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Background: Sickle cell disease (SCD) is a form of haemoglobinopathy which 
affects the structure of the haemoglobin by genetically substituting Valine for Glutamate 
at position 6 of the amino acid linear sequence of the protein. In SCD, oxidative stress 
is increased and believed to play a significant role in the pathophysiology of SCD-
related crisis. It has been found that a structural mutation of thymine (T) to cytosine 
(C) substitution in the coding sequence of manganese-superoxide dismutase (Mn-SOD) 
gene, which changes the amino acid codon at 9th position in the signal peptide from 
valine (GTT) to alanine (GCT), is implicated in various disease states. 

Aim: This work was aimed at investigating the relationship between oxidative 
stress and genetic polymorphism of manganese-superoxide dismutase in patients with 
SCD 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 which include 20 
Sickle cell anaemia 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 restriction 
enzyme digestion. 

Results and Discussion: The results in the test group showed val/val genotype 
frequency to be 0.67, ala/ala 0.27 and val/ala 0.06. In the control groups, the results 
seem to show an opposite trend, in which there is val/val frequency of 0.15, ala/ala 0.5 
and val/ala of 0.35. There is, therefore, a predominance of val/val genotype in the test 
group whereas there is more ala/ala in the control group, which could be said to be an 
association of the polymorphism with the SCD, contrary to some previous works. 

Conclusion: The findings of this research suggest that Ala-9-Val polymorphism 
in Mn-SOD gene is associated with SCD, and therefore could act as genetic modifier of 
phenotypic outcome of these patients in the region under study.
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Introduction 
Sickle cell disease (SCD) is a group of disorders that affect 

haemoglobin, the protein in red blood cells that delivers oxygen to 
cells throughout the body. This is diseases was discovered in 1910 
according to reported literature [1]. Historically, SCD is said to have 
its birthplace in Africa, where in many tribes, those who are sicklers 
are tattooed to identify them as “Ogbanje” (Children who come 
and go) due to the high infant mortality seen among them within 
Africa, as illustrated in African medical literature which reported 
sickle cell disease condition in the 1870s [2,3]. It is an inherited 
blood disorder resulting from a point mutation involving a thymine 
(T) for adenine (A) (from a GAG to GTG) substitution at codon 6 
of the beta-globin chain leading to the substitution of Valine for 
Glutamate at position 6, hence, shifting the isoelectric point of the 
protein [4]. It is an autosomal recessive disease identified by their 
sickle-shaped red blood cells and accelerated haemolysis resulting 
to anaemia. Those who have this trait in homozygous state present 
severe anaemia, while those who have it in heterozygous (sickle cell 
carriers) usually do not show symptoms [5]. The sickled red blood 
cells (HbS) are more rigid than normal ones (HbA), which results 
to micro-vascular occlusion leading to “crisis” that is characterized 
by episodes of severe pain, increased susceptibility to secondary 
infections, leg ulcers, bone infarcts, and other infarctions with tissue 
death possibibly occurring in almost all organs (skin, liver, spleen, 
bone, kidneys, retina, CNS) [5-8]. The anaemia part of this disease 
is caused by the destruction of the red blood cells, because of their 
shape. Much as bone marrow try to compensate this shortfall in 
the number of red blood cells by creating new ones, 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 only 
last for 10-20 days [9]. Signs of sickle cell anaemia usually begin in 
early childhood. The severity of symptoms of sickle cell anaemia 
varies from person to person [10]. HbS is the most dangerous and 
most common of all haemoglobinopathies. There are other forms of 
haemoglobinopathies such as α-thalassaemia and β-thalassaemia 
[11], HbC, HbE, Hb Johnstown and other less common variants of 
haemoglobin [7,12-14].

According to reports, approximately 5% of the world population 
has some types of haemoglobinopathy, and more than 300,000 
babies are born each year with one form of haemoglobin disorder or 
the other, with sickle cell anaemia being the dorminant type [15,16]. 
The prevalence of live births with the disease is estimated at 4.4% 
in the world, with the rates remaining high on the continents of 
Africa, Southeast Asia and the Americas. The frequency of sickle cell 
trait ranges from 10 to 45% in various parts of Sub-Saharan Africa 
[17-19]. In Nigeria, the prevalence of those presenting the disease 
in heterozygous form is about 20 to 30% [20]. Sickle cell anaemia 
affects about 2 to 3% of the Nigerian population of more than  

 
160 million people. Oxidative stress is described as an imbalance 
between oxidants or free radicals or reactive oxygen species (ROS) 
and antioxidants in favor of the former [21,22]. ROS are produced 
as a result of normal intracellular catabolism that requires oxygen 
as a terminal electron acceptor (oxidant). During this process, ROS 
such as superoxide (O2

•), hydrogen peroxide (H2O2) and hydroxyl 
radicals (OH2) are produced as intermediates, even in healthy 
individuals [23,24]. In SCD, oxidative stress is increased and 
believed to play a significant role in the pathophysiology of SCD-
related microvascular dysfunction, vasoocclusion, and development 
of organ damage [25,26]. 

A high production rate of reactive oxygen species (ROS) in SCD 
is caused by factors such as increased intravascular haemolysis, 
ischemia-reperfusion injury, and chronic inflammation [27,28]. 
Several mechanisms contribute to the high oxidative burden in 
sickle cell patients, including: the excessive levels of cell-free 
hemoglobin with its catalytic action on oxidative reactions, the 
characteristic recurrent ischemia-reperfusion injury, a chronic pro-
inflammatory state, higher autoxidation of sickle hemoglobin (HbS), 
increased xanthine oxidase activity in sickle cell disease aortic 
endothelium, and higher number of leucocytes, which produce 
twice the number of fluxes of superoxide in sickle cell disease 
[29-31]. Oxidative stress can damage specific molecular targets 
(lipids, proteins, nucleotides etc.), resulting in cell dysfunction 
and/or death [32]. Major defense mechanisms against ROS include 
enzymatic (superoxide dismustase (SOD), catalase, gluthathione 
peroxidase (GPx), peroxiredoxin (Prx) as well as non-enzymatic 
antioxidant system (reduced glutathione (GSH)), ubiquinols, uric 
acid, vitamins C and E, flavonoids, carotenoids) [33]. Enzymatic 
antioxidants work by breaking down and removing free radicals. 
The antioxidant enzymes convert dangerous oxidative products to 
hydrogen peroxide (H2O2) and then to water, in a multi-step process 
in the presence of cofactors such as copper, zinc, manganese, and 
iron. Non enzymatic antioxidants work by interrupting free radical 
chain reactions. However, supplementation of sickle cell patients 
with many of these antioxidant minerals and nutrients such as zinc, 
vitamins C and E, flavonoids and carotenoids do not accomplish 
clinically measurable ameliorating effect, such as reducing the 
degree of hemolysis, as reported in a work [34].

It has been recently shown that SCD patients have significantly 
higher glutathione peroxidase (GPx) and superoxide dismutase 
(SOD) activities than do healthy controls [35]. SODs, including Cu-, 
Zn- and Mn-SODs and extracellular SODs, are protective enzymes 
against oxidative stress. They can specifically scavenge O2• by 
catalyzing its dismutation to hydrogen peroxide and molecular 
oxygen. Mn-SOD, which is a mitochondrial form of SOD, is involved in 
controlling dioxygen toxicity in the mitochondrion, an organelle of 
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extreme oxidative load [36]. As found in [37], a structural mutation 
of thymine (T) to cytosine (C) substitution in the coding sequence 
of Mn-SOD gene, changes the amino acid codon at -9 position in 
the signal peptide from valine (GTT) to alanine (GCT). This signal 
peptide is removed during processing to a mature enzyme and 
plays a key role in targeting the enzyme to the mitochondria. Based 
on the plethora of published reviews and works on SOD in relations 
with SCD in different climes, this work was therefore undertaken 
to investigate same relationship in south-Eastern Nigeria to 
ascertain whether or not Mn-SOD 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 study. The privacy of patients 
were 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 RiteCare Hospital (Enugu, Nigeria) where 
their haemoglobin types were determined using HemoTypeSC 
screening kit. 

Sample Collection

A total volume of 3ml of blood was collected from each patient 
and transferred into anticoagulant tube (EDTA) and stored at -80 oC 
according to reported methods of storage [38].

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, Enugu, Nigeria. 
Proteinase K solution was prepared by adding 1040μl to 20mg 
tube of proteinase K, and stored at -20 oC. Two hundred (200) μl 
Biofluid and Cell Buffer, and 20μl proteinase K were added to 
200μl of each of the blood samples in a microcentrifuge tube. The 
mixture was thoroughly vortexed for about 10minutes and then 
incubated at 55oC for 10minutes in a waterbath. One volume (i.e. 
420μl) of Genomic Binding Buffer was added to the mixture, and 
mixed thoroughly. The whole mixture was transferred to a Zymo-
SpinTM 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) μl 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) μl of g-DNA Wash Buffer was added 
and centrifuged for 1minute. The collection tube was again emptied 
of its flow content. Two hundred (200) μl 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 50μl 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 -20oC. 

Genotyping Alanine/Valine Polymorphism of Mn-SOD 
Gene

An alanine/valine polymorphism in the signal peptide 
of Mn-SOD gene was evaluated using a primer pair 
(forward 5’ACCAGCAGGCAGCTGGCGCCGG3’ and reverse 
5’GCGTTGATGTGAGGTTCCAG3’) as reported in [39] to amplify a 
107bp fragment. Polymerase chain reaction (PCR) amplification 
of the genomic DNA was performed in a total volume of 25μl, 
containing 5μl of 50ng genomic DNA, 1μl of 10pmol/μl of each 
primer, 12.5μl of master mix (Maxime PCR PreMix Kit (i-Taq), 
iNtRON biotechnology), and 5.5μl of water to make up the volume 
to 25μl. PCR conditions involved an initial denaturation of DNA at 
95°C for 5 min, followed by 35 cycles of amplification at 95°C for 1 
min (melting), 61°C for 1 min (annealing), and 72°C for 2 min, and a 
final extension at 72°C for 7 min. The resulting 107bp PCR product 
was digested with the restriction endonuclease NgoM IV at 37°C for 
16 h according to manufacturer recommendations and digestion 
products were analyzed following electrophoresis on 3% agarose 
gel stained with ethidium bromide (0.5μg/ml). Restriction enzyme 
digestion results in a 107bp product (allele 1 Val-9) or 89bp and 
18bp products (allele 2 Ala-9) or both giving three bands on the gel.

https://dx.doi.org/10.26717/BJSTR.2021.39.006366
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Statistical Analysis

Data was analyzed using Hardy-Weinberg equilibrium equation, 
p2 + 2pq + q2 where p and q are the two traits or polymorphisms 
being studied. The genotype frequencies, gotten using the above 
formula, were used to analyze the results.

Results
Human genomic DNA was extracted from 20 SS, 15 AA and 

13 AS blood samples using the Zymo research DNA extraction 
kit following manufacturer recommendations. The result of the 

extraction was run on a 2% agarose gel for a qualitative verification 
of DNA presence. The gels for the DNA extracts are shown in (Plates 
1 & 2).

PCR for Mn-SOD Gene Region

An alanine/valine polymorphism in the signal peptide 
of Mn-SOD gene was evaluated using a primer pair 
(forward 5’ACCAGCAGGCAGCTGGCGCCGG3’ and reverse 
5’GCGTTGATGTGAGGTTCCAG3’) as reported in [39] to amplify 
a 107bp fragment. The 107bp DNA segment for the SS, AS, AA 
samples as shown by 2% agarose gel are shown in (Plates 3 & 4).

Plate 1: DNA bands on the gel 1-20 represent SS DNA; 36-48 represent AS DNA.

Plate 2: DNA bands on the gel 21-35 represent AA DNA.

https://dx.doi.org/10.26717/BJSTR.2021.37.005965
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Plate 3: Presence of the amplified DNA region corresponding to 107bp band region on the gel 1-20 represent those of SS DNA; 
36-48 represent those of AS DNA. (NB: Multiple bands in each lane as seen on the gel are possibly impurities).

Plate 4: Presence of the amplified DNA region corresponding to 107bp band region on the gel 1-20 represent those of SS DNA; 
36-48 represent those of AS DNA. (NB: Multiple bands in each lane as seen on the gel are possibly impurities).

Restriction Enzyme Digestion of Mn-SOD Amplicons 
using NgoMIV 

The amplicons from the Mn-SOD primer PCR amplication were 
digested using NgoMIV restriction enzyme according to reports of 
[39]. After 16 hours digestion at 37oC, the products were run on a 
3% gel. The results are presented below in (Plates 5 & 6]. (Table 1) 
shows a 0.67 genotype frequency of VV in the test group as can be 
seen from the gel bands in plate 5. The lanes having only one band 
around 107bp as measured from the 100bp molecular ladder, show 
uncut 107bp DNA fragment which implies the presence of valine at 

that 9th position in the signal sequence. There is 0.15 frequency of 
the same genotype in the control group, as can be seen from the gel 
bands in plates 5 & 6. There is 0.27 frequency for AA genotype in the 
test group as seen from the bands in the plate 5. The lanes having 
bands slightly below 100bp imply the presence of alanine due to 
the digestion which resulted to 89bp restriction fragments. There 
is 0.50 frequency of the same genotype in the control group. There 
is 0.06 frequency for VA in the test group and 0.35 in the control 
group. The heterozygous genotype is a result of the presence of 
both the undigested 107bp and the digested 89bp DNA fragments, 
thereby giving rise to bands at both the 107bp and 89bp regions on 
the electrophoretic gel. These can be seen on (Plates 5 & 6).

Table 1.

Sample Group VV (107bp) AA (89bp/18bp) VA (107bp/89bp/18bp) Void

SS (n = 20) 10(0.67) 4(0.27) 1(0.06) 5

AA (n = 15) 0(0.0) 8(0.73) 3(0.27) 4

AS (n = 13) 3(0.33) 2(0.22) 4(0.44) 4

AS + AA (n = 28) 3(0.15) 10(0.50) 7(0.35) 8

Note: (NB: AS + AA = the control group).

https://dx.doi.org/10.26717/BJSTR.2021.39.006366
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Plate 5: Amplified DNA digest fragment by NgoMIV based on the presence/absence of the restriction sites 1-20 represent those 
of SS DNA; 21-35 represent those of AA DNA. Lanes 3,4,5,6,7,8,11,13,14,17 are V/V; lanes 2,18,19,20,21,24,25,26,27,29,30,35 are 
A/A; lanes 10,28,32,33 are V/A.

Plate 6: Amplified DNA digest fragment by NgoMIV based on the presence/absence of the restriction sites. 36-48 represent 
those of AS DNA. Lanes 36,38,40 are V/V; lanes 42,45, are A/A; lanes 37,43,46,47 are V/A.

Discussion
Ala-9-Val polymorphism in the signal peptide of human Mn-

SOD genes has been fingered in various disease states ranging from 
sickle cell disease in other studies in other climes [39], diabetic 
neuropathy in diabetes mellitus I [40] and breast cancer [41], hence 
the justification for this study in our own clime. This work studied 
the association of Ala-9-Val polymorphism in the signal peptide of 
human Mn-SOD genes in the test group, sickle cell patients (SS), in 
comparison with the carriers (AS) and non-carriers (AA), with a 
view to ascertaining any involvement in oxidative stress and other 
clinical manifestations of the SCD crisis. SOD is a very important 
oxidative free radical scavenging enzyme. In this present study, the 
technique of restriction fragment length polymorphism (RFLP) was 
used to evaluate the single nucleotide polymorphism (SNP) in the 
various research groups. NgoMIV is a type II restriction enzyme 

with restriction site at 5’…G|CCGGC…3’ in both forward and reverse 
direction. If the 9th codon is GCC (Ala), then digestion with NgoM IV 
produces two DNA fragments, 89 and 18 bp in length. If the codon 
is GTT (Val), the amplified product is not digested with NgoM IV 
and remains as a whole undigested 107bp DNA fragment. If the 
genotype is heterozygous, the two fragments plus the whole uncut 
DNA fragment are seen as three bands on the gel. The results in the 
test group show val/val genotype frequency to be 0.67, ala/ala 0.27 
and val/ala 0.06. In the control groups, the results seem to show 
an opposite trend, in which there is val/val frequency of 0.15, ala/
ala 0.5 and val/ala of 0.35. There is therefore, a predominance of 
val/val genotype in the test group whereas there is more ala/ala in 
the control group, which could be said to be an association of the 
polymorphism with the SCD. This is contrary to the earlier work 
[39] which showed no association of the polymorphism with the 
disease.
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Conclusion
In conclusion, the findings of this research suggest that Ala-9-Val 

polymorphism in Mn-SOD gene is associated with SCD. This means 
that Ala-9-Val polymorphism in Mn-SOD gene could act as genetic 
modifiers of phenotypic outcome such as the level of oxidative stress 
of these patients in the region under study. However, there may be 
ethnic and geographical differences probably due to evolutionary 
diversity. More so, further investigation with large sample size is 
needed to confirm this association.

Recommendation 
Larger sample size should be employed for further investigation 

of the association between these genes and SCD. They should also 
be investigated in connection with other oxidative free radical 
enzyme genes such as peroxidases, catalases, glutathione reductase, 
glutathione peroxidases and glutathione S-transferases. Inter- and 
intra-ethnic and geographical evolutionary factors should also be 
considered in further researches.
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