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We studied human immunodeficiency virus type 1 (HIV-1) chimeric viruses altering in their gp120 V1V2 and
V3 envelope regions to better map which genetic alterations are associated with specific virus phenotypes
associated with HIV-1 disease progression. The V1V2 and V3 regions studied were based on viruses isolated
from an individual with progressing HIV-1 disease. Higher V3 charges were linked with CXCR4 usage, but only
when considered within a specific V1V2 and V3 N-linked glycosylation context. When the virus gained R5X4
dual tropism, irrespective of its V3 charge, it became highly resistant to inhibition by RANTES and highly
sensitive to inhibition by SDF-1�. R5 viruses with higher positive V3 charges were more sensitive to inhibition
by RANTES, while R5X4 dualtropic viruses with higher positive V3 charges were more resistant to inhibition
by SDF-1�. Loss of the V3 N-linked glycosylation event rendered the virus more resistant to inhibition by
SDF-1�. The same alterations in the V1V2 and V3 regions influenced the extent to which the viruses were
neutralized with soluble CD4, as well as monoclonal antibodies b12 and 2G12, but not monoclonal antibody
2F5. These results further identify a complex set of alterations within the V1V2 and V3 regions of HIV-1 that
can be selected in the host via alterations of coreceptor usage, CC/CXC chemokine inhibition, CD4 binding,
and antibody neutralization.

Human immunodeficiency virus type 1 (HIV-1) belongs to
the family of lentiviruses that cause slow degenerative diseases
(16, 17, 36). The high rate of mutation associated with HIV-1
allows for the generation of viruses that can evade the host
immune responses and that give rise to variant biological prop-
erties, such as cell tropism. HIV-1 predominantly enters the
cell types that it infects through an initial interaction between
the gp120 envelope of the virus and the CD4 molecule, fol-
lowed by an interaction with a specific CC/CXC chemokine
receptor, thereby mediating membrane fusion and viral entry
(3, 42). Although a multitude of coreceptors can be utilized by
HIV-1, the two most significant for virus transmission and
pathogenesis are the CC chemokine receptor CCR5 and the
CXC chemokine receptor CXCR4, respectively (2, 57). The
preferred phenotypic classifications for HIV-1 are R5 for iso-
lates using CCR5, X4 for those using CXCR4, and R5X4 for
those capable of using both coreceptors (3). The association of
X4 variants with disease progression and the maintenance of
R5 variants throughout infection suggest that X4 viruses are
either a cause of or evolve in response to progressive immu-
nosuppression, while R5 variants make up the reservoir re-
sponsible for persistent infection (45, 46, 48, 52). Detection of
X4 viruses is also predictive of rapid CD4 cell decline (9, 28).

Although X4 isolates can occasionally be detected early, they
usually appear later in infection and are associated with pro-
gression to AIDS (10, 49).

The CC chemokines RANTES, MIP-1�, and MIP-1�, the
natural ligands for the CCR5 chemokine receptor, and SDF-
1�, the natural ligand for the CXCR4 coreceptor, have been
shown to successfully block the replication of HIV-1 in vitro (4,
8). Furthermore, the association between a large array of ge-
netic polymorphisms within chemokine and chemokine recep-
tor genes and disease progression indicates a strong associa-
tion between the chemokine network and viral replication in
vivo (53). Moreover, loss of sensitivity to the CC chemokines
correlates with characteristic changes in V3 amino acid resi-
dues that have been described in the virus phenotype switch
from R5 to X4 (14, 15). Initial adaptation of an HIV-1 popu-
lation to strong selective pressures can result in a compromised
replication rate. In subsequent rounds of replication under
continued selection, occurrence of second-site mutations that
compensate for part or all of the lost fitness can be observed (6,
44). In the case of gp120, changes needed for immune escape
should not compromise vital mechanisms of virus entry.

The gp120 molecule is extensively glycosylated and contains
approximately 24 N-linked glycosylation sites, and alterations
within N-linked glycosylation sites have previously been shown
to alter the coreceptor usage, CD4 binding, and antibody neu-
tralization profiles of HIV-1 (1, 7, 27, 30, 33, 34, 37, 38, 41, 51,
55). However, despite the wide range of information on the
issue, a lot of questions with regard to the specific associations
between the gp120 elements, e.g., glycosylation patterns and
the V3 loop charge, and their effects with regard to altered
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phenotypic characteristics of the virus need to be answered.
Here we elected to study chimeric molecularly cloned viruses
based on virus isolates generated from a patient with progress-
ing disease in order to identify what effect specific altered
genotypes have on the virus phenotype and how these alter-
ations may be selected in the host.

The V3 charge, the V1V2 region, and V3 N-linked glycosyl-
ation alter HIV-1 coreceptor usage and CC/CXC chemokine
inhibition. We have previously reported on the generation and
characterization of a panel of molecularly cloned HIV-1 strains
that varied with respect to their V1V2 and V3 gp120 regions
and that altered in their coreceptor usage phenotypes (38).
These viruses were composed of different combinations of
V1V2 and V3 sequences within the context of the HxB2 gp120
envelope and the LAI viral backbone. In summary, the V1V2
and V3 regions studied were based on primary virus isolates
generated from an individual with a progressing disease course
who had undergone a switch in the virus phenotype from the
non-syncytium-inducing to the syncytium-inducing phenotype
(11, 12). A schematic representation of the chimeric viruses
studied is depict in Fig. 1A. Alterations within the V1V2 and
V3 regions, corresponding to the observed amino acid differ-
ences between the early and late viruses from the patient, were
introduced by site-directed mutagenesis as previously de-
scribed (11, 12, 38). Replication-competent virus stocks were

used to analyze coreceptor usage patterns on U87.CD4 cells
expressing different coreceptors (Fig. 1B). Modifications of the
V3 charge alone (in viruses designated the X panel) had little
effect in switching the virus from use of the CCR5 coreceptor
to use of the CXCR4 coreceptor, whereas addition of the
late-stage V1V2 region (X.10 viruses) had a marked effect in
providing CXCR4 usage at V3 charges of �4, �5, and �6.
CCR5 usage was significantly reduced when the V3 charge was
high and was eliminated at a charge of �6 when it was accom-
panied by loss of the V3 loop N-linked glycosylation event
(X.10�gV3).

We studied the inhibition of the X and X.10 panels of viruses
by a single high-dose concentration of CC or CXC chemokines
on CD4�-enriched lymphocytes (Fig. 2A) by using chemokine
concentrations previously identified as inhibitory (50). As ex-
pected, all of the X viruses, irrespective of their V3 charge,
were completely inhibited by the high concentration of RAN-
TES (Fig. 2A), while the X.10 viruses lost their inhibition by
RANTES and demonstrated a high degree of inhibition by
SDF-1� (Fig. 2A), even though they had been shown to utilize
the CCR5 coreceptor as efficiently as CXCR4 on U87.CD4
cells (Fig. 1B). The effect of SDF-1� virus inhibition and loss
of virus replication caused by RANTES was again irrespective
of the V3 charge.

We wished to further identify whether alterations in the V3
charge alone have the capacity to influence virus inhibition by
the CC chemokine RANTES. Since the group of X viruses (V3
charges of �3, �4, �5, and �6) utilize predominantly the
CCR5 coreceptor and could be completely neutralized by high
concentrations of RANTES, we tested the inhibition of these
viruses on CD4� lymphocytes by using limiting dilutions of
RANTES. The viruses with the lower V3 charges were more
resistant to the inhibitory effects of RANTES than were the
viruses with the higher V3 charges (Fig. 2B). Similar results
were obtained with viruses with the same charge but different
amino acid substitutions (data not shown), suggesting that this
phenomenon is indeed charge related and not due to the
specific single amino acid substitutions made to generate the
charge alterations.

In order to assess the influence of the V3 charge and its
effect on CXCR4 usage, we performed inhibition assays with
limiting dilutions of SDF-1�, the natural ligand for CXCR4.
Since the X.10 viruses that we used in these assays both use
CCR5 and CXCR4, we performed the assays with CD4�-
enriched lymphocytes isolated from an individual homozygous
for the bp 32 deletion in the CCR5 gene (CCR5�/�). Since
viruses with a �3 V3 charge did not demonstrate significant
CXCR4 usage, they were excluded from the experiment. When
we compare the effects of different V3 charges (�4, �5, and
�6), we identified a difference in inhibition by SDF-1�, with
the �4 V3 lower charge being more sensitive to the blocking
effects (Fig. 2B). We also compared the SDF-1� inhibition of
the viruses altering with respect to the N-linked glycosylation
patterns in the V1 and V3 regions and encompassing the dif-
ferent V3 charges. Figure 2C depicts the inhibition of the �5
V3 panel of viruses altering with respect to the V1 and V3
N-linked glycosylation patterns, demonstrating that the viruses
missing the V1 or V3 N-linked glycosylation events were more
resistant to inhibition by SDF-1� than the virus with both the
V1 and V3 N-linked glycosylation events.

FIG. 1. Viruses used in this study and their coreceptor usage pro-
files. (A) Schematic representation of the chimeric molecularly cloned
viruses generated from patient ACH168 and used in this study (11, 12,
38). (B) Coreceptor usage patterns of the viruses on U87.CD4 cells
expressing CCR3, CCR5, or CXCR4. CCR3 is represented by grey
bars, CCR5 is represented by white bars, and CXCR4 is represented by
black bars. Cells of the U87.CD4� line (3.0 � 104) expressing CCR3,
CCR5, or CXCR4 were infected with the viruses from each panel (0.1
to 1 �g of p24/ml). Cells were infected for 18 h before being washed
twice with phosphate-buffered saline and fed with fresh medium. On
day 10 of culture, the p24 levels in the culture supernatants were
determined by using a standard enzyme-linked immunosorbent assay.
Data are expressed as mean p24 values of triplicate wells, and the
intersample standard deviation did not exceed 10%.
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It is generally accepted that the R5-to-X4 phenotype switch
of HIV-1 is associated with an increase in the overall positive
charge of the V3 region during disease progression (43). We
have previously shown that the rise in the V3 charge alone is
not sufficient for CXCR4 utilization, and here we demonstrate
further that a virus with a �6 V3 charge can be altered to use
CXCR4 exclusively by insertion of the late-stage disease V1V2
region in combination with loss of the V3 N-linked glycosyla-
tion event (Fig. 1B) (38). Without the alteration in V3 N-
linked glycosylation, the V1V2 region from late-stage disease is
significant in determining the R5X4 dualtropic phenotype but
not in reducing CCR5 usage. The late-stage V1V2 region has

an amino acid insertion coding for an extra N-linked glycosyl-
ation site; however, removing this site had no obvious effect on
altering coreceptor utilization. Lengthening of the V1 region
has been previously described, and a number of studies have
suggested that length alterations of this region are observed in
patients undergoing disease progression (19, 23, 47). Our re-
sults further indicate a specific interaction between the V1V2
and V3 regions required for CCR5 coreceptor utilization and
that the V3 N-linked glycosylation event is significant for this
interaction (30, 32, 37).

Our results suggest that as the R5X4 phenotype emerges,
even at a low V3 charge, the virus may have lost its ability to be
controlled by CC chemokines. This observation may be a re-
flection of the high expression levels of CXCR4 at the surface
of the CD4� lymphocyte and not a true reflection of the ability
of these viruses to use either the CCR5 or CXCR4 coreceptor.
When we studied the dose-inhibitory effect of the CC chemo-
kine RANTES on the X panel of viruses, we found that in-
creasing the V3 charge increased sensitivity to the blocking
effects of RANTES (Fig. 2B); therefore, without the combined
alteration of V1V2, there may be a selective advantage to a
virus with a lower V3 charge. Viruses that evolve with higher
V3 charges will be more restricted in their replication by the
blocking CC chemokines, maybe helping to further explain
why some individuals can remain for longer periods of time
with R5 viruses. The same argument can be used for the X4
viruses, where we have found that those with the lower V3
charges are more sensitive to the controlling effects of SDF-1�.
Although it is unlikely that levels of SDF-1� in the circulation
can control HIV-1 replication, there may be some control
exerted within different compartments, such as within lymph
nodes. If SDF-1� can more efficiently control the viruses with
lower V3 charges, then there may be a selection pressure
providing for viruses with higher V3 charges to emerge once
the switch in coreceptor usage has been initiated.

For CXCR4 usage, loss of the N-linked glycosylation site at
a �5 V3 charge rendered the virus more resistant to inhibition
by SDF-1�, providing an explanation for the preferential loss
of this glycosylation event as the V3 charge increases. It is
tempting to speculate that what we have observed is a modi-
fication of coreceptor affinity and that the viruses with the
lower or higher charges have increased affinities for their re-
spective coreceptors, CCR5 and CXCR4. However, without
the corresponding biochemical analysis, we refer to our viruses
as possessing alterations of coreceptor utilization. The inter-
action between the V1V2 and V3 regions will determine how
efficiently the gp120 envelope interacts with the CCR5 and
CXCR4 coreceptors. A shift in coreceptor affinity could have
significant consequences for virus evolution, with a higher-
affinity gp120, either R5 or X4, being that preferentially trans-
mitted or associated with late-stage disease, respectively.

Modifications in the V3 charge and V1V2 and V3 N-linked
glycosylation differentially alter HIV-1 neutralization by
sCD4. Since variations in the V3 charge and N-linked glyco-
sylation could confer alterations of relative CCR5 and CXCR4
coreceptor utilization, we wished to identify whether the same
viruses altered with respect to their affinity for CD4. To this
end, we measured the neutralization of the viruses by limiting
dilutions of soluble CD4 (sCD4) on CD4� lymphocytes iso-
lated from an individual homozygous for the wild-type CCR5

FIG. 2. CC/CXC chemokine inhibitions. (A) Bulk inhibition of the
X (R5) panel of viruses with a high concentration of RANTES (200
nM) and of the X.10 (R5X4) panel of viruses with a high concentration
of RANTES (200 nM) or SDF-1� (2 �g/ml). The experiments were
performed with CD4�-enriched lymphocytes isolated from a CCR5�/�

individual. The white bars represent percent inhibition by RANTES,
and the black bars represent percent inhibition by SDF-1�. (B) Inhi-
bition of the X and X.10 panels of viruses carrying the different V3
charges (symbols: diamonds, �3 V3 charge; squares, �4 V3 charge;
triangles, �5 V3 charge; circles, �6 V3 charge) by RANTES and
SDF-1�, respectively. (C) Inhibition of the �5 V3 viruses carrying the
different glycosylation pattern (symbols: diamonds, X.10; squares,
X.10�gV1; triangles, X.10�gV3). CD4�-enriched lymphocytes iso-
lated from a CCR5�/� individual were used in the RANTES inhibition
assays, while CD4�-enriched lymphocytes isolate from a CCR5�/�

individual were used in the SDF-1� inhibition experiments. The re-
spective CD4� lymphocytes (2.0 � 105) were preincubated with serial
dilutions of the chemokine for 1 h, and then the viruses were added.
The day chosen for calculating inhibiting response was based on the
day the p24 value of the positive control well peaked (not longer than
14 days), and percent inhibition was calculated by determining the
reduction in p24 production in the presence of the agent compared to
that for the cultures with virus only. For each inhibition experiment, a
positive control, virus incubated with cells in the absence of the agent,
and a negative control, virus in the absence of cells, was included. The
negative control p24 concentration was subtracted from all of the test
results. Each experiment was repeated at least twice with CD4�-en-
riched lymphocytes from different donors. Data are expressed as mean
p24 values of triplicate wells, and the intersample SD did not exceed
10%.
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allele, CCR5�/�. We selected for study the four panels of
viruses (X, X.10, X.10�gV1, and X.10�gV3) and those altering
with respect to the V3 charge (�3, �4, �5, and �6). For the
�3 panel of viruses, the X.10�gV1 and X.10�gV3 viruses were
excluded because of their poor replication profile on CD4�

lymphocytes (data not shown). The neutralization of these
viruses with sCD4 can be seen in Fig. 3. Irrespective of the V3
charge, all of the X viruses are neutralized with lower concen-
trations of sCD4 than the X.10 viruses, suggesting that addition
of the V1V2 region from a late stage of infection increases the
affinity of the gp120 protein for the CD4 molecule. When the
N-linked glycosylation event is removed from the V1 region,
the shift in sCD4 neutralization remains, indicating that inser-
tion of this event does not modulate sCD4 binding. However,
when the N-linked glycosylation event within the V3 region is
removed (for all of the V3 charges tested [�4, �5, and �6]),
then the viruses demonstrate the same inhibition profiles as the
original X panel of viruses. These results suggest that, irrespec-
tive of the V3 charge and coreceptor usage patterns, the affin-
ity of gp120 for CD4 can be modulated by the V1V2-V3 in-
teraction and that the V3 N-linked glycosylation event can be
significant for determining CD4 binding strength. Although
the shift in sCD4 neutralization appears to be small, it should
be considered that we are studying molecularly cloned viruses.

It has previously been found that gp120 V2 and V3 N-linked
glycosylation events can modulate CD4, as well as coreceptor
binding (7, 18, 25, 26, 33, 34), with the V3 charge also influ-
encing coreceptor usage (21, 54). Here we identified that the
virus with the lower �3 V3 charge was more sensitive to inhi-
bition by sCD4 than were the viruses with the higher �4, �5,
and �6 V3 charges, but it is not known whether this is specif-
ically charge related or whether the effect is a result of the
specific D324N replacement encountered, although the V3
region has not been shown to interact with the CD4 binding
site (CD4BS). Alterations of the V1V2 region, but not its
N-linked glycosylation event, and loss of the V3 N-linked gly-

cosylation site both influenced the ability of gp120 to interact
with the CD4 molecule, irrespective of the V3 charge. This
result could be explained by either an alteration of CD4 affinity
or a change in the gp120 structure that results in either better
exposure or occlusion of the CD4BS. The V1V2 region alter-
ations could result in a virus with greater CD4 affinity with a
more open CD4BS structure that is lost, or closed, when the
V3 N-linked glycosylation site is removed. These results again
demonstrate intermediate viruses whose phenotype is depen-
dent on the combination of events encountered between the
V1V2 and V3 regions. It is of interest that the more dualtropic
viruses, or those with the lowest coreceptor affinity or utiliza-
tion patterns, are the viruses with the higher affinity or which
posses more accessible binding for CD4. During disease pro-
gression, compensatory mutations may therefore occur in
gp120 that heighten CD4 affinity in order to compensate for
the weakened CCR5 and/or CXCR4 coreceptor interactions
or, alternatively, occlude the CD4BS, as has been previously
proposed (33).

Modifications in V1V2 and V3 N-linked glycosylation can
differentially alter neutralization by MAbs b12 and 2G12. The
observations that coreceptor usage and CD4 affinity can be
modulated by combinations of V3 charge, variant V1V2 re-
gions, and V3 N-linked glycosylation led us to postulate that
these alterations may also modulate the ability of HIV-1 to be
neutralized by antibodies. In order to address this issue, we
studied the profiles of neutralization of selected molecularly
cloned viruses by well-characterized, envelope-directed, mono-
clonal antibodies (MAbs). We used three MAbs with defined
epitopes (2F5, b12, and 2G12). Other MAbs were tested (15e,
17b, and 48d), but none was shown to possess neutralizing
activity (data not shown). Since the �5 V3 panel of viruses (X,
X.10, X.10�gV1, and X.10�gV3) covered the virus phenotypes
we were interested in studying, we tested these viruses in neu-
tralization assays with CD4� lymphocytes isolated from an
individual homozygous for the wild-type CCR5 allele,
CCR5�/�, with the results shown in Fig. 4.

Different patterns of neutralization were observed for the
three different MAbs. MAb 2F5, directed against an epitope in
the gp41 region (39), demonstrated no specific inhibitory pro-
file, with all of the viruses showing similar neutralization pro-
files (Fig. 4A). For MAb b12, with its discontinuous epitope in
the gp120 structure containing residues from the CD4BS of
gp120 (24, 40), we found the neutralization profile of the X and
X.10�gV3 viruses to be similar, with the X.10 and X.10�gV1
viruses clustering together (Fig. 4B). This distinctive pattern
was the opposite of that observed for inhibition by sCD4 (Fig.
3), where the “intermediate” dualtropic viruses were more
resistant to neutralization than the more extreme R5 and X4
viruses. For MAb 2G12, directed against specific carbohydrate
determinants (41, 51), the same virus clustering pattern was
observed, but with the reverse profile (Fig. 4C). The observa-
tion of a reverse neutralization profile indicates that the results
obtained are not due to general differences in the replication
profiles of the viruses on CD4� lymphocytes. With both b12
and 2G12 neutralization, we have identified an association
between the V1V2 region and loss of N-linked glycosylation
within the V3 region. Addition of the late-stage V1V2 region
alters neutralization, which cannot be explained by the addi-
tion of the N-linked glycosylation event in the V1 region, with

FIG. 3. sCD4 neutralization of viruses altering in V3 charge and
pattern of gp120 N-linked glycosylation (symbols: closed circles, X;
open circles, X.10; open squares, X.10�gV1; closed squares,
X.10�gV3). The assays were carried out by using a scheme similar to
that described for the chemokine inhibition assay (Fig. 2) but with
preincubation of the viruses with sCD4, followed by addition of CD4�-
enriched lymphocytes.
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the effect being reversed by the loss of N-linked glycosylation
within the V3 region.

Changes in HIV-1 tropism have previously been shown to
have a tight association with HIV-1 neutralization profiles that
can have a major influence on HIV-1 pathogenesis (35). A
number of recent reports have demonstrated that alterations
of gp120 can be linked to HIV-1 immune escape from neutral-
izing-antibody responses (22, 55). The term “glycan shield” has
been coined to describe the phenomenon in which alterations
in N-linked glycosylation shift responses from appropriate sites
on the gp120 envelope (55). The gp120 conformation is highly
dependent on the type of glycosylation events present and their
distribution on the surface of the molecule (27, 31). Tight
cooperation between gp120 structural elements, e.g., between
the V1V2 and V3 loops, have previously been shown to medi-
ate different structural states and functions (7, 18, 25, 26, 34).
We demonstrate here that alterations of the V1V2 and V3
regions can differentially modulate the response of the virus to
different MAbs with variant specificities. Previous reports have
stated that alterations of glycosylation events in the V2 region
can modulate recognition by both anti-V3 and anti-CD4BS
antibodies (33). The opening of the gp120 envelope structure
to reveal the CD4BS would have obvious implications for

pathogenesis, with these viruses being open for antibody rec-
ognition and control.

The binding site for MAb 2G12 is known to have a confor-
mation- and carbohydrate-dependent epitope on the gp120
surface, and this is the first description of an alteration in the
V3 N-linked glycosylation altering neutralization by this anti-
body, likely through disruption of the structure of the gp120
envelope (41, 51). Whether similar antibodies directed against
carbohydrate sites are commonly induced in vivo has yet to be
established. The results described here indicate that the V3
N-linked glycosylation site can somewhat protect the 2G12
epitope from recognition and that there may be selective pres-
sure for its presence when the immune system is intact. Since
we have shown that loss of the V3 N-linked glycosylation event
can alter relative coreceptor usage and favor stronger CXCR4
utilization, its removal may be preferentially selected when the
immune system is weakened later in the disease course. This
same effect may also help explain why the V3 N-linked glyco-
sylation site is preserved in individuals with intact immune
responses and why these viruses remain relative CCR5 users. It
is of interest that the V1V2 and V3 changes we examined did
not overlap any of the binding sites of the MAbs studied. A
likely explanation is therefore conformational changes within
the MAb binding sites (including CD4BS) induced by the
V1V2 and V3 changes, similar to what has been previously
shown (5). Another explanation is that modified V1V2 and V3
can interact with residues that are close to these binding sites
and that modify antibody recognition.

These results could indicate a short-term transitional state
during the coreceptor shift process that renders the envelope
open to neutralization by antibodies targeting the CD4BS.
Xiang et al. have shown that an amino acid alteration within
the gp120 molecule, S375W, can affect virus neutralization in a
manner similar to what was observed for the X.10�gV1 viruses
(56). Moreover, the S375W mutants demonstrated a decreased
affinity for the CCR5 receptor (56). The replacement of serine
375 is a rare event among HIV-1 strains, while at the same
time, S375H replacement is widespread among AE native
recombinants, which possess a high rate of the syncytium-
inducting phenotype, as well as the �gV3 N-linked glycosyla-
tion genotype. The similarity, in terms of phenotypic proper-
ties, of subtype D viruses also correlates with a high frequency
of the �gV3 N-linked glycosylation mutation (HIV Sequence
Compendium 2001, available at the hiv-web.lanl.gov website)
(13, 29, 52). These observations indicate that deglycosylation
of the V3 region is a functional mechanism correlating with the
X4 phenotype. These results should be considered with those
indicating that the pattern of tropism is highly related to both
neutralization susceptibility and CD4 binding (20, 35). These
results suggest that a shift in HIV-1 coreceptor usage can result
from compensatory alterations within gp120 selected through
pressures such as CC/CXC chemokine and neutralizing-anti-
body responses.

In summary, the gp120 modifications that occur during dis-
ease progression and that coincide with the R5-to-X4 switch
have consequences for in vivo viral fitness. This fitness will
depend on an array of host responses, both innate and adap-
tive, that coincide with alterations in coreceptor usage and
envelope structure.

FIG. 4. Virus neutralization by MAbs 2F5, b12, and 2G12. The �5
V3 array of viruses (symbols: closed circles, X; open circles, X.10; open
squares, X.10�gV1; closed squares, X.10�gV3) were tested for neu-
tralization by MAbs 2F5 (A), b12 (B), and 2G12 (C). Other MAbs
were tested (15e, 17b, and 48d), but none was shown to possess neu-
tralizing activity (data not shown). The assays were carried out by using
the same scheme as described for the sCD4-mediated neutralization
assay.
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