Brazilian Journal of Medical and Biological Research (2003) 36: 71-75

ISSN 0100-879X

J.A.B. Chies
and M.H. Hutz

Correspondence

J.A.B. Chies

Departamento de Genética, UFRGS
Av. Bento Gongalves, 9500

Caixa Postal 15053

91501-970 Porto Alegre, RS

Brazil

Fax: +55-51-339-2011

E-mail: jabchies@terra.com.br

Research supported by CNPq and
FAPERGS.

Received October 29, 2001
Accepted September 23, 2002

Short Communication

High frequency of the CCR5delta32
variant among individuals from an
admixed Brazilian population with

sickle cell anemia

Departamento de Genética, Universidade Federal do Rio Grande do Sul,

Porto Alegre, RS, Brasil

Abstract

Homozygous sickle cell disease (SCD) has a wide spectrum of clinical
manifestations. In Brazil, the main cause of death of individuals with
SCD is recurrent infection. The CCR5A32 allele, which confers
relative resistance to macrophage-tropic HIV virus infection, probably
has reached its frequency and world distribution due to other patho-
gens that target macrophage in European populations. In the present
investigation a relatively higher prevalence (5.1%) of the CCR5A32
allele was identified, by PCR amplification using specific primers, in
79 SCD patients when compared to healthy controls (1.3%) with the
same ethnic background (Afro-Brazilians). Based on a hypothesis that
considers SCD as a chronic inflammatory condition, and since the
CCRS chemokine receptor is involved in directing a Th1-type immune
response, we suggest that a Th1/Th2 balance can influence the mor-
bidity of SCD. If the presence of the null CCR5A32 allele results in a
reduction of the chronic inflammation state present in SCD patients,
this could lead to differential survival of SCD individuals who are
carriers of the CCR5A32 allele. This differential survival could be due
to the development of less severe infections and consequently reduced
or less severe vaso-occlusive crises.
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The Brazilian population is of heteroge-
neous ethnic origin and is unevenly distrib-
uted in a country of continental dimensions.
In addition to the Portuguese who settled the
country in the beginning of the 16th century,
from the 16th to the 19th century 3 million
black slaves were brought to Brazil. Also,
from the second half of the 19th century to
the end of World War II, Brazil received
almost 5 million immigrants, mainly from
Italy, Spain and Germany. All of these groups
have been gradually intermixing and the
country’s 1996 population was estimated to
be composed of 55.2% persons of European

extraction, 6% of predominantly African ex-
traction, 38.2% admixed, 0.4% Asiatic, and
0.2% native Indians (1).

Homozygous sickle cell disease (SCD)
has a wide spectrum of clinical manifesta-
tions which vary from an almost asympto-
matic condition to severe illness despite the
fact that all subjects with this disease have
the same base change in their DNA (2). The
source of this variation is partly environmen-
tal, but a large part of this variability derives
from the presence of genetic modulators
linked or unlinked to the B-globin gene clus-
ter which are not fully understood (2).
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SCD is the most common single gene
disorder in Brazil. The HBB*S allele fre-
quency varies in the country, from 2% in the
general population from the south and south-
east to 7.5% in the northeast. The clinical
course of SCD in Brazil has been described
(3), and significant clinical diversity has been
demonstrated, ranging from death in infancy
to barely symptomatic patients, with death
being mainly due to recurrent infections (the
mean age at death in this study was 16 years).
The B chemokine receptor CCR5 belongs to
the heterotrimeric GTP-binding protein (G
protein)-coupled receptor superfamily (4). It
is the major cellular receptor for RANTES,
MIP-1a and MIP-18 as well as an efficient
co-receptor for macrophage-tropic isolates
of HIV-1 (5). This molecule is present only
in certain cell types, specifically lympho-
cytes and dendritic cells, driving an immune
response involving a Thl cytokine pattern
(6). This chemokine receptor is encoded by
the CMBKRS locus located on chromosome
3. The mutant allele CCR5A32, which leads
to truncation and loss of the receptor on the
cell surface, is remarkable because homozy-
gous individuals are resistant to macrophage-
tropic HIV-1 lineage infection (7).

A genotype survey in several world popu-
lations showed that the CCR5A32 allele is
frequent in Caucasoids whereas it is rare or
absent in the other major ethnic groups, such
as native African and Amerindians (8,9). It
was suggested that the CCR5A32 allele has
rapidly increased in frequency in Europe
due to a strong selective pressure, possibly
by a pathogen that targets macrophages, like
Yersinia pestis, Shigella, Salmonella or My-
cobacterium tuberculosis (8).

In Brazil, infectious diseases are still
highly prevalent and infant mortality is high
even in the most developed centers. Never-
theless, the number of persons with SCD
who reach adult age is similar to that ob-
served in North America (3). Therefore, we
asked whether in this admixed population
the CCR5A32 allele would confer resistance
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against severe recurrent infections contrib-
uting to the differential survival of SCD
patients.

Our study was conducted on 79 unrelated
SCD patients. The samples were collected
from patients regularly followed up at public
institutions from two cities in the south and
northeast of Brazil (Porto Alegre and Recife,
respectively). A total of 112 healthy Afri-
can-derived Brazilians from the south and
the southeast (Porto Alegre and Rio de Ja-
neiro) were typed as controls. To establish a
local population baseline, a sample of 102
southern European-derived Brazilians with
no evidence of miscegenation was also stud-
ied. Informed consent was obtained from all
subjects. SCD phenotypes were identified
by standard procedures as previously de-
scribed (3). All individuals included in the
SCD group were HbS homozygotes. CCRS
typing was performed by PCR using specific
primers (CCR5a 5'-GGTCTTCATTACACC
TGC-3' and CCR5b 5'-AGGATTCCCGAG
TAGCAGATG-3") under the following con-
ditions: 1 ul of DNA (0.2-0.5 pg), 2.5 ul of
10X buffer containing 30 mM MgCl,, 0.2 ul
Taq DNA polymerase (CENBIOT 5 U/ul),
and 10 mM dNTP and 10 pmol of each
primer (total reaction volume 25 pl). Each
sample was subjected to 40 cycles of 1 min at
94°C, 1 min at 60°C and 1 min at 72°C. The
PCR product was subjected to electrophore-
sis on 3% agarose gel containing ethidium
bromide and was visualized by UV irradia-
tion. Amplification of the normal allele gen-
erates a 137-bp band while the CCR5A32
allele generates a 105-bp band.

Allele frequencies were determined by
counting. Genotype distributions were ana-
lyzed using contingency tables and the Fisher
test. Hardy-Weinberg equilibrium was tested
using a chi-square goodness of fit test. The
relative genotype frequencies of the CCRS5
polymorphism in the five populations inves-
tigated are given in Table 1. The observed
frequencies were in Hardy-Weinberg equi-
librium in all populations. The prevalence of
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the CCR5A32 allele in the southern Euro-
pean-derived Brazilian population investi-
gated was 4.4%. The prevalence of the
CCRS5A32 allele was described as 3.5% in an
urban Brazilian southeast population (10)
and, more recently, also in southeast Brazil-
ian Caucasoids, as 5.3% (11). In the popula-
tions from the Mediterranean area with whom
European-derived Brazilians share common
ancestors, this frequency ranged from 4 to
9% (8).

In healthy African Brazilians, the
CCR5A32 allele was identified in 1.3% of
the chromosomes investigated (Table 1). In
global surveys this allele was absent in Afri-
can populations (8), but although originally
restricted to Caucasoid individuals, its pres-
ence among African Brazilian individuals
can be easily explained by European gene
flow into these populations of African ori-
gin. The prevalence observed herein is also
similar to that reported for Afro-Americans -
1.7% (12). However, in SCD patients, who
are also of African ancestry, the CCR5A32
allele was present in 5.1% of the chromo-
somes. Although the difference between
healthy Afro-Brazilians and SCD patients is
of borderline significance (P = 0.05), the
prevalence of heterozygous individuals in
both of these samples (Recife and Porto
Alegre) was three times higher in the SCD
group than in the controls. The age of the 79
SCD patients ranged from 2 to 65 years

(mean 18.7) and the age of CCR5A32 het-
erozygotes ranged from 12 to 35 years (mean
26.2).

Two explanations are possible for our
observations: a) the higher frequency of the
CCR5A32 allele in SCD patients is a chance
result due to the small sample size or to a
higher degree of admixture with other ethnic
groups, or b) in this admixed population, the
CCR5A32 allele confers an advantage to
SCD patients.

Considering previous data and the de-
gree of admixture in the groups analyzed, the
first explanation is rather improbable. Al-
though it is certain that the CCR5A32 allele
is present in African Brazilian populations
due to gene flow since this allele is absent in
the native African population from whom
they descend, the phenomenon of gene flow
alone cannot account for the differences ob-
served between SCD patients and controls.
Since our sample of SCD individuals was
already screened for the APOE gene (13)
and for the TCRBV 18 and TCRBV3S1 gene
segments (data not shown) without signifi-
cant differences from the control healthy
individuals, the discrepancy in CCR5A32
frequencies between the cases and controls
should then reflect an advantage. The
CCRS5A32 allele is not autochthonous to the
New World. Data from our group indicate its
absence in South American native popula-
tions (data not shown) and absence of this

Table 1. Genotype and allele frequencies of the CCR5 gene in Brazilian sickle cell anemia patients and healthy

individuals.

Sickle cell anemia patients African Brazilians European Brazilians

Recife Porto Total  Porto Rio de Total

Alegre Alegre  Janeiro
(53) (26) (79) (58) (54) (112) (102)

Normal 91 88 90 98 96 97 91
CCR5A32 heterozygotes 9 12 10 2 4 8 9
CCR5A32 allele frequency 4.7 5.8 0.8 1.9 1.3 4.4

The total number of individuals from each population is given in parentheses. Both genotype and CCR5A32
frequencies are given as percentage in each population.
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variant was also reported in indigenous popu-
lations of the Brazilian Amazon (9). Thus,
the native South American groups that also
contribute to the gene pool of the present
Brazilian populations could not contribute
to elevating the frequency of the CCR5A32
allele. This observation is especially impor-
tant in the SCD group from Recife (North-
east of Brazil) which is trihybrid. Also, simi-
lar allelic frequencies were observed in both
SCD groups. The two samples screened for
the CCR5A32 allele are geographically iso-
lated. Given the low frequency of this allele
in the control Afro-Brazilian populations as
well as in an admixed Afro-American popu-
lation (12), a three-fold increase present in
SCD patients (even considering the exist-
ence of admixture) seems to be quite impor-
tant. This situation suggests that the higher
frequency of the CCR5A32 allele in SCD
patients is the result of some other factor
besides gene flow.

Therefore, we suggest that the higher
frequency of the CCRS5A32 allele among
SCD individuals could be due to an increased
life span as a result of reduced SCD morbid-
ity, meaning less frequent or less severe
infections in CCR5A32 carriers. As HIV
infection is not a major problem among SCD
patients in Brazil, the resistance conferred
by the CCR5A32 allele against macrophage-
tropic HIV-1 lineages is probably not this
factor. Nevertheless, one of the major causes
of death among SCD patients is recurrent
infection and there are speculations about
the role of the CCR5A32 allele in protecting
against other bacterial or viral infections
(14,15). As the physiological ligands for
CCRS5 are RANTES, MIP-1a. and MIP-18,
chemokines involved in macrophage adhe-
sion and migration pathways, it should be
useful to analyze these properties in SCD
individuals who are also carriers of the
CCR5A32 allele.

On the basis of a series of observations,
SCD could be considered to be a disease
involving a chronic inflammatory state. For
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example, the description of occasional el-
evation of plasma MIP-1a levels in SCD
patients suggests that the development of an
inflammatory response is an important event
during the vaso-occlusive crisis (16). It was
shown that hypoxia/reoxygenation causes
aninflammatory response in transgenic sickle
mice but not in normal mice (17). If SCD is
achronic inflammatory disease, patients with
the CCR5A32 allele would benefit from the
development of inflammatory responses at
low levels. In an analysis of mannose-bind-
ing protein (a lectin involved in innate im-
munity) variants in children with SCD, it
was observed that the majority of individu-
als presenting mannose-binding protein vari-
ants belong to a group that does not present
severe and recurrent infections (18). Like
our data, these results may indicate that SCD
individuals who develop inflammatory re-
sponses at low levels will present a less
severe spectrum of clinical manifestations.
In a recent article (19) we provided an exten-
sive review of data supporting this hypo-
thesis.

The explanation for the high CCR5A32
allele frequency found among SCD patients
could be related to the type of immune re-
sponse induced by the CCR5 receptor. The
CCRS5 molecule is normally expressed in T
lymphocytes and dendritic cells, driving a
preferential Th1 immune response (6). Since
the Th1 immune response is associated with
inflammation, we propose that the advan-
tage conferred to SCD patients by the non-
functional CCR5A32 allele relies in less ef-
fective Thl responses, consequently leading
to a less severe inflammatory state and a less
severe (or inexistent) vaso-occlusive crisis.
Thus, it would be interesting to determine if
there is a preferential Th2 cytokine pattern in
the T cell responses of SCD patients carrying
the CCR5A32 allele. Also considering a
Th1xTh2 cytokine pattern, it has been sug-
gested that the mechanism of protection from
falciparum malaria by red cell genetic disor-
ders could involve a switch to a balanced
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Th1/Th2 cytokine production mode (20).
Although in the present study we did not
deal with falciparum malaria but with a con-
dition that predisposes to a variety of infec-
tions, the idea of a Th1/Th2 balance regulat-
ing the morbidity of SCD is attractive and
involves the necessity of an equilibrium be-
tween immune responses against pathogens

and low levels of inflammatory responses
(low levels of Th1 responses, for instance) to
avoid the occurrence of vaso-occlusive cri-
ses. The intriguing observation of a correla-
tion between CCR5A32 allele frequency and
SCD strongly suggests the participation of
the immune system in the pathophysiology
of SCD.
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