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Study on sickle cell disease haplotypes reveals
the African origin of Amapa’s population

Estudo dos haplotipos da doenga falciforme revela a origem
afrodescendente da populacdo amapaense

Natdlia de Morais Castelo'; Rafael Espindola do Nascimento?; Artemis Socorro do Nascimento Rodrigues’

ABSTRACT

Introduction: Sickle cell disease (SCD) is a hereditary, hematologic, multifactorial disease, with high prevalence worldwide; its cause is
a mutation in the sixth codon of the beta globin gene (Bs). Objective: To identify the haplotypes present in people with SCD in Amapd,
and relate them to African descent. Methods: We analyzed, by molecular techniques, 46 blood samples from people with SCD in Macapd,
the capital of Amapa, with the purpose of obtaining information about haplotype frequency distribution, which helps understand the
ethnic background of Amapa’s population. Results: Our study revealed that the most frequent haplotype is Bantu (61.2%), followed by
Benin (26.6%) and Senegal (12.2%). Results showed statistical differences from studies conducted in other regions. A high frequency of
the Senegal haplotype stands out, in comparison with some Brazilian studies. Conclusion: Amapd’s results exhibit unique characteristics
when compared to haplotypes in other regions, with high frequency of Senegal and Benin haplotypes, absence of atypical, Cameroon and
Saudi, confirming that Brazil shows ethnic background diversity, as well as different haplotype frequencies.
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INTRODUCTION Hemoglobin S or sickle hemoglobin (HbS) haplotypes are

named according to their original regions. In Africa, the HbS

Sickle cell disease (SCD) is the most common genetic disease ~ gene is associated with haplotypes representing four independent
mutations; in the Arabian Peninsula or Central India, mutation

in the world, with high prevalence in African descent populations.
It is characterized by changes in hemoglobin, the red blood has occurred at least once. Benin, Senegal and Bantu haplotypes
respectively include: Nigeria, Morocco, Benin, countries right of
Benin, the Mediterranean, North and Central West Africa; regions
of Senegal, Atlantic West Africa, up the Niger River; Central and

South African countries. Cameroon haplotypes come from the

pigment responsible for carrying oxygen to the body tissues.
Without flexibility to pass through small capillaries, red blood cells
accumulate and obstruct blood circulation, decreasing the oxygen
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supply to tissues and organs of the body systems®-322),

According to the literature, the mutation of genes that causes
SCD is associated with the body’s response to an aggression against
erythrocytes by Plasmodium falciparum, the causative agent of
malaria. This hypothesis is supported by the argument that the
prevalence of malaria in Africa has been high for millennia. And
also by the fact that people with sickle cell trait acquired malaria
immunity®* .

central area of Cameroon. Saudi, the fifth haplotype, is found in
the eastern province of Saudi Arabia and in Central India®*719.

The determination of HbS haplotypes is important not only to the
monitoring and the prognosis of individuals who present the most
severe form of the disease (sickle cell anemia [HbSS]). It is also a tool
for anthropological studies intended to trace the origins of populations
that have contributed a lot to shape the ethnic, economic, cultural
and social development of the Americas, especially of Brazil® 317,
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This study aimed at providing important information on the
molecular characterization of patients with SCD in Macapa, helping
to reveal the origins of Amap4’s population ethnic background.

METHOD

In this study we analyzed 46 samples from people with HbSS,
male and female, without family ties (not consanguineous), who
had not received a blood transfusion in the three months before
collection, aged between 2 and 50 years, who were treated at
Amapa’s Hematology Institute (HEMOAP).

The research project was approved by the Ethics Committee
of Universidade Federal do Amapd (UNIFAP), according to
the protocol FR - 476933/2012 - CEP. Participants and/or
participants’ guardians were informed about the study objectives
and procedures, dispelling any existing doubt. All of them signed
the consent form.

A screening for hemoglobinopathies was performed in
the laboratory, by alkaline electrophoresis (pH 8.6), acid
electrophoresis (pH 6.2), and high pressure liquid chromatography
(HPLC)®. Afterwards, we proceeded to deoxyribonucleic acid
(DNA) extraction with phenol/chloroform, confirming HbSS
presence through the polymerase chain reaction (PCR) technique
followed by Ddel endonuclease cleavage®.

To identify the haplotypes, DNA was amplified and cleaved
with restriction enzymes (PCR-restriction fragment length
polymorphism [RFLP]), according to the method by Sutton e a/.
(1989): Xmnl 5yG; Hind I11 ¥G, YA HindIII, HincIl yB; 3'yP
Hinc II, Hinf I 5's, the specific polymorphic sites®.

RESULTS

Among the 46 analyzed samples, three haplotype kinds were
identified. The most frequent was Bantu (61.2%), followed by
Benin (26.6%), and Senegal (12.2%), with absence of Cameroon,
Saudi, atypical or indeterminate haplotypes being observed.
Results also indicated presence of the Senegal haplotype, although
it is uncommon in our population.

DISCUSSION

Haplotypes are considered anthropological genetic markers.
In countries of the American continent, haplotype identification
allows deciphering the ethnic origins and the history of the very
mixed populations® %19,
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Their identification is also important to explain the clinical
diversity of sickle cell anemia, the worst form of SCD. The Senegal
haplotype is associated with HbF1 higher levels, corresponding to
the milder disease form; Bantu, the most common haplotype in our
population, is related to low HbF levels, corresponding to the most
severe form. Thus, one may observe that the sickle cell anemia
severity and clinical course are heterogeneous and modulated by
several factors, among them, HbS haplotypes 2220,

According to studies conducted on HbS haplotypes, we observed
the proportion of patients with different haplotypes in different
regions of the Americas, particularly in Brazil, which has a high and
important miscegenation. In North America and the Caribbean, the
Benin haplotype predominates, followed by Senegal and Bantu, while
in Brazil, although there is some regional diversity, in general, Bantu
prevails, followed by Benin. Senegal has a low frequency® 31410,

The haplotype determination of most Brazilian studies
(Bantu — Benin — Senegal) corroborates the data found in the
Amapd state, which, from the 46 analyzed samples (HbSS), three
haplotypes were determined: Bantu (61.2%), Benin (26.6 %) and
Senegal (12.2%). This result is consistent with historical records
indicating that about 90% of the slaves sent to Northern Brazil
were from Angola, Congo and Mozambique, where the Bantu
haplotype predominates" %2, However, it must be emphasized
that in this study a high frequency of the Senegal haplotype
(12.2%) was found, when compared with other Brazilian studies.

The Senegal haplotype frequency in Amapa is confirmed by
historical data, indicating that nearly 10% of Western Atlantic
African slaves (precisely from Senegambia, Guinea-Bissau and
Cape Verde, where the Senegal haplotype is prevalent) were
destined to Northern Brazil. This finding is similar to studies
conducted in Par (66% Bantu, 21.8% Benin, 10.9% Senegal, and
1.3% Cameroon; 60% Bantu, 27% Benin, 12% Senegal, and 1%
Cameroon), as would be expected, since Amapd once belonged to
Pard, meaning that both populations share ethnic origins®1*',

At a semi-detached community in Amapd (Curiat), located
inside the capital, the results of some studies were uncommon
compared with those of other Brazilian regions and similar to
current Amapa data, as 50% Bantu, 33% Senegal and 17% Benin
were found. This is attributable especially to the founder effect
and to the French Guiana’s population, which used to migrate to
Northern Brazil, since most of the slaves brought to that country
were from Senegambia and Guinea, in West Africa. Thus, these
results indicate that the contribution of West African people to the
Amazonian populations was heterogeneous ™2,

In Colombia, a South American country, a high frequency
of the Senegal haplotype (36.4% Bantu, 30.3% Senegal, 21.2%
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Benin, and 12.1% Cameroon) is observed, like in Northern Brazil.
However, there is low frequency of the Benin haplotype. Meanwhile,
the Southeast Region of Brazil (Rio de Janeiro), which received
slaves mainly from Central Africa, corresponds to the Brazilian
standard, with predominance of Bantu, followed by Benin, and
low or no Senegal frequency®” 7.

The Northeast Region was heavily stocked with slaves
from Western Central Africa, where the Benin haplotype
predominates™ V. So, differently from the Brazilian standard
distribution and frequency of Amapa haplotypes, there is data
found in the Northeast (Cear, Brazil) with high Benin haplotype
frequency, resembling the standard Venezuelan haplotype (Benin
is the most common: 47.9%, Bantu: 40.6%, Senegal: 3.1%, Saudi:
2.1%, and atypical: 6.3%) 161820,

This distribution reflects very well the different proportions
of African slaves brought to the Americas during the slave trade,
especially to Brazil, which has a different characteristic from
that observed in other areas where HbSS prevails. As a result, this
disease shows particularities in the Brazilian population®® 1629,

There is considerable Benin haplotype frequency (26.5%)
in Amapd’s data, diverging from historical records that suggest
a lower Benin frequency (about 2.9%), so when faced with the

Brazilian standard frequency, both Para (Benin: 30%, 27%, 21.8 %)
and Amap4 have high Benin frequency. These results are probably
due to the slave trade and the domestic internal migration from
other regions (Bahia, Pernambuco, Maranho and Rio de Janeiro)
to the north, since there are no historical records of slave trade
directly from West Central Africa to the North Region® 11220,

It is noteworthy that in the present study Gameroon and Saudi
haplotypes were not found, similarly to what happened in the
study by Adorno e/ a/.” conducted in Bahia. However, in this study
atypical haplotypes were determined, differently from Amapa’s
data (without atypicals).

Thus, Amapd’s results exhibit unique characteristics when
related to haplotypes in other regions, with high frequency of
Senegal and Benin; and absence of atypical, Cameroon and Saudi,
which confirms Brazil's diversity of ethnic backgrounds, as well as
different haplotype frequencies.
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RESUMO

Introdugdo: A doenga falciforme é uma doenga hereditaria, bematologica, de cardter multifatorial, com alta prevaléncia mundial;
sua causa ¢ a mutagdo no sexto codon do gene da globina beta (Bs). Objetivo: Identificar os haplotipos presentes em individuos
com doenga falciforme no Amapd e relaciond-los com a origem afrodescendente. Método: Foram analisadas por meio de técnicas
moleculares 46 amostras de sangue de individuos com doenca falciforme de Macapa, capital do Amapad, com a finalidade de
Jornecer informacoes sobre a distribuicdo das frequéncias dos baplotipos, contribuindo para o entendimento da formagao étnica
da populacdo amapaense. Resultados: Nosso estudo revelou que o mais frequente é o haplotipo Bantu (61,2%), seguido de Benin
(26,6%) e Senegal (12,2%). Nossos resultados apresentaram diferengas estatisticas em relagdo a estudos realizados em outras
regides, destacando-se que o presente estudo mostra uma frequéncia elevada do haplotipo Senegal quando comparado com
alguns estudos brasileiros. Conclusdo: Os resultados amapaenses apresentam caracteristicas tinicas quando relacionados com
08 haplotipos de outras regides, com alta frequéncia de Senegal e Benin, auséncia de atipicos, Camardes e Saudi, confirmando
que o Brasil apresenta diversidade de origens éinicas, bem como diferentes frequéncias de haplotipos.

Unitermos: haplotipos HbS; afrodescendentes; Amapd.
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