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The chemokine receptors CCR5 and CXCR4, in combination with CD4, mediate cellular entry of macro-
phage-tropic (M-tropic) and T-cell-tropic strains of human immunodeficiency virus type 1 (HIV-1), respec-
tively, while dualtropic viruses can use either receptor. We have constructed a panel of chimeric viruses and
envelope glycoproteins in which various domains of the dualtropic HIV-1DH12 gp160 were introduced into the
genetic background of an M-tropic HIV-1 isolate, HIV-1AD8. These constructs were employed in cell fusion and
virus infectivity assays using peripheral blood mononuclear cells, MT4 T cells, primary monocyte-derived
macrophages, or HOS-CD4 cell lines, expressing various chemokine receptors, to assess the contributions of
different gp120 subdomains in coreceptor usage and cellular tropism. As expected, the dualtropic HIV-1DH12
gp120 utilized either CCR3, CCR5, or CXCR4, whereas HIV-1AD8 gp120 was able to use only CCR3 or CCR5.
We found that either the V1/V2 or the V3 region of HIV-1DH12 gp120 individually conferred on HIV-1AD8 the
ability to use CXCR4, while the combination of both the V1/V2 and V3 regions increased the efficiency of
CXCR4 use. In addition, while the V4 or the V5 region of HIV-1DH12 gp120 failed to confer the capacity to
utilize CXCR4 on HIV-1AD8, these regions were required in conjunction with regions V1 to V3 of HIV-1DH12
gp120 for efficient utilization of CXCR4. Comparison of virus infectivity analyses with various cell types and
cell fusion assays revealed assay-dependent discrepancies and indicated that events occurring at the cell
surface during infection are complex and cannot always be predicted by any one assay.

CD4-positive T lymphocytes and cells of the monocyte-mac-
rophage lineage are the primary targets of human immunode-
ficiency virus type 1 (HIV-1) in vivo. Nearly all HIV-1 isolates
are initially recovered by cocultivation with uninfected human
peripheral blood mononuclear cells (PBMC), and all grow to
varying extents in this cell type. Virus isolates have been di-
vided into subgroups based on properties they exhibit during in
vitro infectivity assays: (i) macrophage-tropic (M-tropic) iso-
lates can infect cultures of primary human macrophages and
PBMC but not continuous T-cell lines, (ii) T-cell-tropic (T-
tropic) isolates can replicate in T-cell lines and PBMC, but not
in monocyte-derived macrophage (MDM) cultures, and (iii)
dualtropic isolates can infect both MDM and T-cell lines as
well as PBMC. Several studies have reported that the G pro-
tein-coupled chemokine receptors CCR5 and CXCR4, in com-
bination with CD4, mediate the entry of M-tropic and T-tropic
strains of HIV-1, respectively (1, 12, 17–19, 22). Furthermore,
chemokines that naturally bind to these receptors (i.e., SDF-1
for CXCR4 and RANTES, MIP-1a, or MIP-1b for CCR5)
suppress HIV-1 replication at the level of virus entry (1, 3, 13,
17, 19, 30, 32). The chemokine receptors CCR2b, CCR3, and
CCR8 have also been demonstrated to be used by some HIV-1
isolates (12, 18, 24, 33), although the significance of this usage
is not clearly understood.

The cellular tropism of HIV-1 is determined largely at the
level of virus entry and has been mapped primarily to the V3

variable region of the HIV-1 gp120 (6, 9, 16, 25, 31, 36, 40)
although other portions of the envelope glycoprotein may also
have some role (23, 26, 27, 35, 41). Consistent with such find-
ings, (i) the ability of the M-tropic HIV-1JR-FL gp120 to block
the binding of MIP-1b to CCR5 is prevented upon deletion of
the V3 loop (39), (ii) antibodies against the V3 loop of HIV-
1JR-FL gp120 prevent the protein from blocking MIP-1b bind-
ing to CCR5 (39), (iii) the utilization of CCR5 by M-tropic
HIV-1 strains (ADA and YU2) has been mapped to the V3
region of gp120 (12), and (iv) the sensitivity of another M-
tropic virus (HIV-1Bal) to b-chemokines (RANTES, MIP-1a,
and MIP-1b) is conferred by the V3 region of gp120 (14).
Dualtropic viruses (e.g., HIV-189.6) can infect PBMC and
MDM as well as T-cell lines and are able to use either CCR5
or CXCR4 (15, 18, 37). However, relatively little is known
about the determinants of dualtropic viral envelope proteins
that enable them to use multiple chemokine receptors for
cellular entry.

Viruses and vectors. In a previous study (10), we generated
a panel of viruses with chimeric envelope glycoproteins in
which individual regions of the env gene of HIV-1DH12, a
dualtropic virus strain, were transferred to HIV-1AD8, a full-
length, infectious molecular clone of M-tropic HIV-1ADA, in
order to identify envelope glycoprotein determinants confer-
ring infectivity for chimpanzee PBMC (Fig. 1).

Recombinant vaccinia viruses and vectors used in this study
were generated from these constructs as follows. The HIV-
1DH125 (molecular clone no. 5 of HIV-1DH12) envelope gene
was PCR amplified from pDH125 (34). The amplified DNA
was digested with XmaI and SacII (introduced in the PCR
primers) and inserted into the same sites in pNVV-3 (provided
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by M. Oldstone), resulting in pNVVDHenv*. Sequence anal-
ysis of pNVVDHenv* revealed two mutations introduced dur-
ing PCR amplification. The mutations were removed by re-
placing KpnI (nucleotide 6340; numbering based on pAD8
[38])-MscI (in pNVV-3) with KpnI-Bpu102I (nucleotide 8853)
subsequent to creation of a blunt end (for the Bpu1102I site)
with Klenow fragment. The resulting plasmid was desig-
nated pNVVDHenv. Similarly, to generate pNVVADenv and
pNVVDH120A, the KpnI-MscI fragment of pNVVDHenv*
was replaced with the KpnI-Bpu1102I fragment from pAD8
and pAD8-DH120A (10), respectively. To generate plas-
mids pNVVDH120B to -I, the KpnI-AvrII (nucleotide 7990)
fragment of pNVVADenv was replaced with the analogous
fragment from pAD8-DH120B to -I (10). pNVVDHenv,
pNVVADenv, and pNVVDH120A were used to generate re-
combinant vaccinia viruses (vvDHenv, vvADenv, and vv120Aenv,
respectively) by methods described previously (11).

Coreceptor usage by HIV-1DH12–HIV-1AD8 chimeric enve-
lope glycoproteins in cell fusion. The availability of the panel
of HIV-1DH12–HIV-1AD8 chimeric viruses provided an oppor-
tunity to assess the contributions of different gp120 subdo-
mains from a dualtropic isolate to the use of different HIV-1
coreceptors. To do this, we first examined the abilities of the
parental and chimeric envelope proteins to mediate fusion
with quail QT6 cells expressing various chemokine receptors in
conjunction with CD4. To quantitate cell fusion events, a lu-
ciferase-based gene reporter assay was used as previously de-
scribed with some modification (18, 29). We found that HIV-
1DH12 gp160 mediated fusion with cells expressing CXCR4,
CCR5, and CCR3 (Fig. 2a). Unlike HIV-189.6, another dual-
tropic strain, HIV-1DH12 did not use CCR2b. In contrast, HIV-
1AD8 gp160, like that of the M-tropic HIV-1JR-FL, utilized only
CCR5 and CCR3. Thus, construction of chimeric envelope
proteins provided an opportunity to determine which regions
of HIV-1DH12 gp120, when introduced into HIV-1AD8, con-
ferred use of CXCR4.

We found that the chimeric envelopes containing either the
V1/V2 or the V3 domain of HIV-1DH12 (AD8-DH120A and
-120B, respectively) in an HIV-1AD8 envelope background ac-
quired the ability to utilize CXCR4 in addition to CCR5 (Fig.

2b). In contrast, chimeric envelopes containing either the V4
or V5 region of HIV-1DH12 (AD8-DH120C and -120D, respec-
tively), like their HIV-1AD8 parent, continued to use CCR5
only (albeit at a reduced level in the case of AD8-DH120C).
Combining the V1/V2 and V3 regions of gp120 (AD8-
DH120F) resulted in coreceptor usage similar to that observed
with chimeric envelope glycoproteins containing either region
individually. Other combinations of the different gp120 do-
mains exhibited intermediate phenotypes. These results indicated
that CXCR4 utilization in cell fusion assays by HIV-1DH12 is
largely conferred by the V1/V2 or the V3 region of gp120.

Coreceptor usage by HIV-1DH12–HIV-1AD8 chimeric viruses
during infections of HOS-CD4 cell lines. To extend our inves-
tigations of chemokine receptor utilization to cells undergoing
spreading virus infections, individual HOS-CD4 cell lines ex-
pressing various chemokine receptors (8, 17) were infected
with viruses containing the chimeric gp160 coding regions.
Infectivity was monitored by measuring virion-associated re-
verse transcriptase (RT) activity released into the culture me-
dium 4 days following infection. Only HOS-CD4 cells express-
ing CCR5 were susceptible to HIV-1AD8 infection (Fig. 3a and
data not shown). In contrast, HIV-1DH12 and the chimeric
virus encoding the entire HIV-1DH12 gp120 (AD8-DH120)
established spreading infections in all of the HOS-CD4 cell
lines, including the cell line expressing no cloned chemokine
receptor. This result is undoubtedly due to the presence of low
endogenous levels of CXCR4 on HOS cells, detectable by
RT-PCR (28a) but not by fluorescence-activated cell sorter
analyses (20) and is consistent with the observation that the
envelope glycoproteins of some T-tropic HIV-1 isolates
(HXB2 and SF2) also exhibit low levels of infectivity in HOS-
CD4 cells (8, 17).

As we observed in the quail cell fusion assay, the V3 but not
the V4 or the V5 region of HIV-1DH12 gp120 conferred low but
detectable CXCR4 utilization on HIV-1AD8 (Fig. 3b). Like-
wise, the chimera containing only the V1/V2 domain of HIV-
1DH12 gp120 replicated above background levels in HOS-CD4
cells expressing CXCR4 (Fig. 3b) but lost significant infectivity
for CCR5-expressing cells (Fig. 3a). While the V1/V2 or the
V3 domain from HIV-1DH12 conferred on HIV-1AD8 the abil-

FIG. 1. Structure of the chimeric viruses generated between HIV-1DH12 and HIV-1AD8. Shown is a schematic diagram of the HIV-1 envelope, with processing sites
(inverted triangles) and cleavage products (signal peptide [SP], gp120, and gp41) indicated. Vertical lines, individual amino acid residues of HIV-1DH12 that are
divergent from those of HIV-1AD8; solid bars, variable regions of gp120 (V1 to V5).
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ity to replicate in HOS-CXCR4 cells, additional HIV-1DH12
domains were required for more efficient utilization of
CXCR4. Thus, combining either the variable regions V3 to V5
(AD8-DH120E) or the variable regions V1 to V3 (AD8-

DH120F) in the same chimeric gp120 resulted in a significant
loss of infectivity for CCR5-expressing HOS-CD4 cells but an
increased utilization of CXCR4 (Fig. 3a). Combining the
V1/V2 region with the V3 (AD8-DH120F), but not the V4

FIG. 2. Use of chemokine receptors in a cell fusion assay. (a) The abilities of the HIV-1DH12 (vvDHenv), HIV-1AD8 (vvADenv), HIV-1IIIB (BH8 clone, vSC60 [5]),
HIV-1JR-FL (vCB28 [5]), and HIV-189.6 (vBD3 [18]) envelope glycoproteins to mediate fusion with quail QT6 cells expressing CD4 and the indicated coreceptors were
determined by a gene reporter fusion assay. The extent of fusion was expressed (as signal-to-noise ratio) relative to background levels (i.e., the spontaneous fusion seen
with QT6 cells expressing CD4 and CXCR2). (b) Fusion of the chimeric envelope proteins (expressed by transfecting pNVVDH120A to -I) with cells expressing CCR5
or CXCR4 in conjunction with CD4 was determined. The results were averaged for three experiments, each of which gave identical patterns of coreceptor usage for
each envelope protein. Absolute numbers varied between experiments due to differences in cell numbers and transfection efficiencies in independent experiments. It
also should be noted that the time elapsing between the addition of the substrate and the determination of luciferase activity strongly influences the absolute light units
obtained, though not the pattern of coreceptor use. The variable regions of HIV-1DH12 gp120 transferred into the chimeric envelope are indicated at the top.

FIG. 3. Infectivity of chimeric HIV-1 in HOS-CD4 cell lines expressing CCR5, CXCR4, or no chemokine coreceptor (HOS-CD4/pBABE-puro). Stocks of parental
and chimeric HIV-1 were prepared as previously described (10). HOS cells were seeded (0.5 3 104 to 1 3 104 cells/well) in a 96-well plate 1 day prior to infection and
were infected with equivalent amounts of viruses (normalized by virion-associated RT activity [42]). After an overnight incubation, the virus inoculum was removed and
culture medium was added to a final volume of 250 ml. One hundred fifty microliters of culture medium was replaced on day 2 postinfection, and virus replication was
monitored by measuring virion-associated RT activity on day 4 postinfection (a). The variable regions of HIV-1DH12 gp120 transferred into the chimeric envelope are
indicated at the top. (b) Infectivities of HIV-1AD8 and the chimeric viruses AD8-DH120A to -D in HOS-CD4 cells expressing CXCR4 only. A smaller scale than that
for panel a is shown here. The virion-associated RT activity in 0.8-ml aliquots of the culture supernatant is plotted.
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(AD8-DH120G) or V5 (AD8-DH120H) region, resulted in a
chimeric virus that began to resemble the parental HIV-1DH12,
exhibiting the capacity to infect multiple HOS-CD4 cell lines,
including the one expressing no cloned chemokine receptor.
The chimeric virus AD8-DH120I, which contains all the vari-
able regions of HIV-1DH12 gp120, produced higher levels of
progeny virions than AD8-DH120F and also infected all of the
HOS-CD4 cell lines. Taken together, these results strongly
suggest that although variable regions V1/V2 and V3 together
are sufficient to confer some of the properties of the parental
HIV-1DH12 gp120 on HIV-1AD8, all of the HIV-1DH12 gp120
variable regions must be present (and presumably interact) for
the acquisition of the complete functional phenotype.

Effects of b-chemokines on the infectivity of HIV-1DH12–
HIV-1AD8 chimeric viruses in human PBMC. Although both
cell fusion and HOS-CD4 cell infectivity analyses have been
widely used to assess chemokine receptor usage by HIV-1
strains, overexpression of one or more of the various compo-
nents associated with these assays (e.g., gp160, CD4, and/or the
different chemokine receptors) could influence the results ob-
tained. The ability of HIV-1 strains to use CCR3, for example,
is strongly dependent upon cell surface expression levels (33).
Therefore, to further assess coreceptor usage and cellular tro-
pism of the chimeric viruses in a more physiologically relevant
system, infectivity assays were carried out in three human cell
types: PBMC, MDMs, and the MT4 T-cell line.

As previously reported, three of the intra-gp120 chimeric
viruses (AD8-DH120A, -120G, and -120H) were unable to
establish infections in human PBMC (10), although all three

possessed envelope glycoproteins that utilized both CCR5 and
CXCR4 in quail cell fusion and HOS-CD4 cell infectivity as-
says (Fig. 2 and 3). However, all three viruses used CCR5
much less efficiently than the parental virus, HIV-1AD8. All
other chimeric viruses replicated in PBMC to varying degrees.
To determine if infection of PBMC was mediated by CCR5,
infections were performed in the presence of the b-chemo-
kines RANTES and MIP-1b (Fig. 4). While infectivity of the
M-tropic HIV-1AD8 was reduced to background levels by the
two b-chemokines, HIV-1DH12 and AD8-DH120 were only
partially sensitive, presumably due to their ability to utilize
CXCR4. Infection of PBMC with the chimeric viruses revealed
that AD8-DH120C and -120D (containing the V4 or the V5
region of HIV-1DH12 gp120, respectively) were completely sen-
sitive to the b-chemokines, consistent with their inability to
utilize CXCR4. In contrast, chimeric viruses AD8-DH120B
and -120E, both of which contain the V3 region from HIV-
1DH12 gp120 and could utilize CXCR4, were only partially
sensitive. The chimeric virus AD8-DH120F, which carries both
the V1/V2 and V3 regions of HIV-1DH12 gp120, was consis-
tently more resistant to b-chemokines than AD8-DH120B and
-120E. These results confirm that the chimeric viruses AD8-
DH120C and -120D use CCR5 exclusively, that the HIV-1DH12
gp120 V3 region confers the capacity to utilize CXCR4, and
that a cooperative interaction between the V1/V2 and V3
regions of gp120 very likely increases the affinity for CXCR4
compared to those of the chimeric gp120s containing either
variable region alone.

FIG. 4. Effects of b-chemokines on the infectivities of parental and chimeric viruses in human PBMC. Phytohemagglutinin-blasted PBMC (105 cells in 250 to 300
ml) were inoculated with equivalent amounts of virus (normalized by RT activity) in 96-well plates as previously described (10). One day postinfection, 200 ml of the
inoculum was replaced with fresh medium. On the days indicated, 150 ml of the infection culture medium was harvested for RT assays and replaced with an equal volume
of fresh medium. For infections with b-chemokines, PBMC were incubated with RANTES and MIP-1b (each at 200 ng/ml; R & D Systems) for 20 to 30 min at room
temperature prior to the addition of virus. Subsequent to overnight adsorption, cells were cultured in medium containing b-chemokines at 100 ng/ml. Harvested samples
were stored at 280°C and analyzed for virion-associated RT activity when samples had been collected at all the time points. Virion-associated RT activities in 0.8-ml
aliquots of the culture supernatant are shown.
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Infectivities of the HIV-1DH12–HIV-1AD8 chimeric viruses in
MT4 T cells and human MDMs. The tropic properties of the
HIV-1DH12–HIV-1AD8 chimeric viruses were further examined
by evaluating their infectivities in the MT4 human T-cell line.
As expected, viruses bearing the entire DH12 gp160 or gp120
readily established spreading infections in MT4 cells, while
HIV-1AD8 did not (data not shown). Surprisingly, when the
replication competence of the intra-gp120 chimeric viruses for
MT4 cells was evaluated, only AD8-DH120I, which contains
all of the variable regions of HIV-1DH12 gp120, was infectious
(data not shown), although many of the chimeric envelopes
were able to utilize CXCR4 in fusion assays or in HOS-CD4
cell and PBMC infectivity assays.

In contrast to the results obtained with MT4 cells, all the
intra-gp120 chimeric viruses had demonstrable infectivity for
MDMs (Fig. 5a to c), although their replication kinetics varied
greatly. However, as noted earlier, three of these chimeric
viruses, all of which carry the V1/V2 region of HIV-1DH12
gp120, were unable to infect PBMC (Fig. 5d). Combining the
V3 (AD8-DH120F) region, but not the V4 or the V5 region
(AD8-DH120G and -120H, respectively), with the V1/V2 re-
gion of HIV-1DH12 gp120 restored infectivity in PBMC. In
MDMs, however, the chimeric viruses AD8-DH120A, -120G,
and -120H replicated as well as AD8-DH120F (Fig. 5c). The
ability of these three intra-gp120 chimeric viruses to replicate

in MDMs but not in PBMC was not due to accumulation of
mutations during passage in MDMs, because the progeny virus
produced in MDMs was still unable to infect PBMC yet main-
tained replication competence for MDMs (data not shown).

The unusual property of the three chimeric viruses (AD8-
DH120A, -120G, and -120H) to infect MDMs but not PBMC
(or MT4 cells), coupled with their capacity to utilize CCR5 and
CXCR4 in both fusion and HOS-CD4 infectivity assays,
prompted us to examine whether PBMC and MT4 cells were
intrinsically unable to interact with the chimeric envelope gly-
coproteins associated with these viruses. Human PBMC and
MT4 cells were therefore infected with recombinant vaccinia
viruses expressing the gp160 of HIV-1DH12, HIV-1AD8, or
AD8-DH120A. Infection of PBMC with any of these three
vaccinia recombinants induced syncytium formation (data not
shown). In contrast, only vvDHenv and vv120Aenv induced
syncytia in MT4 cells (data not shown). These results suggest
that AD8-DH120A gp160, when overexpressed by using a re-
combinant vaccinia virus vector, is able to interact with core-
ceptors on PBMC and MT4 cells and to induce cell fusion.

The utilization of distinct chemokine receptors by HIV-1
strains largely accounts for the mechanisms underlying viral
tropism at the level of virus entry (1, 12, 17–19, 22). Thus,
M-tropic virus strains require CCR5 in conjunction with CD4
for cellular entry, while T-tropic virus strains, which typically

FIG. 5. Replication of chimeric viruses in primary MDMs and PBMC. MDMs were prepared by differentiating freshly elutriated monocytes on Sterilin plates (Bibby
Sterilin, Stone, Staffordshire, United Kingdom) over a 14-day period in macrophage medium (Dulbecco modified Eagle medium [DMEM], 10% pooled normal human
serum, 1 mM sodium pyruvate, 2 mM glutamine, 25 U of penicillin/ml, and 25 mg of streptomycin/ml) as previously described (21). Differentiated MDMs were frozen
in DMEM containing 20% human serum and 7.5% dimethyl sulfoxide. Cells were thawed and seeded 1 day prior to infection in 96-well plates (Nunc) (105 cells in 200
ml per well). MDMs (a through c) or PBMC (d) were infected with the parental virus or one of the chimeric viruses. Infection, sample collection, and analysis of progeny
virus production were carried out as described for Fig. 4.
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emerge in individuals several years after infection, utilize the
chemokine receptor CXCR4. Dualtropic viruses, which may
represent evolutionary intermediates in the transition from M
to T tropism, can use either CCR5 or CXCR4 as a coreceptor
(18, 37). The V3 region of gp120 plays an important role in
governing whether CCR5 or CXCR4 is used (12, 14, 39).
However, non-V3 regions in gp120 have also been implicated
as playing a role in cellular tropism (23, 26, 27, 35, 41), and
little is known about the regions in gp120 that enable dual-
tropic viruses to use both CCR5 and CXCR4 for cellular entry.
We found that the HIV-1DH12 envelope protein, unlike that of
the M-tropic strain HIV-1AD8, was able to efficiently utilize
either CCR5 or CXCR4. By using chimeric HIV-1DH12–HIV-
1AD8 envelope glycoproteins, we identified gp120 determinants
that contribute to the dualtropic phenotype. Furthermore, by
using both cell fusion and virus infection assays, we observed a
number of assay-dependent discrepancies which suggest that
events occurring at the cell surface during the establishment of
HIV-1 infections are complex and cannot necessarily be pre-
dicted by any one assay.

The ability of HIV-1DH12 to efficiently utilize both CXCR4
and CCR5 as coreceptors in both cell fusion and virus infection
assays indicates that HIV-1DH12 gp120 contains determinants
that enable it to utilize two coreceptors that differ by approx-
imately 79% in amino acid sequence in their extracellular
regions. We found that either the V1/V2 or the V3 region of
HIV-1DH12 gp120, when placed in the background of the M-
tropic strain HIV-1AD8, resulted in chimeric envelope proteins
that could utilize either CXCR4 or CCR5 for cell fusion and
virus infection (Fig. 2 and 3). One interpretation of these
results is that both the V1/V2 and V3 regions of HIV-1DH12
gp120 may interact physically with CXCR4 during the induc-
tion of cell fusion. Alternatively, it is possible that the presence
of V1/V2 or V3 significantly alters the conformation of the
resulting chimeric gp120, thereby permitting interaction with
CXCR4. By contrast, the V4 and V5 domains of HIV-1DH12
did not, individually, confer on HIV-1AD8 the ability to use
CXCR4.

While the V3 domain is clearly a major determinant of viral
tropism, non-V3 regions of gp120 have also been implicated.
Our results confirmed that non-V3 domains of gp120 can affect
both tropism and coreceptor use. Specifically, the V1/V2 re-
gion of HIV-1DH12 conferred on HIV-1AD8 gp120 the ability to
use CXCR4, although not as efficiently as the V3 domain.
However, the insertion of both the V1/V2 and the V3 region of
HIV-1DH12 resulted in a chimeric virus (AD8-DH120F) with
augmented infectivity for CXCR4-expressing HOS-CD4 cells,
suggesting a functional interaction between the V1/V2 and V3
regions of gp120, consistent with earlier reports (2, 7, 10, 23,
26, 35, 41). However, while the V1/V2 region from T-tropic
gp120 can render M-tropic envelope proteins competent to
mediate syncytium formation with T-cell lines (2, 23), recipro-
cal chimeras fail to confer M tropism on T-tropic envelope
proteins (12). Thus, the V1/V2 domain from T-tropic and
dualtropic viruses may confer the ability to use CXCR4 on
M-tropic viruses, but the V1/V2 domain from M-tropic viruses
may not be sufficient to impart the ability to use CCR5 on
T-tropic envelope proteins. Finally, usage of CXCR4 by the
intra-gp120 chimeric viruses was further enhanced by also in-
cluding the V4 and V5 regions (AD8-DH120I). These results
suggest that although the V1/V2 or the V3 region of gp120 by
itself may interact with CXCR4, optimal utilization of the
CXCR4 coreceptor likely requires all five variable regions of
the dualtropic HIV-1DH12 gp120. This notion is consistent with
the result showing that AD8-DH120I was the only intra-gp120
chimeric virus able to infect MT4 cells.

Our use of fusion and infection assays with several cell types
revealed assay-dependent differences that not only could influ-
ence conclusions about envelope determinants of coreceptor
usage, but also hint at some of the complexities at the cell
surface required for a productive virus infection. We found
excellent agreement between different assays in analysis of the
parental viruses and AD8-DH120I, which contains all of the
HIV-1DH12 variable regions in an HIV-1AD8 background. As-
say-dependent differences were observed, however, with some
of the other chimeric envelope proteins. For the most part, the
coreceptor usage exhibited by the chimeric envelope glycopro-
teins in the fusion assay was mirrored by the infectivities of the
corresponding viruses in HOS-CD4 cells. As in fusion assays,
the V1/V2 or V3, but not the V4 or V5, region of HIV-1DH12
conferred CXCR4 usage (Fig. 3). Differences were sometimes
observed in the relative utilization of CCR5 and CXCR4. For
example, AD8-DH120A used CXCR4 well in the cell fusion
assay but only marginally during infection of HOS cells. By
contrast, AD8-DH120C used CCR5 very well during infection
of HOS cells, yet relatively poorly for cell fusion. A more
significant difference between the assays was observed with
AD8-DH120E (containing the V3 through V5 regions of HIV-
1DH12), which used only CCR5 in cell fusion assays but used
both CCR5 and CXCR4 during infection of HOS cells. Some
of these inconsistencies could merely reflect inherent differ-
ences in the two experimental systems. Since what was mea-
sured in the HOS infection assay was complete virus replica-
tion cycles rather than just entry, how the chimeric envelope
proteins are processed, transported to the plasma membrane,
and/or incorporated onto virus particles could affect the re-
sults.

The experiments showing that many of the chimeric enve-
lope proteins and corresponding HIVs utilized CXCR4 and/or
CCR5 to induce cell fusion or to infect HOS-CD4 cells yet
were unable to infect PBMC and/or MT4 cells might, at first
glance, seem contradictory. However, these divergent results
could be, in part, due to differences in the surface concentra-
tions of CD4, the coreceptors, and/or gp120 as well as to the
innate property of a particular envelope protein (e.g., its affin-
ity for a coreceptor). The infectivity of HIV-1 has been shown
to be highly dependent on cell surface concentrations of CCR5
and CD4, as well as on the affinity between gp120 and CD4 (28,
43). Differences in CD4 and/or coreceptor molecule concen-
trations may also explain why some mutations in gp120 allowed
replication of the virus in some T-cell lines but not in others
(4). Additional studies quantitating various components in-
volved in the fusion reaction in various cell types might allow
better understanding of HIV-1 tropism.
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