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The NL4.3 T-cell-line-tropic human immunodeficiency virus type 1 strain is sensitive to the CXC chemokine
stromal cell-derived factor 1a (SDF-1a), the natural ligand for CXC chemokine receptor 4 (CXCR4); the 50%
inhibitory concentration (IC50) in MT-4 cells is 130 ng/ml. We generated resistant virus through passaging of
the virus in the presence of increasing concentrations of SDF-1a. After 24 passages, the virus was no longer
sensitive to SDF-1a (SDF-1ares virus) (IC50, >2 mg/ml) and became resistant to SDF-1b (IC50, >2 mg/ml) and
to a specific CXCR4 monoclonal antibody (IC50, >20 mg/ml). The SDF-1ares virus was about 10-fold less
sensitive than the wild-type virus to the bicyclam AMD3100, a specific CXCR4 antagonist. The SDF-1ares virus
contained the following mutations in the gp120 molecule: N106K in the V1 loop; S134N and F145L in the V2
loop; F245I in the C2 loop; K269E, Q278H, I288V, and N293D in the V3 loop; a deletion of 5 amino acids
(FNSTW) at positions 364 to 368 in the V4 loop; and R378T in the CD4 binding domain. Replication of the
NL4.3 wild-type virus and the SDF-1ares virus was demonstrated in U87 cells that coexpressed CD4 and
CXCR4 (U87.CD4.CXCR4) but not in U87.CD4.CCR5 cells. Thus, the resistant virus was not able to switch to
the CC chemokine receptor 5 (CCR5) coreceptor (the main coreceptor for macrophage-tropic viruses). The
SDF-1ares virus replicated in HOS.CD4 cells expressing CCR1, CCR2b, CCR3, CCR4, CCR5, and CXCR4 but
also in HOS.CD4.pBABE cells. However, all HOS transfectant cells expressed a low level of CXCR4. Neither
of the two virus strains was able to infect HOS.CXCR4 or HOS.CCR5 transfectants, demonstrating the ne-
cessity of the CD4 receptor. The T-cell-line-tropic SDF-1ares virus was thus able to overcome the inhibitory
effect of SDF-1a through mutations in gp120 but still needed CXCR4 to enter the cells.

CXC chemokine receptor 4 (CXCR4) was recently shown to
be a coreceptor used by T-cell-line-tropic (T-tropic) human
immunodeficiency virus (HIV) strains to enter target cells
(5, 27), whereas CC chemokine receptor 5 (CCR5) allows the
entry of macrophage-tropic (M-tropic) HIV strains (2, 9, 16,
20, 21). The CXC chemokine stromal cell-derived factor 1a
(SDF-1a), the natural ligand for CXCR4, has been shown to
inhibit T-tropic (such as the NL4.3 strain) but not M-tropic
viruses and to inhibit primary HIV isolates (6, 33). Also,
CXCR4 is used by HIV type 2 (HIV-2) strains to enter cells,
even in the absence of the CD4 receptor (23). Monoclonal
antibody (MAb) 12G5 specifically binds to CXCR4 and inhib-
its infection with T-tropic HIV type 1 (HIV-1) strains, dual-
tropic HIV-1 strains, and HIV-2 strains (32), although varia-
tion in its antiviral activity has been described, depending on
the viral strain and the target cells used in the assays (32, 42).
A change in coreceptor use from predominantly CCR5 toward
CXCR4 is correlated in HIV-1-infected patients with progres-
sion to AIDS (40), and this change is also associated with a
switch from the non-syncytium-inducing to the syncytium-in-
ducing phenotype (41) and a decrease in CD41 T-cell counts.
During disease progression in patients, the virus expands its
coreceptor use to CCR5, CCR3, CCR2b, and CXCR4. The use

of these coreceptors is dependent on the sequence of the V3
loop of viral gp120 (10, 44, 45). However, many virus strains
are capable of using more than one coreceptor. Typically T-
tropic syncytium-inducing viruses not only use CXCR4 to in-
fect cells but also can use other coreceptors, such as CCR5 (8,
39). Recently, several new coreceptors were identified: Bonzo/
STRL33 (3, 17, 31), BOB/GPR15 (17, 26), GPR1 (26), and
US28 (35); these can also be used by immunodeficiency viruses
to enter cells.

We previously reported the development of HIV-1 resis-
tance to the polyanion dextran sulfate (DS) (25), the oligonu-
cleotide AR177 (24), and the bicyclam derivative AMD3100
(18), which are all potent inhibitors of HIV-1 and HIV-2 rep-
lication (4, 14, 15, 34). The first two compounds inhibit binding
and fusion of the virus (4, 38); the bicyclam does not inhibit
virus binding but acts as a specific CXCR4 antagonist and
therefore inhibits entry of the virus into the cells (19, 36, 40).
For all of the NL4.3 virus strains that were made resistant
to DS (DSres virus) (25), AR177 (AR177res virus) (24), or
AMD3100 (AMD3100res virus) (18), mutations were always
situated in env glycoprotein 120 (gp120).

Here we describe a T-tropic NL4.3 virus strain that was
made resistant to the CXC chemokine SDF-1a (the SDF-1ares

virus strain). We investigated the pattern of cross resistance of
the virus to other inhibitors of virus binding and fusion. The
resistant phenotype of the SDF-1ares virus could be attributed
to a number of mutations in gp120. The SDF-1ares mutant did
not change its coreceptor use.
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MATERIALS AND METHODS
Virus stocks and cell lines. The HIV-1 T-tropic molecular clone NL4.3 (1) was

obtained from the National Institute of Allergy and Infectious Disease AIDS
reagent program. Human osteosarcoma HOS.CD4 cells, which express human
CD4 and the chemokine receptors CCR1, CCR2b, CCR3, CCR4, CCR5, and
CXCR4 or pBABE, and HOS cells, which express CCR5 or CXCR4 (12, 17),
were obtained from the National Institute of Allergy and Infectious Disease
AIDS reagent program. Astroglioma U87.CD4 cells transfected with CXCR4 or
CCR5 were kindly provided by Nathaniel R. Landau. The transformed MT-4
T-cell line has been described elsewhere (28). The AMD3100-resistant NL4.3
virus was generated as described previously (18, 19). Cells were infected with
different concentrations of virus, and the supernatant was collected 5 to 10 days
after infection and stored at 220°C (17, 25). HIV-1 core antigen in the culture
supernatant was analyzed with the p24 antigen enzyme-linked immunosorbent
assay kit from DuPont (Brussels, Belgium).

Compounds and chemokines. DS (molecular weight, 5,000), a sulfated poly-
saccharide, was purchased from Sigma Chemie (Deisenhofen, Germany). The
bicyclam derivatives AMD2763 and AMD3100 were synthesized as described
previously (7) and kindly provided by Geoffrey Henson (AnorMed, Langley,
Canada). Oligonucleotide AR177, also called T30177 or Zintevir, was provided
by Robert F. Rando (Aronex Pharmaceuticals, The Woodlands, Tex.). 39-Azido-
39-deoxythymidine (AZT) was obtained from Wellcome (Beckenham, United
Kingdom). The CXC chemokine SDF-1a, SDF-1b, and the anti-CXCR4 MAb
12G5 were obtained from R & D Systems Europe Ltd., Oxon, United Kingdom.

MAbs and flow cytometric analyses. The anti-gp120 MAb NEA9305 (Du-
Pont), specifically recognizing the V3 loop epitope RIQRGPGRAFVTGK of
HIV-1, was used. The anti-CD4 MAb Leu-3a and isotype-matched control MAbs
were purchased from Becton Dickinson (Erembodegem, Belgium). The staining
protocols were described in detail elsewhere (37, 38). Cells were analyzed with a
FACScan (Becton Dickinson Immunocytometry Systems, San Jose, Calif.) flow
cytometer. Data were acquired and analyzed with CellQuest software (Becton
Dickinson Immunocytometry Systems) on an Apple Macintosh computer.

Selection of HIV-1 NL4.3 mutant strains. MT-4 cells were infected with HIV-1
NL4.3 in medium containing SDF-1a at 100 ng/ml. Cultures were incubated at
37°C until an extensive cytopathic effect (CPE) was observed (4 to 5 days). The
culture supernatant was used for further passage of virus in MT-4 cells in the
presence of increasing concentrations of SDF-1a up to 2 mg/ml.

DNA sequence analysis of gp120. MT-4 cells were infected with wild-type virus
or SDF-1ares virus and incubated for 4 days at 37°C. The cells were washed in
phosphate-buffered saline, and total DNA was extracted with a QIAamp blood
kit (Qiagen, Westburg, The Netherlands). PCR amplification was performed
with ULTMA DNA polymerase with proofreading capacity (Perkin-Elmer Ce-
tus, Norwalk, Conn.) according to De Vreese et al. (18). The PCR product was
electrophoresed in an agarose gel, and the relevant band was excised and purified
with a QIAquick purification kit. DNA sequencing was performed as described

in detail by Esté et al. (25), and sequences were analyzed with DNA Navigator
software (Perkin-Elmer).

RESULTS
Selection of the SDF-1ares strain. HIV-1 NL4.3 was pas-

saged in MT-4 cells in the presence of SDF-1a at a starting
concentration corresponding to the 50% inhibitory concentra-
tion (IC50) (100 ng/ml). Virus replication was monitored mi-
croscopically by the appearance of CPE. Every 4 or 5 days, the
replicating virus was passaged in fresh uninfected cells in the
presence of SDF-1a at the same concentration as in the pre-
vious passage or at a twofold higher concentration, depending
on the CPE observed. After 24 passages (100 days), virus that
was fully able to replicate in MT-4 cells in the presence of 2 mg
of SDF-1a per ml was recovered. Virus from passage 20 could
grow in the presence of 2 mg of SDF-1a per ml, and the in-
duced CPE was comparable to that of the wild-type virus.

To demonstrate the gradual decrease in the antiviral activity
of SDF-1a, MT-4 cells were infected with 100 50% cell culture
infective doses (CCID50) of the HIV-1 NL4.3 wild type or
NL4.3 SDF-1ares from passage 10 or passage 24, and SDF-1a
was added to the cells at different concentrations up to 1 mg/ml.
At 5 days after infection, the cells were analyzed for CD4
expression because productive infection of MT-4 cells by T-
tropic viruses is accompanied by the disappearance of CD4
from the T-cell surface (13). The uninfected MT-4 cells were
96% CD41 (Fig. 1, top panel) (37), whereas only 2, 4, and 1%
of cells infected with the NL4-3 wild type, NL4-3 SDF-1ares

(passage 10), and NL4-3 SDF-1ares (passage 24), respectively,
expressed CD4 (Fig. 1, middle panels). As can be seen in the
lower panels of Fig. 1, SDF-1a was active against the NL4.3
wild type (80% of the cells still expressed CD4), less active
against NL4.3 SDF-1ares (passage 10) (66% CD41), and vir-
tually inactive against NL4.3 SDF-1ares (passage 24) (14%
CD41). The IC50s of SDF-1a, as calculated from CD4 expres-
sion in these cultures, were 150 ng/ml for the wild type, 800

FIG. 1. Effect of SDF-1a (1 mg/ml) on NL4.3 wild-type, SDF-1ares (passage 10), and SDF-1ares (passage 24) HIV-1 replication in MT-4 cells, as monitored by CD4
expression. Cells were infected with the virus strains at 100 CCID50 in the presence or absence of SDF-1a and stained 5 days after infection with MAb Leu-3a directly
labeled with phycoerythrin (Becton Dickinson). As a control, uninfected cells also were stained with MAb Leu-3a. The percentage of CD41 cells (uninfected cells) is
indicated in each histogram.
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ng/ml for SDF-1ares (passage 10), and .1 mg/ml for SDF-1ares

(passage 24). These IC50s were comparable to the IC50s cal-
culated from the p24 antigen contents of these cultures. In all
of the further experiments, NL4.3 SDF-1ares virus (passage 24)
was used and referred to as SDF-1ares.

In Fig. 2, MT-4 cells were infected with the wild-type virus
and the SDF-1ares virus and analyzed for gp120 expression
with an anti-gp120 MAb (NEA9305) 5 days after infection.
The expression of gp120 in SDF-1ares virus-infected cells
(94%) (Fig. 2E) was comparable to that in wild-type virus-
infected cells (91%) (Fig. 2B). SDF-1a at 1 mg/ml was highly
protective against the wild-type virus (only 19% of the cells
expressed gp120) (Fig. 2C) and inactive against the SDF-1ares

virus (93% gp120-positive cells) (Fig. 2F). The IC50s of SDF-
1a, as calculated from gp120 expression in these cultures, were
90 ng/ml for the wild-type virus and .1 mg/ml for the SDF-
1ares virus. Again, these IC50s were comparable to those cal-
culated from the p24 antigen contents of these cultures.

Cross-resistance to other compounds. The wild-type virus
that had been grown in MT-4 cells in parallel with the SDF-
1ares virus but in the absence of SDF-1a was as sensitive as the
original virus stock to SDF-1a (IC50, 130 ng/ml) (Table 1).
SDF-1b, which differs from SDF-1a only in four carboxy-ter-
minal amino acids (6, 43), was inactive against the SDF-1ares

virus, and it was somewhat less active against the wild-type
virus than SDF-1a (IC50, 200 ng/ml). We also examined the
effect of the anti-CXCR4 MAb 12G5 on the replication of the
wild-type virus and the SDF-1ares virus. MAb 12G5 inhibited
the replication of the NL4.3 wild-type by 50% at 8 mg/ml;
however, the anti-CXCR4 MAb had no effect whatsoever on
the replication of the SDF-1ares virus up to a concentration of
20 mg/ml (Table 1).

We recently demonstrated that the bicyclams are specific

CXCR4 antagonists (36, 40). Therefore, two prototypes,
AMD2763 and AMD3100, were tested for their antiviral ac-
tivity against the SDF-1ares virus. The SDF-1ares virus proved
partially cross-resistant to AMD2763 and AMD3100 (10-fold
decrease in sensitivity) (Table 1). The SDF-1ares virus was not
cross-resistant to the HIV binding or fusion inhibitors AR177
(Zintevir) and DS (Table 1) and the reverse transcriptase in-
hibitor AZT (Table 1). SDF-1a and AMD2763 were com-
pletely inactive against the AMD3100-resistant virus (18, 36)
(Table 1), the CXC chemokine SDF-1b and the anti-CXCR4
MAb had no activity against the AMD3100res virus (Table 1),
but the AMD3100res virus still retained marked sensitivity to
AMD3100 (18) (Table 1).

U87.CD4 transfectants. To determine whether the SDF-1ares

virus might use a different coreceptor in MT-4 cells, the rep-
lication of the SDF-1ares virus was tested in the astroglioma
cell line U87 stably expressing CD4 and CXCR4 or CD4 and
CCR5 (17). Cells were incubated with 103 pg of p24 from
either wild-type or SDF-1ares virus per ml, and the p24 con-
centrations were measured 6 to 10 days later. Both virus strains
were able to infect U87.CD4.CXCR4 at comparable levels
(Fig. 3). SDF-1a was active against the wild-type virus in these
transfected cells, although to a somewhat lesser extent than
in MT-4 cells (Table 1), other CD41 T-cell lines (data not
shown), or peripheral blood mononuclear cells (36). SDF-1a
had no significant activity against the SDF-1ares virus (Fig. 3B).
The T-tropic NL4.3 wild-type virus was, as expected, not able
to infect U87.CD4.CCR5 cells, and the SDF-1ares virus was
not able to replicate in these cells either (less than 5 pg of p24
per ml; under the detection limit) (Fig. 3). As controls, the
M-tropic HIV-1 BaL strain and simian immunodeficiency virus
strain MAC251, known to use CCR5 to enter cells (2, 22), were
found to replicate in U87.CD4.CCR5 cells (data not shown).
When U87.CD4.CCR5 cells were incubated with 104 pg of p24
from either wild-type or SDF-1ares virus per ml, the concen-
trations of p24 measured 6 to 10 days later were still below the
detection limit. These results suggest that both the wild-type
and the SDF-1ares virus strains use CXCR4 for entry and
infection and that the SDF-1ares virus cannot switch to CCR5
as a coreceptor for entry.

HOS transfectants. The SDF-1ares virus replicated in HOS.
CD4.CCR1, HOS.CD4.CCR2b, HOS.CD4.CCR3, HOS.CD4.
CCR4, HOS.CD4.CCR5, and HOS.CD4.CXCR4 cells equally
well, whereas the NL4.3 wild-type virus replicated preferential-
ly in HOS.CD4.CXCR4 cells, although viral replication could
be measured in the other HOS.CD4 transfectants. In addition,

FIG. 2. Effect of SDF-1a (1 mg/ml) on NL4.3 wild-type (A, B, and C) and
SDF-1ares (D, E, and F) HIV-1 replication in MT-4 cells, as monitored by
anti-gp120 MAb binding. Cells were infected with the virus strains at 100 CCID50
and stained 4 days after infection with MAb NEA9305. The percentage of
gp120-positive cells (HIV-1-infected cells) is indicated in each histogram. In
panels A and D, cells were stained with the secondary antibody only.

TABLE 1. Anti-HIV activity of SDF-1a, SDF-1b, MAb 12G5, and
other compounds against wild-type, SDF-1ares, and

AMD3100res viruses in MT-4 cellsa

Anti-HIV
agent

IC50 (mg/ml) for:

Wild-type
virus

SDF-1ares

virus
AMD3100res

virus

SDF-1a 0.130 .2 .2
SDF-1b 0.200 .2 .2
MAb 12G5 8 .20 .20
AMD3100 0.006 0.065 0.689
AMD2763 0.3 2.5 .25
DS 0.2 0.2 .5
AR177 1.1 1.5 .5
AZT 0.0006 0.0008 0.0005

a Virus yield was monitored in the cell-free supernatant from MT-4 cells 4 to
5 days after infection by a viral p24 antigen enzyme-linked immunosorbent assay.
Results represent mean values from three to eight separate experiments.
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HOS.CD4.pBABE cells were also infected with the SDF-1ares

virus. However, all HOS transfectant cells express low amounts
of CXCR4 (35a). This finding demonstrates that the SDF-1ares

virus still uses CXCR4, although this virus could use a smaller
amount of CXCR4 receptors to enter the cells. Neither virus
strain, even at 10 ng of p24, was able to replicate in HOS cells
expressing CXCR4 or CCR5 (data not shown). Thus, the SDF-
1ares virus, like the wild-type virus, needs the CD4 receptor
together with the CXCR4 coreceptor to enter target cells.

DNA sequence analysis of the env gene of SDF-1ares. We
identified several mutations in the gp120 gene sequence of the
SDF-1ares virus strain that were not present in the wild-type
virus strain (Table 2). Four mutations were clustered in the V3
loop region: K269E, Q278H, I288V, and N293D. Other muta-
tions were found in the V1 (N106K), V2 (S134N and F145L),
C2 (F245I), and V4 (R378T) regions of the SDF-1ares virus.
Remarkably, a deletion of 5 amino acids (FNSTW) at positions
364 to 368 in the V4 loop was found. The F245I mutation in C2,
all four mutations in the V3 loop, and the deletion of 5 amino
acids were also found in the AMD3100res virus (18).

DISCUSSION

A factor allowing the entry of T-tropic HIV-1 strains was
identified by genetic complementation of murine CD41 cells
and was named fusin (27). A few months later, this factor was
shown to be the receptor for the CXC chemokine SDF-1a, and
fusin was renamed CXCR4 (6, 33). This receptor is used by
HIV-1 and HIV-2 strains to enter cells (6, 23, 33). It does not
allow infection by M-tropic HIV strains, which instead use
CCR5 (2, 9, 16, 20, 21). The V3 domain of gp120 was found to
be necessary, although other domains of gp120 were also found
to play a role in the interaction with CCR5 (44, 45). The role
of the V3 domain in the interaction of gp120 with CXCR4 has
not been directly demonstrated, but a complete V3 loop sub-
stitution of a T-tropic strain with an M-tropic strain resulted in
a switch from CXCR4 to CCR5 (11).

It also has been shown by immunoprecipitation that in the
presence of CD4, gp120 forms a complex with CXCR4, sug-
gesting that both CXCR4 and CD4 interact directly with the
viral envelope (30). Further support for a direct interaction
between CXCR4 and gp120 is given by the mutations observed
in gp120 of the SDF-1ares virus. Four of the nine mutations in
gp120 are located in the V3 domain. Also, mutations were
found in other domains of gp120, and one was also present in
the CD4 binding domain. Therefore, the CXCR4 binding site
is probably not limited to the V3 loop alone.

The SDF-1ares virus is no longer sensitive to the chemokines
SDF-1a and SDF-1b, which are the natural ligands for the
CXCR4 receptor. The anti-CXCR4 MAb 12G5 is reported to
inhibit HIV-1 and HIV-2 infection at 1 to 20 mg/ml, although
the ability of this MAb to block infection by T-tropic isolates of
HIV-1 is highly dependent on the viral isolate and the target
cell (32); MAb 12G5 is even inactive against certain T-tropic
viruses, such as the IIIB strain (42). This fact suggests that oth-
er cofactors may be involved or that some viruses may use a
different epitope of CXCR4 that is not blocked by MAb 12G5.
We obtained an IC50 of 8 mg/ml for the NL4.3 strain in MT-4
cells. This MAb also was more active against dual-tropic vi-
ruses in MT-4 cells (data not shown), a result which corre-
sponds to what has already been described by other investiga-
tors using other T-cell lines (42) and which suggests the usage
of different epitopes by dual- and T-tropic viruses. MAb 12G5
completely lost its activity against the SDF-1ares virus, even at
a concentration of 20 mg/ml (Table 1).

The two bicyclams, AMD2763 and AMD3100, were only
about 10-fold less inhibitory to the SDF-1ares virus than to the
wild-type virus. The antiviral activity profile of AMD3100 sug-

FIG. 3. Replication of SDF-1ares virus in U87 cells. U87.CD4.CXCR4 and
U87.CD4.CCR5 cells were infected with NL4-3 wild-type (A) and SDF-1ares (B)
HIV-1 in the presence of different concentrations of SDF-1a (500, 100, and 20
ng/ml). p24 antigen levels were measured 8 days after infection.

TABLE 2. Mutations in gp120 of the SDF-1ares virus

Amino acid
position
(region)

Wild-type virus SDF-1ares virus

Codon Amino
acid Codon Amino

acid

106 (V1) AAT N AAG K
134 (V2) AGC S AAC N
145 (V2)a TTC F TTA L
245 (C2) TTC F ATC I
269 (V3)a AAC/AAA N (K) GAA E
278 (V3)a CAG Q CAT H
288 (V3)a ATA I GTC V
293 (V3)a AAT N GAT D
D364–368a TTT AAT AGT

ACT TGG
FNSTW Deletion Deletion

387 (V4) AGA R ACA T

a Mutations that were also present in the AMD3100res virus (18).
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gests that it directly interacts with the CXCR4 receptor:
AMD3100 inhibits the binding of an anti-CXCR4 MAb to its
receptor, blocks infection by T-tropic viruses but not M-tropic
viruses, and inhibits intracellular SDF-1a signaling in a con-
centration-dependent fashion (36, 40). It is therefore reason-
able to speculate that the SDF-1ares virus has adapted to use a
different binding site on the CXCR4 coreceptor. Of the nine
mutations detected in gp120 of the SDF-1ares NL4.3 virus
strain, four were located in the V3 domain and all four were
also detected in the AMD3100res virus (18).

The SDF-1ares virus was not able to switch to the CCR5
coreceptor. The data obtained with U87.CD4 cells demon-
strated this result clearly. U87.CD4 cells are negative for MAb
12G5 staining (23; unpublished data) and do not express
CXCR4 mRNA (27). The results obtained with the HOS trans-
fectants were more confusing, due to the low expression of
CXCR4 on the parental cells. HOS cells are positive for
CXCR4 mRNA (29) and weakly positive when stained with
MAb 12G5 (35a). With a higher virus input (104 pg of p24 per
ml), the NL4.3 virus was also able to replicate in all of the
HOS.CD4 cell lines. Thus, although CXCR4 is expressed in
HOS cells, the wild-type virus was not able to use it as avidly as
the SDF-1ares virus. The presence of CD4 on the cell mem-
brane was still necessary for the SDF-1ares virus (as for the
wild-type virus) to enter the target cells, because HOS cells
transfected with only CXCR4 could not be infected (data not
shown). However, AMD3100 was still active against the SDF-
1ares virus when tested in all HOS.CD4 cell lines at an IC50

comparable to that obtained in MT-4 cells. This finding also
demonstrates that the SDF-1ares virus uses CXCR4 as a core-
ceptor for entry into cells. The results obtained with the trans-
fected cells in the presence of AMD3100 also demonstrated
that the SDF-1ares virus does not use CCR1, CCR2b, CCR3,
or CCR4 to enter cells. Also, the SDF-1ares virus is not capable
of using two newly described chemokine receptors, Bonzo and
BOB (17). Because U87.CD4 cells are positive for Bonzo/
STRL33 (17), the SDF-1ares virus is able to infect these cells
only when CXCR4 is expressed (Fig. 3). The SDF-1ares virus
also does not use BOB/GPR15, because although CEMX174
cells are positive for this receptor (17) (but also positive for
CXCR4) and the SDF-1ares virus is able to infect CEMX174
cells, the CXCR4 antagonist AMD3100 is able to inhibit
SDF-1ares virus infection at an IC50 of 70 ng/ml in these
cells (35a).

It took 24 passages in cell cultures (100 days) for the NL4.3
strain to become resistant to SDF-1a (.20-fold resistance). In
comparison, it took 17 passages in cell cultures (100 days) for
the NL4.3 strain to become resistant to DS (IC50, .125 mg/ml)
(.900-fold resistance) (25), 33 passages (182 days) for .200-
fold resistance to AR177 (IC50, .125 mg/ml) (24), 25 passages
(120 days) for .172-fold resistance to AMD2763 (IC50, .250
mg/ml) (19), and 63 passages (almost 1 year) for 300-fold re-
sistance to AMD3100 (IC50, 546 ng/ml) (18). We never ob-
tained complete resistance against AMD3100 with the NL4.3
strain. The SDF-1ares virus was still sensitive to AMD3100,
showing that this compound has a much stronger interaction
with CXCR4 than the CXC chemokine itself, a finding which
is also reflected in the larger number of mutations present in
gp120 of the AMD3100res virus than in gp120 of the SDF-1ares

virus (18).
In conclusion, the NL4.3 SDF-1ares virus overcomes the

inhibitory effects of SDF-1a by mutations in gp120 but is not
able to switch to another coreceptor.
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Clercq. 1996. The bicyclams, a new class of potent human immunodeficiency
virus inhibitors, block viral entry after binding. Antiviral Res. 29:209–219.

20. Doranz, B. J., J. Rucker, Y. Yi, R. J. Smyth, M. Samson, S. C. Peiper, M.
Parmentier, R. G. Collman, and R. W. Doms. 1996. A dual-tropic primary
HIV-1 isolate that uses fusin and the b-chemokine receptors CKR-5, CKR-3,
and CKR-2b as fusion cofactors. Cell 85:1149–1158.

21. Dragic, T., V. Litwin, G. P. Allaway, S. R. Martin, Y. Huang, K. A. Na-
gashima, C. Cayanan, P. J. Maddon, R. A. Koup, J. P. Moore, and W. A.
Paxton. 1996. HIV-1 entry into CD41 cells is mediated by the chemokine
receptor CC-CKR-5. Nature 381:667–673.

22. Edinger, A. L., A. Amedee, K. Miller, B. J. Doranz, M. Endres, M. Sharron,
M. Samson, Z.-H. Lu, J. E. Clements, M. Murphy-Corb, S. C. Peiper, M.
Parmentier, C. C. Broder, and R. W. Doms. 1997. Differential utilization of
CCR5 by macrophage and T cell tropic simian immunodeficiency virus
strains. Proc. Natl. Acad. Sci. USA 94:4005–4010.

23. Endres, M. J., P. R. Clapham, M. Marsh, M. Ahuja, J. D. Turner, A.
McKnight, J. F. Thomas, B. Stoebenau-Haggarty, S. Choe, P. J. Vance, T. N.
Wells, C. A. Power, S. S. Sutterwala, R. W. Doms, N. R. Landau, and J. A.
Hoxie. 1996. CD4-independent infection by HIV-2 is mediated by fusin/
CXCR4. Cell 87:745–756.
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