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Abstract

Background: Sickle cell disease (SCD) is an inherited blood disorder resulting from a point mutation of thymine (T) for adenine
(A) at codon 6 of the gene for beta-globin chain of haemoglobin, leading to substitution of Valine for Glutamate at position 6
of the amino acid sequence, thereby shifting the isoelectric point of the protein. The single nucleotide polymorphism (SNP)
(T-786C) in the 5’ promoter region which affects the expression of endothelial nitric oxide synthase (ENOS) gene is critical
in determining the predisposition of humans to diseases including SCD. This work was therefore aimed at investigating the
presence of SNP (T-786C) in the 5’ promoter region of ENOS gene in patients with SCD with respect to controls, visiting the
University of Nigeria Teaching Hospital (UNTH) Ituku-Ozalla, Enugu State, south-Eastern Nigeria.

Materials and Methods: The study recruited a total of 50 subjects including 20 SCD patients (SS), 15 sickle cell carriers (AS)
and 15 healthy non-carriers (AA). DNA was extracted from venous blood samples; PCR amplification was done using specified
primers to the region of polymorphism, and finally followed by Hpall restriction enzyme digestion.

Results: The results obtained showed only TT genotype across all samples, and so could not establish any relationship between
the SNP T-786C ENOS gene region and SCD. There was presence of the same genotype in both test and control groups.
Conclusion: This research findings therefore suggest that T-786C ENOS gene polymorphism is not associated with SCD in
south-Eastern Nigeria and thus cannot genetically influence the phenotypic outcome of the disease in the clime.
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Abbreviations: ENOS: Endothelial Nitric Oxide Synthase; Disease; NO: Nitric Oxide.
SNP: Single Nucleotide Polymorphism; SCD: Sickle Cell
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Introduction

Sickle cell disease (SCD) is a qualitative kind of
haemoglobinopathy which affects the structure of the
haemoglobin, the protein in red blood cells which delivers
oxygen to all the cells of the body. This disease was
discovered in 1910 [1,2]. It is an inherited blood disorder
resulting from a point mutation involving thymine (T) for
adenine (A) (from a GAG to GTG) substitution at codon 6
of the gene for beta-globin chain of haemoglobin protein,
leading to the substitution of Valine for Glutamate at position
6, thereby shifting the isoelectric point of the protein [3]. Itis
an autosomal recessive hereditary disease characterized by
the presence of sickle-shaped red blood cells and accelerated
haemolysis hence leading to anaemia. Individuals who have
the S-gene in the homozygous state have sickle cell anaemia,
while those who have it in combination with the normal
A-gene (sickle cell carriers) usually do not show symptoms
[4]. The sickled red blood cells are less flexible than normal
ones, which results in micro-vascular occlusion leading to
“crisis” that is characterized by episodes of severe pain, bone
infarcts, leg ulcers, associated with increased susceptibility
to secondary infections [4,5]. The anaemia part of this
disease is caused by the destruction of the red blood cells,
because of their shape. Although the bone marrow attempts
to compensate the shortfall in the number of red blood cells
by creating new red blood cells, the production rate does
not match the rate of destruction. Healthy red blood cells
typically function for 90-120 days, but sickled red blood cells
may only last for 10-20 days [6]. Signs of sickle cell anaemia
usually begin in early childhood. The severity of symptoms of
sickle cell anaemia varies from person to person [7].

According to global estimates, approximately 5% of
the population has some type of haemoglobin variant,
and more than 300,000 babies are born each year with
haemoglobinopathies, with sickle cell anaemia being the
most prevalent type [8,9]. It is estimated that the prevalence
of live births with the disease is 4.4% in the world, where the
rates remain high on the continents of Africa, Southeast Asia
and the Americas. The prevalence of sickle cell trait ranges
from 10 to 45% in various parts of sub-Saharan Africa [10-
12]. In Nigeria, carrier prevalence is about 20 to 30%. Sickle
cell anaemia affects about 2 to 3% of the Nigerian population
of more than 200 million [13].

The phenotypic diversity of SCD with different clinical
outcomes seems to be modulated by polymorphismsin genes
that are involved in inflammation, cell-cell interaction and
modulators of oxidant injury and nitric oxide (NO) biology
[14]. NO has properties that can impact every aspect of SCD,
from decreasing platelet activation and adhesion receptor
expression on the vascular endothelium, to decreasing
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vascular smooth muscle proliferation, limiting ischaemia-
reperfusion injury, modulating endothelial proliferation,
and regulating inflammation [15]. In vivo NO is synthesized
during the enzymatic conversion of L-arginine to L-citrulline
by three isoforms of nitric oxide synthase (NOS) enzyme,
namely, neuronal NOS (nNOS or NOSI), inducible NOS (iNOS
or NOSII), and endothelial NOS (ENOS or NOSIII) [16].
Endothelial (E) NOS, derived from vascular endothelium, is
the most dominant form of these isoforms [17]. The level
of NO in the body is linked to expression of ENOS gene
[18]. The Single Nucleotide Polymorphism (SNP) (T-786C)
in the 5 promoter region affects the expression of ENOS
gene. The T-786C allele binds the inhibitory transcription
factor protein Al resulting in a low mRNA level of ENOS
and this reduces NO production and endothelial function
[19]. Reduced endothelial NO bioavailability in SCD leads
to activation of endothelial cell adhesion molecules besides
platelet activation, which results into vascular occlusion and
vasoconstriction [20]. Many published reports have suggested
the involvement and otherwise of ENOS polymorphisms in
the pathogenesis of sickle cell complications such as acute
chest syndrome and painful vaso-occlusive crises [21-27].
There is a substantial interethnic diversity in the distribution
of ENOS variants [22], and this difference could potentially
clarify interethnic differences in nitric oxide bioavailability
and potentially sickle cell pathophysiology [23]. Based on the
diversity of these published reports on ENOS in relations with
SCD in different climes, this work was therefore designed to
investigate same relationship in south-Eastern Nigeria to
ascertain whether or not ENOS polymorphism contributes to
SCD pathophysiology in our environment.

Materials and Methods

Study Design

This study was a case control study carried out at the
University of Nigeria Teaching Hospital (UNTH) Ituku-
Ozalla, Nigeria from February 2020 to December 2020. The
study recruited a total of 50 subjects which included 20 SCD
patients (SS), 15 healthy sickle cell carriers (AS) and 15
healthy non-carriers (AA), with the last two groups serving
as control groups.

Ethical Approval

The study was conducted in accordance with the Helsinki
declaration, 2013 version. Ethical clearance certificate with
approval number NHREC/05/01/2008B-FWA00002458-
1RB00002323 and reference number UNTH/CSA/329/
VOL.5 was issued by the UNTH Health Research Ethics
Committee, dated 12/02/2020. Written informed consents
were collected from patients willing to participate in the
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study. The privacy of patients was kept confidential and
patients were free to withdraw from the study at any point
in time.

Inclusion/Exclusion Criteria

SCD patients already diagnosed and being followed up
at the UNTH Sickle Cell Clinic, who visited clinics on routine
check-ups, were recruited for the study and their blood
collected as test samples. Patients with severe malaria or
critical health complications, and those who were admitted
at the hospital were excluded from the study. Also, pregnant
and breast-feeding women as well as HIV positive patients
and children were excluded from the study. Blood samples
for the controls were randomly collected from the UNTH
Blood Bank where healthy donors’ blood samples were
stored, and sent to Rite Care Hospital (Enugu, Nigeria) where
their haemoglobin types were determined using Hemo Type
SC screening Kkit.

Sample Collection

A total volume of 3ml of blood was collected from each
patient and transferred into anticoagulant tube (EDTA), and
stored at -80°C according to reported methods of storage
[24].

DNA Extraction

Human genomic DNA was extracted from blood samples
using the Zymo research DNA extraction kit according to
the manufacturer’s recommendations. This was done at
the Biotech Lab of Godfrey Okoye University, Emene and
Enugu, Nigeria. Proteinase K solution was prepared by
adding 1040pl to 20mg tube of proteinase K, and stored
at -20°C. Two hundred (200) pl Biofluid and Cell Buffer,
and 20pl proteinase K were added to 200pl of each of the
blood samples in a microcentrifuge tube. The mixture
was thoroughly vortexed for about 10minutes and then
incubated at 55°C for 10minutes in a water bath. One volume
(i.e. 420pul) of Genomic Binding Buffer was added to the
mixture, and mixed thoroughly. The whole mixture was
transferred to a Zymo-Spin™ IIC-XLR Column in a Collection
Tube, centrifuged at about 12000xg for 1minute. The
collection tube was then discarded with the flow content.
Four hundred (400) ul of DNA Pre-Wash Buffer was added
to the column in a new collection tube and centrifuged for
another 1minute. The collection tube was emptied of the
flow content. Seven hundred (700) ul of g-DNA Wash Buffer
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was added and centrifuged for 1minute. The collection tube
was again emptied of its flow content. Two hundred (200) pl
of g-DNA Wash Buffer was added for the final washing, and
centrifuged for another 1minute. The collection tube was
this time discarded with its flow content. The DNA was then
eluted by adding 50pl of DNA Elution Buffer to the column in
clean microcentrifuge tube, incubated at room temperature,
and then centrifuged for 1minute. The column was finally
discarded, and the DNA-containing microcentrifuges for all
the samples were stored at -20°C.

PCR-RFLP Genotyping

The SNP (T-786C) in the 5’ promoter region of the ENOS
gene was determined by Polymerase Chain Reaction analysis
using forward primer 5’GAGTCTGGCCAACACAAATCC3’ and
reverse primer 5’ACCTCTAGGGTCATGCAGGT3’ [25]. The
PCR reaction mixture was prepared by adding 5pl genomic
DNA to a total volume of 12.5ul ready master mix, 1puL of
10pmol/pl of each primer and 5.5puL of water to make up
the volume to 25pul. The PCR mixtures were loaded on PCR
machine. PCR amplification protocol was: Thirty cycles,
consisting of 20seconds denaturation at 94°C, 10 seconds
annealing at 58.5°C, and 40 seconds extension at 72°C and
the final extension included a 3.5minutes extension at 72°C.
The PCR fragment (658bp) was digested with 1 unit of Hpa
Il restriction enzyme at 37°C maintained on a water bath for
16 hours. The digested and undigested PCR products were
estimated with 10ul 100bp DNA ladder in 2% agarose gels.
According to Webcutter 2.0 program (rna.lundberg.gu.se/
cutter2) homozygous wild allele (TT) produced 2 fragments
374bp and 284bp; heterozygous mutant allele (TC) produced
3 fragments 374bp, 328bp, and 284bp; whereas homozygous
mutant allele (CC) produced 2 PCR fragments 328bp and
284bp.

Data Analysis

Data was analyzed using Hardy-Weinberg equilibrium
equation, p? + 2pq + q* where p and q are the two traits or
polymorphisms being studied. Other statistical tools could
not be used because the result produced only TT genotype.

Results

After human genomic DNA was extracted from 20 SS,
15 AA and 13 AS blood samples, the 658bp DNA segment
of the gene for the samples as shown by 2% agarose gel are
presented in the plates below:
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Plate 1: Amplified DNA region corresponding to 658bp band region on the gel. 1-20 represent those of SS DNA; 21-35 represent
those of AA DNA.

-

Plate 2: Amplified DNA region corresponding to 658bp band region on the gel. 36-48 represent those of AS DNA.

The results for the restriction enzyme digestion are
presented below in the plates below:

e Y

Plate 3: Amplified DNA digestion fragment by Hpall based on the presence/absence of the restriction sites. 1-20 represent
those of SS DNA; 21-35 represent those of AA DNA. All show TT genotype.
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those of AS DNA. All show TT genotype.

-

Plate 4: Amplified DNA digestion fragment by Hpall based on the presence/absence of the restriction sites. 36-48 represent

Sample Group TT (284bp/374bp) TC (374bp/284bp/328bp) CC (328bp/284bp) Void
SS (n=20) 14 (1.0) 0 0 6
AA (n=15) 12 (1.0) 0 0 3
AS (n=13) 9 (1.0) 0 0 4

Table 1: Genotype frequency of ENOS T-786C SNP.

Table 1 shows all the samples are TT genotype
irrespective of the sample group. This can be deduced from
the appropriate plates above. The presence of two bands
around 284bp and 374bp regions as measured from the
molecular ladder shows the presence of the TT homozygous
genotype. Whereas three bands around 374bp, 284bp and
328bp regions show TC heterozygous genotype; and two
bands around 328bp and 284bp imply the CC genotype.

Discussion

The SNP T-786C polymorphism in the 5’ promoter
region of human ENOS genes has been implicated in the
various disease states ranging from coronary heart and
artery diseases [26-29], sickle cell disease in other studies
in different climes [25,27] and deep vein thrombosis
[28], hence the justification for these studies in our own
environment. This work evaluated the significance of the
T-786C polymorphism in the 5’ promoter region of human
ENOS genes in sickle cell subjects using carriers and normal
AA individuals as controls. This was aimed at finding the
relevance of the single nucleotide polymorphism in ENOS
gene in SCD. ENOS is a very important enzyme involved
in inflammation, cell-cell interaction and modulation of
oxidant injury. Hpall is a type Il restriction enzyme which has
restriction site at 5°...C|CGG...3’ in both directions at position
786 of the gene 5’ promoter region. An earlier work in the
Indian population [27] showed that there is an association
between the SNP T-786C ENOS with SCD where they may be
acting as genetic modifiers. However, the present work could
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not establish any relationship between the SNP in the T-786C
ENOS gene region and SCD. There was presence of the same
genotype in both the test and control groups, in agreement
with the reported work in Sudan [25].

Conclusion

This study suggests that T-786C ENOS gene
polymorphismisnotassociated with SCD in our environment.
So, T-786C ENOS gene polymorphism cannot genetically
influence the phenotypic outcome of the disease in the study
population. However, there may be ethnic and geographical
differences probably due to evolutionary diversity. Further
investigations with larger sample size are needed to confirm
or refute the finding in this study.

Recommendation

Larger sample size should be employed for further
investigation of the association between this gene and SCD.
It should also be investigated in connection with other
oxidative free radical enzyme genes such as peroxidases,
superoxide dismutase, catalases, glutathione reductase,
glutathione peroxidases and glutathione S-transferases. This
is because of their involvement in the antioxidant defense
system of the body against highly reactive oxidative radicals
being generated routinely in the healthy human body and
much more in SCD patients. Inter- and intra-ethnic and
geographical evolutionary factors should also be considered
in further studies.
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