JOURNAL OF VIROLOGY, Aug. 2003, p. 8448-8461
0022-538X/03/$08.00+0 DOI: 10.1128/JV1.77.15.8448-8461.2003

Vol. 77, No. 15

Copyright © 2003, American Society for Microbiology. All Rights Reserved.

Envelope Variants from Women Recently Infected with Clade A

Human Immunodeficiency Virus Type 1 Confer Distinct
Phenotypes That Are Discerned by Competition and
Neutralization Experiments
Sally L. Painter, Roman Biek, David C. Holley, and Mary Poss*

Division of Biological Sciences, University of Montana, Missoula, Montana 59812

Received 30 December 2002/Accepted 8§ May 2003

Women infected with clade A human immunodeficiency virus type 1 harbor a virus population that is
genetically diverse in the envelope gene, a fact that contrasts with the homogeneous virus population identified
in newly infected men. It is not known whether viral genetic diversity at this early stage of infection is
manifested as phenotypic diversity. This is a significant question because phenotypic diversity in the viral
population that establishes infection in women may have important implications for pathogenesis and ther-
apeutic intervention. Thus, in this study we compared the biological properties of three pairs of chimeric
viruses that contained envelope genes representative of variant groups in each of three infected women—Q23,
Q45, and Q47. Envelope chimeras were evaluated for replication in stimulated and resting peripheral blood
mononuclear cells alone and in competition, for coreceptor use, and for neutralization sensitivity. All viruses
utilized CCRS exclusively and had a non-syncytium-inducing phenotype on MT-2 cells and in primary culture.
There were no significant differences in replication parameters between paired variants in individual cultures.
However, in competition experiments, one chimera of each variant pair always dominated. The dominant virus
from Q23 and Q47, but not from Q45, infected a significantly higher number of CCRS- and CD4-expressing
GHOST cells than the weaker chimeras. Significantly, chimeric viruses from Q47 and Q45 showed markedly
different neutralization sensitivity to antibodies to CCRS and gp120, respectively. These data indicate that
distinct envelope genotypes identified in clade A-infected women near seroconversion confer unique phenotypes
that affect viral fitness and that may be due, in part, to different requirements for relative configuration of CD4

and CCRS5 on infected cells.

Virus transmission from an infected donor to a new host
imposes a bottleneck that limits the diversity of the virus pop-
ulation. This phenomenon has important implications for hu-
man immunodeficiency virus type 1 (HIV-1) pathogenesis, be-
cause a donor may harbor a virus population of up to 10%
diversity, but the transmission bottleneck may decrease the
diversity in a virus population to near-homogeneity (51, 63,
65). In addition to changes in the genotypic diversity of the
virus population, transmission also affects virus phenotype.
HIV-1 variants transmitted to a new host are usually macro-
phage tropic, replicate slowly, are non-syncytium inducing, and
utilize CCRS5 as a coreceptor (64). As the virus population
diversifies in the host, variants acquire different properties that
include the capacity to replicate rapidly and induce syncytia in
cell lines and to utilize CXCR4 as a coreceptor (53). This
phenotypic change occurs in the majority of infections with
clade B HIV-1 and is correlated with disease onset, although
clinical symptoms do occur without a switch of viral coreceptor
utilization (17). Primary isolates that have the capacity to use
several coreceptors—dualtropic viruses—have been identified
(11, 25, 54, 55). It is significant that virus variants detected over
time have both genotypic and phenotypic features that are
distinct from characteristics of viruses identified at the time of
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infection, because this suggests that properties that favor trans-
mission of virus between hosts may be different from those that
favor replication within a host.

Although women represent approximately 50% of HIV-1-
infected individuals worldwide, the paradigm for transmission
dynamics and viral pathogenesis during the early, asymptom-
atic years of infection is based primarily on studies in male
cohorts. In contrast to the homogeneous virus population
found in men, multiple variants were detected in the virus
population in a cohort of clade A HIV-1-infected women near
the time of seroconversion (45). Diversity of the infecting virus
swarm was related to gender and not to the clade of HIV-1,
because men from the same region harbored a homogeneous
virus population at seroconversion (31). More recently, it has
been determined that the gender difference in virus diversity
between men and women may not relate to differences in
diversity in the virus inoculum, because close to the time of
infection, viral heterogeneity can be detected in both men and
women (29, 31). In men, viral variation is rapidly contained and
a clonal virus population emerges, whereas virus diversity is
maintained in infected women. The effect of a diverse virus
population on prognosis has been debated previously (15, 30,
32, 34, 36, 37, 52, 61). However, the persistence of genetically
diverse variants in recently infected women presents a unique
opportunity to correlate genetic and biological features and
the fate of different viral genotypes transmitted to a naive host,
which may lead to a better understanding of virus characteris-
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tics responsible for the successful establishment of new infec-
tions.

Viral fitness is a parameter that describes the relative ability
of a virus to produce infectious progeny in a given environment
(19). Viruses that replicate more slowly typically produce fewer
progeny and consequently have lower fitness than rapidly rep-
licating viruses. Fitness is often assessed by comparing the
replication potential of viral variants in mixed infections. If a
variant is highly fit under the growth conditions used, it may
emerge as the dominant virus and exclude a less-fit variant
(18). However, population sweeps by highly fit variants do not
always occur either in vitro or in vivo. Variants with high
replicative ability may not increase in the population if they are
initially present at low frequency (13). Furthermore, viruses of
different fitness can coexist if they occupy different niches.
Serial passage of viruses between different cell types may allow
the concurrence of variants with different levels of fitness (42)
and may be a mechanism by which to constrain evolution of
arthropod-borne viruses in vivo (60). It is of interest that in
natural infections with HIV-1, variants compartmentalize to
different tissues (14, 37, 45, 47) because this segregation may
reflect different levels of fitness of variants in these compart-
ments. In addition to dominance or coexistence, interaction
among variants in vivo may be mutualistic (26, 59), thus en-
dowing the viral population with features not attributable to
individual genotypes. Competition among variants, therefore,
is a useful means to assess relative virus fitness levels and can
provide insight into population interactions that may not be
revealed by studying virus replication in isolation.

Our previous analyses of genetic diversity (45) and evolution
(47) of clade A HIV-1 from newly infected women were based
on portions of the envelope gene that included the first three
variable regions. To investigate the biological implications of
genetic diversity in the seroconversion virus population, we
first cloned a full-length infectious virus from subject Q23 and
then created a library of viruses chimeric in the gp120 portion
of env, which represented envelope sequence diversity identi-
fied at different time points. The natural history of virus infec-
tion in subject Q23 indicated that one of the infecting variants
(ScA) eventually rose to dominance and replaced variant ScB
(46, 47). gp120 diversity among these seroconversion variants
was 1.1%, and the primary differences in amino acid sequence
were in the V1 loop. In vitro, two important properties distin-
guished ScA from ScB variants: (i) ScA, but not ScB, could
infect resting peripheral blood mononuclear cells (PBMC) fol-
lowing a low multiplicity of infection pulse exposure of autol-
ogous dendritic cells and (ii) resting cells infected with ScA
proliferated more robustly than either ScB or uninfected cells
following stimulation with immobilized a-CD3 (46). These re-
sults demonstrated that genetically distinct variants detected
near the time of infection in one individual also had different
biological properties.

The chimeras used in previously reported experiments con-
tained the transmembrane protein, gp41, of infectious clone
Q23-17, which was recovered 1 year after seroconversion and
was used as the backbone for all chimera construction. Inter-
action between gp120 and gp41 dictates important biological
properties of the virus, including the stability of the gp120-gp41
interaction (38), infectivity, and fusion (44). Evolution may act
in concert on the two functional cleavage products of the gp160
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polyprotein. Thus, to further explore biological properties of
the diverse clade A variants identified in recently infected
women, we created additional chimeric viruses that contained
the entire extracellular coding region of the envelope gene.

In this study, we tested the hypothesis that envelope variants
derived from the genetically divergent virus population iden-
tified near the time of infection in women conferred distinct
phenotypic properties on a virus. Two envelope sequences that
represented diverse variant groups in the viral population iden-
tified in subjects Q23, Q45, and Q47 were used to create three
pairs of envelope chimeras. Virus replication kinetics in both
individual and mixed culture, receptor utilization, and neutral-
ization profiles were determined for each clade A envelope
chimera pair. Our results indicate that one member of each of
the three pairs of chimeras had greater fitness in competition
assays. Although all chimeras used CCRS5 as a coreceptor,
enhanced fitness in competition assays correlated with the abil-
ity to infect more CCRS GHOST cells in two of three cases.
Q45 and Q47 chimeras were notably different in their suscep-
tibility to neutralization with anti-CCRS and anti-gp120 anti-
bodies, respectively. These data support the hypothesis that
divergent envelope sequences that coexist in clade A-infected
women near the time of infection confer significantly different
biological properties on variant viruses.

MATERIALS AND METHODS

Reagents. The following reagents were obtained through the AIDS Research
and Reference Reagent Program, Division of AIDS, National Institute of Al-
lergy and Infectious Diseases, National Institutes of Health: human recombinant
interleukin-2 (rIL-2) from Maurice Gately, Hoffmann-La Roche, Inc. (28);
CCRS5-purified mouse anti-human monoclonal antibody (2D7) from BD PharM-
ingen, San Diego, Calif. (62); GHOST cells, both parental and transfectants,
from Vineet N. KewalRamani and Dan R. Littman (39); monoclonal antibody to
HIV-1 gp120 (IgG1b12) from Dennis Burton and Carlos Barbas (4, 7, 8, 48); and
HIV-1 gp120 monoclonal antibody (2G12) from Hermann Katinger (6, 12, 21,
35, 57). Antibodies to the following cell surface markers were purchased from
BD PharMingen: CD3, CD4, CDS8, CCRS5, CXCR4, CD25, CD44, CD45RA,
CD45RO0, and CD62L. Isotype control monoclonal antibodies were mouse im-
munoglobulin G1 (IgG1) K (BD PharMingen), mouse IgG, (Southern Biotech-
nology Associates, Inc., Birmingham, Ala.), and mouse IgG2a (R & D Systems,
Inc., Minneapolis, Minn.). Human IL-2 from human lymphocytes was obtained
from Roche Diagnostic Corp. (Indianapolis, Ind.). HIV-1 p24 antigen assay was
purchased from Beckman Coulter (Miami, Fla.). Tissue culture reagents includ-
ing penicillin, streptomycin, phosphate-buffered saline (PBS), RPMI 1640 me-
dium, and Dulbecco’s modified Eagle’s medium were from BioWhittaker (Walk-
ersville, Md.). Fetal calf serum (FCS) was obtained from HyClone (Logan,
Utah).

Chimera constructions. The envelope genes used to construct chimeras de-
scribed in this report were amplified in a nested PCR using first-round primer
pairs 5676F (GCAGAAGACAGTGGCAATGAGAGT) and 8629R (GTCCCT
GGCCCTGGTGTG) and second-round primer pairs 5693F (TGAGAGTGAT
GGGGATACAGAGGA) and 8267R (TCCCACTATGCTACTTTTTGACCA).
Envelope genes used to create chimeras Q23A4, Q23B6, and Q47S6 were de-
rived from cDNA prepared from plasma RNA of each individual as previously
described (46). The envelope genes used to create chimeras Q47 M1, Q45D5,
and Q45D6 were derived from genomic DNA. Conditions for the first-round
amplification were 94°C for 3 min, then 30 cycles of 94°C for 30 s, 56°C for 30 s,
and extension at 71°C for 3 min. Second-round PCR conditions were 94°C for 3
min, then 30 cycles of 94°C for 30 s, 60°C for 30 s, and extension at 71°C for 2.75
min. PCR products were cloned into the PCR4 vector (Invitrogen Corp., Carls-
bad, Calif.) and screened for appropriate-sized inserts. All plasmid preparation
was done with Qiagen miniprep filters. The insert was removed by digestion with
Ndel and Clal, and the fragment was gel purified and ligated into a vector
containing a 3’ subclone of the infectious clone Q23-17 (accession number
AF004885). After transformation and DNA purification, the 3’ fragment con-
taining the new envelope gene was excised by EcoRI and Xhol digestion and
ligated into the full-length viral genome as previously described (46). Viral stocks
were generated by transfection of 10 to 15 pg of plasmid DNA into 293T cells.
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Supernatant was recovered and used to infect 3-day phytohemagglutinin (PHA)
blasts as described previously (46). All virus stocks were quantitated by assessing
levels of p2457°. In addition, virus stocks containing equivalent amounts of p245°¢
were mixed in equal proportions and evaluated by quantitative heteroduplex
tracking assay (HTA) to confirm that each contained an equivalent amount of
viral RNA.

Sequence analysis. Envelope genes were sequenced in the PCR4 vector and,
following chimera construction, cloning sites were sequenced. Sequences were
assembled and evaluated with the suite of programs in Lasergene99 (version
4.06) from DNASTAR, Inc. (Madison, Wis.). All sequences were aligned by
using CLUSTAL W, and manual adjustments were made to improve the align-
ment. The isoelectric point for all predicted proteins was determined by using
Protean in this sequence package. Pairwise distance analysis was conducted in
the Paup* software application (version 4.0b10).

Preparation of PBMC. Leukocyte packs were obtained from the American
Red Cross (Portland, Ore., and Great Falls, Mont.). Lymphocytes were isolated
on lymphocyte separation medium (ICN, Costa Mesa, Calif.), washed two or
three times in PBS, resuspended in RPMI 1640 medium, and plated in a T75
flask for 1 h to remove adherent cells. Cells were recovered, enumerated, and
seeded at 1 X 10° to 2 X 10° cells/ml in medium containing RPMI 1640, 15%
FCS, 10 U of human IL-2 per ml, and (1%) each penicillin, streptomycin, and
glutamine. Cells were stimulated with 1 to 2 pg of PHA-P (Sigma, St. Louis, Mo.)
per ml.

To isolate resting cells, a portion of cells recovered after adherence was
resuspended at a concentration of 5 X 10° cells per ml in cold RPMI 1640
containing 10% FCS. These cells were layered over a discontinuous gradient of
30, 40, and 60% Percoll (Amersham-Pharmacia, Piscataway, N.J.). Tubes were
centrifuged for 25 min at 2,800 rpm in a Beckman GP centrifuge, GH 3.9 rotor,
at 4°C. Resting cells were recovered from the 40 to 60% interface. The pheno-
type of resting and activated cells was determined by using antibodies to CD62L,
CD44, and CD25. Evaluation of stained cells was conducted on a FACSCalibur
flow cytometer, and all analyses used Cell Quest software (Becton Dickinson,
San Jose, Calif.). In addition to activation markers, the levels of CD3, CD4, CD8,
CCRS, CXCR4, CD45RA, and CD45RO expression were evaluated. Some ex-
periments did not include resting cells because an insufficient number of cells was
recovered to conduct experiments.

Kinetic assays and growth rate determination. Virus stocks were incubated
with day 3 PHA blasts for 4 to 5 h at 37°C at the concentrations of p24s5*¢
indicated in the figure legends. Cells were recovered by centrifugation and
washed once in PBS, and 2.5 X 10° cells were plated in 48-well plates in
quadruplicate. Every 3 days, 200 pl of medium was removed for determination
of p245“¢ by antigen enzyme-linked immunosorbent assay (ELISA), and the
mean production was obtained from the replicate wells. Kinetic assays in resting
cells were conducted in an identical manner, but these were done only at high
concentrations of virus (i.e., 5 and 1 ng/ml). A wider range of virus concentra-
tions was used to initiate infections with the Q23 chimeras because these viruses
replicated to lower titers and were the most variable in their ability to infect cells
from different donors. Hence, experiments were conducted in cells from seven
donors to obtain sufficient data for analysis.

The slope of the log-transformed growth curve was obtained from plots of log
p24598 versus days of infection and used to determine daily growth rate. The y
intercept of this line was used to determine the amount of virus produced at day
0, which was used as an estimate of the number of cells initially infected with
each virus. As an objective criterion of exponential growth, an R? value of >0.90
for the trend line was selected. If viruses were not growing exponentially because
of saturation, the day 12 value was deleted from the analysis. This situation
occurred only in Q45D6-infected cultures infected at viral titers of 5 ng/ml.

Competition assays. Competition assays were conducted at 5 and 1 ng of total
virus inoculum (3 ng/ml for Q23 chimeras) per ml. Stocks were then mixed in
proportions of 20:80 or 50:50 of each virus, and infections were carried out as
described for kinetic assays. RNA was extracted from each of the mixtures used
to initiate the infection (day 0 sample) and from infected culture supernatant on
days 6, 9, and 12 with the QiaAmp viral RNA minikit (Qiagen) following the
manufacturer’s protocol. The cDNA was made from 16 pl of RNA by using 20
ng of primer 8915R (TCCGCCCAAACCACACCT) to initiate the reaction. The
mixture was heated for 10 min at 70°C, cooled on ice for 2 min, and then added
to the cDNA reaction mix (1X Superscript II buffer [Invitrogen], 0.01 M dithio-
threitol, 0.5 mM deoxynucleoside triphosphate, 40 U of RNase inhibitor [Roche
Molecular Biochemicals], and 300 U of SuperScript II RNase H reverse tran-
scriptase [Invitrogen]). The reaction mixture was incubated for 1 h at 42°C and
inactivated by heating to 70°C for 10 min. A 725-bp fragment of env was ampli-
fied from cDNA from each of the competition reactions with primers 6030F
(AAGCCTAAAGCCATGTGTAAAGTT) and 6755R (TCTCTAGATCCCCT
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CCTG). PCR conditions were 94°C for 3 min followed by 35 cycles of denaturing
at 94°C for 30 s, annealing at 54°C for 30 s, and extension at 72°C for 50 s, with
a final extension step of 9 min at 72°C.

Quantitative HTA. A fluorescent single-stranded antisense probe specific for
each virus pair was generated by amplifying 100 ng of plasmid with 1 pM
fluorescent Hex-labeled 6755R primer and 20 pM 6030F unlabeled primer. PCR
conditions were 94°C for 3 min, 94°C for 30 s, 54°C for 30 s, and 72°C for 45 s (35
cycles) and a final extension step of 9 min at 72°C. The probe was purified by
using a Qiagen PCR purification kit. Heteroduplex formation reactions were
done as described by Delwart et al. (16) with the following modifications. The
HTA reactions consisted of 1X annealing buffer (0.05 M NaCl, 5 mM Tris-HCl
[pH 8.0], 1 mM EDTA), 6 nl of target PCR product, and 60 ng of probe.
Reaction mixtures were denatured at 95°C for 3 min, cooled for 4 min at 4°C,
heated to 55°C for 4 min, and chilled again for 4 min at 4°C. Products were
resolved on a 6% polyacrylamide gel in a Bio-Rad Protean II gel apparatus at 275
V for 3 h. Gels were visualized with a 520-nm excitation laser on a Fujifilm FLA
3000G fluorescent image analyzer by using Fujifilm Image Reader version 1.8E.
Homoduplex and heteroduplex band intensities were quantitated by using Fujifilm
Image Gauge version 3.3 software. Standards were generated by mixing quanti-
tated PCR products from amplification of plasmids containing the envelope gene for
each of the viral chimeras in known proportions and were run on each gel.
Percent heteroduplex for standards was calculated as follows: [IntensityHeterodu.
plex/

(Intensityteteroduplex 4 Tpgengjtytomeduplex)] 5 100, Proportional representation
of each variant was determined from the standard curve.

Coreceptor utilization assays. This assay was carried out in human osteosar-
coma (HOS) cells engineered to express CD4 and one of eight chemokine
receptors (GHOST cells) (39). GHOST cells were maintained in basal DMEM
containing 10% FCS, 1% each of penicillin, streptomycin, and glutamine, with
500 pg of Geneticin (Invitrogen) and 50 ug of hygromycin (Invitrogen) per ml.
Cells transfected with chemokine receptors also contained 1 pg of puromycin
(Sigma) per ml. Cells were seeded in 12-well dishes and infected overnight with
10 ng of p248°¢ of each virus stock per ml. Medium was replaced the following
morning. After 60 h, cells were washed, trypsinized, and fixed in 4% parafor-
maldehyde for 1 h. Cells were then washed and resuspended in 200 pl of PBS
containing 2% serum and 1% paraformaldehyde, and 20,000 cells were evaluated
by flow cytometry.

Neutralization assays. Antibody neutralization of clade A chimeras was de-
termined by using GHOST cells, which were maintained as described above.
Antibody to CCRS5, 2D7, was incubated with cells at a range of concentrations at
37°C for 30 min prior to infection with 10 ng of p24%“¢ of virus per ml. Infections
and analyses were conducted as described above. Control cells were preincu-
bated with an isotype control antibody at a concentration of 10 pg/ml. The
number of infected cells per nanogram of virus was determined for each virus at
each antibody concentration by flow cytometry. The number of cells infected in
the presence of control antibodies was set to 100%, and the data are displayed
as the number of cells infected in the presence of 2D7 divided by the number of
cells infected in the presence of the control antibody. Neutralization assays with
antibodies 2G12 and IgG1b12 were conducted in a similar manner, but antibod-
ies at a concentration of 10 pg/ml were preincubated with virus stocks for 30 min
at room temperature prior to infection.

Statistical analysis. Because virus growth in cells from different donors was
variable, a nonparametric Wilcoxon signed ranks test was used to determine if
growth rate or initial amount of virus produced differed between the paired
viruses in each experiment.

Each test for difference in virus kinetics was performed by using the set of
paired values obtained from growth in the same donor under the same experi-
mental conditions of cell activation and virus concentration. An analysis was first
conducted to determine if the growth rates and number of infected cells differed
between the paired variants grown in individual culture. There were only suffi-
cient data available from stimulated-cell infection experiments to conduct this
analysis because variants did not always grow in resting cells. A second analysis
was conducted to determine if growth rates and initial virus production of a
chimera differed in individual and mixed cultures. Because some competition
experiments resulted in no virus growth for some variants, pairing individual
experiments was not feasible. Therefore, the difference between average values
for virus alone and virus in competition obtained from each donor were used for
this analysis.

Nucleotide seq e ac i bers. Sequences reported in this manu-
script are deposited in GenBank with accession number AY288084 through
AY288087.
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TABLE 1. Properties of envelope genes, predicted proteins, and
chimeric viruses”

. Time from N-linked Phenotype

Virus Clade infection” pl glycosylation sites on MT}EC
Q23A4 A 4 mo 8.16 27 NSI
Q23B6 A 4 mo 8.23 27 NSI
Q45D5 A2 8 mo 8.20 26 NSI
Q45D6 A2 8 mo 8.20 27 NSI
Q47M1 A 12 mo 8.25 30 NSI
Q47S6 A 0 mo 8.18 24 NSI

“ Percent identity between viral pairs is as follows. Q23A4 and Q23B6: DNA,
99.2, and protein, 98.8; Q45D5 and Q45D6: DNA, 98.8, and protein, 98.1;
Q47M1 and Q47S6: DNA, 96.8, and protein, 94.1.

® Numbers indicate the approximate time from infection that the samples from
which the envelope genes used in this study were obtained. Women were eval-
uated by antibody ELISA for evidence of HIV-1 infection at approximately
monthly intervals. The time of infection is estimated to be the date prior to
seroconversion that virus was detected by PCR but the individual was seroneg-
ative.

¢ NSI, non-syncytium inducing.

RESULTS

Properties of full-length envelope glycoproteins used to con-
struct chimeras. Envelope genes representative of the se-
quence diversity detected in three women recently infected
with clade A HIV-1 were chosen from a data set of full-length
sequences derived at or near seroconversion from proviral
DNA and from plasma viral RNA (Table 1). Sequences were
aligned, and pairwise distances were used to group genetically
similar variants (46). Two variant groups were identified by
using this method, and a group consensus sequence was gen-
erated for each. The sequence from each group that was most
similar to the group consensus sequence was chosen for chi-
mera construction. The two sequences from Q23 and Q45 were
derived from the same time point and the same tissue source.
Although the Q47 M1 envelope was derived at a later time
point than Q47S6, it only differed by six amino acid substitu-
tions (0.8%) from the sequence targeted for chimera construc-
tion, which was detected in plasma at the same time point at
which Q47S6 env was derived. Efforts were made to create
several chimeras by using envelope genes from each variant
group, but most were not infectious. Thus, three pairs of virus
chimeras were created that each contained an envelope gene
that closely approximated the consensus of each of the genet-
ically similar groups of envelope variants identified from the
clade A-infected women.

Variation in the pool of Q23 virus envelopes was manifested
in the V1 loop. The sequences used to construct Q23 chimeras
(i-e., Q23A4 and Q23B6) were chosen to represent the two V1
sequences, which were equally represented in the virus popu-
lation (46) and differed at only two positions outside this re-
gion (Fig. 1A). We attributed the biological differences in
viruses bearing envelopes representative of the two coexisting
variant groups previously described (46) to the V1 region of
gp120, because the remainder of the envelope protein from
variants derived at this time point was virtually identical. All
potential N-linked glycosylation sites were conserved between
the two Q23 chimeras, although secondary structure analysis
predicted greater surface exposure of V1 in Q23A4 (data not
shown).

Chimeras Q47 M1 and Q47S6 also differed in the V1 region,
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resulting in an additional potential N-linked glycosylation site
in Q47 M1 (Fig. 1C). The Q47 chimeras were the most diver-
gent of the variant pairs, and the 41 amino acid positions that
differed between these two viruses were distributed throughout
the extracellular envelope-coding region. Eight of the substi-
tutions affected potential N-linked glycosylation sites, seven of
which conferred additional potential glycosylation sites to Q47
M1. Variant Q4756 was 99.7% homologous to the group con-
sensus sequence, which was derived from nine sequences that
ranged from 94.2 to 99.7% identity to the consensus. Variant
Q47 M1 was 98.4% homologous to the group consensus se-
quence, which was derived from 10 sequences that ranged in
identity to the consensus from 94.2 to 98.6%.

In contrast to Q23 and Q47, there was extensive diversity in
the envelope genes from the Q45 virus population that often
was represented by an amino acid substitution that was unique
to a single sequence. However, diversity that distinguished
variant groups was concentrated in the V3 and V4 regions. The
envelope sequences chosen to represent the diversity from Q45
were identical in the region N terminal to V3 but differed at
four positions in V3, which involved one potential N-linked
glycosylation site, and in V4 and the CD4 binding domain (Fig.
1B). Chimera Q45D5 was 98.7% identical to the consensus
sequence of the variant pool that it represented (range, 98.1 to
98.8%), and Q45D6 was 99.3% identical to the consensus
sequence for the group of variants that it represented (range,
93.9 to 99.3%).

Plasmids containing each chimera were transfected into
293T cells, and infectious stocks were generated in PHA-stim-
ulated PBMC. None of the viruses caused any visible cytopa-
thology in primary cells or in MT-2 cells.

Replication properties of clade A HIV-1 envelope chimeras.
We evaluated each chimera for the ability to infect both resting
and stimulated PBMC at several virus concentrations. Features
of the donor cells affected replication of all chimeras (Fig. 2).
Because of the pronounced donor effect, a complete set of
experiments, which included replication kinetics at two or
three different virus concentrations in stimulated and resting
cells and competition assays between chimeras from the same
infected host (described below), was replicated in cells from
four or five different donors. Cells were evaluated for expres-
sion of CD4, CCRS, CXCR4, CD45 isotype, and CD2S5 prior to
infection. Although donor cells in which viruses replicated to
lower levels expressed low levels of CCRS, not all donor cells
with low levels of CCRS5 were nonpermissive (data not shown).
Thus, there was no correlation between permissive or resistant
cell phenotype and any of the markers evaluated.

Q45D6 was the only clade A chimera that initiated infection
in all donors under all experimental conditions (Fig. 3). Al-
though Q45D5 consistently produced less p245“¢ than Q45D6,
it was able to infect stimulated donor cells at all input virus
concentrations. Q45D5 only established infection in resting
cells in three of four experiments when the inoculum contained
5 ng of p24%“® per ml and in two of four experiments at an
infecting concentration of 1 ng of p245“¢ per ml, suggesting that
this chimera required cell stimulation for efficient infection.
Both Q4756 and Q47 M1 could infect stimulated cells at low
levels of virus inoculum (i.e., 0.5 ng of p24 per ml), although
Q47 M1 was not able to infect PHA blasts from one donor at
this concentration. Neither of the Q23 chimeras consistently
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FIG. 1. Alignments of the full-length envelope glycoproteins used in chimera construction. (A) Q23; (B) Q45; (C) Q47. Amino acids are given
in single-letter codes. Gaps (-) are included to maintain the alignment. Amino acid identity between the two sequences is indicated with a dot (.).
Potential N-linked glycosylation sites that differ between the chimera pairs are underlined and in boldface. Locations of variable loops and the

gp120/gp41 cleavage site are indicated above the sequence.

infected stimulated cells at low virus inoculum levels. Consis-
tent with previous results (46), Q23A4 was more efficient than
Q23B6 in infecting resting cells, although none of the Q23 or
Q47 chimeras could infect resting cells if the level of inoculum
did not exceed 1 ng per ml.

The nonparametric Wilcoxon signed ranks test was used to
test the null hypothesis that growth rate (Fig. 2) and initial
amount of virus (data not shown) were not different between
the two chimeras from an individual that were grown in the
same donor cells under the same experimental conditions.
There were no statistical differences between growth rates of
viruses grown in PHA blasts. Because daily growth rates of
variant pairs were not significantly different, we determined
virus production at day 0 from the y intercept of the log-growth
curves as an estimate of the number of cells initially infected
with each virus. There was also no significant difference be-
tween predicted day 0 virus production of variants from the
same individual. Thus, in stimulated cells, there was no statis-
tical support to merit rejection of the null hypothesis that
growth rate and initial virus production were the same between
paired viruses.

The growth rate of a virus in stimulated cells was compared
to growth in resting cells from the same donors. Because Q47
and Q23 chimeras did not always replicate in resting cells,
there were insufficient data for this paired analysis. Thus, for
these comparisons, growth rate data for each of the chimera

pairs in stimulated cells was pooled and evaluated against the
pooled data for the respective virus pair in resting cells. Q45
chimeras replicated well in all conditions, and thus the analysis
was conducted on the individual virus in resting or stimulated
cells. Virus replication in resting cells was significantly slower
than in stimulated cells for Q45 and Q47 chimeras (P = 0.04)
but not for the Q23 chimeras. However, there was no differ-
ence in either the rate of replication or the predicted initial
virus production between virus pairs in resting cells.

Fitness of clade A HIV-1 envelope chimeras in mixed infec-
tions. Replication properties of chimeras in individual infec-
tions of primary cultures were not significantly different. How-
ever, relative fitness of variants can best be tested in mixed
infections for which efficiency of using shared resources can be
evaluated. Competition assays were conducted by infecting
both stimulated and resting PBMC with a mixture of the paired
chimeras at different proportions and amounts of total virus.
Experiments were conducted in cells from the same five donors
that were used for replication kinetic studies of individual
variants. A virus was considered able to establish infection if
p245“¢ production from that variant was detectable at day 12 of
the experiment, even if the proportional amount of virus was
less than that in the inoculum. The relative proportion of each
variant was determined by quantitative HTA.

For each of the three pairs of chimeras, one of the variants
was consistently successful in establishing infection regardless
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FIG. 2. Summary of clade A HIV-1 chimera daily growth rates in stimulated cells from different donors. (A) Q23; (B) Q45; (C) Q47. The daily
growth rate was determined from the slope of log p245*¢ versus day plots. The numbers on the x axis indicate an individual donor, and the virus
concentrations used to initiate infection is given in parentheses. Data from donor 1 are not shown in panel A because Q23B6 was not included
in those experiments. A different set of donor cells was used for each of the virus pairs (e.g., donor 3 in Q23 experiments is not the same as donor
3 in experiments using Q45 or Q47). The mean daily growth rate is shown as the dashed line for Q23B6 (1.76), Q45D6 (2.48), and Q47S6 (2.19)

and a dotted line for Q23A4 (1.73), Q45D5 (2.22), and Q47 M1 (2.05).

of its proportional representation in the inoculum (Fig. 4).
Competition experiments for Q23 variants were only con-
ducted in stimulated cells because Q23B6 infection of resting
cells was inconsistent. In addition, a total virus inoculum of 3
ng of p24%“ per ml was used for Q23 chimera competitions
because volumes required for higher concentrations of this
low-titer virus were excessive and infection was inconsistent at
lower concentrations. In PHA blasts, both Q23 variants could
establish infection if they constituted 80% of the infecting virus

population, but Q23A4 was not able to consistently establish
infection if it constituted 50% or less of the inoculum. In all
experiments in which Q23A4 was detectable at day 12, the
proportional representation was less than that of the input
inoculum, except when it made up 80% of the infecting inoc-
ulum (Fig. 5). Q45 and Q47 chimeras were competed at two
different amounts of total virus inoculum (1 and 5 ng/ml) in
stimulated cells and at 5 ng of total virus per ml in resting cells.
Q45D6 dominated competitions under all conditions tested.
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FIG. 3. Replication success of clade A HIV-1 chimeras in stimulated or resting cells in individual cultures. A virus was determined to
successfully infect a culture under specified conditions if p24%“¢ was detectable at day 12 PI by antigen ELISA. R, resting cells; S, cells stimulated
by PHA. The number in parentheses is the total amount of viral p24“¢ in the inoculum in nanograms per milliliter. Q23 chimeras are included
in the indicated treatment categories, although the actual amount of virus in the categories indicated by S (0.5), S (1), and S (5) was 0.3 to 0.6,

3, and greater than 10 ng/ml, respectively.

However, despite the lower overall yields of Q45D5 in individ-
ual infections, this chimera was successful in establishing and
maintaining a small proportion of the virus population in 64%
of all competition experiments in both resting and stimulated
cells when present at only 20% of the inoculum. Despite its
ability to persist in mixed cultures, Q45D5 always declined
relative to the proportional representation in the inoculum
(Fig. 5). Of the Q47 chimeras, Q47S6 successfully established
infection in both resting and stimulated cells in all but one of
the competition experiments. Q47 M1 was inconsistent in es-
tablishing infection in competition with Q47S6 even if it rep-
resented 80% of the inoculum. Although Q47S6 was the more
successful variant in terms of consistently establishing infection
under different conditions, Q47 M1 was able to maintain or
increase in relative proportion compared to the inoculum ratio
in many experiments (Fig. 5). The large variance associated
with the proportional change of Q47 M1 in mixed culture
suggests that relative fitness of the Q47 variants is a function of
the donor cell environment but that Q47S6 may be less sensi-
tive to these differences.

These data indicated that the clade A variants from an
individual had different abilities to establish and maintain in-
fection in mixed cultures, despite the fact that there were no
significant differences in replication kinetics of viruses grown
alone. We compared growth rates of each variant grown alone
and in competition to determine if the presence of a compet-
itor affected replication parameters of a virus. None of the
differences in growth rates were significant (data not shown).
There was a significant increase (P = 0.043) in the initial virus
production of Q45D5 in mixed culture compared to day 0
production when grown alone. This suggests that the threshold
for successful infection was higher for Q45D5 in competition
than when grown alone. The growth rates and initial virus
production of Q47 M1 alone and in competition were virtually
identical, and whereas the growth rate of Q47S6 was lower in
competition than in individual cultures, this difference was not
significant. Thus, there was no indication that the replication
rate of a variant was altered in mixed culture compared to the

rate in individual culture. However, the greater fitness of one
member of each variant pair suggested that the viruses differed
in their ability to establish infection and spread in primary
cells.

Coreceptor utilization of clade A HIV-1 envelope chimeras.
Data from competition studies could be explained by differen-
tial use of coreceptors by the variant pairs, which would allow
access to different subsets of primary cells in culture. To de-
termine if this was the case, we investigated the coreceptor
requirement of each chimera by using a panel of cells engi-
neered to express one of eight chemokine receptors in con-
junction with CD4 (GHOST cells) (39). All of the variants
utilized CCRS exclusively (Table 2). However, the ability of
chimeras to infect the GHOST cells varied. In each experi-
ment, the number of cells infected with Q23A4 was about half
the number of cells infected with Q23B6 and Q47 M1 infected
approximately one-third as many cells as Q47S6. This was an
interesting observation because in both cases the virus that was
dominant in competition assays also infected more CCRS-
expressing GHOST cells. However, the number of GHOST
cells infected with equal amounts of the two Q45 chimeras was
the same.

Neutralization of clade A HIV-1 envelope chimeras. Al-
though all of the chimeras exclusively utilized CCRS5, there was
clearly a difference between the ability of the Q23 and Q47
chimeras in to infect CCR5 GHOST cells. If greater fitness and
more efficient infection of CCR5 GHOST cells by some chi-
meras were associated with different requirements for CD4-
CCRS5-gp120 interaction, then we expected that variant pairs
would be differentially neutralized by antibody to this chemo-
kine receptor or to the CD4 binding site on gp120. GHOST
cells expressing CCR5 and CD4 were preincubated with dif-
ferent concentrations of antibody 2D7 and infected with each
of the virus chimeras (Fig. 6 and Table 2). Q23 variants were
resistant to 2D7 neutralization, and the highest concentration
of 2D7 used (10 pg/ml) did not result in a 50% reduction of
infection for either chimera. Although Q45 variants were more
sensitive to 2D7 neutralization, there was no difference in
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FIG. 4. Replication success of clade A HIV-1 chimeras in stimu-
lated or resting donor cells in the presence of a competitor. (A) Q23;
(B) Q45; (C) Q47. The percentage of successful replications was de-
termined by dividing the number of experiments in which the viral
RNA of a chimera could be identified in the supernatant fraction at
day 12 by the total number of experiments conducted under each of the
indicated conditions. The proportional representation of the chimera
in the inoculum is shown on the x axis. S, experiment conducted in
PHA-stimulated cells; R, resting cells. The data displayed for stimu-
lated-cell competition studies in panel A were conducted at 3 ng/ml
total virus, whereas data in panels B and C include experiments in
which infection was initiated with a total virus concentration of both 1
and 5 ng/ml.
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relative sensitivity to anti-CCRS neutralization of these chime-
ras. However, 2D7 differentially inhibited the Q47 chimeras.
Chimera Q47S6, which dominated competition experiments
and which had an enhanced ability to infect CCR5 GHOST
cells, was resistant to neutralization with this antibody, while 10
pg/ml of 2D7 reduced the number of Q47 M1-infected cells by
60%.

These data indicated that although both Q47 chimeras use
CCRS as a coreceptor, CCRS contact with gp120 differed be-
tween these two variants. However, both Q23 and Q45 chime-
ras had similar neutralization profiles with antibody 2D7, al-
though Q23 chimeras were more resistant than Q45 chimeras
to neutralization. We further investigated potential differences
in neutralization properties that might distinguish paired chi-
meras using antibodies IgGb12 and 2G12, which are specific
for gp120 and are reported to have cross-clade neutralizing
ability at concentrations between 2 and 10 pg/ml (58). Anti-
bodies at concentrations of 10 pg/ml were preincubated with
each variant for 30 min prior to infection of GHOST cells (Fig.
7). Again, Q23 viruses were resistant to neutralization by both
antibodies at this concentration. Both of the Q47 chimeras
were inhibited by 2G12, which recognizes a carbohydrate
epitope on the outer face of gp120 (50), but Q47 M1 was more
sensitive than Q47S6 to inhibition with this antibody. It is of
interest that Q47 M1 has seven more N-linked glycosylation
sites than Q47S6, which might account for the increased sen-
sitivity to neutralization by antibody 2G12. Notably, antibody
IgG1b12, which binds to the CD4 binding site (8), significantly
enhanced the infectivity of Q45D5. In contrast, the number of
cells infected with chimera Q45D6 was reduced by 34%, and
this was, therefore, the only clade A chimera that was inhibited
by IgG1bl12 at the concentrations used. Thus, in two of the
three cases examined, related variants clearly differed with
respect to receptor or coreceptor binding.

DISCUSSION

Viral diversity is a hallmark of infection with HIV-1, al-
though viral heterogeneity typically is limited near the time of
infection because of a bottleneck imposed on the transmitted
virus population. However, it has previously been reported (31,
45) that women infected with clade A HIV-1 harbored a di-
verse population of viral variants at the time of infection and
seroconversion. It is not clear whether these variants are phe-
notypically similar or if the variant pool contains viruses with
biologically distinct properties. This is a significant question
because colonization of a new host by a biologically diverse
virus population versus a genetically homogeneous virus popula-
tion may create different challenges for early intervention strate-
gies and may alter the progression of disease. Thus, in the present
study we tested the hypothesis that clade A HIV-1 envelope
glycoproteins that represented different variant groups in the het-
erogeneous virus population near the time of infection conferred
unique properties on a virion.

We first evaluated the genetic diversity of env in three indi-
viduals at one to three time points during the first year of
infection. Pairwise analysis of all sequences indicated that virus
sequences formed two clusters, with intergroup genetic diver-
sity threefold greater than intragroup diversity. The sequence
within each group that most closely resembled the consensus



VoL. 77, 2003 FITNESS OF CLADE A HIV-1 VARIANTS 8457
100
80 Q23A4 Q45D5 Q47M1

g 60 e
2 40l ilzo/ou);
K= ® o,
5 20 ‘50 %(1)
g 80%(1
g 0 1220455;‘
73 i ]
o -20 i !
2 20 IB50%(5) |
o - | |
" B80%(5) |
£ e B80%(5)|

-80

-100
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total amount of virus inoculum, with solid bars indicating 1 ng/ml and striped bars indicating 5 ng/ml of total virus.

sequence for each variant cluster was selected for chimera
construction. We were not able to determine if other variants
within a group had phenotypes similar to that of the one
chosen for chimera construction because, despite numerous
attempts to produce additional chimeras, only those described
were infectious.

Chimeric viruses were identical in all viral genes except the
extracellular portion of gp160, which consisted of the entire
coding region of gp120 and the extracellular and membrane-
spanning region of gp41. Thus, any observed differences in
viral properties could be attributed solely to this region of env.
We anticipated that if differences existed, they would involve
interaction of gp120 with receptor or coreceptor and hence
would influence viral entry, although processing, assembly, and
budding could also be affected. Because our hypothesis tested
whether phenotypic differences occurred between representa-
tives of the virus population within an infected host, all exper-
iments and analyses compared chimeras containing envelope
genes from the same individual.

We evaluated the replication of viruses in individual cultures

TABLE 2. Coreceptor use and 2D7 neutralization summary”

Virus Coreceptor % Control® (SE)
Q23A4 CCR5 52.6 (6.7)
Q23B6 CCRS5 58.4 (4.7)
Q45D5 CCR5 36.2 (8.9)
Q45D6 CCRS5 37.0 (6.5)
Q47M1 CCR5 40.7 (3.8)°
Q47S6 CCRS5 94.8 (6.3)

“ Ratios of infected cells are as follows: A4/B6, 0.54; D5/D6, 1.00, M1/S6, 0.38.
The number of cells infected with the chimeras is significantly different for A4/B6
and M1/S6 (Student’s two-tailed ¢ test, P < 0.01.). The number of infected
CCRS-GHOST cells was determined by flow cytometry for each of the clade A
chimeras in eight replicate experiments. The data are displayed as the ratio of the
mean number of infected cells for each virus pair.

? The percent control is the number of cells infected in the presence of 2D7 (10
pg/ml) divided by the number of cells infected in the presence of the control
antibody. Mean percent control and standard error were determined from four
replicate experiments.

¢ The percent of cells infected with Q47M1 is significantly different from the
percent of cells infected with Q47S6 in the presence of 2D7 (10 wg/ml) relative
to respective controls (Student’s two-tailed ¢ test, P < 0.01).

of stimulated and resting primary cells. These experiments
were confounded by the pronounced differences in virus rep-
lication in cells from different donors (see Fig. 2). Although
there were cells in which the two chimeras replicated equally
well or poorly, cells in other cases were more permissive for
one of the variants than the other. Thus, the variance was high,
and statistically significant differences in growth rates were not
detected. Because virus production varied between chimeras in
paired experiments and replication rates were not significantly
different, we also examined the y intercepts of the log-trans-
formed growth curves to determine if one variant was able to
initiate infection of a larger number of cells. However, there
was also no statistical support for a difference in the initial
number of cells infected by each of the chimeras. Thus, we had
no support for differences in replicative ability of virus chime-
ras based on kinetic experiments in individual culture.

The relative fitness of variant viruses is best determined by
allowing viruses to compete for resources in the same environ-
ment. If, for example, variants replicate in different cell sub-
sets, then the presence of a competing virus will have little
effect on the replication kinetics of each virus. On the other
hand, if variants infect the same cell subsets, they must com-
pete for a limiting resource. A virus that can utilize existing
resources more efficiently than its competitor will leave more
progeny. In mixed infections of primary cells, one variant in
each pair—Q23B6, Q45D6, and Q47S6—successfully estab-
lished infection and in most cases outgrew the competing chi-
mera regardless of the activation state of cells, total amount of
virus, and proportional representation in the virus inoculum.
The daily growth rate and initial virus production of dominant
chimeras grown alone or in mixed culture was the same, sug-
gesting that there was no interaction between variants in mixed
culture, although replication variability in different donor cells
may have precluded the detection of small differences. Simi-
larly, there were no detectable differences between growth
rates of the less-fit chimeras—Q23A4, Q45D5, and Q47
M1—in mixed or individual cultures. However, the number of
cells initially infected with Q45D5 was significantly increased in
competition compared to individual cultures, suggesting that
the threshold number of cells required for this chimera to
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FIG. 6. Neutralization of clade A chimeras by 2D7. Antibody to
CCRS was incubated with CCRS expressing GHOST cells prior to
virus infection, and infection was initiated with 10 ng of p24%“¢ of each
chimera per ml. The number of infected cells was determined by flow
cytometry. Data are presented as the percentage of cells infected in the
presence of 2D7 compared to cells treated with an isotype control
antibody and represent the results of four replicate experiments. Con-
centrations of 2D7 are given in micrograms per milliliter.

sustain infection was greater in mixed than in individual cul-
tures. Thus, results of competition studies indicated that rep-
resentative envelope variants from each of three infected in-
dividuals have different fitness in vitro, but there was no
indication that the presence of a competing virus affected rep-
lication properties of any chimera.

The greater in vitro fitness of chimeras Q23B6, Q45D6, and
Q47S6 could be due to either an expanded host cell range,
which would allow the chimeras to replicate in a wider variety

J. VIROL.

of cell types, or more efficient use of the same cell subsets.
HIV-1 requires CD4 as a receptor and one of several chemo-
kine receptors as a coreceptor for virus entry (1, 20, 22). The
distribution of chemokine receptors varies on CD4-expressing
cells, and expression levels of a receptor fluctuate with the
state of cell activation and the chemical environment. There-
fore, we utilized cell lines expressing a fixed level of both CD4
and one of the eight chemokine receptors identified as core-
ceptors for HIV-1 to determine if chimeras had different co-
receptor requirements. Our data indicated that all of the chi-
meras utilized CCRS5 exclusively. However, in coreceptor
determination experiments, dominant chimera Q23B6 infected
almost 50% more cells than Q23A4. Similarly, Q47S6, which
also dominated all competition experiments, infected over
60% more CCR5-expressing GHOST cells than did Q47 M1.
Thus, it is possible that either binding or entry of Q23A4 and
Q47 M1 was restricted by a more stringent requirement for the
relative density or configuration of receptor and coreceptor on
the cell surface. If dominant chimeras Q23B6 and Q47S6 had
less rigorous requirements for receptor-coreceptor configura-
tion, then in competition assays Q23A4 and Q47M1 could be
excluded from potential target cells both at the time of initial
infection and during expansion in culture. The notable differ-
ence between Q47 chimeras in susceptibility to neutralization
with antibody to CCRS provided supporting evidence that the
binding site for CCRS on the gp120 of the Q47 chimeras was
different.

It is clear that coreceptors play a significant role in HIV-1
pathogenesis, because genetic differences in chemokine recep-
tors or ligands are present in the human population that can
confer an individual with increased susceptibility or resistance
to infection (9, 23, 24, 33, 40, 43). Furthermore, it has been
shown that in addition to the type of chemokine receptor
expressed on a cell, the density of chemokine receptor relative
to CD4 is also an important determinant of susceptibility of
target cells to HIV-1 infection (20, 56). The expression of
chemokine receptors is controlled by a variety of cytokines (2,
5, 10, 49), indicating that the inflammatory milieu of a poten-
tial target cell may be as significant a determinant of infection
susceptibility as the genetic features of either the host or the
virus. Additionally, the dynamic cellular environment in
women newly infected with clade A HIV-1 may help sustain
the phenotypic diversity of the virus population by providing
multiple niches for viruses of different relative fitness levels.

Coreceptor density cannot be the only factor dictating the
differential fitness of clade A chimeras evaluated in this study.
Q45D6 was conspicuously the most competent of the clade A
chimeras for replicating to high titers in all donor cells under
any experimental condition, so it was not surprising that it
emerged as the dominant chimera in competition with Q45D5.
However, in this case there was no indication that chimeras
differed in their interaction with CCRS because both Q45
variants infected the same number of GHOST cells and both
were neutralized effectively and to the same extent with 2D7.
Instead, an epitope in the CD4-binding site, which is recog-
nized by antibody IgG1b12, distinguished Q45D5 and Q45D6.
These data suggest that Q45 variants differ in their interaction
with CD4 or in a postreceptor binding conformation that ei-
ther enhances or diminishes virus entry. Differences in relative
levels of CD4 expression can influence the susceptibility of a
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cell to infection, as exemplified by the resistance of primate
cells to HIV-1 infection due to low levels of cell surface CD4
(3). Furthermore, CD4 has been shown to be the principal
determinant of efficient viral binding, endocytosis, and prote-
olysis if coreceptor levels exceed a minimum density (27). Be-
cause the density and ratio of these surface receptors vary
between tissues (41), differences in expression levels of either
receptor or coreceptor may expedite niche adaptation or com-
partmentalization of variants to different tissues, which has
been described previously for HIV-1 in subjects Q23, Q45, and
Q47 (47).

Although we used antibodies to probe for disparity between
the closely related gp120 chimeras, the differences in neutral-
ization sensitivity are a significant finding that merits further
investigation in primary cells. The markedly different profiles
of Q47 chimeras to inhibition with 2D7 demonstrate both that
the binding site for CCRS is different on the two chimeras and
that therapeutic intervention with this antibody would not be
equally effective against all members of the variant pool in this
individual. Similarly, IgG1b12 is widely accepted as a potent
neutralizing antibody and although it exhibited inhibitory ac-
tivity towards Q45D6, it significantly enhanced infection of
Q45D5 at the same concentration. Thus, our data support the
hypothesis that variants coexisting within women infected with
clade A HIV-1 do have distinct phenotypes, which could sub-
sequently influence tissue distribution and therapeutic efficacy.
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