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Abstract

Sickle cell disease (SCD) is a relatively common inherited hemolytic anemia among individuals of African descent.
Genetic factors might clarify clinical diversity of the disease and variations in treatment response. Some researchers
investigated heme oxygenase-1 (HMOX1) or chemokine receptor 5 (CCR5A32) genotypes among SCD patients and their
correlation with fetal hemoglobin (HbF) and disease severity. However, there are no such records among Arab nations. We
aimed to estimate the prevalence of the HMOX1-413 A>T (rs2071746) and CCR5A32 (rs333) polymorphisms, and to
assess their effect on SCD phenotype and HbF level among Egyptian patients. Polymerase chain reaction assay was used
to determine these polymorphisms among 100 SCD patients and 100 healthy controls. Though not statistically significant,
the frequency of individual carrying HMOX-1 polymorphic AT and TT genotypes in both patient and control groups was
92% and 85% respectively. Regarding CCR5A32 polymorphisms, all SCD patients harbored the wild genotype (100%),
while the heteromutant genotype was encountered in 2% of our controls. Patients harboring mutant HMOX-1 had a less
frequent vaso-occlusive crisis (VOC)/lifetime, less VOC in the last year, less incidence of stroke, less frequency of
hospitalization, and responded more frequently to hydroxyurea with statistically significant differences (p =0.028,
0.007, 0.046, 0.007, and 0.011 respectively). No significant associations with HbF level or other hematologic parameters
were encountered among our cohort. Our study results suggest a protective effect of mutant HMOX-1 genotypes in
ameliorating the phenotypic severity of the disease. HMOX1-413 A>T (rs2071746) polymorphisms might prove to be a
prognostic marker among Egyptian SCD, but not CCR5A32 (rs333) polymorphisms.
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Sickle cell disease (SCD) is a relatively common inherited
hemolytic anemia among individuals of African descent [1].
It is characterized by a recurrent painful vaso-occlusive crisis
(VOC), resulting in a chronic inflammatory state for its sub-
sequent ischemic injury that might end with organ damage [2].
As a consequence of hemolysis of sickle erythrocyte releasing
a high amount of free heme into the plasma which becomes
the major source of oxidative stress, vascular inflammation
developed among persons with SCD [3].

Hemoglobin S (HbS) originated as a point mutation from the
substitution of valine for glutamic acid at position 6 of the [3-
globin chain, resulting in changes in the solubility and stability of
the hemoglobin molecule that promotes polymerization in red
blood cells upon deoxygenation [4]. Although the disease is
caused by mutation of a single base pair in [3-globin gene, vast
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phenotypic diversity and genetic heterogeneity make the predic-
tion of disease severity and clinical manifestation for providing
the appropriate treatment challenging [2, 5, 6].

Many genetic factors such as S-globin haplotype, co-inherited
«-thalassemia [7], and fetal hemoglobin (HbF) synthesis have a
significant role in moderating the clinical phenotype of SCD,
reducing the predisposition for hemoglobin polymerization in-
side erythrocyte, and subsequently reducing the severity of clin-
ical events such as vascular occlusion, pain, chest syndrome, and
stroke [6]. Undoubtedly, the genetic background plays a vital role
in determining the average levels of HbF among different popu-
lation [6]. Although, environmental factors play partially a role in
these variations, genetic modulators that are linked or unlinked to
[3-globin gene cluster seem to have a greater role which is still not
fully understood [5, 7].

In SCD, some reviews have suggested that in addition to
SNP within some genes of the (3-globin gene cluster, other
genes outside it such as heme oxygenase-1 (HMOX1) and
chemokine receptor 5 (CCRS) can affect disease severity [5,
8]. It has been suggested that these polymorphisms not only
associated with the severity of anemia but also with the fre-
quency of pain recurrence, stroke incidence, priapism, leg
ulcers, and chest and hepato—biliary complications among
other numerous clinical aspects [9].

The HMOX1 gene, which encodes HMOX1 antioxidant en-
zyme, plays a crucial role in the protection of cells from oxidative
stress during heme catabolism initiated by hemolysis [10].
Previous studies reported that HMOX1 gene is overexpressed
in sickle cell patients [8]. Moreover, Belcher et al. (2006) [3]
demonstrated its vital importance in ameliorating vascular in-
flammation and vaso-occlusion in transgenic sickle mice [3].
Other studies have shown that polymorphisms of the HMOX1
gene, including 1s2071746: A>T, cause an increase in the HbF
level; therefore, it can affect the disease severity [6]. Recently, it
was also revealed that T allele of the gene (1s2071746: A>T
polymorphism) diminishes its expression [8].

Regarding CCRS, Thl cell-associated chemokine recep-
tor, which plays crucial roles in the immune system through
regulation of immune cell migration and its activation during
the immune response, has been associated with chronic in-
flammatory states [11]. Therefore, genetic polymorphism in
CCRS5 is suggested to be a molecular genetic marker that
might indicate the susceptibility to various inflammatory dis-
eases [12, 13]. Several studies revealed that CCR5-A32
(rs333) polymorphism, a 32-bp deletion in the coding region
in exon 1 ofthe CCRS5 gene, led to downregulation of the gene
with less efficient Thl response [11, 14]. Hence, considering
the inflammatory role in the pathophysiology of SCD,
CCR5A32 allele, which encodes for truncated C-C chemo-
kine receptor type 5 (CCRS), might offer a selective benefit
on its carrier. However, CCR5A32 role as a protective factor
against the disease is still a matter of controversy and its allele
frequency varies widely around the world [11].
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Many studies aimed to investigate genetic variations that
might explain clinical diversity and variable response rates to
treatment among SCD patients [2, 5].

In Arab African population, there has been no literature pub-
lished yet, to the best of our knowledge, on neither HMOX1 nor
CCR5A32 genotypes among SCD patients, and if these poly-
morphisms could deliberate a selective benefit on the patients.
Thus, we aimed in this foremost study of HMOXI1 and
CCR5A32 genotypes among SCD patients in the Arab African
population to estimate the prevalence of the HMOX1-413 A>T
(rs2071746) and CCR5A32 (rs333) polymorphisms and to as-
sess their correlation with HbF level and their effect on the dis-
ease phenotype among Egyptian SCD patients.

Materials and methods
Study population

This study included 100 steady-state Egyptian SCD patients
(both homozygous SS and Sf3 thalassemia) diagnosed and
followed up at the Pediatric Hematology & BMT Unit,
Cairo University Children Hospital, Egypt. Their mean age
was 13.7 £ 8.9 years (range 2—39 years). There were 47 males
and 53 females. One hundred age- and sex-matched unrelated
healthy Egyptian children with normal hemoglobin electro-
phoresis were included as a control group in the study. The
study protocol was approved by the Research Ethics
Committee of Faculty of Medicine, Cairo University.
Informed consents were willingly given by the parents or
guardians of participants prior to enrollment in the study.
Clinical history was recorded, and clinical and laboratory
evaluations were completed at the time of initial presentation
and follow-up visits. VOC was defined as pain in the extrem-
ities, abdomen, back, chest, or head that led to emergency
room visit or an unscheduled clinic and could not be explained
except by SCD, with exclusion of chest syndrome, hand—foot
syndrome, osteomyelitis, and any pain episode that can be
managed entirely at home. Quantitative assessment of hemo-
globin variants for diagnosis of SCD was executed by high-
performance liquid chromatography (HPLC). All procedures
performed in our study were in accordance with the 1964
Helsinki declaration.

Genomic DNA extraction

Venous blood samples were obtained from all participants by
sterile venipuncture in EDTA vacutainers. The Gene JET
Whole Blood Genomic DNA Purification Mini Kit
(Fermentas Life Sciences, Canada) was used for genomic
DNA extraction from peripheral blood leukocytes according
to manufacturer’s protocol. Samples were stored at —20 °C in
elution buffer until use.
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CCR5A32 (rs333) genotyping

Genotyping of CCR5A32 (rs333) was carried out as previ-
ously described (Dlaz et al. 2000) [15]. Polymerase chain
reaction (PCR) was performed using a thermocycler
(PerkinElmer 9700; PerkinElmer, Foster City, CA, USA) to
amplify the specific DNA fragment of CCRS5 gene using prim-
er set: CCRS delta-1: 5'-ACCAGATCTCAAAAAGAAGGT
CT-3" and CCRS5 delta-2: 5'-CATGATGGTGAAG
ATAAGCCTCACA-3". The PCR amplification program used
was an initial denaturation at 95 °C for 10 min, followed by
30 cycles of 96 °C for 15 s, 58 °C for 60 s, and 72 °C for 60 s,
then followed by a final extension step at 72 °C for 10 min. A
PCR-amplified product was detected by electrophoresis using
2% agarose gel.

The PCR-amplified product was detected at 206 bp and at
174 bp for wild (CCRS5/CCRS) and mutant homozygous (del-
ta-32/delta-32) genotypes respectively. The presence of both
bands together indicated a heterozygous genotype carrying
both the wild (CCR5) allele and the mutant (CCR5 delta;
CCR5A32) allele.

HMOX1-413A>T (rs2071746) genotyping

HMOX1-413A/T (rs2071746) SNP was detected using a sim-
ple allele-specific PCR. Based on the nucleotide sequence of
GenBank S58267, two sets of primer pairs were designed to
amplify a 307-bp target sequence which shares the same for-
ward primer but differs only in the 3'-nucleotide end of the
reverse primers, making them allele-specific [16].

The primers used were one common forward and two re-
verse primers for the wild-type, A allele and the variant, T
allele.

F: 5-ACTGGCACTCTGCTTTATGTGTGA-3’

R (—413) A: 5-GGAGGCAGCGCTGCTCAGAGTAAT-3’

R (—413) T: 5-GGAGGCAGCGCTGCTCAGAGTAAA-3'

The PCR amplification program used an initial denatur-
ation at 95 °C for 10 min, then followed by 35 cycles of
94 °C for 30 s, 60 °C for 30 s, and 72 °C for 30 s, then ended
by a final extension step at 72 °C for 10 min. The PCR-
amplified product was detected by electrophoresis using
1.5% agarose gel.

The PCR-amplified product was detected at 163 bp for
wild genotype (AA). Mutant homozygous (TT) genotype
was detected at 140 bp and 23 bp, although 23 bp was too
small to be detected by the gel electrophoresis. The presence
of all these bands together indicated a heterozygous genotype
carrying both the wild-type and the mutant allele (AT).

Statistical data analysis

The data were analyzed using SPSS (Statistical Package for the
Social Science; SPSS Inc., Chicago, IL, USA) version 21.

Qualitative data were represented as frequency and percentage.
Parametric numerical data were represented as mean, standard
deviation, and range, while nonparametric data were represented
as median and interquartile range. For analyzing the relation
between qualitative variables, chi-square test or Fisher’s exact
test was selected. The Mann—Whitney test was performed to
analyze nonparametric numerical data. p values less than 0.05
were considered significant. Chi-square (v2) test was used to
evaluate deviation from Hardy—Weinberg equilibrium (HWE).
Genotypic distribution of the studied SNPs was in accordance
with the Hardy—Weinberg equilibrium (p > 0.05).

Results

Frequency of HMOX-1 and CCR5 genetic
polymorphisms in SCD and control

Out of 100 SCD patients, 67 were homozygous (SS) (31 male
and 36 female with mean age 14.09 +8.61 years), and 33
sickle 3-thalassemia (Sf3) (15 male and 18 female with mean
age 12.76 £9.68 years). Though not statistically significant,
the frequency of HMOX-1 mutant genotypes (AT) and (TT) in
both patients and control groups was higher than that in wild
genotype (AA). CCR5A32 null mutation was predominant in
both patients and control groups (100% and 98% respectively)
with no significant difference between SCD patients and con-
trols (p>0.05) (Table 1). No statistically significant differ-
ences were found in frequencies of both HMOX-1 and
CCR5A32 genotypes between SS and Sf3, which justifies
further analysis of our results as one category for entire SCD
patients (Table 2).

Effect of HMOX-1 and CCR-5 genetic polymorphisms
on disease phenotype and HbF level

The clinical and laboratory data of SCD were studied according
to HMOX-1 and CCR5A32 polymorphisms. We compared clin-
ical and laboratory data between wild, heteromutant, and
homomutant HMOX-1 genotypes (Tables 3 and 4). The mutant
HMOX-1 genotype seems to have a protective effect and was
associated with less severe disease phenotype; patients harboring
heteromutant or homomutant HMOX-1 genotypes had less fre-
quent VOC/lifetime and over the last year, less frequency of
stroke and less frequency of hospitalization with a statistically
significant difference (p value =0.028, 0.007, 0.046, and 0.007
respectively) (Table 4). In addition, clinical response to hydroxy-
urea (as evidenced by decreased frequency of VOC, hospitaliza-
tion, and transfusions per year) was more frequently detected
with HMOX-1 mutant genotypes than with wild genotype with
statistically significant difference (p = 0.011). However, no statis-
tically significant associations were noted in other clinical, hema-
tological, and laboratory parameters including HbF level among
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Table 1 Genotype frequencies of

HMOX-1 and CCRS genes in SCA (n=100) Control (n=100) p value*
Egyptian SCD patients and n (%) n (%)
control
HMOX-1 Wild genotype (AA) 8 (8.0%) 14 (14.1%) 0.284
Heterozygous mutant (AT) 53 (53.0%) 44 (44.4%)
Homozygous mutant (TT) 39 (39.0%) 41 (41.4%)
CCRS5 Wild genotype (without deletion) 100 (100.0%) 98 (98.0%) 0.246
Heterozygous mutant 0 (0%) 2 (2.0%)
Homozygous mutant 0 (0%) 0 (0%)

*Significant p < 0.05

SCD patients according to their HMOX-1 genotypes (AA, AT,
and TT). Since all SCD had CCR-5 wild genotype (100%), no
further study of effect of this genetic polymorphism on disease
could be done.

Discussion

Evaluation of genetic variation and its association with the
clinical diversity of patients with sickle cell anemia is one of
the strategies for elucidating its underlying etiology, pathogen-
esis, and disease outcomes [2]. This study, to the best of our
knowledge, is the first to assess the impact of HMOX-1 and
CCRS5 allelic polymorphisms among individuals with SCD in
Arab African regions.

Our study demonstrated that the frequency of Egyptian
individuals harboring HMOX-1 (AT) and (TT) mutant geno-
types in both patients (53% and 39% respectively) and unaf-
fected control groups (44.4% and 41.4% respectively) was
higher than that of HMOX-1 wild genotype (AA) (8% and
14.1% respectively). In contrast, Jaseb et al. (2017) [8], an
Iranian research group, reported that allele A in this polymor-
phism was the most frequent allele among both SCD patients
and healthy control groups [8]. In a Brazilian cohort, the most
prevalent allele among SCA patients and unaffected individ-
uals was heterozygous AT (44% and 62% respectively),
whereas AA and TT genotypes were equivalent in both con-
trol and SCD patients [6].

Table 2 Frequency of HMOX-1 and CCRS genetic polymorphisms in
SS and S/beta thalassemia patients
SS/S3-thalassemia p value*
SS(n=67) SP n=33)
n (%) n (%)
HMOX-1 Wild genotype 6 (9.0%) 2 (6.1%) 1
Mutant genotype 61 (91.0%) 31 (93.9%)
CCR5 Wild genotype 67 (100.0%) 33 (100.0%) -
Mutant genotype 0 (0%) 0 (0%)
*Significant p < 0.05
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In regard to the allele frequencies of CCR5A32, we found
that null allele mutation of CCR5A32 was the predominant allele
among the Egyptian SCD patients and unaffected individuals
(100% and 98% respectively). In a genotype survey study con-
ducted on 4166 subjects across Eurasia, CCRS allele frequency
ranged from 0 to 14% [17]. A similar absence of CCR5A32
variant was found among other populations such as native black
African, Saudi, Lebanese, Chinese, Korean, Georgian, and
American Indian [17] or rarely encountered among others such
as Emiratis and Tunisians with frequency of 0.002 and 0.013
respectively [13]. Higher frequencies in certain ethnic popula-
tions were reported among Israel, Poland, Portugal, Turkey,
Spain, Sweden, Brazil, Italy, Cyprus, and Greece populations
(14.3%, 12.1%, 8%, 9.1%, 9.4%, 6%, 4%, 3%, 2.8%, and
2.4% respectively) [12, 18]. These variations in reported frequen-
cies may be attributed to ethnic differences in studied cohorts and
differences in sample size.

Our study revealed no significant differences in the fre-
quencies of both HMOX-1 and CCR5A32 genotypes be-
tween SCD and healthy unaffected individuals. Similar find-
ings were reported in a Brazilian cohort that included 795
SCD patients from various ethnic backgrounds in the north-
eastern region of Brazil that could not propose the contribu-
tion of the CCR5A32 mutant allele on the disease outcomes
[11]. This finding was in concordance with Nascimento et al.’s
results [19]. In contrast to our finding, Chies and Hutz (2003)
[5] reported that the CCR5A32 allele was more prevalent
among SCD patients than that of unaffected individuals
(5.1% and 1.3% respectively) [5]. Unfortunately, no particular
studies assessing the significant difference of HMOX-1 poly-
morphism between sickle cell patient groups and controls
were found for comparison with our results.

Moreover, our results revealed no significant differences
in the frequencies of both HMOX-1 and CCR5A32 polymor-
phisms between SS and Sf3 haplotypes. This goes in agree-
ment to that reported by an Iranian study regarding HMOX-1
polymorphism [8].

Furthermore, our study results suggest a protective effect of
mutant HMOX-1 genotypes ameliorating phenotypic severity of
disease; patients harboring mutant HMOX-1 had less frequent
VOC/lifetime, less VOC in the last year, less incidence of stroke,
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Table 4 Comparison of clinical and laboratory data between wild, heteromutant, and homomutant HMOX-1 genotypes

HMOX-1
Wild genotype  Heterozygous =~ Homozygous  p
n=38) mutant (n=53) mutant (n=39) value*
Count % Count % Count %
Sex Male 4 50.0% 26 49.5% 18 45.0% 0.817
Female 4 50.0% 27 50.5% 21 55.0%
SS/Sp SS 6 75.0% 36 67.9% 25 64.1% 0.852
SB3-thalassemia 2 25.0% 17 32.1% 14 35.9%
Frequent VOC in last year (> 10/year) Yes 4 50.0% 4 75% 9 23.1% 0.007*
No 4 50.0% 49 92.5% 30 76.9%
Number of severe VOC/lifetime 0 1 12.5% 14 264% 7 17.9% 0.028*
>3 2 25.0% 0 0% 4 10.3%
<3 5 62.5% 39 73.6% 28 71.8%
Hospitalization/lifetime Yes 7 87.5% 45 84.9% 36 92.3% 0.506
No 1 125% 8 151% 3 7.7%
Frequency of hospitalization in last year (>3 Yes 4 50.0% 4 75% 9 23.1% 0.007*
times/year) No 4 50.0% 49 92.5% 30 76.9%
Blood transfusion/lifetime Yes 8 100.0% 50 94.3% 37 94.9% 1
No 0 .0% 3 57% 2 5.1%
Number of blood transfusion/lifetime <10 2 25.0% 23 46.0% 11 29.7% 0.215
From 10 to 20 4 50.0% 17 34.0% 11 29.7%
>20 2 25.0% 10 20.0% 15 40.5%
Acute chest syndrome Yes 0 .0% 4 75% 0 .0% 0.193
No 8 100.0% 49 92.5% 39 100.0%
Elevated pulmonary artery pressure Yes 2 25.0% 9 17.0% 6 15.4% 0.776
No 6 75.0% 44 83.0% 33 84.6%
Osteomyelitis Yes 1 12.5% 4 75% 1 2.6%  0.248
No 7 87.5% 49 92.5% 38 97.4%
Avascular necrosis Yes 0 .0% 1 1.9% 3 7.7%  0.507
No 8 100.0% 52 98.1% 36 92.3%
Hand and foot syndrome Yes 3 37.5% 11 20.8% 4 10.3% 0.120
No 5 62.5% 42 792% 35 89.7%
Priapism Yes 0 .0% 0 .0% 2 51%  0.304
No 8 100.0% 53 100.0% 37 94.9%
Stroke or TIA Yes 2 25.0% 1 1.9% 2 51%  0.046*
No 6 75.0% 52 98.1% 37 94.9%
Leg ulcers Yes 0 .0% 2 38% 1 2.6% 1
No 8 100.0% 51 96.2% 38 97.4%
Hepatomegaly Yes 3 37.5% 14 264% 8 20.5% 0.494
No 5 62.5% 39 73.6% 31 79.5%
Splenic status Splenomegaly 2 25.0% 19 358% 13 333% 0.795
Splenectomy 3 37.5% 9 17.0% 8 20.5%
Not palpable 3 37.5% 25 472% 18 46.2%
HU therapy Yes 8 100.0% 53 100.0% 38 97.4% 0.470
No 0 .0% 0 0% 1 2.6%
Compliance Yes 4 50.0% 34 642% 16 42.1% 0.095
No 4 50.0% 19 358% 22 57.9%
Responder to HU Yes 5 62.5% 50 94.3% 30 78.9% 0.011%*
No 3 37.5% 3 57% 8 21.1%
Gall bladder disease Yes 1 12.5% 2 38% 6 15.4% 0.113
No 7 87.5% 51 96.2% 33 84.6%
TCD Normal < 170 cm/s 8 100.0% 49 92.5% 35 89.7% 0.924
Conditional 0 .0% 3 57% 3 7.7%
170-199 cm/s
Abnormal >200 cm/s 0 .0% 1 1.9% 1 2.6%

*Significant p < 0.05. HU, hydroxyurea; Hb, hemoglobin; TLC, total leukocytic count; AS7, aspartate transaminase; LDH, lactate dehydrogenase
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less frequency of hospitalization, and responded more frequently
to hydroxyurea with statistically significant differences (p =
0.028, 0.007, 0.046, 0.007, and 0.011 respectively). An efficient
response of HMOX-1 might be of importance in protecting pa-
tients with SCD by several mechanisms. First, HMOX-1 can
ameliorate vaso-occlusion and prevent vascular inflammation
through converting damaging heme into biliverdin and carbon
monoxide molecules that have antioxidant, anti-inflammatory,
and cytoprotective properties [2]. Second, HMOX-1 upregula-
tion has the ability to inhibit leukocyte adhesion and EC adhesion
molecule expression [21-23]. The elicited injurious role of heme
released by chronic red blood cell sickling and lysis is not only
because heme is a major source of damaging reactive oxidative
species [2], but also for its role in impairing oxidative burst
activity of neutrophil to mount its bactericidal effect [24].

On the other hand, other previous studies were quite similar to
our findings regarding the nonsignificant association between
HMOX-1 (1s2071746: A>T polymorphism) and other clinical/
hematological parameters of SCD such as the occurrence of cho-
lelithiasis, acute chest syndrome, and incidence of hospitalization
[2, 6, 8, 20]. Whereas, Gil et al. (2013) [6] and Jaseb et al. (2017)
[8] found, in contradictory to our finding, that TT genotype of
HMOX-1 (1s2071746: A>T polymorphism) was associated with
increased levels of HbF (p =0.0131) [6, 8].

Limitation

The main limitation of our study is the relatively small sample
size that may be unpowered to find a significant association
with hematological parameters including the level of HbF;
however, we were able to show a significant association be-
tween HMOX-1 mutant genotype and severity of the disease.

Conclusion

Egyptian SCD patients harboring the mutant HMOX-1 geno-
types had a significantly less severe disease and more frequent
response to hydroxyurea than those having the wild genotype.
Null mutation of CCRSA32 genotype was the predominant
allele among the Egyptian population. HMOX1-413 A>T
(rs2071746) polymorphisms might prove to be a prognostic
marker among Egyptian SCD, but not CCRSA32 (rs333)
polymorphisms.
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