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Previous studies characterized the third variable (V3) loop of the envelope gp120 as the principal neutral-
izing determinant for laboratory T-cell-line-adapted (TCLA) strains of human immunodeficiency virus type 1
(HIV-1). However, primary viruses isolated from infected individuals are more refractory to neutralization
than TCLA strains, suggesting that qualitatively different neutralizing antibodies may be involved. In this study, we
investigated whether the V3 loop constitutes a linear target epitope for antibodies neutralizing primary iso-
lates. By using peptides representative of the V3 regions of various primary isolates, an early, relatively specific
and persistent antibody response was detected in sera from HIV-infected patients. To assess the relationship
between these antibodies and neutralization, the same peptides were used in competition and depletion
experiments. Addition of homologous V3 peptides led to a competitive inhibition in the neutralization of the
TCLA strain HIVMN/MT-4 but had no effect on the neutralization of the autologous primary isolate. Similarly,
the removal of antibodies that bind to linear V3 epitopes resulted in a loss of HIVMN/MT-4 neutralization, where-
as no decrease in the autologous neutralization was measured. The different roles of V3-specific antibodies
according to the virus considered were thereby brought to light. This confirmed the involvement of V3 anti-
bodies in the neutralization of a TCLA strain but emphasized a more pronounced contribution of either con-
formational epitopes or epitopes outside the V3 loop as targets for antibodies neutralizing primary HIV-1
isolates. This result underlines the need to focus on new vaccinal immunogens with epitopes able to induce
broadly reactive and efficient antibodies that neutralize a wide range of primary HIV-1 isolates.

Analysis of the immune responses developed within weeks
after infection by the human immunodeficiency virus (HIV)
suggests that the immune system may control the viral load.
Strong cellular responses are detected in patients early in in-
fection and provide evidence of a major role of cytotoxic T
cells (CTL) in the decline of the initial burst of viremia (13,
29). Protection by CTL is also suggested by the existence of
active and/or memory HIV-specific CTL in long-term nonpro-
gressors infected for more than 10 years without any develop-
ment of AIDS (19, 53). Furthermore, specific CTL are present
in individuals who have been frequently exposed to the virus
without being infected (35, 54); whether these CTL are sim-
ply markers for exposure to viral antigens or allow resistance
to infection remains to be determined. In addition, CD81 T
lymphocytes and macrophages, effector cells of the immune
response, can secrete soluble inhibitory factors (10, 32), includ-
ing the chemokines MIP-1a, MIP-1b, and Rantes (8), inter-
leukin-16 (IL-16) (1), and the macrophage-derived factor (49),
which inhibit the replication of HIV-1 primary isolates.

On the other hand, neutralizing antibodies (NAb) are prob-
ably involved in the control of viral replication, even if these
antibodies are detected only several months after infection (13,
38, 51). This is borne out by the higher titers and broader-
reactivity NAb found in long-term nonprogressors (6, 52, 58).
In a recent publication, Shan-Lu et al. described host immune
responses in two patients infected almost simultaneously from

the same source; while one developed the disease extremely
rapidly (in less than 2 years), the other had a more average
course of progression and remained asymptomatic for 3 years
postinfection (62). These authors correlated more vigorous
NAb and lymphocyte proliferation responses with a slower
disease progression. Interestingly, it has been shown that the
presence of NAb to primary HIV-1 isolates, including autolo-
gous virus, was related to a lower risk of mother-to-child trans-
mission (56, 57), and it was postulated that a broad cross-
reactive NAb response may reduce the risk of transmission of
HIV-1 by controlling the maternal viral load. Overall, these
observations indicate that NAb found to be able to inhibit viral
replication in vitro may very likely play a role in vivo by either
preventing infection or reducing the spread of the virus and the
progression of the disease. NAb would allow a low viral load to
be sustained during the asymptomatic phase and would allow
HIV-1 replication that occurs throughout the entire course of
infection to be controlled. Nevertheless, despite these data, the
correlates of protection and the relative contributions of cel-
lular and humoral responses remain unclear. Understanding
them constitutes the first objective in the process of developing
an effective vaccine (20); a subsequent objective is the identi-
fication of the antigens and target epitopes able to induce such
a protective immunity.

Viral proteins of HIV-1 are highly immunogenic, and vari-
ous sites on the virion give rise to humoral responses. In par-
ticular, the envelope glycoproteins gp120 and gp41 constitute
the principal targets for NAb (40). They contain both con-
served and hypervariable domains described as epitopes rec-
ognized by immune sera and monoclonal antibodies (14, 43).
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Interestingly, the third variable (V3) domain of gp120 forms an
exposed, accessible loop on the surface of the viral particles
(45) and induces the production of V3 antibodies detectable
either after natural infection or following specific immuniza-
tion (74). Moreover, this region is a determinant for cellular
tropism and viral infectivity (21, 22, 63). V3 sequences act upon
the interaction with coreceptors CXCR4 or CCR5 (12, 66),
and the V3 loop takes part in the initiation of the fusion step
necessary for virus entry. Neutralizing V3 antibodies may
therefore be able to block either the attachment of the virus to
the cell or subsequent postbinding events. For these reasons,
attention has been focused on the V3 region of gp120, which
has been defined as the principal neutralizing determinant
(PND) for T-cell-line-adapted (TCLA) viruses (24, 55). In one
study, Spear et al. described V3 loop-specific antibodies as
important in mediating a major proportion of immune effector
functions, including complement activation and neutralization
of the laboratory strain HIV-1MN (64). Because such antibod-
ies neutralized many TCLA strains (23, 64, 73) and because
their presence could be correlated with the protection against
homologous challenge found in chimpanzees (15), the V3 loop
has been used to elaborate vaccine and therapeutic strategies.
Unfortunately, this region is hypervariable and is most often
the target of type-specific antibodies rather than broad-speci-
ficity, cross-reactive NAb. Moreover, subsequent studies have
revealed differences between TCLA strains and primary vi-
ruses isolated from infected individuals. Indeed, besides dif-
ferences in tropism (macrophage-tropic versus lymphotropic),
replication capacity (slow low versus rapid high), and use of
coreceptors (CXR5 versus CXCR4) (2, 12, 44), it is clear that
primary wild-type isolates are more refractory to neutralization
than TCLA strains (9, 17, 34). Higher antibody quantities, but
also qualitatively different antibodies, appear to be necessary
to neutralize primary isolates (33), and different epitopes may
be recognized by NAb (3, 70). It is therefore crucial to recon-
sider antibodies involved in the neutralization of field isolates
and to determine if the V3 loop is also a PND for primary
isolates. A better knowledge of these neutralization epitopes
will help in elaborating a vaccine designed to counter primary
isolates of HIV-1.

In this study we attempted to determine if, as for TCLA
strains, neutralization of primary isolates was mediated by an-
tibodies directed against the autologous V3 loop. The presence
of V3-specific antibodies in sera from HIV-infected patients
was detected by using V3 loop peptides with sequences similar
or close to the amino acid sequences of the V3 regions of four
primary isolates. To further assess if the antibodies binding to

these V3 loop peptides were involved in the autologous neu-
tralization and in the neutralization of the TCLA strain HIV-
1MN, competition and depletion experiments were carried out.
The different roles of V3 loop-specific antibodies in the neu-
tralization of TCLA strains versus primary isolates were
brought to light.

MATERIALS AND METHODS

Cells, viruses, and sera. All cell cultures were maintained at 37°C in 5% CO2.
MT-4 cells (a human T4 lymphoid cell line) were cultured in RPMI 1640

containing 10% fetal calf serum (FCS). This cell line supports the replication of
the TCLA strain HIV-1MN, a syncytium-inducing strain obtained through the
AIDS Research and Reference Program, Division of AIDS, National Institute of
Allergy and Infectious Diseases, National Institutes of Health, and amplified
on the MT-4 cell line to constitute a viral stock (HIV-1MN/MT-4). The TCLA
strain HIV-1MN was also produced on peripheral blood mononuclear cells
(PBMC), and a single passage was enough to produce a viral stock of HIV-
1MN/PBMC.

PBMC were isolated from buffy coats of healthy HIV-seronegative donors by
Ficoll gradient purification. The cells, suspended in RPMI 1640 containing 10%
FCS, were stimulated for 3 days with 2 mg of phytohemagglutinin A (Sigma) per
ml and then frozen in RPMI containing 20% FCS and 40% dimethyl sulfoxide.
One day before their use in the neutralization assay, PBMC from five random
donors were thawed, pooled, and cultured for 24 h in RPMI 1640 supplemented
with 10% FCS and 20 U of IL-2 (Boehringer Mannheim) per ml.

The HIV-1 primary isolates Bx08, Bx16, Bx17, and Bx26 were isolated early
after seroconversion by cocultivation of PBMC from seropositive individuals with
PBMC from healthy seronegative donors (51). To constitute viral stocks, we
amplified these viruses as described before (38, 39) by one or two passages of the
isolates exclusively on PBMC.

The sera studied were collected from the same seropositive patients at various
times after seroconversion. Their autologous and heterologous neutralizing ac-
tivities have been described elsewhere in a longitudinal study of early humoral
responses detected during the first years of HIV infection (38). The sera for
which we detected an autologous neutralizing activity were selected to further
characterize NAb.

V3 loop sequences of primary isolates and V3 peptides. RNAs isolated from
the viral stocks of primary isolates, amplified once on PBMC, were converted
into cDNA and then amplified with primer 59 (V5, 59-ATGAATTCGCTGTT
RAATGGCAGTCTAGGCAGA-39) and primer 39 (V3, 59-ATGAATTCATTT
CTGGGTCCCCTCCTGAGGA-39). Amplified products were digested with the
restriction enzyme EcoRI and cloned in an M13mp18 vector. Five to seven
clones were sequenced with the dye-primer sequencing kit (Applied Biosystems).
A very low intravariability (less than 0.5%) was observed in the C2V3 region, a
feature expected for viruses isolated early after seroconversion. The amino acid
sequences were derived from the individual nucleotide sequences.

Two 21-mer peptides corresponding to the V3 loops of the HIV-1 primary
isolate Bx08 and of the TCLA strain HIV-1MN were synthesized by the solid-
phase method of Merrifield with the 9-fluorenylmethoxycarbonyl alternative
(36). A third peptide, R21, having the V3 loop sequence of a Rwandese subtype
A primary isolate, which is very close to the sequence of the Bx17 isolate, has also
been used. Sequences of the peptides and viruses are represented in Fig. 1,
aligned and compared to the French V3 loop consensus sequence (7).

Detection of anti-V3 loop antibodies by enzyme-linked immunosorbent assay
(ELISA). The V3 loop peptides were immobilized on Nunc Maxisorp micro-
plates by an overnight incubation at 4°C of 100 ml of peptide per well diluted at

FIG. 1. V3 loop amino acid sequences of peptides and viruses used in the study, aligned with the subtype B (United States/European) consensus sequence.
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2 mg/ml in 50 mM bicarbonate buffer (pH 9.6). Unbound peptides were removed
by washing once with phosphate-buffered saline (PBS) containing 0.05% Tween
20 (wash buffer), and the plates were blocked with 200 ml of PBS containing 5%
nonfat dry milk. Coated plates were washed four times and dried for 1 h at 37°C.
At this stage, the plates could be frozen at 220°C for subsequent use or imme-
diately used with the addition of 100 ml of serum (dilution, 1/20) for 1 h at 37°C.
After five washings, bound V3-specific antibodies were detected by the addition
of 100 ml of peroxidase–rabbit anti-human immunoglobulin conjugate (Dako)
diluted 1/50,000 in PBS containing 5% nonfat dry milk and 0.3% Tween 20.
Immune complexes were revealed with tetramethyl benzidine substrate, and the
colorimetric reaction was stopped by the addition of H2SO4. The optical density
was read at 450 nm against 650 nm (OD450–650), and the binding activity was
detected by comparison with the OD450–650 obtained after the incubation of a
serum from a consensus negative individual provided by the National Institutes
of Health. The cutoff was defined as the OD450–650 of this negative serum plus
0.05.

Depletion of V3 loop-specific antibodies. In order to remove V3-specific an-
tibodies from the sera, six to eight passages on V3 peptide-coated wells were
carried out by using the ELISA binding protocol with some modifications. First,
we increased the binding capacity by coating the plates with 200 ml of 20-mg/ml
V3 peptide. Second, to avoid the deleterious effects of detergent in subsequent
cell cultures, the Tween 20 in the wash solution was replaced by 5% FCS. Third,
sequential twofold dilutions of sera were incubated for several (six to eight)
successive passages on coated wells until the V3-specific antibodies were elimi-
nated. For this purpose, after 1 h of incubation at 37°C, the sera were removed
by pipetting and further incubated on other coated wells for an additional hour.
For controls, the sera were also mock depleted by serial passages on plates
treated in parallel but not coated with V3 peptides. The antibodies removed from
the sera and bound to the peptide-coated wells were then detected as described
above with the tetramethyl benzidine chromogene substrate followed by the
addition of the stop solution H2SO4. The diminution in OD450–650 throughout
the successive passages could be monitored and correlated to the sequential
depletion in V3-specific antibodies. For the lowest dilution of serum tested, a
depletion percentage was calculated as follows: percent depletion 5 100 2
[100 3 (OD450–650 at the last passage/OD450–650 at the first passage)]. After the
last passage, the different depleted fractions of sera were filtered through 0.45-
mm-pore-size filters (mstar; Costar) before being tested for their neutralizing
activity.

Neutralization assays. The neutralization of primary isolates and of the TCLA
strain HIV-1MN was studied by using two different protocols.

In MT-4 cells, the replication of the TCLA strain HIV-1MN induces a cyto-
pathogenic effect characterized by the formation of syncytia followed by cellular
death. The neutralizing activity of the serum was detected as an inhibition of this
virus-induced cytopathogenicity. The neutralization assay was performed in 96-
well flat-bottom tissue culture plates (Costar 3596) by incubating 50 ml of an
appropriate dilution of virus with 50 ml of serial dilutions of sera. After 1 h at
37°C, 4 3 104 MT-4 cells were added and the cultures were maintained for 5
days. Cell viability was then measured as described previously (50) with a color-
imetric reaction based on the capacity for mitochondrial dehydrogenase of living
cells to reduce 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide into
formazan. The quantity of formazan produced was measured by OD540 and was
correlated with the number of living cells (50). For each serum dilution the ex-
periment was done in triplicate, and the mean value was used to calculate the
percentage of protection according to Pauwels’ formula (50). The neutralization
titer of the serum was defined as the serum dilution that allowed 50% protection
against the cytopathogenic effect.

To detect the neutralizing activities of sera against primary isolates, the neu-
tralization assay was performed with PBMC as target cells. This previously
described test (39) combines serial dilutions of virus with serial dilutions of
serum and is based on detecting a 10-fold virus titer reduction in the presence of
the immune serum. Briefly, 50 ml of four fourfold dilutions of virus was incubated
for 1 h at 37°C with 50 ml of serial serum dilutions in a 96-well filtration plate
(Durapor-Dv 0.65m; Millipore, Molsheim, France) before addition of 105 phy-
tohemagglutinin A-stimulated PBMC (a pool from five seronegative donors).
After 2 h at 37°C, extensive washings were done (three times with 200 ml of
RPMI 1640), and cells were cultured in 200 ml of RPMI 1640 containing 10%
FCS and 20 U of IL-2 per ml. Half of the medium was changed at 4 days post-
infection, and viral production was measured at 7 days postinfection. For each
serum dilution the assay was performed in quadruplicate, and the HIV-positive
wells were identified by the quantity of p24 antigen (ELISA kit from Du Pont or
Innogenetics) in the culture supernatants. This allowed the viral titer (50% tissue
culture infective dose) to be calculated in the presence (Vn) and in the absence
(Vo) of the serum, according to the Reed-Muench method. The neutralization
titer of the serum was defined as the serum dilution that resulted in a 10-fold
decrease in the viral titer (Vn/Vo 5 0.1). For a given dilution of serum, a neu-
tralization percentage could also be defined as follows: percent neutralization 5
100 2 (Vn/Vo 3 100).

Competition assays. In order to evaluate the participation of V3-specific
antibodies in neutralization, the neutralization assays were adapted. For this
purpose, V3 loop peptides were preincubated for 1 h at 37°C with the serum
before the neutralization test was performed as described above. The competi-
tion assay combined serial concentrations of peptide (0.4 to 50 mM) and serial

twofold dilutions of serum. Data obtained with the serum dilution whose recip-
rocal was twofold the neutralization titer were chosen for the presentation of the
results. A competition was observed when the addition of peptide resulted in a
decrease in the neutralizing capacity of the serum.

RESULTS

Neutralization of primary isolates and of the TCLA strain
HIV-1MN. Viruses from four early-stage HIV-1-infected indi-
viduals and the corresponding autologous sera were analyzed
in this study. Neutralizing activities of these sera collected at
different times after seroconversion have been determined and
described previously (38). The sera, obtained about 1 1/2 years
after seroconversion in the cases of patients Bx16, Bx17, and
Bx26 and 3 years after seroconversion in the case of patient
Bx08, vary in their efficiency of neutralization of the autologous
virus isolated early (2 to 8 months) after seroconversion (Table
1). For example, serum Bx17(1.5 years) has a neutralization titer
of 500, whereas a titer of only 10 was measured for serum
Bx08

(3 years)
. Heterologous neutralizing activities against several

primary isolates have also been studied (38). Among the sera
for which data are presented here, serum Bx26(1.5 years) was the
only one to display a cross-neutralizing activity, given that 4 of
the 17 primary isolates tested were neutralized. Nevertheless,
the heterologous neutralization titers, ranging from 10 to 40
(data not shown), were lower than the autologous titer (140).
Moreover, the four sera neutralized the TCLA strain HIV-1MN
on the MT-4 cell line (Table 1). The relatively high neutral-
ization observed [neutralization titers ranging from 150 for
Bx16

(1.5 years)
to 870 for Bx26(1.5 years)] was consistent with other

studies, as the neutralizing activity against the laboratory strain
HIV-1MN was usually strong and easy to detect compared with
the neutralization of primary viruses.

Detection of V3 loop-specific antibodies. Serial serum sam-
ples obtained at various times after seroconversion were ana-
lyzed for the presence of specific antibodies directed against
the hypervariable V3 region of the envelope protein gp120.
These V3 loop-specific antibodies were detected by ELISA,
using peptides with sequences identical or close to those of the
viruses used in the neutralization assays (Fig. 1). The peptides
Bx08-1 and MN are homologous to the United States/Euro-

TABLE 1. Neutralizing activities detected in sera
from HIV-positive patients

Serum
Time

after sero-
conversion

Neutralization of:

Primary isolates on PBMC TCLA strain
HIV-1MN/MT-4c

Autologousa Heterologousb

Bx08 8 mo ,10 0/6 NDd

3 yr 10e 0/14 350

Bx16 7 mo ,10 0/6 ND
1.5 yr 15 0/14 150

Bx17 5 mo ,10 0/6 ,20
1.5 yr 500 0/16 220

Bx26 6 mo ,10 0/6 160
1.5 yr 140 4/17 870

a Reciprocal serum dilution for which a 10-fold decrease in virus titer was
measured. Values are means from at least two separate experiments.

b Number of isolates neutralized/number tested.
c Reciprocal serum dilution that allowed 50% inhibition of the virus-induced

cytopathogenicity on MT-4 cells. Values are means from at least four indepen-
dent experiments.

d ND, not done.
e Boldface indicates neutralizing activities.

VOL. 72, 1998 V3-SPECIFIC ANTIBODIES AND NEUTRALIZATION OF HIV-1 9857



pean consensus V3 sequence and mimic the V3 loops of the
primary isolates Bx08, Bx16, and Bx26, classified as subtype B
viruses. In particular, the peptide Bx08-1 is identical to Bx08’s
V3 loop. The peptide R21 contains several substitutions com-
pared to the consensus sequence and is very close to the V3
loop of the primary isolate Bx17. In particular, it shares with
this isolate the amino acids V(312), R(313), and Q(318) at the
top (crown) of the V3 loop. Given their positions, these non-
synonymous substitutions have been described as playing an
important role in determining the properties of the viruses,
particularly their tropism (63), antibody binding (31), and sen-
sitivity to neutralization (27). Consequently, peptide R21 can
be considered quite different from peptides MN and Bx08-1.

As represented in Fig. 2, antibodies of the sera Bx08, Bx16,
and Bx26 bound to the related peptides Bx08-1 and MN. They
were already detected at the first time point analyzed, or at 7
months postseroconversion for Bx16, and remained detectable
throughout the period studied (until 3 years after seroconver-
sion). Nevertheless, for patient Bx08, the antibody binding to
V3 peptides decreased after 35 months. In contrast, in the
serum from patient Bx17, we found a very low level of anti-
bodies able to react with the heterologous peptides Bx08-1 and
MN. When peptide R21 was used in the ELISA, binding of
antibodies from patient Bx17 could be detected throughout the
period of infection considered (from 5 months to 3 years after
seroconversion). Only a very weak reactivity, close to the cutoff
level, was detected in the sera from patients Bx08 and Bx16,
but significant binding to this heterologous peptide was found

in the serum from patient Bx26. Among those tested, serum
Bx26(1.5 years) was also the only one to display a cross-reactive
neutralizing activity (Table 1).

This binding assay allowed the antibodies directed towards
the homologous V3 peptide to be detected in all of the sera
tested, except in serum Bx16 collected very early (5 months)
after seroconversion. Accordingly, these results confirm the
immunogenicity of the gp120 V3 domain and the capacity of
the immune system to produce an early, relatively specific, and
persistent antibody response to the V3 loop of the autologous
primary isolate.

Competition experiments. To examine a possible correlation
between V3-specific antibodies and neutralization, we investi-
gated the functional importance of these antibodies in the
neutralization of primary isolates. For this purpose, we first
performed competition experiments by adding 0.4 to 50 mM
V3 loop peptides in the neutralization assays. In this way we
examined the effects of the capture of V3 loop-specific anti-
bodies on neutralization.

For all of the sera tested, the addition of up to 50 mM
peptide had no effect on the neutralization of the autologous
primary isolate (Fig. 3A). In other words, whatever the dilu-
tions of serum tested, the percentages of neutralization were
equivalent in the presence or absence of peptide, and this was
true whether the peptide was homologous or heterologous
(data not shown and Fig. 3A).

As these results were not consistent with those of previously
published competition studies with TCLA strains (64), we an-

FIG. 2. Temporal development of immunoglobulin reactivity to peptides representative of different V3 loops of gp120. V3-specific antibodies were detected by
ELISA in sequential sera of seropositive individuals at various times after seroconversion. The OD450–650 values are the means from three separate experiments
performed with the sera from patients Bx08 (}), Bx16 (■), Bx17 (Œ), and Bx26 (F). Solid line, cutoff value.
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alyzed the addition of the same peptides in neutralization tests
involving the TCLA strain HIV-1MN/MT-4. In these assays, a
competitive inhibition of neutralization was obtained. Peptide
Bx08-1, added at a concentration as low as 2 mM, inhibited the

neutralization of HIV-1MN/MT-4 by the sera Bx08(3 years),
Bx16

(1.5 years)
, and Bx26(1.5 years) (Fig. 3B). Addition of a lower

concentration of peptide (0.4 mM) did not result in a sig-
nificant drop in neutralization (data not shown), and at the
highest peptide concentration tested (50 mM), losses of pro-
tection of 87, 94, and 88% were measured for sera Bx08(3 years),
Bx16(1.5 years), and Bx26(1.5 years), respectively. An inhibition of
HIV-1MN/MT-4 neutralization was also observed in the pres-
ence of 2 mM peptide MN, resulting in a similar loss of pro-
tection (data not shown). However, it was only at the highest
concentration (50 mM) of peptides Bx08-1 and MN that neu-
tralization of HIV-1MN/MT-4 by serum Bx17(1.5 years) was sig-
nificantly inhibited (Fig. 3B and data not shown).

The same competition experiments have been carried out
with the peptide R21, which is quite different from peptides
Bx08-1 and MN and has a sequence close to that of the V3 loop
of the Bx17 isolate. The neutralization of HIV-1MN/MT-4 by
serum Bx17(1.5 years) was inhibited by a peptide concentration
of 50 to 2 mM (;80% inhibition). Preincubation of this peptide
with the Bx08(3 years) and Bx16(1.5 years) sera had no effect on
the neutralization of HIV-1MN/MT-4. However, this heterolo-
gous peptide competitively inhibited the neutralizing activity of
serum Bx26(1.5 years) on this TCLA strain. It is noteworthy that
the serum from patient Bx26 already shows a binding activity to
both homologous and heterologous peptides.

According to these results, V3 peptides able to fix and cap-
ture antibodies present in immune sera inhibit the neutraliza-
tion of the TCLA strain HIV-1MN/MT-4, and this confirms the
role of V3-specific antibodies in the neutralization of TCLA
strains. In contrast, whether recognized or not by antibodies
present in the sera, none of the peptides had an effect on the
autologous neutralization of the four primary isolates tested.
The involvement of antibodies specific for V3 linear epitopes
in the neutralization of primary isolates could thus not be
demonstrated.

Evaluation of the effect of experimental conditions on com-
petition results. To make sure that the differential effect pro-
duced by the addition of V3 peptides in the neutralization of
TCLA strains versus primary isolates did not result from ex-
perimental conditions, several experimental parameters were
modified. In particular, for the TCLA virus, peptides and sera
were always present in the test with the MT-4 cell line whereas
they were removed by washing in the test involving primary
isolates and PBMC. By including washing after adsorption of
the virus in the former test, similar results were obtained (data
not shown), demonstrating that the observed competitive ef-
fects on the neutralization of HIV-1MN/MT-4 were not due to
the continual presence of peptide.

On the other hand, besides the virus (TCLA strain versus
primary isolate), the type of cell used either to constitute the
viral stock or as target in the neutralization assay represents an
important parameter that may strongly influence the results of
neutralization and competition (17). We could not grow these
primary isolates on T-cell lines, but multiplication of the HIV-
1MN strain on PBMC was obtained, and after a single passage
on these primary cells, a new virus stock, HIV-1MN/PBMC, was
constituted. Neutralization and competition experiments were
then carried out with this virus, using exactly the same protocol
as for primary isolates. Under these experimental conditions,
only sera Bx16(1.5 years) and Bx26(1.5 years) neutralized the HIV-
1MN/PBMC strain, though less efficiently, as neutralization ti-
ters were 10 and 40, respectively. The addition of 50 mM
peptide MN and peptide Bx08-1 led to 60 and 50% inhibition
in neutralization by serum Bx16(1.5 years), respectively, while
peptide R21 did not diminish the neutralizing activity (Fig. 4).
Although the percentage of inhibition was lower than that for

FIG. 3. Effect of the addition of V3 loop peptides in neutralization assays in-
volving autologous primary isolates (A) or the TCLA strain HIV-1MN/MT-4 (B).
Peptide solutions at concentrations ranging from 0.4 to 50 mM were preincu-
bated with serial dilutions of serum before the neutralization test was performed.
The reciprocal dilution of serum corresponding to twice the neutralization titer
of the serum was chosen for presenting the results. Values representative of those
from at least three separate experiments with the MT-4 cell line and two separate
experiments with PBMC are shown. h, no peptide; a, 50 mM Bx08-1; ,
50 mM R21; g, 2 mM peptide; d, 10 mM peptide; ■, 50 mM peptide.
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HIV-1MN/MT-4, the neutralization of the HIV-1MN/PBMC
strain was still, at least partially, inhibited by V3 loop peptides.

Overall, these data reveal a difference in the functional ac-
tivity of the V3-specific antibodies according to the virus in-
volved in the neutralization assay, i.e., whether it is a TCLA
strain or a primary isolate.

Depletion experiments. In order to further evaluate the role
of V3-specific antibodies in neutralization, a depletion assay
which allowed antibodies that bound to the V3 peptides to be
removed from the sera was set up. This depletion method,
based on successive passages of the sera on V3 peptide-coated
plates, permitted over a 94% depletion in the V3-specific an-
tibodies, which reach levels undetectable by ELISA (Table 2).
Depleted sera were then tested in both neutralization assays
for a residual neutralizing activity. Like for the competition
experiments, results obtained with the serum dilution whose
reciprocal corresponds to twice the neutralization titer of the
undepleted sera are presented (Fig. 5B); similar effects were
obtained for the other dilutions tested (data not shown). We
observed that the removal of V3-specific antibodies from se-
rum Bx08(3 years) with the homologous peptide Bx08-1 led to a
drop in HIV-1MN/MT-4 neutralization. However, depletion
experiments using the heterologous peptide R21 or no peptide
did not show a notable reduction in the neutralizing activity.
The depletion procedure was thus specific and did not ad-
versely affect the antibody-neutralizing capacity. For serum
Bx26

(1.5 years)
, which had antibodies to both peptides, only the

removal of antibodies directed towards the homologous pep-
tide Bx08-1 resulted in an inhibition in HIV-1MN/MT-4 neu-
tralization. A significant decrease in the neutralizing activity
against HIV-1MN/MT-4 was detected in serum Bx17(1.5 years)
depleted with the related peptide R21, with a slight decrease
being also measured for this serum when it was depleted with
the heterologous peptide Bx08-1, which corroborates the com-
petitive effect of this peptide at 50 mM. In contrast, whatever
the peptide used in the depletion protocol, the depleted sera
retained their neutralizing activities against the autologous pri-
mary isolate (Fig. 5A).

Overall, these results confirm the previous observations
made with competition experiments and strengthen the differ-

ential role of V3-specific antibodies in the neutralization of
TCLA strains versus primary isolates.

DISCUSSION

The identification of epitopes implicated in the neutraliza-
tion of HIV-1 primary isolates remains one of the fundamental
goals of HIV vaccine development. Until a few years ago, the
V3 loop of gp120 was considered the major target for NAb and
was defined as the PND for laboratory TCLA strains. Since
then, through analysis of the neutralization of viruses isolated
directly from infected individuals, the role of the V3 loop as
the PND has become controversial. On one hand, reports
describing the neutralization of primary isolates by V3 mono-
clonal antibodies furthered the idea that the V3 region is the
target for NAb (11, 46). On the other hand, large amounts of
V3-specific antibodies detectable in human sera are not pre-
dictive of neutralization (41). Moreover, a conflicting argu-
ment is provided by results of cross-clade neutralization studies
that indicate a lack of correlation between genetic subtypes
and neutralization serotypes (28, 42, 71). Another source of
controversy over the role of V3 antibodies in controlling HIV-1
is the fact that such antibodies can display neutralizing but also
nonneutralizing and even enhancing activities (27).

In this paper, we have shown that antibodies present in
immune sera of infected individuals bind to V3 loop peptides,
and we have thereby confirmed the immunogenicity of the V3
region. The antibodies detected were highly specific to the V3
loop representative of the autologous primary isolates, except
for the serum from patient Bx26. In this case, antibodies bound
to a related peptide (Bx08-1) as well as to a much more diver-
gent peptide (R21). It should be noted that the serum from this
patient was also the one that displayed cross-neutralizing
activity. However, V3-specific antibodies were detected very
early after seroconversion, i.e., before the detection of autol-
ogous and heterologous neutralizing activities (Table 1) (38).
There is thus a lack of correlation between the presence of V3
antibodies and NAb at early stages of infection. This was also
described previously (41) and raises the question as to whether
V3-specific antibodies are involved in the neutralization of
primary isolates.

In competition experiments, the addition of a related pep-
tide (able to bind V3-specific antibodies) resulted in a loss of
the capacity of the sera to neutralize the TCLA strain HIV-
1MN/MT-4. Conversely, although they bound antibodies, the
same peptides did not competitively inhibit the neutralization
of the autologous primary isolate. This dual effect of the V3
peptides suggested that the V3-specific antibodies play differ-
ent roles in the neutralization of TCLA strains versus primary
isolates. To confirm this, we removed antibodies that bind to
V3 linear epitopes from the sera and measured the residual

FIG. 4. Competition experiments with the TCLA strain HIVMN/PBMC.
HIVMN/MT-4 was passaged on PBMC and amplified on these primary cells
before neutralization and competition experiments with exactly the same exper-
imental conditions as for primary isolates. Results with the addition of 50 mM
peptide are indicated. Values are representative of those from two separate
experiments.

TABLE 2. Depletion of V3-specific antibodies from immune seraa

Serum
% Depletionb with peptide:

Bx08-1 R21

Bx083 years 100 —c

Bx261.5 years 98 94
Bx171.5 years — 96

a Antibodies captured on V3 peptide-coated plates and thus removed from the
sera were detected by ELISA. The depletion was monitored by the decrease in
OD450–650 through the successive passages.

b Calculated for the lowest dilution of serum tested (1/20) as 100 2 [100 3
(OD450–650 at last passage/OD450–650 at first passage)].

c —, no binding to the V3 peptide was detected.
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neutralizing activities after depletion. Similar conclusions
could be drawn. Indeed, depletion with a homologous peptide
led to a loss in neutralizing activity against the TCLA strain
HIV-1MN/MT-4, while depleted sera neutralized their autolo-
gous primary isolate with exactly the same efficiency as unde-
pleted sera. It is noteworthy that for serum Bx26(1.5 years), de-
pletion with the heterologous peptide R21 did not modify
neutralization of the TCLA strain HIV-1MN/MT-4, while a
50% drop in neutralizing activity was measured when 50 mM
peptide was added in competition experiments. Thus, slight
differences were observed in competition and depletion exper-
iments, but the conclusions remained similar.

As neutralization results are highly dependent on the assays
used (13, 17), we verified that the different capacities of V3-
specific antibodies for neutralizing TCLA strains versus pri-
mary isolates were not the consequences of experimental pa-
rameters. Using exactly the same experimental conditions as
for primary isolates, we studied the neutralization of the HIV-
1MN strain grown on PBMC. This neutralization was inhibited
by the addition of a V3 peptide recognized by the immune
serum. However, the percentage of inhibition was lower than
that of HIV-1MN/MT-4, suggesting that after the passage on
PBMC, HIV-1MN had acquired certain characteristics of field
isolates.

Overall, these data confirm previous results implicating V3-
specific antibodies in the neutralization of TCLA strains such
as HIV-1MN. However, this does not apply for primary isolates,
as antibodies that bind to linear epitopes of the V3 loop do not
appear to be involved in the neutralization of primary isolates.
We therefore corroborate and extend two studies (3, 70) in
which a similar differential role of V3-specific antibodies has
been pointed out. In the first study, by depleting V3-specific
antibodies, Vancott et al. (70) showed that the contribution of
these antibodies in the neutralization of primary isolates is less
pronounced than that in the neutralization of a TCLA strain.
However, the 20% loss of total antibodies caused by their

depletion procedure could account for part of the inhibitory
effect observed. Moreover, whereas they studied only heterol-
ogous neutralization, we took into account the autologous neu-
tralization of primary viruses. In the second study, Beddows et
al. (3) carried out competition experiments and obtained sim-
ilar results, i.e., that a V3 peptide was able to inhibit the
neutralization of a TCLA strain but not that of field isolates.
However, the 35-amino-acid MN V3 peptide used contained as
many as nine substitutions compared to the V3 loop of the
primary isolates studied, and this may limit interpretation of
the inhibition data, as pointed out by the authors. By using
several 21-amino-acid V3 peptides, we have shown that a se-
quence-specific competition can indeed be observed in three of
four sera tested. Taken together, these complementary studies
lead to the same conclusions and suggest a predominant role of
antibodies with specificities outside the V3 loop and/or a con-
tribution of antibodies directed towards complex epitopes, in-
cluding conformational V3 determinants not mimicked by V3
peptides.

A lower accessibility of the V3 epitopes on the oligomeric
form of gp120 at the surface of the primary virions could
hinder the recognition and the function of NAb (4, 26). Quan-
titative and qualitative differences have indeed been proposed
to explain the relative sensitivity to neutralization of TCLA
strains, compared to the apparent resistance of primary iso-
lates. Along with others, we have shown that a larger amount
of gp120 could be detected at the surface of primary isolates
than at that of TCLA strains (39, 48). This higher density of
glycoproteins could hamper the interactions between the anti-
body and the virus. However, Karlsson et al. reported that
neither the high envelope spike density nor its stability could
explain the relative neutralization resistance of primary viruses
(25). Recently, several authors ruled out the possibility that
this difference in neutralization sensitivity between TCLA and
primary viruses could be attributable to coreceptor use (30, 37,
67). Nevertheless, Trkola et al. (67) suggest that antibodies to

FIG. 5. Consequences of the removal of V3-specific antibodies from immune sera. Neutralization was measured in sera not depleted, mock depleted, and depleted
with the autologous and heterologous V3 peptides (peptide Bx08-1 and peptide R21). The capacities of the sera to neutralize the autologous primary isolate (A) and
the TCLA strain HIV-1MN/MT-4 (B) were determined. Values are representative of those from two separate experiments.
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the V3 loop could interfere more effectively with CXCR4 in-
teraction of HIV-1 than with CCR5 interaction. V3-specific
antibodies may therefore be better able to neutralize TCLA
strains that use CXCR4, which could account for the neutral-
izing activity associated with V3-specific antibodies in our
study.

In addition, the affinity of the antibody for its epitope may be
an important parameter that could affect the capacity of the
antibody to neutralize the virus. Nevertheless, V3-specific an-
tibodies of high affinity had more chance of being removed
during the depletion procedure than low-affinity antibodies,
and this depletion had no influence on the autologous neutral-
izing activity. This would therefore tend to exclude the impli-
cation of V3 linear epitopes in the neutralization of primary
isolates. An alternative explanation of the absence of neutral-
izing capacity associated with V3-specific antibodies was pro-
vided by Schreiber et al., who showed that these antibodies
were directed towards noninfectious virions but not towards
cell-free infectious viruses (59, 60). On the other hand, those
authors recently suggested that conformational rather than
linear V3 epitopes could be preferentially involved in the neu-
tralization of primary isolates (61). They described conserved
V3 discontinuous epitopes formed by the GPGRAF motif and
its adjacent amino and carboxy sides as targets for highly spe-
cific antibodies detectable in infected individuals. In contrast,
as suggested by Garrity et al. (16), the V3 region may have
hypervariable, immunodominant epitopes that serve to misdi-
rect or dysregulate the ability of the immune system to focus on
more protective targets. By masking the V3 region on a re-
combinant gp120 used to immunized guinea pigs, they shifted
the dominant antibody response away from V3 to neutralizing
epitopes in the V1 variable domain of gp120. However, these
experiments suffer from the facts that the recombinant gp120
was derived from the TCLA strain HXB2 and that NAb have
been characterized against TCLA viruses only. They should
accordingly be performed with primary isolates.

Various other epitopes with different specificities could
also be implicated in the neutralization of primary isolates.
Among them are linear epitopes, such as the conserved do-
main ELDKWA of gp41 recognized by the neutralizing mono-
clonal antibody 2F5 (47, 68). Additional epitopes in the V1 and
V2 regions of gp120 have also been identified as targets of
antibodies that neutralize either TCLA strains or primary iso-
lates (72). In particular, a surprising V2-specific antibody that
neutralizes primary isolates but not TCLA strains has been
described (18). Conformational epitopes encompassing the
CD4 binding site and other sites created by amino acids spaced
over several regions of gp120 have also been proposed and
appear to be crucial (43, 65). Indeed, one of the most efficient
monoclonal antibodies described up to now, IgG1b12, recog-
nizes the conformational CD4 binding site and shows a strong
cross-clade neutralizing activity (5, 68). Furthermore, antibod-
ies directed towards discontinuous sites appear to be prevalent
in the immune sera of naturally infected individuals (43), while
such antibodies are lacking in sera of immunized individuals
and animals (33, 69). This may explain the inability of sera
from vaccinated individuals to neutralize primary isolates even
though they neutralize TCLA strains efficiently (9). A qualita-
tive rather than a quantitative defect in the antibodies seems
therefore to be implicated, as high quantities of antibodies of
different specificities are present, but these are not NAb.

Identifying the antibodies found in infected patients, and
especially in long-term nonprogressors, would help to elabo-
rate vaccinal antigens with neutralization epitopes able to in-
duce efficient NAb. Such antigens should display the specific-

ities of a wide range of primary isolates in order to generate a
strong cross-reactive antibody response.
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