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Abstract

The 32-bp deletion in the HIV-1 co-receptor CCRS5 confers a high
degree of resistance to HIV-1 infection in homozygous individuals for
the deleted allele and partial protection against HIV-1 during disease
progression in heterozygotes. Natural ligands for CCRS, MIP-1a,
MIP-18 and RANTES, have been shown to inhibit HIV replication in
CDA4+ T cells. In the present study, we examined the CCRS genotype
by PCR and the plasma levels of RANTES and MIP-1a by ELISA
among blood donors (N = 26) and among HIV-1-infected individuals
(N =129). The control group consisted of healthy adult volunteers and
HIV-1-infected subjects were an asymptomatic and heterogeneous
group of individuals with regard to immunologic and virologic mark-
ers of HIV-1 disease. The frequency of the CCRS mutant allele
(A32ccr5) in this population was 0.032; however, no A32ccr5 ho-
mozygote was detected. These results could be related to the intense
ethnic admixture of the Brazilian population. There was no correlation
between circulating 3-chemokines (MIP-1a,, RANTES) and viral load
in HIV-infected individuals. RANTES concentrations in plasma
samples from HIV+ patients carrying the homozygous CCRS5 allele
(CCRS5/CCRS) (28.23 ng/ml) were higher than in the control samples
(16.07 ng/ml; P<0.05); however, this HIV+ patient group (mean 26.23
pg/ml) had significantly lower concentrations of MIP-1a than those
observed in control samples (mean 31.20 pg/ml; P<0.05). Both HIV-
l-infected and uninfected individuals heterozygous for the A32ccrS
allele had significantly lower concentrations of circulating RANTES
(mean 16.07 and 6.11 ng/ml, respectively) than CCRS/CCRS indi-
viduals (mean 28.23 and 16.07 ng/ml, respectively; P<0.05). These
findings suggest that the CCRS allele and B-chemokine production
may affect the immunopathogenesis of HIV-1.
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A mutant allele of the 3-chemokine re-
ceptor gene CCRS5 bearing a 32-bp deletion
(A32ccr5) that prevents cell invasion by the
primary transmitting strain of HIV-1 has
been recently characterized. The A32ccr5
mutation, which leads to truncation and loss
of receptor activity, was remarkable because
individuals homozygous for the deleted al-
lele were resistant to HIV-1 infection despite
repeated exposure (1-3).

Several reports have suggested an asso-
ciation between exposed uninfected indi-
viduals and high levels of endogenous CC
chemokines (macrophage inflammatory pro-
tein 1o and 18, MIP-1o and MIP-16) and
RANTES (regulated-upon-activation, normal
T expressed and secreted), suggesting that a
chemokine may contribute to clinical resis-
tance in some cases (4,5). Because the 63-
chemokines are major components of the
HIV-1 suppressive soluble factor extensively
studied nowadays (6-12), the present study
was undertaken to determine the relation-
ship between plasma concentrations of MIP-
1o and RANTES and viral load in Brazilian
HIV-1-infected subjects.

Blood samples were drawn from 26 blood
donor volunteers from the Hematology and
Hemotherapy Center, Faculty of Pharma-
ceutical Sciences. One hundred and twenty-
nine samples used for the HIV-1-infected
group were remnants of samples sent to the
Clinical Immunology Laboratory to be tested
for HIV-1 viral load and CD4 T lymphocyte
count. HIV-1-infected individuals with op-
portunistic infection were excluded from data
analysis. This study was approved by the
Research Ethics Committee of the Faculty of
Pharmaceutical Sciences, Sdo Paulo State
University. DNA was extracted from leuko-
cytes by the salting-out method (13).

The HIV-1 RNA load was determined
from plasma frozen at -80°C using the
Nuclisens assay (Organon Teknika, Boxtel,
The Netherlands) according to the method
indicated by the manufacturer. The dynamic
range of the assay is 1.9 to 6.0 log RNA/ml
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of plasma and the sensitivity is 1.9 log/ml.
Measurements lower than 1.9 log/ml were
considered to be equal to 1.9 log/ml for the
purpose of statistical analysis. The CD4 and
CDS8 lymphocytes were quantified by flow
cytometry (Becton-Dickinson Immunocy-
tometry Systems, San Jose, CA, USA).

Genotypic analysis of the CCRS alleles
was performed using the oligonucleotide
primers reported by Rubbert et al. (14) cov-
ering nucleotides 533-553 (5’oligo-TTCATT
ACACCTGCAGCTCTC) and 685-712
(3°0ligo-CAGAGCCCTGTGCCTCTTCTT
CTCATTTCG) of the CCRS5 gene in PCR
procedures. Using this set of primers, the
wild-type CCRS allele gives rise to a PCR
product of 180 bp, whereas the deleted allele
is 148 bp. Genomic DNA (50-100 ng) from
each individual was amplified in a total vol-
ume of 20 pl in a buffer containing 20 mM
Tris-HCI, pH 8.4, 50 mM KCI, 1.5 mM
MgCl,, 0.2 mM of each primer, 1 U Taq
polymerase, 20 mM (NH,),SO, and 0.1%
Tween 20. Cycling conditions were 94°C for
1 min, 55°C for 2 min and 72°C for 2 min for
35 cycles. The reaction products were run on
3% agarose gel and DNA bands were stained
with ethidium bromide.

Plasma levels of RANTES and MIP-1a
were determined by enzyme immunoassay
(ELISA) according to manufacturer instruc-
tions (R & D Systems, Inc., Minneapolis,
MN, USA). Concentrations of chemokines
were calculated from a standard log-log trans-
formation curve and by linear regression.

Comparison of the measured variables
between the group homozygous for the CCR5
allele and the group heterozygous for the
A32ccr5 allele was made by the Student #-
test. The values are reported as means and
95% confidence intervals. Relationships be-
tween variables were assessed by the Pearson
correlation coefficient. P values of <0.05
were considered to be statistically signifi-
cant.

Genotypic analysis of the CCRS alleles
was performed by PCR and the allele sizes
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were 180 bp for the normal allele and 148 bp
for the deletion allele. Among the Brazilian
blood donors studied here (N = 26), 88.5%
had the CCR5/CCRS5 genotype and 11.5%
had the CCR5/A32ccr5 genotype. The preva-
lence among HIV-1-infected Brazilian indi-
viduals (N = 129) was 94.6% CCR5/CCR5
and 5.4% CCRS5/A32ccr5. The frequency of
the A32ccr5 mutant allele in this population
was 0.032 and no homozygous A32ccr5 was
detected. The ethnic structure of the Brazil-
ian population is heterogeneous. Europeans,
Asiatics, Arabians, Africans and native
Amerindians contributed to the formation of
the present Brazilian population. The 0.032
frequency of the CCR5/A32¢crS mutant al-
lele observed in the present study is compa-
rable to the frequencies found by Passos and
Picango (15). The presence of A32ccr5 at its
low frequency in the Brazilian population
can be explained by Southern and Mediter-
ranean European (Portuguese, Italian and
Middle East) gene flow to Brazil since the
16th century (16).

The 122 HIV-positive patients with the
CCRS5/CCRS genotype had significantly
lower concentrations of MIP-1o (mean 26.23
pg/ml) compared to 23 control samples with
the CCRS5/CCRS genotype (mean 31.20
pg/ml; P<0.05). However, RANTES con-
centrations in plasma samples obtained from
the HIV-positive patient group were signifi-
cantly higher (mean 28.23 ng/ml) than in

control samples (mean 16.07 ng/ml; P<0.05).
The heterozygous HIV-positive patients
(CCR5/A32ccr5) had significantly lower con-
centrations of RANTES (mean 16.07 ng/ml)
than HIV-1 individuals homozygous for the
CCRS allele (mean 28.23 ng/ml). The un-
infected heterozygous individuals had sig-
nificantly lower concentrations of RANTES
(mean 6.11 ng/ml) than HIV-1-infected indi-
viduals heterozygous for the CCRS allele
(mean 16.07 ng/ml; P<0.05) (Table 1). Stud-
ies have demonstrated that the B-chemo-
kines RANTES, MIP-1o. and MIP-18 are
able to inhibit the replication of HIV-1 (4,6).
The mechanism of this inhibition is not yet
known but most probably involves steric
blockade of the co-receptor by the ligand.
Alternatively, chemokine-mediated inhibi-
tion of HIV entry may be due to down-
regulation of the receptor on the surface of
permissive cells (17).

There was no significant correlation be-
tween the concentrations of B-chemokine
and viral load (r = 0.14 for MIP-1a and r =
0.10 for RANTES); however, a significant
inverse correlation was evident between
CD4+ T cell count and plasma concentra-
tions of RANTES (r = -0.21, P = 0.022).
Notably, a correlation was found between
MIP-1a and RANTES (r = 0.22, P =0.017)
(Table 2). The present study explored the
possible relationship between the concentra-
tions of B-chemokines and HIV-1 viral load

Table 1. Plasma chemokine levels in HIV-infected and uninfected individuals stratified by CCR5 genotype and
immunologic and virologic characteristics of the HIV-infected subjects.

Parameters CCR5/CCR5

CCR5/A32ccrb5

Control

HIV-1-infected

Control HIV-1-infected

RANTES (ng/ml)
MIP-1a (pg/ml)

16.072 (10.38-21.75) 28.23P (27.04-32.38)
31.202 (29.24-33.16) 26.23° (25.18-27.29) 34.36 (18.32-50.40) 26.97 (22.34-31.60)

6.112 (-0.70-12.93) 16.07P (7.36-24.79)

Viral load (log RNA/mI) 3.62 (3.40-3.84) 4.43 (3.46-5.40)
CD3/CD4 (cells/mm?3) 356 (313-398) 346 (105-586)
CD3/CD8 (cells/mm?3) 866 (796-935) 1004 (715-1294)

Data are reported as means and 95% confidence interval.
P<0.05:a vs a, a vs b, b vs b for RANTES and MIP-1a (Student ttest).
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in plasma. The absence of a correlation be-
tween B-chemokine concentration and HIV
viral load could be due to a balance between
the viral suppressive effects of endogenous
3-chemokine and the viral inductive effects
of the other cytokines.

Our data demonstrated that HIV-1-
infected patients with the normal allele
(CCR5/CCRS) had significantly reduced
plasma concentrations of MIP-1a compared
to uninfected individuals with the normal
allele. However, these HIV-1-infected indi-
viduals showed significantly higher concen-
trations of RANTES than controls. These
findings are in agreement with Krowka et al.
(8). However, Kakkanaiah et al. (9) found
lower RANTES concentrations in HIV-posi-
tive patients compared to healthy controls.
RANTES concentrations in their healthy
control group were significantly higher than
in our control samples. The reason for this
difference is not known, although it may be
due to variations among the individuals stud-
ied. One possible explanation for the lower
MIP-1a. plasma concentrations could be that

Table 2. Correlations between plasma chemokine concentrations and immunology and
virology parameters in CCR5/CCR5 HIV-infected individuals (Pearson’s correlation

coefficient).

CD8 Viral load RANTES MIP-1a

CD4 r=0.25 r=-0.38 r=-0.21 r=0.01
P = 0.006 P<0.001 P =0.022 P =0.874

CcD8 r=-0.11 r=0.13 r=0.02
P =0.223 P =0.155 P =0.803

Viral load r=0.10 r=0.14
P =0.296 P =0.128

RANTES r=0.22
P=0.017
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the HIV-1 Tat protein may cause down-
regulation of mRNA and suppress the secre-
tion of MIP-la. and MIP-16 (5,18). In a
recent study, MIP-1a was shown to have a
10-fold higher affinity than RANTES for
CCRS (19). Thus, variations in ligand affini-
ties for CCRS5 could be relevant. Both HIV-
I-infected and uninfected individuals het-
erozygous for A32ccr5 had significantly
lower concentrations of circulating RANTES
than individuals homozygous for the CCRS5
allele (CCR5/CCRS). Although our sample
size was limited, heterozygous individuals
seemed to show differences in RANTES
concentrations. In contrast, Yang et al. (10)
demonstrated that B-chemokine values did
not differ significantly between individuals
homozygous for the normal CCRS allele and
heterozygous individuals.

The natural history of HIV-1 infection
varies among individuals and is the result of
the complex interaction between the virus
and the host immune response. The disregu-
lations in B-chemokine pathways may affect
the immunopathogenesis of HIV-1 depend-
ing on the level of immunodeficiency, al-
though via an unknown mechanism iz vivo.
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