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Abstract

Anemia is a condition that is usually associated with a variety of diseases. For normal adults, the level
of fetal hemoglobin (HbF) is less than 1.0%, which is influenced by several genetic loci.

Objectives: To determine the association between elevated HbF level and the presence of rs1186868
and rs9376090 polymorphism in anemic patients due to acquired causes.

Methods: This study involved 144 anemic patients with HbF level >1.0%. High-Performance Liquid
Chromatography (HPLC) was used to determine the HbF and HbA: level. Multiplex ARMS-PCR and
Gap-PCR were performed for those samples with high HbA, level (>3.2%) and normal HbA, level
(<3.2%) to detect mutation and deletion at S-globin gene cluster, respectively. Allelic discrimination
for rs1186868 and rs9376090 were performed using real-time PCR for samples with no mutation and
deletion.

Results: The mean age of patients is 19.99+1.64 year with 61.1% female predominance. The majority
of the patients were Malays (99.3%). There was a moderate negative correlation and statistically
significant difference between HbF level and Hb level, (r=-0.348, P<0.05) while the correlation between
HbF level with MCV and MCH showed weak negative correlation but was not statistically significant,
(r=-0.079, P>0.05) (r=-0.072, P>0.05). The minor allele frequency (MAF) in both rs1186868 and
rs93760890 for HbF>1.0% patients showed similarity with East Asian (EAS) population.

Conclusion: This finding shows the presence of rs1186868 and rs9376090 SNPs in Malaysian
population and emphasising the need for further functional studies to confirm the association between
these SNPs with HbF hence, could provide better approach in management of anemic patients.
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Introduction that are associated with elevated level of fetal
Anemia is a global public health problem that hemoglobin (HbF). HbF level is increased in
affects both developing and developed countries. inherited conditions, such as in hereditary
Anemia is usually associated with a variety of persistence of HbF (HPFH), hereditary
diseases. There are several factors for anemia spherocytosis, sickle cell crisis, and thalassemia
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[1]. The level of HbF is also elevated in acquired
condition, including drug-induced illness,
pregnancy, micronutrient deficiency, and other
medical conditions such as aplastic anemia,
pernicious anemia, sideroblastic anemia,
autoimmune diseases, and leukemia [1,2]. In
addition, several genetic loci such as Xmnl-
HBG2, HBS1L-MYB intergenic polymorphism
(HMIP) and BCL11A may also significantly
influence HbF level [3]. HbF is formed by two a
and two y-globin chains (a2y2). HbF is
synthesized more in the fetal period due to a high
expression of y-globin genes [4]. HbF is
normally substituted by adult hemoglobin (HbA)
after birth. Hence for normal adults, the -globin
gene is predominant approximately 98% while y-
globin genes are poorly expressed, which is
usually less than 1.0% of HbF [5]. Although HbF
is minor hemoglobin in normal children and
adults, it has been shown to have a greater
influence on the clinical presentation of
individuals with hemoglobinopathies [6].

Previous genetic studies have identified three
major quantitative trait loci (QTLs) which are
Xmn1-HBG2, HMIP on chromosome 6¢23 and
BCL11A on chromosome 2pl6 that are
associated with HbF levels in patients with sickle
cell anemia and B-thalassemia, as well as in
healthy adults [7]. HbF variations that attributed
to BCL11A is 15%. BCL11A is more frequent in
patients with p-thalassemia intermedia than in -
thalassemia major [8]. There are also a strong
association of genetic variants in the BCL11A
gene with HbF levels in numerous populations
[9]. BCL11A acts as a direct regulator of the HbF
genes [10]. In a study of 179 unrelated normal
subjects from a British twin registry, six SNPs in
BCL11A on chromosome 2p16.1 were described
to be associated with F cell numbers [11, 12].
This suggests that BCL11A gene plays important
role in increasing HbF level.

Another QTL regulating HbF levels is HMIP
at 6g23. It is located between the HBS1L gene
which codes elongation factors and regulates
multiple cellular processes and MYB gene which
encodes transcription factors, and participates in
ontogenesis as well as erythropoiesis [13]. HMIP
is known to participate in the erythroid-
maturation pathway. Previous study has shown
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that there was a correlation between HMIP and
HbF level in Indian B-thalassemia patients [13].
In another study, Indian female population with
B-thalassemia was found to have higher HbF
concentration in homozygous HMIP (24%)
compared to non-homozygous HMIP (10%)
[14]. Similar correlation was observed among
the healthy population in the same study which
showed that HbF level in homozygous HMIP is
3% compared to 1% in non-homozygous HMIP
[9]. Therefore, this study aimed to determine the
association between elevated HbF level with
hematological parameters and the presence of
the BCL11A (rs1186868) and HMIP
(rs9376090) single nucleotide polymorphisms
(SNPs) in anemic patients due to acquired
causes.

Methods

Patient recruitment and sample collection

A cross-sectional study was carried out at
Hospital Universiti Sains Malaysia (USM), by
recruiting 144 subjects with anemia and elevated
HbF (>1.0%). Peripheral blood samples were
taken after informed written consents were
obtained from participating patients. This study
was approved by the Human Research Ethics
Committee, Universiti Sains Malaysia (USM/
JEPeM/ 16090283). All blood samples were
collected into blood collection tube containing
ethylenediaminetetraacetic ~ acid  (EDTA).
Routine full blood counts (FBCs) and Hb
analysis were carried out on all samples. The
FBCs were carried out using the automated
hematology analyzer (Sysmex XN-1000™,
USA). The Hb analyses were performed using
cation exchange high performance liquid
chromatography (CE-HPLC) (Bio-rad Variant Il
System, USA). Subjects were considered when
red cell indices were below normal value as
reported by previous study [15].

Multiplex Amplification Refractory Mutation
System (ARMS)-PCR and Gap-PCR

Genomic DNA was extracted from peripheral
blood using DNA Blood Kit (Macherey Nagel,
Germany) according to the manufacturer’s
instructions. Multiplex ARMS-PCR and Gap-
PCR were performed for those samples with
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high HbA: level (>3.2%) and normal HbA; level
(<3.2%) to detect mutation and deletion at [3-
globin gene cluster, respectively [16]. Multiplex
ARMS-PCR is used to detect B-globin gene
mutations which include IVVS 1-5, Cd 41/42, Cd
17, Cd 26, IVS 1-1 (G>T), Cd 8/9 and —28
mutations [17]. Meanwhile multiplex Gap-PCR
detect Siriraj J Gy(Aydp)°-thalassemia (~118 kb
deletion), Thai (8P)°-thalassemia (~12.5 kb
deletion), HPFH-6 and Hb Lepore [18]. All these
primers were commercially purchased from
Integrated DNA Technologies (Malaysia). All
amplifications were carried out using 96-Well
Thermal Cycler (Applied Biosystem, USA).
Electrophoresis of PCR products was carried out
on agarose gel pre-stained with Florosafe DNA
Stain (Apical Scientific, Malaysia), and the
results were observed under ultraviolet light.
Allelic discrimination for rs1186868 and
rs9376090 were performed using real-time PCR
on samples from multiplex ARMS-PCR and
Gap-PCR with no mutation and deletion.

Single Nucleotide Polymorphisms (SNPs)
genotyping

The samples with no mutation and deletion
from multiplex ARMS-PCR and Gap-PCR were
further analyzed wusing TagMan allelic
discrimination to characterize single nucleotide
polymorphisms (SNPs). Briefly, ready-made
TagMan SNP Genotyping Assay (Tagman MGB

probes, FAM and VIC dye-labelled)
(Thermofisher Scientific, USA) was used.
Subjects were genotyped for rs1186868
polymorphism  (G>A) and  rs9376090

polymorphism (T>C) by using CFX96 real-time
PCR (Bio Rad Laboratories, USA). Allelic
discrimination analysis was performed using

CFX9 Manager Software (Bio Rad
Laboratories, USA) [19].
Statistical analyses

Qualitative data of populations was

expressed as frequency and percentage while
guantitative data on the red blood cell parameters
such as Hb, RBC, MCV, MCH, HbF and HbA,
level of patients with HbF more than 1.0% was
expressed as mean, + SEM and median. Chi
square and odds ratio were determined by Prism
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7.0 software (GraphPad, USA) to evaluate the
allele associations. The Mann-Whitney U test
was used to compare the data between two
groups. A P-value less than 0.05 is
statistically significant.

Results

The mean age of 144 patients is 19.99+1.64
years with female predominance which was
61.1% compared to male (38.9%). the Majority
of patients were Malays (99.3%). Summarized
data on the hematological profiles which include
MCV, MCH and quantifications of HbA; and
HDF level are shown in Table 1. Table 2 shows
the correlation coefficients (r) between HbF and
hematological parameters including red blood
cells count (RBC), hemoglobin level (Hb), mean
corpuscular  volume (MCV) and mean
corpuscular hemoglobin (MCH).

From 144 anemic samples with HbF>1.0%,
87 samples were analyzed using multiplex
ARMS-PCR. As a result, 65 (74.7%) mutation
detected which comprises of 49 heterozygous Cd
26 (%), 10 heterozygous Cd 41/42 (%), 3
compound heterozygous Cd 26 and Cd 41/42
(%) and 3 heterozygous IVS 1-1 (%), while 22
patients were not detected with any B-globin
mutations. Meanwhile, 57 samples which were
analyzed using multiplex Gap-PCR, only 1
(1.8%) mutation was detected which was the 6f-
Thai deletion while 56 samples did not show any
mutations.

We have successfully performed allelic
discrimination using real-time PCR for
rs1186868 polymorphism (G>A) and rs9376090
polymorphism (C>T) which are located in the
BCL11A gene and the HMIP respectively. Allelic
discrimination plot shows the horizontal axis as
allele 1 while the vertical axis as allele 2 labelled
with FAM dye and VIC dye respectively. Figure
1 shows the allelic discrimination plot for
representative samples and two no template
controls (NTCs) for rs9376090 polymorphism.
Homozygous TT genotypes were auto assigned to
samples containing allele 1. Samples containing
allele 2 were genotyped as homozygous CC.
Heterozygous genotypes were assigned to
samples containing both allele 1 and allele 2 (TC).

In this study, the frequency of HbF-


file:///C:/Users/d_sana77/University%20Of%20Jordan/Naeemah%20Al-Sarrawi%20-%20المجلات%20الاردنية%202021/طبية/طبية%203%202021/6-107046-Siti%20Nor%20Assyuhada%20Mat%20Ghani.docx%23_bookmark0

Detection of BCL11A and HMIP Polymorphisms...

Siti Nor Assyuhada Mat Ghani, et al

promoting alleles across the two loci is similar
from that reported for South East Asian as shown
in Table 3. The minor allele frequency (MAF)
for rs1186868 and rs93760890 obtained from
this study were compared to other populations
including East Asian (EAS), African (AFR),
American (AMR), European (EUR) as well as
South Asian (SAS). This minor allele frequency
(MAF) in both rs1186868 and rs93760890
shows similar with East Asian (EAS) population.
The comparison of HbF levels between
genotypes are tabulated in Table 4. In this study,
there was no significant difference of HbF level
between genotypes containing the minor allele of
rs9376090 (TC and CC) when compared to
genotype TT (P > 0.05).

Discussion

Analyses of the hematological data on the
study subjects showed that the mean for MCV
was 68.72 £ 0.83 fL. and MCH was 21.81 + 0.30
pg which were relatively low compared to the
normal range. The mean of HbF was 4.6 + 9.6%
with the observed range was from 1.1 to 68.1%.
HbA, displayed a mean value of 5.51 + 0.85%,
which further from the standard normal range.
Data obtained from our study were similar to
those previously reported on low mean values of
MCV and MCH observed in HPFH-6 and &f-
thalassemia Thais patients, together with high
HbF (>5%), but normal HbA; level (2.2%) [20].
People with blood disorders related to an
elevated HbF level may not have symptoms but
may have varying degrees of anemia [21].
Samples with high HbF > 1.0%, microcytosis
(MCV < 80 fL) and/or hypochromia (MCH < 27
pg) could be an indicator for thalassemia or
hemoglobinopathies [22]. Detection for f-globin
gene cluster mutations such as IVS 1-5, Cd
41/42,Cd 17, Cd 26, IVS 1-1 (G>T), Cd 8/9, 28
and also B-globin gene cluster deletions, with the
suggested diagnoses such as Siriraj J Gy(Aydp)°-
thal, (~118 kb deletion), Thai (3f3)°-thal (~12.5
kb deletion), HPFH-6 and Hb Lepore [17, 18].

Further analysis for single nucleotide
polymorphism (SNPs) characterization was
performed for samples with no mutation. In this
study, we described two SNPs which are
rs1186868 and rs9376090 that are located in the
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BCL11A gene and the HMIP respectively. These
polymorphisms have been shown to have an
effect on HbF levels, a major ameliorating factor
of sickle cell disease and P-thalassemia in
various populations [23]. An increased HbF
concentration above 1.0% in healthy adults
could be the result of genetics defects and/or the
consequences of some acquired conditions with
or without other genetic modifier such as SNPs
[1]. The allele-specific real-time PCR method
was found to be an accurate method for SNPs
genotyping and can identify germline mutants
through either threshold cycle (Ct) or end-point
fluorescence reading. The allele-specific gPCR
utilised allele-specific primers, a locus-specific
reverse primer, universal fluorescent probes and
quenchers, and hot start DNA polymerase [24].
By Using the allele-specific real-time PCR
technique, we were able to determine the
genotypes of the samples based on relative
fluorescence units (RFU) that employs
fluorescence detection and quantitation cycle
(Cq) value. CFX Manager software
automatically sets the threshold lines for
discriminating alleles by the value of Cq or RFU.
Allele A of rs1186868 was associated with
increased HbF levels and genotypes containing
the minor allele exhibited significantly higher
HbF levels. In addition, only 5% of the world
population genetic was reported to have A allele
at rs1186868 [25]. In this study, the distribution
of the rs1186868 allele was similar to Ensembl
databases which reported that East Asian (EAS)
population does not have allele A. However,
more samples are required for identification of
allele A of rs1186868 in a wider population.
Allele C of rs9376090 was associated with
increased HbF levels and genotypes containing
the minor allele exhibited significantly higher
HDbF levels. In this study, the HbF-promoting ‘C’
allele frequency of rs9376090 is 0.25 which was
similar to East Asian (EAS) population. In
addition, 15% of the world population genetics
and 25% of the South East Asia population were
reported to have C allele at rs9376090 [26].

Conclusion
In conclusion, this is the first study on SNPs
analysis, specifically the BCL11A and HMIP
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polymorphisms among anemic patients with
elevated HbF in Kelantan. Although data
collection could be a challenge in a multi-ethnic
country like Malaysia, by using our method, the
genotyping is not impossible. Furthermore, data
obtained from this study could add more
knowledge that can be used as a guide for better
treatment and management of anemic patients.
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Tables and Figure

Table 1 : Summary of the hematological profiles of patients

Red Cell indices (Unit) Range Mean + SEM Median
Hb (g/dL) 4.1-15.1 10.22 £0.19 10.6
RBC 1.86-7.97 4.74 +0.08 4,91
MCV (fL) 48.2-95.4 68.72 + 0.83 69.1
MCH (pg) 14.7-31.7 21.81+0.30 21.8
HbF (%) 1.1-68.1 5.51+0.85 2.20
HbA: (%) 1.1-87.5 15.72+1.78 4.85

Abbreviations: Hb, hemoglobin; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; g/dL,
gram per deciliter; fL, femtoliter; pg, picogram; %, percentage

Table 2 : Pearson correlation coefficients (r) between HbF and hematological parameters RBC,
Hb level, MCV and MCH

HbF
r P-value
RBC -0.3767 <0.0001
Hb (g/dL) -0.3480 <0.0001
MCV (fL) -0.0794 0.3440
MCH (pg) -0.0726 0.3870

Abbreviations: RBC, red blood cells count; Hb, hemoglobin; MCV, mean corpuscular volume; MCH, mean

corpuscular hemoglobin
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Table 3 : Distribution of allelic frequencies of SNPs

SNPs Genotype frequency (%) | Observed Allele Minor allele frequency of each
(Position) Frequency population*
EAS | AFR | AMR | EUR | SAS
rs1186868 100.0 | 0(GA) 0 1.000/0 0 0.113 | 0.040 | 0.057 | 0.006
G>A (GG) (AA)
(2p16)
rs9376090 56.4 37.2 6.4 0.750/ 0.246 | 0.015 | 0.144 | 0.259 | 0.105
T>C (TT) (TC) (CO) 0.250
(6923)
*Population for minor allele frequency comparison were the East Asian (EAS), African (AFR), American
(AMR), European (EUR), South Asian (SAS) [25,26].
Abbreviations: EAS; East Asian, AFR; African, AMR; American, EUR; European, SAS; South Asian
Table 4 : Comparison of HbF levels between genotypes
Locus | SNP/genotypes | N Mean HbF level Mean Mann-Whitney P-
(%) rank U value
BCL11A rs1186868
GG 78 3.13 - - -
GA + AA 0 -
HMIP rs9376090
TT 44 3.46 41.98 639.5 0.276
TC+CC 34 2.71 36.32
Allelic Discrimination
2500 . . . . . .
[ o
2000 1 y
g I
JORREI I Al ]
< 1000 } A ]
=]
i I
£ 500 I ]
0 I o 1
0 500 1000 1200 2000 2300 3000
RFU for Allele 1 - FAM
Allele 1 O Allels2 & Mone
A Heterozygote

Figure 1 : Allelic discrimination real-time PCR genotyping of rs9376090. Genotype clusters TT
(circle), CC (square), TC (triangle) and NTCs (diamond) are distant from each cluster.
Abbreviations: NTCs; no template control
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