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ABSTRACT

The human immunodeficiency virus type 1 (HIV-1), the etiological agent of the acquired immunodeficiency
syndrome (AIDS), shows a variety of biological properties, which may constitute an obstacle to development
of effective vaccines or antiretroviral therapy. To characterize Brazilian strains of HIV-1, we studied 24 viruses
isolated from blood samples of HIV-1-positive patients from different regions of the country. To examine the
cell tropism and the virus ability to form syncytia, primary macrophages and the CD4 1 T cell line MT-2 were
infected with these viruses. We found that 22 isolates replicated well in macrophages (macrophage-tropic iso-
lates), 2 infected only MT-2 cells (T cell line tropic variants), while 6 of them grew in both cells. We found 8
syncytium-inducing (SI) and 16 non-SI (NSI) isolates. Continuous cultures of 18 isolates were established in
the CCR5 1 /CXCR4 1 cell line PM-1, and SI/NSI features of these viruses were confirmed by cell fusion assay
with uninfected CD4 1 T cell lines (PM-1, MT-2, H9, and SUP-T1). The coreceptor usage of 18 isolates was
investigated by infecting U87 cells transfected with CD4 and chemokine receptors, and we found that 11 iso-
lates infected only CCR5 1 cells, 3 only CXCR4 1 cells, whereas 4 used both coreceptors. We also observed
that X4 isolates were more sensitive to neutralization by dextran sulfate than R5 or R5X4 viruses. Our find-
ings show that the Brazilian isolates are phenotypically similar to those prevalent in other regions, which could
mean that therapeutic strategies based on HIV-1 phenotypic properties would be efficient in Brazil, as in other
countries.
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INTRODUCTION

THE BIOLOGICAL AND GENETIC DIVERSITY of the human im-
munodeficiency virus type 1 (HIV-1), the etiological agent

of the acquired immunodeficiency syndrome (AIDS), may con-
stitute an obstacle to the development of effective vaccines or
antiretroviral agents. In fact, the viral polymorphism1 is asso-
ciated with the emergence of variants resistant to the anti-HIV-
1 drugs presently in use,2,3 as well as with the failure of po-
tential vaccines to inhibit the infection mediated by primary
isolates.4,5 Since the detection of distinct patterns of HIV repli-
cation in vitro,6 different HIV-1 phenotypes have been identi-
fied according to virus properties in cell culture. In general,
HIV-1 isolates that poorly replicate in monocyte-derived mac-

rophages (MDM) and infect and induce syncytium formation
in CD41 T cell lines (such as MT-2 and H9) are referred to as
T cell line tropic, syncytium-inducing (SI) viruses.7,8 The de-
tection of SI isolates in clinical samples has been associated
with declines in CD41 T cell numbers, increases in viral load,
and progression from the asymptomatic clinical status to
AIDS.7,9 On the other hand, isolates that productively infect
MDM and do not infect or form syncytia in tumor cell lines are
often designated macrophage-tropic or non-syncytium-inducing
(NSI) viruses.9 Macrophage-tropic and NSI isolates have been
associated with the asymptomatic clinical status of the HIV-1-
infected patients, and are the phenotypes preferentially trans-
mitted in vivo.7,10,11 All HIV-1 isolates have the ability to in-
fect activated peripheral blood mononuclear cells (PBMC).
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Regarding sensitivity to humoral immune response, tissue cul-
ture laboratory-adapted (TCLA) SI viruses are commonly neu-
tralized by antibodies,12–14 whereas clinical (primary) isolates
are markedly resistant to anti-HIV-1 hyperimmune sera (12).
Lately, the HIV-1 phenotypes have also been identified based
on the chemokine receptor to which they bind on the target cell
membrane, simultaneously with the CD4 molecule, during the
infection process. Accordingly, viruses that preferentially in-
teract with the b-chemokine receptor CCR5 as a coreceptor are
termed R5-tropic isolates, those that bind to the a-chemokine
receptor CXCR4 are termed X4-tropic, and the viruses able to
use either one are classified as R5X4 viruses dual-tropic.8 Sev-
eral authors demonstrated a close correlation between HIV-1
phenotype and the molecular structure of the third variable do-
main (V3 loop) of the virus envelope protein (gp120/41). In-
deed, mutations in this region are associated with changes in
several biological properties, such as chemokine receptor us-
age, cell tropism, sensitivity to neutralizing antibodies, and vir-
ulence.7,15–23

HIV-1 subtype B predominates in Brazil, but an increasing
number of non-B infections has been detected lately.24 Inter-
estingly, almost 40% of the Brazilian subtype B present a
GWGR motif at the top of the V3 loop (subtype B0).25 Although
the genetic polymorphism of Brazilian HIV-1 isolates is well
known, their phenotype has been only partially investigated.24

To contribute to a better understanding of the biological prop-
erties of the HIV-1 strains circulating in Brazil, we studied sev-
eral in vitro phenotype features of HIV-1 primary viruses, which
were isolated from blood samples of HIV-1-positive individu-
als living in different cities of this country. In this report we
show, based on results obtained with infection of MT-2 cells,
induction of syncytium formation, tropism to human macro-
phages, chemokine receptor usage, and the sensitivity to dex-
tran sulfate, that the isolates of HIV-1 prevalent in Brazil pre-
sent biological properties similar to those described for HIV-1
isolates from other countries.

MATERIALS AND METHODS

Virus isolates

We selected for this study a panel of 24 HIV-1 primary iso-
lates that are part of the repository of the Brazilian Network for
HIV Isolation and Characterization.26 The viruses were isolated
from 7 HIV-1-positive patients living in the city of Santos (State
of São Paulo), 12 in Rio de Janeiro (State of Rio de Janeiro),
4 in Belo Horizonte (State of Minas Gerais), and one in Sal-
vador (State of Bahia). The virus isolation and the genetic, im-
munological, and preliminary biological characterization of 
the majority of these viruses, as well as the epidemiological,
clinical, and laboratory data of most of the patients, were re-
cently published.24 Four isolates (96BRRJ026, 97BRRJ040,
97BRRJ042, and 95BRBA007), the genetic subtypes of which
were not previously reported, were subsequently characterized
by heteroduplex mobility assay, and the Brazilian subtype vari-
ant (B0) was identified based on the restriction fragment length
polymorphism on digestion with Fok-I restriction enzyme, as
described.25 Of note, 18 patients were asymptomatic and 6 pre-
sented clinical symptoms of AIDS27 at the time of blood col-

lection for virus isolation. Stock viruses have been kept at
270°C, and expanded only in peripheral blood mononuclear
cells (PBMCs) from normal donors, as described.28 The iso-
lates Ba-L, MN, and T-CSF were a donation of Michael A. Nor-
cross (CBER/FDA, Bethesda, MD), and were grown only in
PBMCs from normal donors (Ba-L), or in the T CD41 tumor
cell line PM-1 (MN, T-CSF).

Cells

PBMCs from healthy donors were obtained by density gra-
dient centrifugation (Hystopaque, Sigma Chem. Co., St Louis,
MO) from buffy coat preparations and, from these PBMCs,
monocyte-derived human macrophages were isolated by plas-
tic adherence. Briefly, 3 3 106 PBMCs were plated in 24-well
plates in RPMI without serum for 1 hr, 5% CO2, 37oC. The
nonadherent cells were vigorously washed out, and the adher-
ent cells were maintained with Dulbecco’s medium with 10%
AB human serum (Sigma), for differentiation in macrophages
and for infection. The macrophage purity was above 90%, as
checked by FACS analysis using murine anti-CD3-FITC
(Pharmingen, San Diego, CA) and anti-CD14-PE (Pharmingen)
monoclonal antibodies. The expression of the HIV-1 receptors
CD4, CXCR4, and CCR5 on cell membranes of monocytes and
macrophages was quantified by immunofluorescence staining.
Briefly, cells were detached on Day 0 (monocytes) or after 7
and 10 days of culture (macrophages) by gentle scraping,
washed, and incubated for 15 min in phosphate-buffered saline
containing 1% bovine serum albumin, 0.1% sodium azide, and
25% human plasma at 4°C. Cells were then incubated with
murine anti-CD4-Cy-Chrome (Becton- Dickinson, San Jose,
CA), murine anti-CXCR4-PE (R&D Systems, Minneapolis,
MN), and murine anti-CCR5-FITC (R&D Systems) monoclo-
nal antibodies for 30 min at 4°C, or with irrelevant isotype con-
trols. Cells were washed and fixed with 1% formaldehyde, and
analyzed by flow cytometry (FACSort, Becton-Dickinson).

The T CD41 tumor cell lines PM-1 (donated by Paolo
Lusso, DIBIT, San Rafaelle Scientific Institute, Milan, Italy),
MT-2, H9, and SUP-T1 (donated by Michael A. Norcross,
CBER/FDA, Bethesda, MD) were cultivated in RPMI 1640
plus 10% fetal bovine serum (FBS) (HyClone, Logan, UT),
HEPES, and penicillin/streptomycin, in 25-cm2 culture flasks,
and passaged twice a week. MT-2, H9, and SUP-T1 cells ex-
press the molecule CXCR4 on the cell membrane, but are neg-
ative for CCR5, while the PM-1 cells are positive for both re-
ceptors.29 Therefore, the first three cells are permissive only
to CXCR4-using viruses, while PM-1 cells can be infected by
isolates using either coreceptor. The human astroglioma U87
cells stably transfected with CD4 and with CCR5 or with
CXCR4 (U87-CD4-CCR5 and U87-CD4-CXCR4, respec-
tively) were donated by Dan Littman (Howard Hughes Med-
ical Institute, New York, NY). They were maintained in Dul-
becco’s minimal essential medium containing 10% FBS,
glutamine, penicillin/streptomycin, puromycin (1 mg/ml,
Sigma) and neomycin (G418; 300 mg/ml, Sigma), and were
split twice a week, as described.30

Macrophage infection

To investigate the ability of the isolates to replicate in mono-
cyte-derived macrophages, these cells were infected with HIV-
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1-positive cell-free supernatants after 7 to 10 days of matura-
tion, using 5 to 10 ng/ml of p24 Ag. After overnight incuba-
tion, the macrophages were washed, and fresh Dulbecco’s
medium was added. Viral replication was evaluated by detect-
ing the p24 Ag by ELISA (Dupont, Wilmington, DE) on the
culture supernatants each 7 days. Each isolate was tested in cells
of two different donors, in duplicate wells. Those still negative,
were tested in cells of a third donor. The isolates Ba-L and MN
were used as positive and negative controls for macrophage in-
fection, respectively.

MT-2 infection and syncytium formation assays

These two methods were used for detecting the tropism of
the isolates for T cell lines. MT-2 cells (5 3 104) were plated
in flat-bottom 96-well tissue culture plates, and incubated with
HIV-1-positive supernatants (5 to 10 ng/ml of p24 Ag) for 2 to
3 days at 37°C, 5% CO2, and the infection was monitored by
the observation of the cytopathic effect and syncytium forma-
tion under an inverted microscope. Viruses were referred to as
syncytium-inducing (SI) or non-syncytium-inducing (NSI), ac-
cording to their ability to infect and form syncytia in MT-2
cells. The isolates Ba-L and MN were used as negative (NSI)
and positive (SI) controls for MT-2 infection, respectively. Each
isolate was tested in triplicate wells, at least two times. To en-
sure that the culture supernatants contained viable viruses, PM-
1 cells were simultaneously exposed to the same stock viruses,
which always resulted in positive infection. The syncytium-in-
ducing ability of the primary isolates was confirmed using the
cell fusion assay. For this, PM-1 cells chronically infected with
different primary viruses were obtained by mixing PM-1 cells
with virus suspensions, as described.31 Newly infected cells
usually formed multinucleated syncytia after 3 to 4 days in cul-
ture, developing into chronically infected cell lines by 2 weeks.
For cell fusion and syncytium formation, the resultant HIV-1-
infected PM-1 cells (104 ) were mixed with uninfected PM-1,
MT-2, H9, or SUP-T1 cells (5 3 104) in 96-well plates, and the
multinucleated giant cell formation and cytopathic effect were
monitored by microscopic observation for 3 to 4 days. PM-1
cells chronically infected with the isolates MN or Ba-L were
used as a positive and negative controls for fusion with H9,
MT-2, and SUP-T1 cells, respectively. Each isolate was tested
in triplicate wells in three different occasions.

Coreceptor usage

The preferential coreceptor usage of the primary viruses was
assessed by infecting the set of U87 cells mentioned above.
Cells (5 3 104 ) were seeded in 24-well plates 18 to 24 hr be-
fore the assay, and incubated overnight with HIV-1-positive
cell-free supernatants. Cells were washed and fresh Dulbecco’s
medium was added. The chemokine receptor usage was iden-
tified by monitoring the cytopathic effect under microscopic
observation. When the cytopathic effect was not observed, the
absence of virus growth was confirmed by measuring the re-
verse transcriptase activity in the culture supernatants after 7 to
10 days, as described.32 Nontransfected U87 cells, as well as
cells transfected only with CD4, were also exposed to the same
supernatants as negative controls. The CCR5-dependent isolate
Ba-L and the CXCR4-using virus MN were used as positive
controls for infection of U87-CD4-CCR5 and U87-CD4-

CXCR4 cells, respectively. Each isolate was tested in duplicate
wells on three different occasions.

Inhibition by dextran sulfate (DS)

The sensitivity of the primary isolates to neutralization by
DS was studied by cell fusion assay as described above, but us-
ing only uninfected PM-1 as target cells. DS is a negatively
charged polysaccharide that inhibits HIV-1 infection through
binding to the positively charged V3 loop of cell line-adapted
isolates.33 Chronically infected and uninfected PM-1 cells were
mixed in the presence or absence of different concentrations of
DS, and the infection was measured by detecting the reverse
transcriptase activity on the culture supernatants after 7 to 10
days of culture, as described.32 For comparison, we used the
highly antibody-sensitive laboratory-adapted isolate T-CSF,17

which was also strongly inhibited by DS in previous experi-
ments (data not shown). Each isolate was tested in triplicate
wells on three different occasions.

RESULTS

The biological properties of a panel of 24 Brazilian primary
isolates of HIV-1 were studied, using several methodologies,
in order to better characterize the HIV-1 strains circulating in
different regions of Brazil. The genetic polymorphism and other
features of these isolates were previously reported.24

Initially, the phenotype of the isolates was determined ex-
posing MT-2 cells to cell-free HIV-1-positive supernatants. We
detected that 16 isolates (67%) did not infect or form syncytia
(NSI viruses), and 8 (33%) infected and induced syncytia in
MT-2 cells (SI isolates) (Table 1).

Continuous cultures of 18 primary isolates were established
in PM-1 cells, and their syncytium-inducing properties were
confirmed through the ability of infected cells to fuse with un-
infected CD41 T cell lines PM-1, MT-2, H9, and SUP-T1. As
expected, all infected PM-1 cells were able to fuse and form
syncytia with uninfected PM-1 cells (Table 1). Ten NSI iso-
lates promoted cell fusion only with PM-1 cells, suggesting a
CCR5 preferential usage, while the remaining eight isolates in-
duced cell fusion with all types of cell lines, pointing to a
CXCR4 tropism for these viruses (Table 1). The isolates
95BRRJ017, 95BRRJ019, 96BRRJ026, 95BRSP004,
95BRSP005, and 95BRSP006 were not tested on cell fusion as-
say because they induced a massive destruction of PM-1 cells,
which prevented the establishment of continuous culture infec-
tions and, thus, the cell fusion assays as such.

The cell tropism of the isolates was further evaluated by ex-
posure of monocyte-derived macrophages to HIV-1-positive su-
pernatants. This approach was used because it has been shown
that some SI viruses can also replicate in macrophages.34–36 To
verify whether the culture conditions could have influenced the
cell expression of HIV-1 receptors and, therefore, the MDM
permissiveness to HIV-1 infection, we quantified the molecules
CD4, CXCR4, and CCR5 on cell membranes of monocytes and
MDM by flow cytometry. We found that the mean fluorescence
intensity (6 standard error of the mean) for cells of three healthy
donors just after the cell adherence and after 10 days of culture
were, respectively, for CD4: 20 6 6 and 21 6 3; for CCR5:
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40 6 2 and 19 6 1; for CXCR4: 50 6 7 and 26 6 7. Although
we detected a decrease in the expression of chemokine recep-
tors in MDM relative to fresh monocytes, the molecules remain
expressed at the cell surface. Moreover, we found that the per-
centage of cells that coexpressed CD4 and its respective
chemokine coreceptor, as shown by two-color staining, was
even increased after 10 days of differentiation: from 9 6 1 to
30 6 5 for CD4/CCR5 and from 15 6 3 to 19 6 3 for
CD4/CXCR4. Regarding MDM infection, we found that from
24 isolates, 22 (91%) replicated in macrophages (Table 1).
Among these viruses, 6 also infected MT-2 cells and promoted
cell fusion and syncytium formation with the other tumor cell
lines, showing a tropism to primary and tumor-cell lines. Two
SI isolates did not grow in macrophages, despite being repeat-
edly tested in cells from different donors, suggesting a strict T
cell line phenotype (Table 1). Of note, macrophage infection
with the positive control Ba-L was constantly positive, whereas
the negative control MN was invariably negative.

Next, we investigated the preferential coreceptor usage of 18
isolates, exposing U87 cells transfected with CD4 and with
chemokine receptors to HIV-1-positive cell-free supernatants.
We found (Table 2) that 11 viruses replicated only in CCR51

cells (R5-tropic viruses), 3 infected only CXCR41 cells (X4-
tropic viruses), whereas 4 used both coreceptors to enter the
target cells (R5X4-tropic or dual-tropic viruses). All R5 isolates

also replicated in macrophages, but not in MT-2, H9, or SUP-
T1 cells. The R5X4 isolates infected both macrophages and tu-
mor cell lines. Regarding the three X4 viruses, they grew in all
tumor cell lines used, as expected. Two of them did not infect
macrophages, but we observed that the isolate 95BRSP001 was
also able to infect these cells, a example of a controversial is-
sue, i.e., the ability of HIV-1 to enter macrophages using the
CXCR4 molecule.34,37 No HIV-1 growth was detected in U87
cells not transfected with chemokine receptors.

In addition, we verified whether the isolates could be blocked
by DS, in an attempt to correlate the viruses coreceptor usage
with their sensitivity to an agent that mediates HIV-1 inhibitory
activity through binding to positively charged V3 loops.33 We
observed (Fig. 1) that two X4 isolates tested were readily neu-
tralized by relatively low concentrations of DS, while the R5
and R5X4 isolates required concentrations of DS four to eight
times higher to reach the level of neutralization seen for X4
strains. Among the primary viruses studied, six (95BRRJ009,
95BRRJ010, 95BRRJ017, 96BRRJ023, 95BRRJ042, and
95BRSP001) show the P R W mutation in the tip of the V3
loop. This modification characterizes the Brazilian B subtype,
which represents approximately 40% of the HIV-1 isolates cir-
culating in Brazil.24 We did not find any unique biological prop-
erty for these isolates, according to the methods used in this
work.
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TABLE 1. PHENOTYPE CHARACTERIZATION AND CELL TROPISM OF HIV-1 ISOLATES PREVALENT IN BRAZIL

Virus production
Syncytium in macrophages,

Isolates formationa PM-1 MT-2 H9 SUP-T1 p24 (pg/ml)c Genotyped

95BRRJ002 NSI 1 2 2 2 73 B
95BRRJ004 NSI 1 2 2 2 710 B
95BRRJ005 NSI 1 2 2 2 330 B
95BRRJ009 NSI 1 2 2 2 107 B0
95BRRJ010 SI 1 1 1 1 Neg. B0
95BRRJ017 NSI NDe ND ND ND 84 B0
95BRRJ019 NSI ND ND ND ND 90 B
95BRRJ021 NSI 1 2 2 2 960 F
96BRRJ023 SI 1 1 1 1 Neg. B0
96BRRJ026 NSI ND ND ND ND 910 B
97BRRJ040 NSI 1 2 2 2 420 B
97BRRJ042 SI 1 1 1 1 620 B0
95BRSP001 SI 1 1 1 1 470 B0
95BRSP003 SI 1 1 1 1 867 B
95BRSP004 NSI ND ND ND ND 184 F
95BRSP005 NSI ND ND ND ND 337 B
95BRSP006 NSI ND ND ND ND 90 C
95BRSP007 SI 1 1 1 1 520 B
95BRSP008 SI 1 1 1 1 100 B
96BRMG001 NSI 1 2 2 2 196 B
96BRMG002 NSI 1 2 2 2 75 B
96BRMG003 NSI 1 2 2 2 77 B
96BRMG005 NSI 1 2 2 2 60 F
95BRBA007 SI 1 1 1 1 450 B

aSyncytium formation in T CD41 MT-2 cell (SI, syncytium inducing; NSI, non-syncytium inducing).
b1, cell fusion and syncytium formation between PM-1-infected cells and uninfected cells; 2, no cell fusion observed.
cNumbers represent the peak of p24 Ag production; Neg., infection not detected.
dResults partially reproduced from Brazilian Network for HIV Isolation and Characterization.24

eND, not done.

Cell fusionb



DISCUSSION

In this article we describe biological properties of HIV-1 iso-
lates prevalent in Brazil. We studied 24 primary isolates, the

genetic polymorphism and preliminary phenotypic evaluation
of which were recently reported.24 Now, we present further
data, demonstrating that these isolates are phenotipically simi-
lar to those prevalent in other countries, regardless of the ge-
netic diversity. In addition, no distinct characteristics were
found for the Brazilian B subtype.

Results of infection of MT-2 cells, showing the predomi-
nance of NSI viruses (Table 1), are in agreement with the clin-
ical status of the patients enrolled in the studied cohort, since
the great majority of them were asymptomatic at the time of
virus isolation, and with less than 2 years of seroconversion. In
fact, viruses harbored by asymptomatic HIV-1-positive patients
have been described as predominantly NSI.10,11,38 We extended
the observation on the syncytium-inducing properties of our iso-
lates by infecting three other CD41 tumor cell lines, including
the PM-1 cell line, which is permissive to SI or NSI vari-
ants.17,39 The results (Table 1) confirmed the phenotypes NSI
or SI found when MT-2 cells were infected by the same viruses
and, furthermore, suggest that the HIV-1-mediated syncytium
formation is related to the presence of the adequate chemokine
receptor on the target cell membrane. In fact, fusion between
uninfected PM-1 cells and HIV-1 chronically infected PM-1
cells was invariably positive, regardless of the ability of the
virus to use CCR5 or CXCR4. In other words, it seems that all
HIV-1 isolates, including the macrophage-tropic and the R5
viruses, can induce syncytium formation in CD41 tumor cell
lines, as long as the target cell expresses the virus preferential
coreceptor. The apparent ability of X4- and R5X4-tropic iso-
lates to infect a larger panel of CD41 tumor cell lines than R5
isolates could be a consequence of a methodological bias, since
the receptor CXCR4 is much more frequently expressed than
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TABLE 2. CHEMOKINE RECEPTOR USAGE

OF BRAZILIAN ISOLATES OF HIV-1

Syncytium
Isolates formationa CCR5b CXCR4

95BRRJ02 NSI 1 2
95BRRJ04 NSI 1 2
95BRRJ05 NSI 1 2
95BRRJ09 NSI 1 2
95BRRJ10 SI 2 1
95BRRJ19 NSI 1 2
95BRRJ21 NSI 1 2
96BRRJ23 SI 2 1
95BRRJ26 NSI 1 2
97BRRJ40 NSI 1 2
97BRRJ42 SI 1 1
95BRSP01 SI 2 1
95BRSP03 SI 1 1
95BRSP07 SI 1 1
96BRMG01 NSI 1 2
96BRMG02 NSI 1 2
96BRMG03 NSI 1 2
95BRBA07 SI 1 1

aSee footnote a to Table 1.
b1, cytopathic effect positive; 2, no cytopathic effect and

reverse transcriptase activity observed.

Chemokine receptor

FIG 1. Inhibition of R5-, R5X4-, and X4-tropic primary isolates by DS. Continuously infected PM-1 cells (104 per well) were
mixed with uninfected PM-1 cells (5 3 104 per well), in the presence or absence of the indicated concentration of DS. Viral repli-
cation was measured by detecting the reverse transcriptase activity on the culture supernatants 7 to 10 days later. Data are rep-
resentative of three similar experiments. Solid lines: R5-tropic isolates; dashed lines: R5X4 isolates; dotted lines: X4-tropic iso-
lates. The X4-tropic isolate T-CSF was used as a control for sensitivity to DS.



CCR5 among the tumor cell lines usually selected for studies
of HIV-1 cytopathicity, such as MT-2, H9, and SUP-T1 cells.

Our findings from infection of MDM with HIV-1 highlight
the importance of this method for improvement and assurance
of the biological characterization of HIV-1 isolates. Using this
approach, we could identify six isolates able to grow in MDM
and tumor cell lines (Table 1), which otherwise would have
been classified just as T cell line tropic isolates if we had lim-
ited the phenotypic studies of these isolates to MT-2 infection.
Thus, we confirmed that the ability of HIV-1 isolates to infect
and form syncytia in CD41 tumor cell lines does not rule out
the ability of these viruses to replicate in macrophages, as re-
ported by other authors.40–43 In conclusion, it seems more ad-
equate to classify HIV-1 isolates only as NSI or SI viruses when
the phenotypic studies are limited to viral infections in MT-2
or other CD41/CCR52 tumor cell lines.

From the three CXCR4-using viruses, only one
(95BRSP001) replicated in macrophages. The other two
(95BRRJ10 and 95BRRJ23) did not replicate in MDM, even
after being tested in cells of three different donors, and using
infectious concentrations similar to those that resulted in pro-
ductive macrophage infections by all CCR5-using isolates and
one X4 virus. Moreover, according to our results regarding the
expression of CD4 and CXCR4 on MDM cell membrane, the
absence of infectivity by these two clinical isolates cannot be
explained by lack of expression of one or both HIV-1 recep-
tors. Thus, the inability of these two X4 variants to grow in
macrophages may reflect isolate-specific inability to use the
molecule CXCR4 for envelope–cell membrane fusion, or to
promote the formation of the gp120–CD4–CXCR4 entry com-
plex, as described.34,37

The knowledge of chemokine receptor usage is crucial for
understanding the cellular tropism of HIV-1 primary isolates.
Recently, a new classification of HIV-1 phenotypes was de-
fined, based on the preferential type of coreceptor that the
viruses interact with during the infection process.8 According
to this, we found 11 R5-tropic, 3 X4-tropic, and 4 R5X4-tropic
(dual tropic) isolates among 18 primary isolates studied. Im-
portantly, the higher frequency of R5 isolates matches the de-
tection of macrophage tropism of the majority of them. To-
gether, the results of MDM infection and chemokine receptor
usage reflect the asymptomatic clinical status of the majority
of the HIV-1-infected individuals from whom the primary
viruses were isolated. As reported by others,10,15 asymptomatic
HIV-1-positive patients harbor predominantly macrophage-
tropic and CCR5-using viruses.

Regarding the sensitivity to DS, we found that the two X4-
tropic isolates tested were blocked by relatively small concen-
trations of DS, whereas doses of DS four to eight times higher
were required to inhibit R5 or R5X4 variants (Fig. 1). These
findings may reflect the predominant presence of basic amino
acids in the V3 loop of the X4 viruses, and acidic residues in
the V3 region of R5 and R5X4 isolates.16 Thus, we could en-
visage that R5 and R5X4 primary viruses will hardly be blocked
by negatively charged agents endowed with inhibitory proper-
ties based on electrostatic binding to the HIV-1 V3 loop.44 The
relevance of this finding may be controversial, since the clini-
cal isolates could not be considered primary viruses anymore,
because they were passed in a tumor cell line (PM-1) for this
experiment. Nevertheless, the results seem interesting, as we

determined that R5 and R5X4 viruses were clearly much more
resistant to DS than the equally passed X4 viruses.

Our findings show that the Brazilian isolates are phenotyp-
ically similar to those prevalent in other regions, which could
mean that therapeutic strategies based on HIV-1 phenotypic
properties, such as inhibitors of CCR5 or CXCR4 entry path-
ways, would be efficient in Brazil, as in other countries.
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