2.5 3.0

The table shows that, The frequency of VOC is significantly
higher in the arm of patients carrying null GSTM1 genotype
compared to those carrying non-null genotype (median= 2 and
1, respectively; P= 0.01), The frequency of RPCs transfusion is
significantly higher in the arm of patients carrying null GSTT1
genotype compared to those carrying non-null genotype
(median= 3 and 2, respectively; P= 0.01).

Table 5 The association between GSTP1 gene polymorphisms and, pulmonary hypertension and ACS in SCD patients

Wild Non-wild

N % N % X2 P value OR 95% CI

GSTP1
Pulmonary hypertension
Yes 17 28.8 15 36.6 0.7 0.5 0.7 0.3–1.6
No 42 71.2 26 63.4

ACS
Yes 8 13.6 8 19.5 0.6 0.6 0.6 0.2–1.9
No 51 86.4 33 80.5

The table shows that the frequency of pulmonary hypertension and ACS is not statistically significant higher in the arm of patients
carrying the non-wild genotype of GSTP1 gene compared to those carrying the wild genotype (P= 0.5 and 0.6, respectively).
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Discussion
SCD is an inherited disorder that has as its cardinal
features chronic hemolytic anemia and vaso-occlu-
sion.22 The clinical features of the disease ultimately
result from mutated sickle cell hemoglobin (Hb S)
within the red blood cells. Deoxygenation can
induce a sickle-like deformation of the Hb S, in turn
leading to microvascular occlusion.23 Oxidative
stress might play an important role in the pathophy-
siology of SCD, where impairment of reductive
defense mechanisms could potentiate clinical manifes-
tations of SCD.24 In the reduced form, glutathione is
the most important intracellular antioxidant scaven-
ger, where it can act as a functional antagonist to
the pro-inflammatory signaling evoked by hydrogen
peroxide.25

Previous studies have revealed a significant impair-
ment of the glutathione system in SCA, as reflected
by a reduction of total GSH, which is believed to
underlie the effect of increased oxidative stress, result-
ing fromHbS instability, deoxygenation, denaturation,
and precipitation. Furthermore, the higher free iron
concentrations resulting from increased hemolysis
might potentiate the clinical manifestations of SCD
by magnifying the pro-oxidant burden.26

Understanding the impact of GST gene polymorph-
isms on the severity of SCD manifestations may help
to improve the quality of life of SCD patients, by pro-
viding a rationale for using prophylactic measures that
decrease oxidative stresses, such as antioxidants, in
patients at risk of developing severe manifestations
due to impairment of their defense reductive mechan-
isms, namely patients who carrying the predisposing
GSTs genotypes. So in this study, we aimed at examin-
ing the relation between GST gene polymorphisms
and the severity of SCD manifestations.
In our study, we have observed the highest frequency

distribution of GST null genotypes among SCD
patients for GSTM1 (42%) followed by GSTT1
(32%) then combined GSTM1/T1 genotype (16%).

Wild-type GSTP1 (59%) was the commonest
variant followed by the heterozygous (35%) and then
homozygous (6%) polymorphism. There was no stat-
istically significant difference in the distribution of
the three GSTs gene polymorphisms between SCD
patients and controls.

Similar to our observation, a study by Rabab and
Bothina27 in 37 Egyptian SCD patients concluded
that there was no statistically significant difference in
the prevalence of the combined GSTM1/T1 null gen-
otype among Egyptian SCD patients compared to a
control group. However, unlike our results, the
highest frequency of GST null genotypes was for
GSTT1 (64.9%), which was statistically significantly
higher when compared to the control group (42.5%),
followed by the GSTM1 (37.8%) null genotype. In a
Brazilian study involving 278 SCD patients by de
Oliveira Filho et al.,28 GST null genotype distribution
was similar to our finding, with the highest frequency
for the GSTM1 genotype (27.3%), followed by the
GSTT1 null genotype (14.7%) and then the combined
GSTM1/T1 null genotypes (11.1%). However, in
another Brazilian compromising 76 Brazilian individ-
uals, of whom 28 had SCA, Silva et al.29 found a lower
frequency of the GSTM1 null genotype in these
patients, but the frequency of the GSTT1 null (50%)
and both GSTM1 and GSTT1 null (17.9%) genotypes
were higher.

This is difference in the prevalence of GST poly-
morphisms within the same population may need
more extensive studies which sample a larger number
of SCD patients, as any reported differences between
studies might be attributed to sampling error.

In our study, the frequency of VOC and ACS was
significantly higher in SCD patients carrying the
GSTM1 null genotype (P= 0.01 and 0.03, respect-
ively). Previous researchers demonstrated that patients
with SCD are subject to increased oxidative stress
mainly in ACS.30 A significant impairment of the glu-
tathione system due to absence of the GSTM1 gene
might magnify the oxidative stress, predisposing to
ACS and VOC. In our study, absence of the GSTM1
gene was also associated with pulmonary hyperten-
sion, but it was not statistically significant (OR=
1.3; P> 0.05).

In our study, absence of the GSTT1 gene in SCD
patients was significantly associated with elevated
severity of anemia as denoted by the increased
number of PRC units transfused per year when com-
pared to patients carrying the gene (P= 0.01). ACS,
pulmonary hypertension, and VOC were also associ-
ated with absence of the GSTT1 gene (P= 0.1, 0.8,
and 0.2), but it was not statistically significant.

Highest risk of pulmonary hypertension was
observed in patients carrying the combined GSTM1/
T1 null genotype (OR= 3.4, P= 0.04); ACS risk

Table 6 The association between GSTP1 polymorphisms
and frequency of VOC and PRCs transfusion in SCD patients

Wild Non-wild P value

Number of VOC per year
Range 1.0–6.0 1.0–6.0 0.9
Mean± SD 1.9± 1.0 2.1± 1.5
Median 2.0 2.0

Frequency of PRCs transfusion (unit/year)
Range 1.0–12.0 1.0–12.0 1.0
Mean± SD 3.1± 2.3 3.6± 3.3
Median 3.0 2.5

The table shows that the frequency of VOC and PRCs
transfusion is not statistically significant higher in the arm of
patients carrying the non-wild genotype of GSTP1 gene
compared to those carrying the wild genotype (P= 0.9 and 1,
respectively).
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was also higher but it was not statistically significant
(OR= 1.3, P= 0.7). Absence of both genes is hypoth-
esized to result in compromised glutathione system-
based defenses against oxidative stress that can
magnify the complications of SCD.
de Oliveira Filho et al.28 found that absence of the

GSTT1 gene in SCD patients significantly associated
with ACS (OR= 10). The null gene was also associ-
ated with VOC. These workers also suggested that
the absence of the GSTM1 gene was a risk factor for
all clinical manifestations of SCD (OR >1), but not
for VOC. Unlike our results, they observed an associ-
ation between the combined GSTM1/T1 null geno-
type and ACS.
In our study, SCD patients carrying the non-wild-

type GSTP1 polymorphism (I/V or V/V) were not
predisposed to pulmonary hypertension, ACS, VOC,
or increased requirement of PRC transfusion.

Conclusion
In this study, the null status of GSTM1 and GSTT1
genes were identified as important risk factors for
developing severe clinical manifestations of SCD.
Further studies are needed to confirm our findings.
Identifying the GSTM1 and GSTT1 null genotype
as risk factors for developing severe manifestations
of SCD may help to categorize SCD patients whom
are genetically at risk of developing severe manifes-
tations due to defective anti-oxidative defense mechan-
ism, in order to minimize severity of their symptoms
by using prophylactic antioxidants and other measures
that improve their reductive defense mechanisms.
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