Mediterranean Journal of Hematology and Infectious Diseases

Scientific Letters

Genetic Modulators of Diversity in the Biological Expression of Sickle Cell Anemia in
Patients from Democratic Republic of Congo: Role of ps-globin Haplotypes

Keywords: Sickle cell anemia, DR Congo, SCA haplotypes, HbF, Single nucleotide polymorphisms.

Published: January 01, 2025

Received: April 19, 2024

Accepted: December 12, 2024

Citation: Ngole M., Mbayabo G., Lumbala P., Race V., Mvuama N., Deman S., Souche E., Lukusa P.T., Van Geet C., Devriendt K., Matthijs
G., Lumaka A., Cleynen I. Genetic modulators of diversity in the biological expression of sickle cell anemia in patients from Democratic

Republic of Congo: role of ps-globin
http://dx.doi.org/10.4084/MJHID.2025.001

haplotypes.

Mediterr

J Hematol Infect Dis 2025, 17(1); e2025001, DOI:

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by-nc/4.0), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

To the editor.

Despite being a monogenetic disease and almost
always caused by the same single-point mutation in the
-hemoglobin (HBB) gene
(NM_000518.5(HBB):c.20A>T; p.Glu7Val), Sickle
Cell Anemia (SCA) is characterized by a great inter-
individual phenotypic variability, both in term of types
and severity of manifestations.*

Although this variability is not fully understood yet,
specific haplotypes around the B-hemoglobin S cluster
(commonly referred to as ‘Ps-globin haplotypes’ or
‘SCA haplotypes’) are included among genetic factors
explaining the phenotypic heterogeneity observed in
SCA.2 Traditionally, BS-globin haplotypes are defined
by restriction fragment length polymorphisms (RFLP)
using a combination of polymorphic restriction sites in
a genomic region of ~60kb located within the HBB
cluster on chromosome 11 and are inherited along with
the SCA mutation. The five classical SCA haplotypes
are named according to the geographical region where
they were originally identified. Apart from them, there
are some unusual, less frequent haplotypes known as
atypical BS haplotypes.>

Modifying effects of SCA haplotypes are in part
related to their association with the level of fetal
hemoglobin (HbF), which is considered the most
powerful modulator of the clinical expression of SCA.*
The Central African Republic (CAR) haplotype is
known to present a severe phenotype due to its
association with a low average HbF level of about 5%.
In comparison, the Cameroon (CAM) and the Benin
(BEN) haplotypes, with an intermediate level of HbF of
7%, have moderate symptomatology. The Senegal
(SEN) and Arabian Indian (Al) haplotypes, which are
associated with 10 to 20% HbF in adult SCA patients,
present milder phenotypic patterns.®

Therefore, each haplotype, with its related phenotype
severity, has predictive value in the management of

SCA, allowing personalized care.®

The Democratic Republic of Congo (DRC) is among
the most affected countries by SCA worldwide, with an
incidence of around 2% in newborns.’ Still, data on the
effect of SCA haplotypes on disease severity are scarce
for the DRC. Yet this knowledge could be useful to
explain the phenotypical diversity previously observed
in Congolese SCA patients.®

The distribution of SCA haplotypes, as well as their
correlation with baseline hematological parameters,
were assessed in a cohort of SCA patients in the DRC.

Material and Methods.

Patient selection. This was a cross-sectional study
conducted at Kisantu St Luc Hospital (KSLH), located
in the Kongo Central Province, and at the “Centre de
Médecine Mixte et d’Anémie SS” (CMMASS), in
Kinshasa. Pediatric patients were recruited at KSLH,
whereas adult patients were recruited at "CMMASS
Recruitment.” The study was performed during regular
SCA follow-ups at both sites. Prior to the inclusion in
this study, a SCA diagnosis resulting from the
homozygous presence of the p. Glu7Val mutation in
HBB was confirmed by molecular testing, as previously
described.® In addition, we excluded, among confirmed
SCA patients, those not in a steady state of the disease,
those who received a transfusion within 4 months before
blood sample collection, and those treated with
hydroxyurea.

Sample collection. For each participant, peripheral
blood for hematologic tests and DNA extraction was
collected in two 4 ml EDTA-coated tubes.

Hematological variables. A blood count was performed
on an automated counter (Sysmex Hematology Counter,
Japan). The measured hematologic parameters were
hemoglobin (Hb), white blood cells (WBC), platelets
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(PLT), and reticulocytes (RETIC). The HbF level was
quantified by capillary electrophoresis (Minicap,
SEBIA, France).

DNA extraction and quality control. Genomic DNA was
extracted from blood samples using the salting out
method™ and stored at -20°C at the Center for Human
Genetics of the University of Kinshasa (DR Congo). The
concentration and purity of the extracted DNA were
evaluated using a NanoDrop 2000 (Thermo Fisher
Scientific, Wilmington, USA).

SNP genotyping and processing. Our single nucleotide
polymorphisms  (SNPs) set contained the 4
polymorphisms defining the five Bs-globin haplotypes.!!
An additional 63 SNPS were included as part of this
larger study of other genomic modifiers and
pharmacogenomic variants.

Molecular Inversion Probes (MIPs) 108 to 120 bp
long were ordered from NimaGen (Netherlands). The
design's genomic coordinates were based on GRCh37.

Samples were normalized to 100 ng/pl at the
Genomics Core at the Center for Human Genetics of the
University Hospitals Leuven (UZ Leuven) and checked
on a Qubit 2.0 Fluorometer (Life Technologies,
Bleiswijk,  Netherlands).  Patient-only  targeted
sequencing was performed using the Single-Stranded
Molecular Inversion Probe (ssMIP) approach, using a
custom design probe set and the standard ssMIP
procedure.*?

A total of 100 ng DNA was used for library
preparation. After capturing with ssMIPs, samples were
pooled by 76 for pools 1 and 2, by 86 for pool 3, and by
100 for pool 4. Pool 4 contained both the remaining
samples and samples that failed in the other three pools.
To reach our target coverage of 500x, pools 1, 2, and 3
were sequenced on a MiSeq v3 PE300 cycles flow cell
(13.2-15 Gb output), whereas pool four was run on a
MiSeq v2 PE300 cycles (4.5-5.1 Gb output). A
concentration of 12.5pM was loaded on the MiSeq, as
per the recommendations in the MiSeq manual
(Illumina, San Diego, California, USA). A PhiX spike-
in of 3% was also added. The quality control of
sequencing reads was performed using FastQC.
Overlapping paired-end reads from the same fragment
were merged using FLASH 1.2.11.%% Reads were then
mapped against the reference genome build GRCh37
with BWA-mem 0.7.17.1* Duplicate reads were kept.
All  positions were genotyped with GATK
HaplotypeCaller ~ 4.0.11.0 with  the  option
EMIT_ALL_SITES.®™ All samples were called together
using GATK GenotypeGVCFs 3.8-0.

Data analysis. Quantitative data of white blood cells,
platelet, and reticulocyte counts were normalized by
log10-transformation prior to statistical analysis. For
each of the outcomes, a regression analysis was

performed for the SNP genotype using an additive
model and with age and sex as covariates using PLINK
v1.9 (https://www.cog-genomics.org/plink/1.9). An
uncorrected p-value < 0.05 was considered significant.

The SCA haplotypes were manually derived based
on the genotype of the 4 SNPs of interest.

Ethics statement. Written informed consent was
obtained from adult patients or from parents of children.
The study protocol was approved by the Ethical
Committee of the Public Health School at the University
of Kinshasa, DRC (Protocol number
ESP/CE/079/2016).

Results.

Description of the cohort. A total of 277 SCA patients
were included, aged between 2 and 40 years. The sex
distribution was 112 (40%) males and 165 (60%)
females. After removing eight samples with less than
85% of SNPs correctly genotyped, samples of 269
patients were considered: 112 patients (42%) from
KSLH, including 54 males and 58 females aged between
2 and 17 years, and 157 patients (58%) from CMMASS,
comprising 56 males and 101 females aged between 18
and 40 years.

Distribution of SCA haplotypes.Among the 269 patients
(538 alleles), the CAR haplotype was the major allele in
this study, with 95.9% (516/538). The other haplotypes
were BEN 1.6% (9/538), SEN 1.3% (7/538), and Al
0.3% (2/538). When grouped at genotype levels (i.e., the
composition of the two haplotype alleles for a particular
SNP), a total of 5 different genotypes were identified,
including homozygous CAR 92.2% (248/269),
homozygous BEN 0.3% (1/269), and double
heterozygous CAR/BEN 2.5% (7/269), CAR/SEN 2.5%
(7/269) and CAR/AI 0.7% (2/269) (Figure 1).

Three different atypical haplotypes were identified.
Atypical haplotypes accounted for 0.7 % (4/538) of the
alleles. Genotypically, all patients with atypical alleles
were heterozygous CAR/ATYP (1.4%, 4/269). The
atypical profiles were confirmed by Sanger sequencing
to exclude the possibility of a false call.

The profile and frequency of classical and atypical
haplotype alleles are presented in Table 1.

Influence of SCA haplotypes on hematological
parameters. The almost homogeneous distribution of
SCA haplotypes in our cohort, with a prevalence of over
92% of CAR homozygotes, did not allow evaluation of
the influence of haplotypes on hematological
parameters.

Discussion. This study assessed the influence of SCA
haplotypes as modulators of the biological expression of
SCA in a cohort of Congolese SCA patients.

A significant predominance of the CAR (Central
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Figure 1. Distribution of Bs haplotypes. CAR: Central African Republic haplotype. BEN: Benin haplotype. SEN: Senegal haplotype. Al: Arab-

Indian haplotype. ATYP: Atypical haplotype.

Table 1. Description and frequency of typical and atypical haplotype alleles.

SNPs
HAPLOTYPES FRé(ISI[JIfEI?\IECY
rs3834466 rs28440105 rs10128556 rs96887

Al GT C T T 2/538 0.37%
SEN G C T T 7/538 1.31%
BEN G C C T 9/538 1.67%
CAR G C C C 516/538 95.92%
CAM G A C T 0 0
Atypical 1 GT C C C 2/538 0.37%
Atypical 2 G A C C 1/538 0.18%
Atypical 3 GT C T C 1/538 0.18%

African Republic) haplotype was observed at a
frequency higher than 95%. The same trend has been
recently reported in a multicentric study involving
patients from DRC and other neighboring African
countries, including Angola, Uganda, and Kenya (CAR-
CAR at 92% in 635 SCA children).® The homogeneity
of the BS haplotype in the regions we studied may reflect
limited admixture with other populations.

This observation of a nearly homogeneous haplotype
genotype contrasts with studies from other African,
European, and American countries. In many American
countries, the heterogeneity of PBS haplotypes is
explained by the flow of Africans from different regions
during the slave trade period. In Europe, the diversity of
BS haplotypes is essentially due to migrations from
several African regions. In Africa, the distribution of BS
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haplotypes is highly diversified. In some countries, such
as Cameroun and Egypt, all BS haplotypes are
represented, albeit with a higher frequency of the Benin
haplotype and a lower frequency of the Arab-Indian
haplotype.®

However, the presence of the BEN, SEN, and Al
haplotypes in our cohort, even at very low frequency,
could result from the recent admixture of West Africans,
Portuguese, Lebanese, and Indians with the local
population.t” We could not find any anthropological
explanation for the absence of the CAM haplotype in our
study sample.

The frequency of 0.74% of atypical haplotypes
reported in our study is lower than the 5 to 10% often
observed concerning the whole BS locus.*® Population's
mixture is among the factors involved in the multiplicity
of atypical BS haplotypes. Therefore, our finding can be
explained by the relative homogeneity of the studied
population.

The predominance of one specific SCA haplotype
and very low frequencies of others did not allow proper
assessment of the influence of haplotypes on the
variability of hematological profile in our study cohort.
Bitoungi reached a similar conclusion in a study
involving one of the largest national cohorts of sub-
Saharan African SCA patients, where the authors found

mainly the BEN haplotype.’® Overall, the lack of
haplotype diversity in those African populations
prevents the evaluation of haplotypes' contribution
among patients sharing the same environment.

Traditionally, the BS-globin haplotypes are typically
characterized using a combination of four to eight
restriction enzymes, each recognizing specific
restriction sites. However, the RFLP method is not only
time-consuming but also may result in unusual
restriction patterns in the presence of unexpected SNP at
the restriction site without precisely determining the
nucleotide change at the polymorphic site.2’ Nowadays,
the application of Next Generation Sequencing (NGS)
techniques as the MIP method offers advantages by its
ability to multiplex samples and interrogate multiple loci
in a single experiment and the possibility of fully
characterizing atypical Bs haplotypes.'!

Conclusions. The CAR haplotype is predominant
among DR Congolese SCA patients. The evaluation of
the influence of the Bs haplotypes on hematological
parameters is limited by the very low representativeness
of other haplotypes. Therefore, this study highlights that
phenotypical diversity observed in Congolese SCA
patients is not related to BS-globin haplotypes. Other
factors involved need to be explored.
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