
Abstract. The CCR5 chemokine receptor has been implicated
in the pathogenesis of multiple sclerosis (MS). This research
was carried out to investigate the association between the
CCR5-Δ32 deletion in 124 patients with MS from Southern
Brazil. Ninety-eight (79.0%) patients presented with relapsing-
remitting MS (RR-MS), 17 (13.7%) secondary progressive
MS (SP-MS), 8 (6.5%) primary progressive MS (PP-MS) and
one (0.8%) clinically isolated syndrome (CIS). The control
group consisted of 127 healthy blood donors from the same
geographic region. The disease severity was assessed clinically
using the Expanded Disability Status Scale (EDSS). Genomic
DNA was extracted from peripheral blood cells and the genetic
polymorphism was evaluated by polymerase chain reaction.
Of the MS patients, 85 (68.5%) were females (p=0.0093).
The CCR5-Δ32 frequency among the controls was 5.5%, and
did not differ from that observed among the MS patients (4.8%)
(p=0.7337). The mean (±SD) age at disease onset among the
carriers and non-carriers of the CCR5-Δ32 allele was 31.7
(±11.1) and 36.6 (±12.0) years, respectively (p=0.1312). The
duration (±SD) of the disease was 11.2 (±12.9) and 7.7 (± 5.6)

years among the CCR5-Δ32 heterozygous, and CCR5 wild
type, respectively (p=0.396). The mean (±SD) EDSS among
the MS patients carriers and non-carriers of the CCR5-Δ32
allele was 2.4±1.2 and 2.67±2.2, respectively (p=0.9796).
The MRI findings in MS patients with the CCR5-Δ32 geno-
type exhibited lower positive gadolinium enhancing-imaging
(p=0.0013) and lower brain atrophy (p=0.1333) than MS
patients with the CCR5 wild-type genotype. Despite that
the differences were not significant, the results suggested
that the disease onset and progression to disability may be
prolonged in MS carriers of CCR5-Δ32, and CCR5-Δ32 could
be considered a favorable prognostic biomarker of MS. Further
studies comprising larger numbers of individuals carrying
non-wild-type haplotypes are needed to determine CCR5-
Δ32 involvement in the specific process of MS pathology and
pathogenesis. 

Introduction

Multiple sclerosis (MS) is a chronic disorder of the central
nervous system (CNS) characterized by inflammation,
demyelination, axonal damage and repair mechanisms. The
disease is multifactorial, complex, and autoimmune, which
mainly affects young people and causes progressive and
relapsing neurologic incapacity. It is the most common
demyelinating disease, clinically important in humans, and
affects women approximately twice as often as men (1). 

In addition to the broad clinical spectrum of the MS, there
is also heterogeneity in the morphological alterations of the
brain found by magnetic resonance imaging (MRI) (2) and
histopathological evaluation, as well as in clinical presentation,
the CNS systems and areas that are primarily affected and the
therapy response (3,4).
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The etiology of MS remains unclear, probably develops in
genetically susceptible individuals and may require additional
environmental triggers. Among putative environmental factors,
both infectious agents, herpesvirus and retroviruses, and
behavioral or lifestyle influences have been proposed to induce
or contribute to disease expression (5). MS is still considered
a CD4+ Th1-mediated autoimmune disease and it is believed
to result from a complex interaction of a number of genes
each with modest effect. The association of human leukocyte
antigen (HLA) class I and class II alleles with MS has been
extensively studied (1). 

Proinflammatory cytokines (IFN-γ, TNF-α, IL-12, IL-7, and
IL-23), anti-inflammatory cytokines (IL-4, IL-10), and others
exerting both effects (IL-6) are involved in the pathogenesis
of MS at different points (1,6-7). Different pairs of chemokine
receptors and their ligands seem also to play a pathogenic role
in MS by activation and directional migration of cells to sites
of CNS inflammation. Among them there are CXCR3 and
CXCL9, CXCL10; CCR1 and CCL3 (MIP-1a), CCL4 (MIP-
1b), CCL5 (Regulated by Activation Normal T-cells Expressed
and Secreted - RANTES); CCR2 and CCL2; CCR5 and CCL3,
CCL4, CCL5. Interfering with the chemokine system may be
an effective therapeutic approach in MS (8-9). 

Chemokines induce and activate leukocyte adhesion
molecules, such as integrins of the b1 subfamily (mainly a4b1),
as well as leukocyte integrins and adhesion receptors of the
immunoglobulin superfamily (ICAM 1, VCAM 1). Both are the
main molecules involved in the MS pathogenesis and establish
a chemotactic concentration that results in recruitment across
the endothelium monolayer (10). The induction of proteolytic
enzymes such as matrix metalloproteinases (MMP) facilitates
blood-brain-barriers (BBB) opening, and subsequently chemo-
kines mediate retention of leukocytes in the CNS (11). High
cerebrospinal fluid (CSF) levels of MMP-9 activity were
associated with the recurrent disease activity (12). 

Among the various chemokine receptors, CCR5 and
CXCR3 have received attention as key receptors on Th1 cells,
as have CCR3 and CCR4 on Th2 cells (1). The expression of
receptor CCR5, as well as of its ligand the chemokine CCL5,
CCL3 and CCL4, has been consistently observed in the brain
and in the LCR of patients with MS (13). Chemokine receptors
expressed by Th1 cells may be important in MS, as increased
IFN-γ precedes clinical attacks. A study showed that CXCR3+

T cells are increased in blood of relapsing-remitting (RR)-
MS, and both CCR5+ and CXCR3+ T cells are increased in
secondary progressive (SP)-MS compared with controls.
Furthermore, peripheral blood CCR5+ T cells secreted high
levels of IFN-γ. Areas of plaque formation were infiltrated by
CCR5-expressing and, to a lower extent, CXCR3-expressing
cells. These results provide a rationale for the use of agents
that block CCR5 and/or CXCR3 as a therapeutic approach in
the treatment of MS (14). 

Genetic polymorphisms in the cytokines, chemokines and
their receptors have been associated with the susceptibility or
resistance to various diseases, or to clinical disease variables,
although definitive evidence is still lacking. Most chemokine
genes are encoded in a cluster on chromosome 17q11.2-12,
which has been identified in a number of genome-wide screens
as being potentially associated with MS (15). Polymorphism
of CCR2, IL-10 receptor α, and Fas-L may confer protective

effects for MS; and polymorphism of CCR5, IL-10, IL-4
receptor α, IL-2 receptor ß, IFN-γ, vitamin D, and estrogen
receptor confer risk to MS (1). However, genetic studies carried
out on MS patients from different worldwide populations have
shown conflicting results (16-21).

The homozygous deletion of 32 base-pair in the CCR5
gene, named CCR5-Δ32, results in failure to express the
receptor on the cell surface, while the CCR5-Δ32 heterozygous
carriers express less receptor than wild-type homozygotes
(22). This first study demonstrated that 15% to 20% of the
Caucasians were heterozygous for the allele CCR5-Δ32 and
1% or less was homozygous. Posterior studies demonstrated
that the allele CCR5-Δ32 was found in approximately 10% of
the population of European descendants. Outside Europe,
CCR5-Δ32 is seen at very low frequencies in Asian, Saudi
Arabian, Indian and Pakistani populations, and is virtually
absent in native populations from sub-Saharan Africa, Oceania
and the Americas (23-26). 

The global, regional, and ethnic distributions of frequency
of the CCR5-Δ32 allele vary significantly, ranging from 16%
in Finnish populations to the lowest 2.1% in Sardinia (25,27-
29). The heterozygous and homozygous allele frequencies in
Caucasian populations of Western European origin are 18%
and 1% respectively (30-32). The CCR5-Δ32 mutation leads
to a nonfunctional receptor that has been associated with
decreased severity of MS. Although homozygous individuals
for CCR5-Δ32 were not protected from MS, heterozygosity
for this deletion has been associated to prolonged disease-
free intervals and a delay in MS onset and with a lower risk
of recurrent clinical disease activity (12). Results obtained in
another study also confirm that the genotype CCR5-Δ32 could
modulate the severity in MS, resulting in less inflammation
and tissue destruction (33). 

Genetic analysis of the chromosome 3p21-24 region and the
CCR5 and CCR2B loci showed no evidence of linkage to MS
for both tested markers. However, age onset was approximately
3 years later in patients carrying the CCR5-Δ32 deletion, after
controlling for gender effects. The authors concluded that the
chemokine receptor expression may be associated with differ-
ential disease onset in a subset of patients and may provide a
therapeutic target to modulate inflammatory demyelination
(34). 

A study reported an interaction between CCR5-Δ32 and
MS in Israeli patients (35). Of 256 patients with MS, 2.3%
were homozygous for CCR5-Δ32, 10.2% were heterozygous,
and 87.5% had the CCR5 wild-type genotype. The CCR5-
Δ32 allele frequency was 7.4%, similar to that reported in
the general Israeli population. Progression to disability was
prolonged in CCR5-Δ32 homozygous and heterozygous MS
patients compared with those with the CCR5 wild-type geno-
type, suggesting that this allele may be considered a favorable
prognostic factor in MS.

Other CCR5 genetic polymorphism studies carried out in
MS patients reported contradictory results, with no significant
difference in the allelic frequency of CCR5-Δ32 between the
MS patients and the control group, and the presence of CCR5-
Δ32 homozygous patients among the MS patients indicated
that the absence of CCR5 is not protective against MS (36-37).

No significant difference in distribution of the CCR5-Δ32
allele was observed between the 331 RR-MS and SP-MS
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patients and controls, between the 108 primary progressive
(PP)-MS patients and controls or between the PP-MS and
RR/SP-MS groups. Furthermore, no differences in rate of
disease progression were detected between carriers and non-
carriers of the mutated allele. In the population-based group
of RR/SP-MS patients, carriage of the CCR5-Δ32 allele
was associated with a lower age at disease onset. However,
no significant differences in age of onset were present in the
PP-MS group or in a second RR-MS population, suggesting
that the CCR5 genotypes are not a major determinant of
susceptibility to develop MS in the population studied (38). 

Conflicting results with the previously reported association
between CCR5-Δ32 carriage and a better prognosis were
observed. An increased frequency of CCR5-Δ32 allele was
found to be associated with early death, suggesting that MS
patients with the deletion have twice the mortality rate of
patients with the normal genotype (39).

MS in Brazil. Epidemiological data from Brazil show that
prevalence of MS is variable, being more frequent in the
Southern and Southeastern areas of the country, rather than
in the Northern and Northeastern regions (40). In the Northern
region of the State of Pernambuco, the prevalence of MS was
equal to 1.36:100,000 inhabitants (41). In the Southern region,
particularly in Londrina, State of Paraná, the prevalence of
MS was 14:100,000 inhabitants (42). When the populations
from Southern and Southeastern regions were studied, it was
observed that the profile of the MS patients seems to be more
similar to patients from the Northern hemisphere than to
those whose African-Brazilian admixture is predominant (43).

A cross-sectional study of clinical and epidemiological
profiles of MS in patients from the State of Bahia, in the
Northeastern region, reported higher frequency in mulatto
individuals (64.0%), and RR-MS type (91.3%). Most of the
patients (68.7%) had mild MS and blacks presented worse
prognosis compared to other patients. The average Expanded
Disability Score Scale (EDSS) of the non-Caucasian MS
patients studied was twice that of Caucasian MS patients
(44). 

CCR5-Δ32 polymorphisms in Brazil. The studies of the CCR5
genotypes were carried out in unrelated healthy and HIV-1
infected individuals from different Brazilian regions. In an
investigation of the urban Brazilian population, the frequencies
of normal CCR5/CCR5 homozygous and CCR5/Δ32 hetero-
zygous individuals were 93.0% and 7.0%, respectively,
resulting in an allelic frequency of 0.035; and no homozygous
CCR5-Δ32 individual was detected (45). Further, the absence
of CCR5-Δ32 was observed in 300 Amerindians from four
Brazilian Amazon tribes. All the individuals were homozygous
for the normal allele, which correlates to the hypothesis that the
CCR5-Δ32 allele has a European origin, and that its occur-
rence in urban populations in South America is the result of
immigration (46). 

The frequency of the CCR5-Δ32 gene deletion in three
Brazilian population groups obtained among HIV-1-negative
and HIV-1-infected individuals from the Northeastern region
was 0.026 and 0.044, respectively; among German-descended
healthy blood donors from the Southern region it was 0.065;
and the CCR5-Δ32 gene deletion was absent among individuals

of two Amerindian tribes from the Northern region (47).
Another study carried out in unrelated healthy individuals
from the Southern region of the country, of white, black and
brown ethnic groups exhibited frequencies of 0.086, 0.038,
and 0.064, respectively. The frequencies of the heterozygote
genotype among whites, blacks and browns were 14.0%,
8.0%, and 13.0%, respectively, and no homozygotes for the
CCR5-Δ32 deletion were detected (48). These data contributed
to the establishment of a scenario that shows a North-South
gradient and are compatible with the colonization of Brazil,
since the Southeastern and Southern regions received the
highest numbers of European immigrants during the 19th and
early 20th centuries (49-50).

Although the prevalence of MS in the Brazilian population
is significant, no information about the frequency of CCR5
polymorphism related to MS resistance and clinical progression
is available. The aims of this study were to determine the
frequencies of the CCR5 genotypes and the CCR5-Δ32 allele
in patients with MS, and to investigate a possible association
of the CCR5-Δ32 allele with the development and clinical
course of MS in Brazilian patients.   

Materials and methods

Study subjects. The protocol was approved by the Institutional
Research Ethics Committees of State University of Londrina.
The individuals were invited to participate in the study, were
informed in detail about the research and a voluntary written
consent form was obtained from the subjects enrolled. 

A total of 124 unrelated MS patients with the major forms
of MS were enrolled from the Outpatient Clinic for MS of
University Hospital, State University of Londrina, Londrina,
Southern Brazil. Among them, 98 patients had RR-MS, 17 had
SP-MS, 8 had PP-MS and 1 had clinically isolated syndrome
(CIS). All of them were diagnosed with MS according to the
criteria established (51-52). The disease progression was
assessed clinically using the EDSS (53). Data from clinical,
laboratorial, and MRI evaluation were registered in a standard
protocol. 

The control group was composed of 127 unrelated healthy
blood donors of the Blood Bank of University Hospital. All MS
patients and controls subjects were from a similar geographical
area and were coded anonymously.  

CCR5 genetic polymorphism. The genomic DNA was extracted
from cryopreserved peripheral blood cells using standard
procedures (54) and 100-200 ng of DNA were analyzed by
polymerase chain reaction (PCR). The amplification of a
fragment with 225 base-pairs was performed using primers
for CCR5 (sense 5'-ACC AGA TCT CAA AAA GAA 3'
and anti-sense 5' CAT GAT GGT GAA GAT AAG CTT
CA 3') as previously reported (22). The DNA samples were
amplified with Taq polymerase (Invitrogen™ Life Technol-
ogies, Carlsbad, CA, USA) in the buffer provided, at a final
concentration of 1.5 mM/l. PCR conditions comprised 5-min
denaturation at 94˚C, 35 cycles of 1 min at 94˚C, 1 min at 58˚C,
1 min at 72˚C, and 10-min elongation at 72˚C in a Hybaid
Sprint™ Thermocycler (Biosystems, Barcelona, Spain). The
PCR products were analyzed by 3% agarose gel electrophoresis
and visualized by UV fluorescence after staining with ethidium
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bromide. Ambiguous results were resolved by performing
electrophoresis of the products of PCR in a 10% acrylamide
gel, and the gel was stained with silver. The normal allele
was detected as a 225 base-pair fragment; the CCR5-Δ32
allele was detected as 193 base pairs. The images of the gel
were captured and recorded with the Digit-Doc-It Program
version 1.1.25. Negative and positive controls were included
in all the PCR amplifications and electrophoresis performed.    

Statistical analysis. A database with the results was set up
using the Excel Program. Allelic and genotype frequencies of
CCR5 were compared between MS patients and controls,
using Fisher's exact test, the chi-square test, or the Mann-
Whitney test. The odds ratio (OR) was calculated by comparing
the distributions of alleles and genotypes between healthy
subjects and the MS patients. Differences between groups were
considered to be statistically significant when p<0.05.

Results

Profile of subjects studied. Of the 124 MS patients, 85 (68.5%)
were females and 43 (31.4%) were males (female:male ratio
=2.18). Of the control group, 56 (44.1%) were females and
71 (55.9%) were males (female:male ratio =0.79). The mean
(±SD) age of the MS patients was 44.2 (±11.9) years old,
ranging from 18-79 years old. The mean age (±SD) of the
control group was 30.0 (±10.1) years old, ranging from 18.2
to 59.8 years old.   

CCR5 genetic polymorphism. Fig. 1 shows the fragments
obtained in the PCR according to the CCR5 genotypes
observed. The frequency of the genotypes in 124 MS patients
from Southern Brazil was 112 (90.3%) wild-type CCR5/CCR5,
and 12 (9.6%) heterozygous CCR5/CCR5-Δ32. No patient
with MS was homozygote for the allele CCR5-Δ32. The overall
frequency of CCR5-Δ32 among the MS patients was 0.0484
(4.8%). The frequency of the genotypes in 127 healthy controls
was 115 (90.5%) wild-type CCR5-CCR5, 10 (7.9%) hetero-
zygotes, and 2 (1.6%) homozygotes for the deletion CCR5-
Δ32. The overall frequency of CCR5-Δ32 among healthy
controls was 0.0055 (5.5%). There was no significant difference

in the distribution of CCR5 genotypes between MS patients
and the control group (chi-square test, p=0.7337). In the
control subjects, the genotype frequencies conformed to
Hardy-Weinberg expectations (Table I). 

Table II shows the relevant demographic and clinical
characteristics for the MS patients enrolled, according to the
CCR5 genetic polymorphism. The distribution of the genotypes
was statistically significant according to the sex of the MS
patients evaluated (p=0.0093). Although the MS patients with
the heterozygous genotype showed lower age at onset of the
disease, the difference was not statistically significant (Mann
Whitney test, p=0.1312).  

To evaluate the association between the CCR5 gene
polymorphism and the clinical course of MS, one patient
(0.8%) with the CIS was excluded from the statistical analysis.
Among the other 123 MS patients with RR, SP, and PP types
of MS, there was no association between the CCR5 gene
polymorphisms and the clinical course (Fisher's exact test,
p≅1.000). The patients with MS that were heterozygous for
the allele CCR5-Δ32 tended to have prolonged duration of
the disease, compared with individuals with a fully functional

KAIMEN-MACIEL et al:  CCR5-Δ32 GENETIC POLYMORPHISMS AND MULTIPLE SCLEROSIS340

Table I. Frequency of the CCR5 genetic polymorphism in healthy individuals (control group) and in patients with multiple
sclerosis (MS), from Southern Brazil. 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

CCR5 genotype frequency Allele frequency
––––––––––––––––––––––––––––––––––––––––––––––––––

Group CCR5/CCR5 CCR5/CCR5-Δ32 CCR5-Δ32/CCR5-Δ32 CCR5-Δ32 Odds ratio
(n) n (%) n (%) n (%) (%) (95% CI)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Control (127) 115 (90.5) 10 (7.9) 02 (1.6) 0.055 (5.5) 1.00 (reference)

MS patients (124) 112 (90.3) 12 (9.6) 00 (0.0) 0.0484 (4.8) 1.15 (0.49-2.71)

Total (251) 227 (90.4) 22 (9.1) 02 (0.9) 0.0517 (5.2)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Control: healthy blood donors from the Blood Bank of University Hospital of Londrina, Londrina, Paraná, Brazil. MS patients: at the
Outpatient Clinic of Neurology of the State University of Londrina, Londrina, Paraná, Brazil. CCR5/CCR5, without mutation; CCR5/CCR5-
Δ32, mutation in heterozygosity; CCR5-Δ32/CCR5-Δ32, mutation in homozygosity; CI, confidence interval; chi-square test χ2=0.1, with 1
value, degree of freedom of p=0.7337.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Polymerase chain reaction products of the CCR5 gene evaluated
by 10% acrylamide electrophoresis gel stained with silver. L, ladder of
100 base pairs; a, wild-type genotype (CCR5/CCR5); b, heterozygous geno-
type (CCR5/CCR5-Δ32); c, homozygous genotype (CCR5-Δ32/CCR5-Δ32);
d, negative control.
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CCR5, with 11.2 years and 7.7 years, respectively. However,
this difference was also not statistically significant (Mann-
Whitney test, p=0.8422).  

The MS patients with the CCR5-Δ32 allele presented lower
EDSS values compared with MS patients with the CCR5 wild-
type genotype. However, the difference was not statistically
significant (Mann-Whitney test, p=0.9796). When the disease
progression was evaluated according to the CCR5 genotypes,
all the 12 MS patients with the CCR5-Δ32 allele presented
EDSS <6. Of these, three (25.0%) had more than ten years of
disease duration. Among the MS patients with the CCR5
wild-type genotype, 21 (22.6%) had more than ten years of
disease duration. However, the difference observed was also
not statistically significant (Fisher's exact test, p=1.000). 

MRI findings. Table III shows the MRI results obtained in
42 MS patients. The MRI findings in MS patients with the
CCR5-Δ32 genotype exhibited predominant periventricular
distribution and ovoid appearance. Of 20 MS patients with
positive gadolinium-enhancing imaging, 19 (63.0%) were
CCR5 wild-type and one (8.3%) was a CCR5-Δ32 carrier
(chi-square test, p=0.0013). Brain atrophy was observed in
10 MS patients with CCR5 wild-type genotype and in one
(8.3%) with the mutated allele (Fisher's exact test, p=0.1333). 

Discussion

This is the first study undertaken to determine the frequency
of the CCR5-Δ32 allele in a sample of MS patients from the
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Table II. Demographic and clinical characteristics of patients with multiple sclerosis from Southern Brazil, according to the
CCR5 genetic polymorphism.  
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Genotype Genotype
Characteristic CCR5/CCR5 CCR5/CCR5-Δ32 Total p value 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Number of patients (%) 112 (90.3) 12 (9.6) 124 (100)

Sex  
Female, n (%) 81 (72.3) 4 (33.3) 85 (68.5) 0.0093a

Male, n (%) 31 (27.7) 8 (66.7) 39 (31.5)

Age (years)
Range 18.0-79.0 26.0-62.0 18.0-79.0 0.5454b

Mean ± SD 44.3±11.9 42.6±12.2 44.2±11.9

Age at disease onset (years) 
Range 10.0-68.0 18.0-53.0 10.0-68.0 0.1312b

Mean ± SD 36.6±12.0 31.7±11.1 36.2±11.9

Duration of the disease (years)
Range 5.6-30.0 0.25-44.0 0.25-44.0 0.8422b

Mean ± SD 7.7±5.6 11.2±12.9 8.0±6.7

Clinical forms
Relapsing-remitting 88 (78.6) 10 (83.3) 98 (79.0) ≅1.000a

Secondary progressive 16 (14.3) 01 (8.3) 17 (13.7)
Primary progressive 07 (6.3) 01 (8.3) 08 (6.5)
CISc 01 (0.9) 0 (0.0) 01 (0.8)

Incapacity scale (EDSS)d

Range 0.0-8.0 1.0-4.5 0.0-8.0 0.9796b

Mean ± SD 2.7±2.2 2.4±1.2 2.6±2.1

Incapacity scale (EDSS) n=112 (%) n=12 (%) n=124 (%)
<6.0 93 (83.0) 12 (100.0) 105 (84.7) 0.2101a

≥6.0 19 (17.0) 0 (0.0) 19 (15.3)

Patients with EDSS <6.0 n=93 (%) n=12 (%) n=105 (%)
≤10 years of disease 72 (77.4) 9 (75.0) 81 (77.1)
>10 years of disease 21 (22.6) 3 (25.0) 24 (22.9) 1.000a

Patients with EDSS ≥6.0 n=19 (%) n=0 (%) n=19 (%)
≤10 years of disease 9 (47.4) 0 (0.0) 9 (47.4)
>10 years of disease 10 (52.6) 0 (0.0) 10 (52.6)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
a, Fisher's exact test; b, Mann-Whitney test; c, clinically isolated syndrome. The patient of this clinical form was excluded for the statistical
analysis; d, expanded disability score scale.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Brazilian population. The overall frequencies of the CCR5
genotypes and the CCR5-Δ32 allele obtained either for the
total sample or for the healthy control subjects were consistent
with data reported for other healthy populations. These results
also confirm the variable distribution of the CCR5 polymor-
phism reported by previous studies (22,23).

The CCR5-Δ32 allelic frequency of 0.055 (5.5%) obtained
among the control group and of 0.045 (4.5%) among the MS
patients can be explained by the heterogeneous ethnic structure
of the Brazilian population. Southern and Mediterranean
Europeans (Portuguese, Italian and Middle Eastern), Asians,
Arabians, Africans, and Native Amerindians have contributed
to the formation of the present Brazilian population since the
16th century (49-50). The results were also consistent with
the first evidence for the contribution of the CCR5-Δ32 allele
to the genetic background of the urban Brazilian population,
which confirmed the intense ethnic admixture (45).

The higher number of women than men among the MS
patients enrolled in this study is in agreement with the
epidemiological characteristics of MS. The fact that women
with the disease outnumber men with MS confirms hormonal
variables as a risk factor. The precise mechanisms by which
sex hormones may influence MS susceptibility have not been
totally clarified, but the stimulatory effects of estrogens on
inflammatory cytokine secretion and the reverse by androgens
probably represent one important mechanism (55,56).

The CCR5 genotypes and the CCR5-Δ32 allele frequencies
did not differ significantly among the groups evaluated. The
distribution of CCR5-Δ32 genotypes obtained in this study is
comparable to previous studies suggesting that these results

are not due to a difference in overall distribution of genotypes
(12,35,36,38,57). These results are consistent with findings
in other previous reports which showed that the CCR5-Δ32
allele has little or no effect on the development of MS
(12,34,36,38,57). This would further imply the redundancy in
the chemokine system, and the CCR5 ligand must be assumed
to function through other closely related chemokine receptors
(37). 

Being a carrier for CCR5-Δ32 was associated with lower
recurrence rate with slower progression (12,35) and relatively
late age of onset of MS (34). In other studies, however, the
deletion was not associated with long-term disability (38,57),
nor with age of onset of MS (35,57). 

The MRI findings showed that the gadolinium enhance-
ment was lower in MS patients with the CCR5-Δ32 allele,
reflecting a lower clinical activity of the disease. Brain MRI
was abnormal in 70-95% of patients with definitive MS and
the gadolinium enhancement correlated with the clinical
activity of the disease and corresponded anatomically with
the symptoms and signs (58). The evaluation of gadolinium-
enhancing lesions is one MS MRI criteria for demyelination
in time and space (51,52). A positive MRI gadolinium
enhancement indicated an ongoing inflammation and activity
of the MS process, whereas gadolinium negative imaging
should be considered as a sign of stabilization of the MS
process (59).

Despite the absence of any significant difference for age
of onset and the duration of the disease between carriers
versus non-carriers of CCR5-Δ32 in the MS patients evaluated,
the MS patients with the CCR5-Δ32 allele had an older age
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Table III. Magnetic resonance imaging (MRI) findings observed in 42 patients with multiple sclerosis from Southern Brazil,
according to the CCR5 genetic polymorphism. 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Genotype Genotype
CCR5/CCR5 CCR5/CCR5-Δ32 Total

MRI characteristics n (%) n (%) n (%) p value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Number of patients 30 (100.0) 12 (100.0) 42 (100.0)

Location of the lesions 
Periventricular 16 (53.53) 12 (100.0) 28 (66.7)
Perivascular and infratentorial 6 (20.0) 4 (33.33) 10 (23.8)
Periventricular and medullar 3 (10.0) 5 (41.60) 8 (19.0)
Periventricular, infratentorial 0 (0.0) 2 (16.60) 2 (4.8)
and medullar

Morphology of the lesions
Ovoid appearance 15 (50.0) 12 (100.0) 27 (64.3) 0.00299a

Non-ovoid appearance 15 (50.0) 0 (0.0) 15 (35.7)

Gadolinium-enhancing imaging lesions 
Positive 19 (63.0) 1 (8.3) 20 (47.6) 0.0013a

Negative 11 (37.0) 11 (91.7) 22 (52.4)

Brain atrophy
Positive 10 (30.0) 1 (8.3) 11 (26.2) 0.1333b

Negative 20 (67.0) 11 (91.7) 31 (73.8)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aChi-square test; bFischer's exact test. 
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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of onset of disease, showed lower gadolinium enhancement
and brain atrophy in the MRI findings, suggesting that the
association between the CCR5-Δ32 and disease variables can
not be excluded. 

Taken together, the results underscore that the CCR5-Δ32
polymorphism is not a major determinant of susceptibility to
develop MS and, by itself, may not be sufficient to prevent the
disease progression in the population under study. However,
this gene factor may potentially exert additive or synergistic
influence with other factors, such as the immune response
mediated by CD4+ Th1 cells, the levels of inflammatory
cytokines and chemokines in the CSF, the chemokine receptor
expression (14,60-61), as well as the human leukocyte antigen
(HLA) and apolipoprotein E polymorphisms (1,33) and the
polymorphism of IL-10 cytokine promoter (57). Microsatellite
polymorphisms in CCL7 (MCP3) have also been associated
with disease resistance to MS (1). 

At the moment, there is no biomarker available that fulfils
the criteria of a surrogate endpoint in MS. However, some of
them may prove extremely useful in defining disease hetero-
geneity and thus stratifying patients into distinct subgroups.
The establishment of biomarkers that reflect dysfunction or
imbalance of the immune response would be essential in
studying disease heterogeneity and assessing how different
phenotypes correlate with or allow the prediction of the
response to novel process-specific therapies. In addition to the
antibodies, the complement-related biomarkers, the adhesion
molecules, the cytokines and chemokines and their receptors
are process-specific biomarkers proposed in MS that reflect
the alteration of the immune system. CCR5 is suggested as a
candidate biomarker of Th1 cells and may aid in studying
disease heterogeneity and the therapy response (62). 

Since in the present study approximately 90.3% of MS
patients evaluated were homozygous for the wild-type CCR5
gene, further studies comprising larger numbers of individuals
carrying non-wild-type haplotypes are needed to determine
CCR5-Δ32 involvement in the specific process of MS
pathology and pathogenesis.
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