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Coreceptor usage of primary human immunodeficiency virus type 1 (HIV-1) isolates varies according to
biological phenotype. The chemokine receptors CCR5 and CXCR4 are the major coreceptors that, together
with CD4, govern HIV-1 entry into cells. Since CXCR4 usage determines the biological phenotype for HIV-1
isolates and is more frequent in patients with immunodeficiency, it may serve as a marker for viral virulence.
This possibility prompted us to study coreceptor usage by HIV-2, known to be less pathogenic than HIV-1. We
tested 11 primary HIV-2 isolates for coreceptor usage in human cell lines: U87 glioma cells, stably expressing
CD4 and the chemokine receptor CCR1, CCR2b, CCR3, CCR5, or CXCR4, and GHOST(3) osteosarcoma cells,
coexpressing CD4 and CCR5, CXCR4, or the orphan receptor Bonzo or BOB. The indicator cells were infected
by cocultivation with virus-producing peripheral blood mononuclear cells and by cell-free virus. Our results
show that 10 of 11 HIV-2 isolates were able to efficiently use CCR5. In contrast, only two isolates, both from
patients with advanced disease, used CXCR4 efficiently. These two isolates also promptly induced syncytia in
MT-2 cells, a pattern described for HIV-1 isolates that use CXCR4. Unlike HIV-1, many of the HIV-2 isolates
were promiscuous in their coreceptor usage in that they were able to use, apart from CCR5, one or more of the
CCR1, CCR2b, CCR3, and BOB coreceptors. Another difference between HIV-1 and HIV-2 was that the ability
to replicate in MT-2 cells appeared to be a general property of HIV-2 isolates. Based on BOB mRNA expression
in MT-2 cells and the ability of our panel of HIV-2 isolates to use BOB, we suggest that HIV-2 can use BOB
when entering MT-2 cells. The results indicate no obvious link between viral virulence and the ability to use
a multitude of coreceptors.

The discovery that the replication of some human immuno-
deficiency virus type 1 (HIV-1) isolates can be suppressed in
vitro by the CC chemokines MIP-1a, MIP-1b, and RANTES
(15) and the cDNA cloning of a cofactor, CXCR4, that, along
with CD4, allows the entry of T-cell-line-adapted (TCLA)
HIV-1 strains into target cells (23) are two independent find-
ings of great importance for research on HIV attachment,
penetration, and cell tropism. It has been shown that HIV-1
isolates suppressed by the CC chemokines use the receptor for
these ligands, CCR5, as a coreceptor (5, 19, 21), whereas iso-
lates resistant to this suppressive effect use CXCR4. Infection
of the latter group of viruses can be blocked by the CXC
chemokine SDF-1, a ligand for CXCR4 (9, 38). CCR5 usage
corresponds to a slow/low, non-syncytium-inducing (NSI) phe-
notype in previous classifications of primary HIV-1 isolates,
whereas isolates with a rapid/high, syncytium-inducing (SI)
phenotype use CXCR4 (8, 19, 23, 49). Some isolates are du-
altropic, capable of using both CCR5 and CXCR4 and, in
some instances, CCR3. A new, alternative HIV-1 phenotype
classification system, based on coreceptor usage, was recently
proposed; in this system, isolates using CCR5 are called R5
viruses, while isolates using CXCR4 are called X4 viruses.

Isolates able to use both coreceptors are called R5X4 viruses
(6).

The importance of the CCR5 molecule in HIV-1 transmis-
sion in vivo is supported by the observation that individuals
homozygous for a 32-bp deletion in the CCR5 gene are almost
completely resistant to HIV-1 infection (32, 42). This deletion
leads to the production of defective CCR5 that is not trans-
ported to the cell surface, with the consequence that such cells
are resistant to infection with HIV-1 using CCR5, the pheno-
type most frequently associated with sexual transmission (40,
47, 50).

HIV-2 was first isolated from West African patients with
AIDS (2, 14). HIV-2 infection, which is prevalent in West
African countries (reviewed in reference 34), is associated with
a slower sexual spread (29) and a reduced rate of disease
progression, compared to HIV-1 infection (35). The reason for
the reduced virulence of HIV-2 remains unclear. HIV-2, like
HIV-1, has been phenotypically divided into a rapid/high or
slow/low phenotype (1, 3). The host range of HIV-2 in human
cells is similar to that of HIV-1, yet differences exist in the
ability to infect certain established cell lines. For example,
human CD41 U87 glioma cells have been shown to be suscep-
tible to infection by HIV-2 and simian immunodeficiency virus
(SIV) but not by HIV-1 (13).

While a considerable amount of knowledge concerning che-
mokine receptor usage by HIV-1 has accumulated during the
last few years, less is known about the role of chemokine
receptors in HIV-2 infection. SIV, which is genetically closer to
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HIV-2 than to HIV-1, has been shown to use CCR5 as a
coreceptor for entry, regardless of other phenotypic properties
(12). HIV-2 envelope glycoproteins, like those of HIV-1 and
SIV, are able to use CCR5 as a coreceptor for viral entry and
undergo CD4-dependent interactions with the same chemo-
kine receptor (27). CXCR4, CCR3, and the orphan receptor
V28 have been shown to mediate CD4-independent HIV-2
infection or infection in the presence of soluble CD4 of certain
laboratory-adapted strains (22, 39). Bron and colleagues found
that a laboratory-adapted HIV-2 strain showed considerable
promiscuity in chemokine receptor usage (10). Other studies
have indicated that promiscuity in chemokine receptor usage is
common among primary HIV-2 isolates as well (26, 36, 44).
However, there were differences in the patterns of HIV-2 co-
receptor usage presented in these three studies, and only a
limited number of primary isolates were tested in each study.

Recently, several additional HIV coreceptors were identi-
fied. Deng and coworkers reported on two novel coreceptors,
Bonzo (also known as STRL33 [31]) and BOB (also known as
GPR15 [25]), mainly used by SIV and HIV-2 isolates but also
used by some HIV-1 isolates (20). Bonzo mRNA was detected
in U87 cells, and antiserum raised against the N-terminal se-
quence of Bonzo blocked SIV Env-mediated infection. More-
over, the chemokine receptor CCR8 was shown to function as
a coreceptor for several different HIV-1, HIV-2, and SIV Env
proteins, whereas the orphan receptor V28 was used only by a
few HIV-1 and HIV-2 isolates (41).

The tropism of HIV-1 for T-cell lines has been correlated
with determinants within the loop structure in the third vari-
able region (V3) of the HIV-1 envelope glycoprotein (27) and
with coreceptor usage (8, 19, 21, 23). Moreover, the V3 loop
has been identified as a critical determinant for susceptibility
to the inhibitory effects of chemokines (16). It has also been
reported that selective chemokine receptor usage by HIV-1 is
predicted by determinants within the V3 region (45, 48). Less
is known about determinants of cell tropism for HIV-2, even
though the V3 loop has been suggested to be involved in viral
fusion (24). Albert and colleagues found a correlation between
viral biological phenotype and HIV-2 V3 genotype, as mea-
sured by net charge, sequence heterogeneity, and positively
charged mutations at positions 313 and 314 (4).

To investigate which cellular receptors are involved when
primary HIV-2 isolates infect cells, we used human U87 glioma
cell lines stably expressing CD4 and the chemokine receptor

CCR1, CCR2b, CCR3, CCR5, or CXCR4. GHOST(3) osteo-
sarcoma cells coexpressing CD4 and CCR5, CXCR4, Bonzo,
or BOB were also used. Eleven primary HIV-2 isolates previ-
ously characterized for phenotype (rapid/high or slow/low) and
with known V3 sequences were tested for coreceptor usage
and were characterized for MT-2 cell tropism. The expression
of BOB mRNA in MT-2 cells was also investigated.

MATERIALS AND METHODS

Patients and virus isolates. Eight primary HIV-2 isolates originating from
Guinea-Bissau, two originating from the Ivory Coast (1653 and 1654), and one
originating from an individual of Gambian origin (6669) were used in this study.
Isolates 1816 and 2300 were obtained sequentially from one individual over a
6-month interval. The isolates were obtained by cocultivation of peripheral blood
mononuclear cells (PBMC) from HIV-2-infected individuals with PBMC from
healthy blood donors as previously described (3). The biological phenotype of
each isolate was previously determined by cocultivation of infected PBMC with
CEM, Jurkat-tat, and U937 clone 2 (U937-2) cell lines (3). Four isolates dis-
played a rapid/high phenotype, while seven isolates were classified as slow/low
(Table 1). Isolate 6669 was included only in the cell-free infection experiments.
HIV-1IIIB, known to use CXCR4 exclusively as a coreceptor, was included as a
control in all experiments. The primary isolates had all been passaged in human
PBMC.

Virus stocks were prepared by infecting 5 3 106 phytohemagglutinin P (Phar-
macia, Uppsala, Sweden)-stimulated PBMC from two healthy blood donors with
2 ml of supernatant from infected PBMC. Supernatants were harvested on day
7 after infection and stored at 280°C. The 50% tissue culture infective doses
(TCID50) of the supernatants were determined as previously described (7) with
PBMC and an in-house HIV-2 capture enzyme-linked immunosorbent assay
(ELISA) (46). The PBMC cultures were maintained in RPMI 1640 medium with
3 mM glutamine (Gibco BRL, Paisley, United Kingdom) and supplemented with
10% fetal calf serum (FCS) (Flow, Costa Mesa, Calif.), 5 U of recombinant
interleukin 2 (Amersham, Buckinghamshire, United Kingdom) per ml, 2 mg of
Polybrene (Sigma, St. Louis, Mo.) per ml, and antibiotics.

Cell lines. Human glioma U87.CD4 cells, stably expressing CD4 and the
chemokine receptor CCR1, CCR2b, CCR3, CCR5, or CXCR4, were previously
described (8, 19). The GHOST(3) cell lines constitute an HIV-1 or HIV-2
indicator cell panel whose individual lines express a specific viral coreceptor
molecule in conjunction with human CD4 (30). In brief, the GHOST(3) cell
panel was derived from a clone of human osteosarcoma cells which stably express
human CD4, HOS.T4neo. HOS.T4neo cells were stably transfected with a Tat-
dependent reporter construct consisting of the HIV-2ROD long terminal repeat
enhancer-promoter directing the expression of a humanized allele of the green
fluorescent protein (GFP) (18). A clone (clone 3) which expressed a low basal
level of GFP but which induced a high level of GFP expression in response to
HIV-1LAI Tat was isolated. The GFP reporter-containing HOS.T4 neo cells were
subsequently stably transduced with retroviral vectors containing different HIV
coreceptor molecules, including CCR5, CXCR4, BOB/GPR15, and Bonzo/
STRL33. Lines are designated by the coreceptor molecule expressed, except for
the non-coreceptor-expressing progenitor, which is referred to as the GHOST(3)
parental line. The GHOST(3) cell panel with the described coreceptors is now
available through either the U.S. NIH AIDS Reagent Program or the British

TABLE 1. Characteristics of the primary HIV-2 isolates used in this study

Virus isolate Subtypea Clinical status Biological
phenotypeb

MT-2 tropismc

Cell-free virus
infection Cocultivation

1010 A AIDS Rapid/high 1 1
1654 A AIDS Rapid/high * *
1682 A Asymptomatic Slow/low * *
1808 A Asthenia Slow/low * *
1812 A AIDS Slow/low 2 *d

1816 A AIDS Slow/low * *
2297 A Asthenia Slow/low 1 1
2298 A Asymptomatic Slow/low * *
2300 A AIDS Slow/low 2 *d

6669 A AIDS Rapid/high 1 1
1653 B AIDS Rapid/high * *

a Determined by phylogenetic tree analysis of V3 sequences (4).
b Classification as rapid/high based on replication in CEM and U937-2 cells (3, 4).
c Four experiments were carried out, two by cocultivation with infected PBMC and two by cell-free virus infection. 1, HIV-2 antigen production and syncytium

formation; *, late HIV-2 antigen production and late single-cell death; 2, no HIV-2 antigen production or syncytium formation.
d Negative for both HIV-2 antigen production and cytopathic effects in one of two experiments.
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NIBSC AIDS Reagent Project. Note that the GHOST(3) cell panel is distinct
from the GHOST(34) cell panel distributed previously (11, 33).

The U87.CD4 and GHOST(3) cells were grown in high-glucose Dulbecco’s
modified Eagle’s medium (D-MEM) supplemented with 10% FCS and antibi-
otics. Cultures were kept in 25-cm2 tissue culture flasks (Costar) and detached
and split 1:2 (U87.CD4) or 1:5 [GHOST(3)] every 2 to 3 days with trypsin-EDTA
(Gibco BRL).

For infection experiments, cells were seeded in 24-well (U87.CD4) or 48-well
[GHOST(3)] plates (Costar) 1 to 2 days prior to infection to obtain a subcon-
fluent cell layer by the time of infection.

Cocultivation of infected PBMC with the U87.CD4 cell lines. PBMC cultures
were infected with virus as described above. Seven days postinfection, when
cultures showed HIV-2 antigen production (optical density values ranging from
1.4 to 1.9 in our in-house HIV-2 capture ELISA), 150 3 103 PBMC from
infected cultures were added to each well of a 24-well plate containing U87.CD4
cells (ratio, 1:2). After 24 h, the plate was washed with phosphate-buffered saline,
and fresh D-MEM was added. The cultures were monitored for 10 days, and the
medium was changed every second day. Inspection for syncytium formation was
performed daily. Confluent cultures with no observable cytopathic effects were
split 1:2 on day 5.

Cell-free infection of the U87.CD4 cell lines. We used 1,000 to 2,000 TCID50
of each isolate in a final volume of 1 ml of D-MEM to infect U87.CD4 cells
expressing the different chemokine receptors. Twenty-four hours later, 1 ml of
fresh medium was added. Cultures were washed twice on day 2 and then were
monitored for 10 days as described above.

Cell-free infection of the GHOST(3) cell lines. GHOST(3) cells expressing
CD4 and the different HIV coreceptors were infected with 1,000 to 2,000 TCID50
of each isolate diluted to a final volume of approximately 1 ml in D-MEM
supplemented with 10% FCS, 2 mg of Polybrene per ml, and antibiotics. Twelve
hours postinfection, the cultures were washed, and fresh medium was added. The
cultures were trypsinized and split 1:5 every second day after supernatants were
harvested and were visually inspected every day in a light microscope for cyto-
pathic effects and in a fluorescence microscope for fluorescence induced by
HIV-2 infection. Cultures were terminated 8 to 10 days postinfection.

MT-2 assay. MT-2 cells cultured in 25-cm2 flasks with RPMI 1640 medium
supplemented with 10% FCS and antibiotics were tested both by cell-free infec-
tion and by cocultivation with infected PBMC (ratio, 2:1). Cultures were main-
tained for at least 21 days, split and monitored for HIV-2 antigen production
twice a week, and visually inspected daily for cytopathic effects.

Capture enzyme immunoassay for detection of HIV-2 antigen. The in-house
HIV-2–SIV capture ELISA has been described elsewhere (46). In brief, cell
culture supernatants were added to 96-well microtiter plates previously coated
with purified immunoglobulin G from an asymptomatic HIV-2-positive blood
donor and blocked with 1% bovine serum albumin. Captured HIV-2 antigen was
detected with rabbit anti-SIVmac serum (cross-reactive with HIV-2) and then
with horseradish peroxidase-conjugated swine anti-rabbit immunoglobulin. o-
Phenylenediamine substrate with H2O2 was added, and optical density was mea-
sured at 490 nm after the reaction was stopped with 2.5 M H2SO4.

Northern blot analysis. Total RNA (15 mg) isolated from the different cell
lines with Ultraspec RNA (Biotecx Laboratories, Inc., Houston, Tex.) was elec-
trophoresed in a 1.2% agarose–formaldehyde gel and transferred to a Hy-
bond-N1 nylon membrane (Amersham). Full-length BOB cDNA labelled with
32P by use of Rediprime II (Amersham) was used for probing the membrane.
Hybridization was performed at 42°C with hybridization solution (50% form-
amide, 63 SSC [13 SSC is 0.15 M NaCl plus 0.015 M sodium citrate], 53
Denhardt’s solution, 0.5% sodium dodecyl sulfate [SDS], 100 mg of denatured
salmon sperm DNA per ml). The membrane was washed twice in 0.13 SSC–
0.1% SDS at room temperature. Equivalent levels of mRNA among the samples
were verified by glyceraldehyde-3-phosphate dehydrogenase (GAPDH) probing.
Dehybridization of the membrane was confirmed before repeat or control hy-
bridizations were carried out.

RT-PCR. Two micrograms of total RNA isolated from the different cell lines
with Ultraspec RNA was used for cDNA synthesis with a 1st Strand cDNA
Synthesis Kit for reverse transcriptase (RT) PCR (RT-PCR) (Boehringer Mann-
heim Biochemicals), random hexamer primers, and avian myeloblastosis virus
RT. Four microliters of the 40-ml reaction mixture was used as a template for
PCR amplification with AmpliTaq DNA polymerase (Perkin-Elmer Cetus, Nor-
walk, Conn.) at 94°C for 1 min, followed by 35 cycles of 94°C for 1 min, 58°C
(55°C for GAPDH) for 1 min, and 72°C for 1 min, and finally a 10-min extension
at 72°C. The primers used were as follows: for BOB, 59-CATCTGCTCTTTGG
TGATG-39 and 59-GTATGGCTTATCATCAATCAGC-39; for GAPDH, 59-G
GTGAAGGTCGGAGTCAACG-39 and 59-CAAAGTTGTCATGGATGACC-
39. Parallel cDNA synthesis reactions in which the RT enzyme was left out to
exclude the possibility of contaminating genomic DNA were uniformly negative.

RESULTS

Infection of MT-2 cells. All isolates were tested for their
ability to replicate and induce syncytia in MT-2 cells, both by
cocultivation with infected PBMC and by cell-free virus infec-
tion (Table 1). Typical syncytia and HIV-2 antigen production

a few days after infection were induced only by three HIV-2
isolates. The majority of the remaining isolates showed an
atypical cytopathic effect, without evident syncytia but with
single-cell killing accompanied by late virus production 10 to
25 days postinfection. Two of the SI isolates (1010 and 6669)
were recovered from AIDS patients, while the third (2297)
originated from a patient with asthenia. Moreover, of the four
rapid/high isolates, classified by their ability to infect and rep-
licate in established CEM and U937-2 cell lines, only two (1010
and 6669) induced typical syncytia in MT-2 cells. Conversely,
isolate 2297 did not replicate in CEM or U937-2 cells but
replicated and induced syncytia in MT-2 cells. With isolates
1812 and 2300, cell-free infection of MT-2 cells was unsuccess-
ful. These results indicate that HIV-2, unlike HIV-1, may enter
the MT-2, CEM, and U937-2 cell lines through more than one
pathway.

Chemokine receptor usage by primary HIV-2 isolates. (i)
Infection of U87.CD4 cells stably expressing chemokine recep-
tors. Infection was carried out in two ways: by cocultivation
with PBMC cultures infected with each of 11 primary HIV-2
isolates 7 days earlier and with cell-free virus. Syncytium for-
mation was recorded at day 7 (cocultivation) and at day 10
(cell-free infection) postinfection. HIV-2 antigen production
was recorded at day 10 postinfection in the cell-free infection
experiment.

All HIV-2 isolates, except for 6669, efficiently induced syn-
cytia in U87.CD4.CCR5 cells, whereas only two isolates, 1010
and 6669, both recovered from AIDS patients, formed syncytia
in U87.CD4.CXCR4 cells (Table 2). HIV-2 antigen production
was detected in all syncytium-positive cultures. Low levels of
HIV-2 antigen, in the absence of syncytia, were detected in
cultures of CXCR4-expressing cells upon infection with iso-
lates 1682 and 1808. In addition, the majority of the isolates
induced syncytia in CCR1- and CCR3-expressing cells, partic-
ularly upon cocultivation with infected PBMC, whereas syncy-
tium formation in CCR2b-expressing cells was seen only with
some of the isolates. None of the isolates replicated in parental
U87.CD4 cells, but 7 of 11 isolates induced syncytia after
cocultivation with infected PBMC. Interestingly, this effect was
seen with viruses able to use several coreceptors. Syncytium
formation upon inoculation with the TCLA HIV-1IIIB isolate
was seen only in CXCR4-expressing cells.

Comparison between the modes of infection generally
showed a lower efficiency of syncytium induction after cell-free
virus infection than after cocultivation with infected PBMC
(Tables 2 and 3). However, this variation in efficiency was
isolate and coreceptor dependent, exemplified by isolate 1682,
which induced syncytia with equal efficiencies after cocultiva-
tion and cell-free infection in CCR1- and CCR5-expressing
cells but not in CCR2b- or CCR3-expressing cells, and by
isolate 1010, which used CCR3 and CXCR4 with equal effi-
ciencies but which showed differences when tested for the
usage of all other receptors.

(ii) Infection of GHOST(3) cells expressing chemokine re-
ceptors and the orphan receptors Bonzo and BOB. Since 7 of
11 HIV-2 isolates formed syncytia in parental U87.CD4 cells,
known to express low levels of Bonzo mRNA (20), it was of
interest to test the coreceptor usage of HIV-2 isolates in an-
other cell line, devoid of endogenous Bonzo mRNA expres-
sion. GHOST(3) cells expressing CD4 and the CCR5, CXCR4,
Bonzo, or BOB receptor and engineered to express GFP upon
HIV infection were infected with 1,000 to 2,000 TCID50 of the
HIV-2 isolates. The cultures were microscopically inspected
for fluorescence and monitored for HIV-2 antigen production.
The pattern of CCR5 and CXCR4 usage was confirmed; all
HIV-2 isolates, except for 6669, used CCR5, whereas iso-
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lates 1010 and 6669 used CXCR4 (Table 4). Isolates 1682
and 1808, which showed a low level of HIV-2 antigen produc-
tion in U87.CD4.CXCR4 cells, showed no production in
GHOST(3).CXCR4 cells.

Bonzo-expressing cells showed no or weak fluorescence and
remained antigen negative after infection with all HIV-2 iso-
lates tested, except for 1010. In BOB-expressing cells, five of
the isolates induced fluorescence in more than 5% of the cells

TABLE 2. Chemokine receptor usage by primary HIV-2 isolates tested in U87.CD4 cells expressing chemokine receptors

Virus isolate

HIV-2 antigen production (Ag) and syncytium induction (S) in U87.CD4 cells expressing the following chemokine receptora:

None CCR1 CCR2bb CCR3 CCR5 CXCR4

Ag S Ag S Ag S Ag S Ag S Ag S

1010 0 2 1.3 111 1.1 1 1.4 1111 1.1 111 1.2 1111
1654 0 2 0.8 1 0 2 1.1 1 1.2 1111 0 2
1682 0 2 1.3 1111 1.0 1 1.3 111 1.2 1111 0.4 2
1808 0.2 2 1.2 111 0.6 2 1.2 11 1.2 1111 0.4 2
1812 0 2 ND 2 0.2 2 1.0 2 1.3 1111 0 2
1816 0 2 0.4 1 0.7 1 0.9 2 1.3 1111 0 2
2297 0 2 0.9 1 0 2 0.5 2 1.1 111 0 2
2298 0 2 ND p 0.3 1 1.3 2 1.2 1111 0 2
2300 0 2 1.2 11 0 2 1.0 11 1.2 1111 0 2
6669c 0 2 0 2 0 2 1.6 111 0 2 1.2 11
1653 0 2 0 2 0 2 0 2 1.1 1111 0 2
IIIBd ND 2 ND 2 ND 2 ND 2 0e 2 .2.7e 1111

a Infection assays were performed both by cocultivation of U87.CD4 cells with infected PBMC and by cell-free virus infection with 1,000 to 2,000 TCID50 of each
isolate. The data shown indicate results obtained with both methods. Differences, whenever apparent, are indicated. Experiments were repeated two to four times. Ag,
cell culture supernatants were harvested at day 10 postinfection and monitored for HIV-2 antigen with an in-house capture ELISA; values represent the mean optical
density at 490 nm from independent experiments. ND, not determined. S, syncytium formation was visually quantitated at day 10 postinfection: 1111, syncytia
covering the well; 111, large syncytia covering .50% of the well; 11, large syncytia covering ,50% of the well; 1, occasional small syncytia; 2, no syncytia; p, syncytia
formed in cocultivation experiment, cell-free virus infection not performed. Boldfacing indicates that syncytium formation occurred only after cocultivation with infected
PBMC.

b Results were obtained at day 8 postinfection.
c 6669 was not included in the cocultivation experiment.
d Prototype TCLA laboratory HIV-1 strain.
e p24 production measured with an in-house HIV-1 p24 capture ELISA.

TABLE 3. Comparison of chemokine receptor usage patterns of primary HIV-2 isolates tested by cocultivation versus cell-free virus infection
and in U87.CD4 cells versus GHOST(3) cells

Chemokine receptor Cell line Mode of infectiona

Results for isolateb

1653 1682 1010

Ag s or f Ag s or f Ag s or f

None U87.CD4 Cocultivation NA 2 NA SSS NA SSS
U87.CD4 Cell-free infection 0 2 0 2 0 2
GHOST(3) Cell-free infection 0 2 0 2 0 F

CCR1 U87.CD4 Cocultivation NA 2 NA SSSS NA SSSS
U87.CD4 Cell-free infection 0 2 1.3 SSSS 1.3 SSS

CCR2b U87.CD4 Cocultivation NA 2 NA SSSS NA SSSS
U87.CD4 Cell-free infection 0 2 1.0 S 1.1 S

CCR3 U87.CD4 Cocultivation NA 2 NA SSSS NA SSSS
U87.CD4 Cell-free infection 0 2 1.3 SSS 1.4 SSSS

CCR5 U87.CD4 Cocultivation NA SSSS NA SSSS NA SSS
U87.CD4 Cell-free infection 1.1 SSSS 1.2 SSSS 1.1 SS
GHOST(3) Cell-free infection 0.2 FFF 0 FFF 0.5 FF

CXCR4 U87.CD4 Cocultivation NA 2 NA 2 NA SSSS
U87.CD4 Cell-free infection 0 2 0.4 2 1.2 SSSS
GHOST(3) Cell-free infection 0 2 0 2 2.2 FFF

a Infection assays were performed both by cocultivation of U87.CD4 cells with infected PBMC and by cell-free virus infection with 1,000 to 2,000 TCID50 of each
isolate.

b Cell culture supernatants were harvested at day 8 [GHOST(3)] or day 10 (U87.CD4) postinfection and monitored for HIV-2 antigen production (Ag) with an
in-house capture ELISA; values indicate the optical density at 490 nm. NA, not applicable. Syncytium formation (s) in U87.CD4 cell cultures was visually quantitated
at day 10 postinfection: SSSS, syncytia covering the well; SSS, large syncytia covering .50% of the well; SS, large syncytia covering ,50% of the well; S, occasional
small syncytia; 2, no syncytia. HIV-induced GFP activation (f) in GHOST(3) cell cultures was detected by observing the cultures with a fluorescence microscope. The
percentage of cells showing fluorescence was estimated at day 8 postinfection; FFF, .30%; FF, 5 to 30%; F, 1 to 5%; 2, 0%.
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at day 8 postinfection, with four isolates also inducing the
production of HIV-2 antigen (Table 4). Even when the level of
replication was barely detectable at day 8, HIV-2 antigen pro-
duction increased for all four isolates 2 days later (data not
shown). The same result was observed with isolate 1010 in
Bonzo-expressing cultures. GFP activation paralleled antigen
production in BOB-expressing cells. The results showed that 5
of 10 HIV-2 isolates efficiently used BOB in addition to CCR5,
whereas only one isolate used Bonzo efficiently.

HIV-2 infection detected by GFP activation correlated with
HIV-2 antigen production, even when fluorescence was ob-
served earlier than antigen production and, in some cases, also
in antigen-negative cultures. These findings indicate that long
terminal repeat-driven GFP expression in GHOST(3) cells is a
more sensitive assay for HIV-2 infection than our in-house
HIV-2 capture ELISA. The weak fluorescence seen in some of
the HIV-2 antigen-negative cultures may indicate a low-effi-
ciency function of a particular coreceptor or may, for CXCR4-
using isolates, be due to low levels of endogenously expressed
CXCR4. The latter possibility is suggested by the fact that
HIV-26669 and HIV-1IIIB infections induced fluorescence
across the panel of cells, although productive infection could
be detected only in cells engineered to express CXCR4.

Detection of BOB mRNA in the MT-2, CEM, and U937-2
cell lines. Since infection and replication in MT-2 cells for our
panel of primary HIV-2 isolates were not restricted to CXCR4
usage, we investigated the expression of alternative HIV-2
coreceptors in MT-2 cells. The observation that the isolate with
the most prominent ability to use BOB, isolate 2297, was also
the only non-CXCR4-using isolate able to induce syncytia in
MT-2 cells prompted us to investigate BOB mRNA expression
in MT-2 cells. With GHOST(3).BOB cells as a positive control,
low levels of BOB mRNA could be detected in MT-2 cells by
RT-PCR (Fig. 1) but not by Northern blot analysis. In contrast
to MT-2 cells, neither CEM nor U937-2 cells expressed BOB

mRNA at levels detectable by RT-PCR or Northern blot anal-
ysis. Moreover, no BOB mRNA could be detected in parental
U87.CD4 cells or GHOST(3) cells.

V3 sequence alignment. The V3 sequences of the isolates
were previously determined and aligned to a consensus of 10
published HIV-2 sequences (4, 37). In the present study,
CXCR4 usage was associated with substitutions to positively
charged residues at positions 314 and/or 313. For isolate 1010,
there was a V314R substitution, while isolate 6669 exhibited
two positively charged mutations, L313R and V314R. Only
isolate 6669 had a V3 net charge (19) significantly higher than
the mean (15.82). None of the other isolates had positively
charged mutations at these positions. All isolates contained
one N-linked glycosylation site within V3, at positions 302 to
304 (N-K-T).

DISCUSSION

In the present work, we studied coreceptor usage by 11
primary HIV-2 isolates in U87.CD4 cells expressing chemo-
kine receptors previously shown to function as coreceptors for
HIV-1 (CCR1, CCR2b, CCR3, CCR5, and CXCR4) and in
GHOST(3) cells expressing CCR5, CXCR4, or orphan recep-
tors implicated in SIV infection (Bonzo and BOB) together
with CD4. We found that 10 of 11 primary HIV-2 isolates were
able to use CCR5. In contrast, only two isolates, both from
patients with advanced disease, were able to efficiently use
CXCR4. These two isolates also promptly induced syncytia in
MT-2 cells, a pattern described for HIV-1 isolates using
CXCR4. However, in contrast to HIV-1 isolates, many of the
HIV-2 isolates were promiscuous in their coreceptor usage in
that they were able to use, in addition to CCR5, one or more
of the CCR1, CCR2b, CCR3, and BOB receptors. This result
is in line with findings obtained by other groups (10, 20, 26, 36,
44). Interestingly, the least promiscuous isolate, 1653, effi-
ciently using only CCR5 but still able to replicate in MT-2 cells,
was the only HIV-2 isolate of subtype B. Due to its promiscu-
ous use of coreceptors, HIV-2 does not easily fit into the
classification system based on coreceptor usage that has been
proposed for HIV-1 (6).

Another difference between HIV-1 and HIV-2 was that the
ability to replicate in MT-2 cells appeared to be a general
property of HIV-2 isolates. Nevertheless, although all HIV-2
isolates replicated in MT-2 cells, they differed in replication
kinetics and syncytium-inducing capacity; syncytium induction
was correlated with CXCR4 usage (except for isolate 2297),

TABLE 4. Coreceptor usage by primary HIV-2 isolates tested in
GHOST(3) cells coexpressing CD4 and CCR5, CXCR4, or the

orphan receptor Bonzo or BOB

Virus isolate

HIV-2 antigen production (Ag) and GFP activation (F) in
GHOST(3) cells coexpressing CD4 and the following HIV

coreceptora:

None CCR5 CXCR4 Bonzo BOB

Ag F Ag F Ag F Ag F Ag F

1010 0 1 0.5 11 2.2 111 0.2 11 0.4 11
1654 0 2 1.3 111 0 2 0 1 0.2 11
1682 0 2 0 111 0 2 0 1 0 1
1808 0 2 1.2 111 0 2 0 1 0 1
1812 0 2 1.3 111 0 2 0 1 0.2 11
2297 0 1 1.4 111 0 1 0 1 2.2 111
2298 0 2 1.2 111 0 2 0 1 0 1
2300 0 2 1.2 111 0 2 0 1 0 11
6669 0 1 0 1 1.2 111 0 1 0 1
1653 0 2 0.2 111 0 2 0 2 0 1
IIIBb 0c 1 0c 1 .2.7c 111 0 1 0 1

a Infection assays were performed by cell-free virus infection with 1,000 to
2,000 TCID50 of each HIV-2 isolate. Experiments were carried out twice. Ag, cell
culture supernatants were harvested at day 8 postinfection and monitored for
HIV-2 antigen with an in-house capture ELISA; values represent the mean
optical density at 490 nm from two independent experiments (0 indicates an
optical density of ,0.2). F, HIV-induced GFP activation in GHOST(3) cell
cultures was detected by observing the cultures with a fluorescence microscope.
The percentage of cells showing fluorescence was estimated at day 8 postinfec-
tion: 111, .30%; 11, 5 to 30%; 1, 1 to 5%; 2, 0%.

b Prototype TCLA laboratory HIV-1 strain.
c p24 production measured with an in-house HIV-1 p24 capture ELISA.

FIG. 1. Expression of BOB mRNA in various cell lines analyzed by RT-PCR.
Four microliters from a total of 40 ml of cDNA synthesized from 2 mg of total
RNA was subjected to PCR amplification with BOB primers or GAPDH primers
as an internal control. Primer specificity was verified with GHOST(3).BOB cells.
The PCR-amplified products are shown (;600 bp for BOB and 496 bp for
GAPDH).
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while the majority of the remaining isolates, not using CXCR4,
replicated with a 1- or 2-week delay and did not induce syncy-
tia. These findings suggest a CXCR4-independent pathway for
HIV-2 infection of MT-2 cells. Observations in accordance
with these have been made for HIV-2 (44) and for SIV (12).
We now show that MT-2 cells express BOB mRNA. Consid-
ering the frequent ability of our HIV-2 isolates to use BOB, we
suggest that HIV-2 can use BOB when entering MT-2 cells.

This suggestion explains why, unlike those of HIV-1, phe-
notypically distinct groups of HIV-2 could not be distinguished
clearly in MT-2 cells. For HIV-1, replication in established cell
lines, such as CEM and U937-2, with few exceptions correlates
with replication and syncytium induction in MT-2 cells and can
be explained by the use of CXCR4 as a coreceptor. While such
a correlation can also be found among HIV-2 isolates, excep-
tions are frequently encountered. Based on replicative capacity
in CEM and U937-2 cells, four HIV-2 isolates (all from pa-
tients with advanced disease) were previously classified as hav-
ing a rapid/high phenotype. However, only two of these isolates
showed the typical SI phenotype in MT-2 cells which was
coincident with CXCR4 usage. Conversely, HIV-2 isolate 2297
was SI in MT-2 cells but was unable to replicate in CEM,
U937-2, U87.CD4.CXCR4, and GHOST(3).CXCR4 cells.
Since isolate 2297 was the isolate which used BOB most effi-
ciently, we suggest that BOB could be the coreceptor mediat-
ing syncytium induction in MT-2 cells for this isolate. The
ability to detect low levels of BOB mRNA by RT-PCR but not
by Northern blotting indicates a low level of BOB expression in
MT-2 cells and is in line with the slow replication kinetics of
the non-CXCR4-using HIV-2 isolates in these cells. For the
exceptional isolate 2297, efficient BOB usage and syncytium
induction in MT-2 cells were coincident.

Cocultivation appeared to be a more effective mode of in-
fection than cell-free virus (Table 3). In fact, after cocultiva-
tion, several isolates induced syncytia even in parental
U87.CD4 cells. These cells are devoid of transfected chemo-
kine receptors but spontaneously express Bonzo (20). The dif-
ference in infection efficiency could simply reflect virus dose
dependency, assuming that the infected PBMC cultures used
for cocultivation produce amounts of virus larger than the
amounts used for cell-free infection. In addition to prolonged
virus production, cell-to-cell contact between gp125-expressing
PBMC and U87.CD4 cells may intensify the fusion reaction. In
such a situation, syncytia may be produced in the absence of
productive infection. Comparison of the results obtained with
U87.CD4 and GHOST(3).Bonzo cells suggests that spontane-
ous Bonzo expression may contribute to the low level of syn-
cytium formation in parental U87.CD4 cells. In addition, other
cell surface molecules present on PBMC may also assist in
cell-to-cell fusion.

The frequent usage of CCR5 by HIV-2 was confirmed with
GHOST(3) osteosarcoma cells, as was rare CXCR4 usage.
This CXCR4 usage pattern is in agreement with that found in
two previous studies (26, 44) but is at variance with that found
in another (36), in which all HIV-2 isolates were found to use
CXCR4. Moreover, the frequent CCR5 usage reported here is
supported by two of these studies (26, 36), whereas Sol and
coworkers found a relative inability of HIV-2 to use CCR5
(44). Whether these differences are due to the collections of
HIV-2 isolates used in the different studies or to differences in
indicator cell systems remains to be clarified. In the previous
studies, the orphan receptors Bonzo and BOB were not in-
cluded. In our experiments, BOB was used by all HIV-2 iso-
lates, except for 6669, while Bonzo was used less efficiently. It
is an open question whether cooperation between different
coreceptors on the cell surface may promote HIV entry. If so,

the promiscuity of HIV-2 isolates may result in different pat-
terns of permissiveness in different cell types.

What in vivo relevance has the broad coreceptor usage of
HIV-2? The lower pathogenicity of HIV-2 than of HIV-1 is
difficult to explain by a more broad coreceptor usage. Hence,
other viral properties are strongly suggested as being respon-
sible for the difference in virulence between these two viruses.
Moreover, the observation that coreceptor usage by HIV-1
often broadens with disease progression (8, 17, 43) does not
seem to apply to HIV-2, since in our experiments all isolates,
whether from AIDS patients or asymptomatic persons, were
equally promiscuous. However, as for HIV-1, CXCR4 usage by
HIV-2 appears to be most frequent in late-stage infection.

The observation that mutations to positively charged amino
acid residues at positions 314 and/or 313 for isolates 1010 and
6669 were associated with CXCR4 usage is concordant with
the reported correlation between these mutations and a rapid/
high phenotype (4). The role of the V3 region as a determinant
for coreceptor usage and susceptibility to chemokine inhibition
for HIV-1 implies the possibility of a similar function for the
HIV-2 V3 region. Our results indicate that determinants
within the V3 loop appear to predict CXCR4 usage. Infection
inhibition experiments with peptides corresponding to the
HIV-2 V3 region and the cells used in this study may answer
the question of whether V3 is indeed the determinant for
HIV-2 coreceptor usage.

In the present study, we found that 10 of 11 primary HIV-2
isolates recovered from patients at different stages of disease
use CCR5 and that all of the isolates can use at least one
additional coreceptor. CXCR4 usage was observed for only
two isolates, both recovered from AIDS patients, suggesting
that a switch in coreceptor usage from CCR5 to CXCR4, which
is associated with disease progression in HIV-1 infection, may
also occur in HIV-2-infected patients. The in vivo role of the
promiscuous use of coreceptors by HIV-2 remains to be clarified.
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36. McKnight, Á., M. T. Dittmar, J. Moniz-Periera, K. Ariyoshi, J. D. Reeves, S.
Hibbitts, D. Whitby, E. Aarons, A. E. I. Proudfoot, H. Whittle, and P. R.
Clapham. 1998. A broad range of chemokine receptors are used by primary
isolates of human immunodeficiency virus type 2 as coreceptors with CD4.
J. Virol. 72:4065–4071.

37. Myers, G., B. Korber, S. Wain-Hobson, R. F. Smith, and G. N. Pavlakis (ed.).
1993. Human retroviruses and AIDS 1993. Theoretical Biology and Biophys-
ics Group T-10, Los Alamos National Laboratory, Los Alamos, N.Mex.

38. Oberlin, E., A. Amara, F. Bachelerie, C. Bessia, J. L. Virelizier, F. Arenzana-
Seisdedos, O. Schwartz, J. M. Heard, I. Clark-Lewis, D. F. Legler, M.
Loetscher, M. Baggiolini, and B. Moser. 1996. The CXC chemokine SDF-1
is the ligand for LESTR/fusin and prevents infection by T-cell-line-adapted
HIV-1. Nature 382:833–835.

39. Reeves, J. D., A. McKnight, S. Potempa, G. Simmons, P. W. Gray, C. A.
Power, T. Wells, R. A. Weiss, and S. J. Talbot. 1997. CD4-independent
infection by HIV-2 (ROD/B): use of the 7-transmembrane receptors
CXCR-4, CCR-3, and V28 for entry. Virology 231:130–134.

40. Roos, M. T., J. M. Lange, R. E. de Goede, R. A. Coutinho, P. T. Schellekens,
F. Miedema, and M. Tersmette. 1992. Viral phenotype and immune response
in primary human immunodeficiency virus type 1 infection. J. Infect. Dis.
165:427–432.

41. Rucker, J., A. L. Edinger, M. Sharron, M. Samson, B. Lee, J. F. Berson, Y.
Yi, B. Margulies, R. G. Collman, B. J. Doranz, M. Parmentier, and R. W.
Doms. 1997. Utilization of chemokine receptors, orphan receptors, and her-
pesvirus-encoded receptors by diverse human and simian immunodeficiency
viruses. J. Virol. 71:8999–9007.

42. Samson, M., F. Libert, B. J. Doranz, J. Rucker, C. Liesnard, C. M. Farber,
S. Saragosti, C. Lapoumeroulie, J. Cognaux, C. Forceille, G. Muyldermans,
C. Verhofstede, G. Burtonboy, M. Georges, T. Imai, S. Rana, Y. Yi, R. J.
Smyth, R. G. Collman, R. W. Doms, G. Vassart, and M. Parmentier. 1996.
Resistance to HIV-1 infection in Caucasian individuals bearing mutant al-
leles of the CCR-5 chemokine receptor gene. Nature 382:722–725.

43. Scarlatti, G., E. Tresoldi, Å. Björndal, F. Fredriksson, C. Colognesi, H. K.
Deng, M. S. Malnati, A. Plebani, A. G. Siccardi, D. R. Littman, E. M. Fenyö,
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