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We have characterized sera from healthy volunteers immunized with a monomeric recombinant gp120 (rgp120)
derived from a CCRS/CXCR4 (R5X4)-using subtype B isolate of human immunodeficiency virus type (HIV-1),
HIV-1y4,p, in comparison to sera from long-term HIV-1-infected individuals, using homologous reagents. Sera
from vaccinees and HIV-1 positive subjects had similar binding titers to native monomeric rgp120yy¢,, and
showed a similar titer of antibodies inhibiting the binding of soluble CD4 (sCD4) to rgp120yy¢,,,- However,
extensive peptide binding studies showed that the overall pattern of recognition of vaccinee and HIV-1-positive
sera is different, with vaccinee sera displaying a wider and more potent recognition of linear V1/V2 and V3
domain epitopes. Neutralization of homologous HIV-1yy,;, or heterologous HIV-1,,,,,,, peripheral blood
mononuclear cell (PBMC)-derived virus lines by vaccinee sera could be achieved, but only after adaptation of
the viruses to T-cell lines and was quickly lost on readaptation to growth in PBMC. Sera from HIV-positive
individuals were able to neutralize both PBMC-grown and T-cell line-adapted viruses. Interestingly,
rgp120y,,p, Was recognized by monoclonal antibodies previously shown to neutralize primary HIV-1 isolates.
The use of very potent adjuvants and R5X4 rgp120 led to an antibody response equivalent in binding activity
and inhibition of binding of sCD4 to gp120 to that of HIV-positive individuals but did not lead to the induction

of antibodies capable of neutralizing PBMC-grown virus.

In the absence of confirmed immunological correlates of
protection, vaccine strategies have thus far attempted to in-
duce human immunodeficiency virus type 1 (HIV-1)-specific
broadly neutralizing antibodies and cytotoxic T-lymphocyte ac-
tivity (16, 29). However, despite the generation of high-titer
neutralizing antibodies to T-cell line-adapted (TCLA) strains
in human trials using recombinant Env constructs derived from
the prototype strains MN, IIIB, and SF2, the neutralization of
heterologous primary isolates on mitogen-activated peripheral
blood mononuclear cells (PBMC) in vitro has not been dem-
onstrated (19). Moreover, these approaches do not appear to
provide unequivocal protection from acquisition of HIV-1 in-
fection in vivo (5, 6, 11). Here we investigate the antibody
repertoire of vaccinee sera following immunization of healthy
seronegative volunteers with a monomeric recombinant en-
velope glycoprotein (rgp120) derived from a CCR5/CXCR4
(R5X4)-using subtype B HIV-1 isolate, HIV-1y;p-

Sera were collected from 30 healthy HIV-1-negative volun-
teers over an 18-month period. The vaccinations took place at
weeks 0, 4, and 28, and 23 individuals completed the schedule.
1gp120we1p (200 pg) was given with alum, QS21-MPL-A, or
QS21-MPL-A-emulsion (SmithKline Beecham Biologicals,
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Rixensart, Belgium) as adjuvants. The serological and neutral-
ization responses of individuals from this trial (MRC V001)
are documented elsewhere (38). In summary, antibody binding
titers to rgp120weip> V3mne V3weins and the soluble CD4
(sCD4)/rgp120y; binding site and neutralizing antibody titers
to the heterologous HIV-1,,y strain were maximal following
the third immunization and of the same order of magnitude as
that seen in natural infection. However, these immunized in-
dividuals did not elicit neutralizing antibodies to a range (n =
5) of PBMC-grown HIV-1 isolates, including the homolo-
gous isolate HIV-1y,4,p, When assayed on mitogen-activated
PBMC. In this present study, we contrast the serological and
neutralization responses of sera from nine of these immunized
individuals (eight of whom completed the vaccination sched-
ule), who were selected for high antibody binding titers to the
Env epitopes listed above and high neutralizing antibody titers
to the heterologous HIV-1,, strain, with a panel of sera from
HIV-1-infected individuals.

Sera from 28 HIV-l-infected individuals were subdivided
into two groups based on the ability to neutralize the PBMC-
grown isolate, HIV-1y,6;1, on MT2 cells. Briefly, 50 .l of virus
stock (diluted to 25 50% tissue culture infectious doses per 50
pl in RPMI 1640 medium [Gibco] supplemented with 10%
fetal calf serum [Gibco] and antibiotics [Sigma, UK]) was pre-
incubated with serial twofold dilutions (50 pl) of serum for 1 h
at 37°C, before the addition of 2.5 X 10* (100 wl) uninfected
MT?2 cells. The reciprocal of the final dilution of serum to
reduce the formation of syncytia by 90% (RNT,,,) compared
to that of control wells was scored after 5 to 7 days. Those
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TABLE 1. HIV-1-specific antibody titers in sera from
vaccinees and infected individuals

Antibody binding

; d.
Neutralizing titers 0%
Sera“ angllosdi/ titercto sCD4/
“welb Vwein 1gp120wein  18p120wein
BS
Vaccinees (n = 9)
Median <10 800 12,800 80
Range <10 800-6,400  6,400-25,600 40-320
W61D-Nonneutral-
izing (n = 19)
Median <10 400 25,600 160
Range <10 <100-1,600 3,200-102,400 <20-640
P value? NS¢ 0.0104 NS NS
W61D-Neutral-
izing (n = 9)
Median 40 100 25,600 160
Range 40-320 <100-400  3,200-51,200 80-640
P value 0.0004 0.0004 NS NS

“ Sera from rgp120y6,p-immunized individuals and HIV-1-infected individu-
als. The latter are subdivided as W61D-nonneutralizing or W61D-neutralizing,
according to the neutralization of the PBMC-derived isolate, HIV-1y,, When
assayed on MT?2 cells.

b P values, generated by the nonparametric unpaired Mann-Whitney U test,
refer to differences between the vaccinee sera and the appropriate neutralization
group.

¢ Titers are expressed as the reciprocal of the highest dilution of serum which
inhibited the formation of syncytia by 90% relative to that of controls.

4 Data are presented as the median and range of end point antibody binding
titers to the V3y;p loop and to monomeric rgp120 derived from HIV-1y,p
and 50% inhibition titers to the sCD4 binding site on monomeric rgp120yw; -

¢ NS, P value of >0.05.

which failed to neutralize the PBMC-grown HIV-1y,; 5 isolate
(RNTy,, of <10; n = 19) were termed W61D-nonneutral-
izing, while those which neutralized the HIV-1y,, isolate
(RNTyg, range of 40 to 320; n = 9) were termed W61D-
neutralizing. Sera from HIV-1-negative immunized individu-
als, though selected on the basis of their high neutralizing
activities to the heterologous HIV-1,,y virus grown on a T-cell
line, failed to neutralize the HIV-1y,4,p isolate on MT2 cells
(RNTygq, of <10; n = 9) when the stock of the infectious virus
was generated by growth on PBMC.

In the first instance, the ability of sera from vaccinees and
HIV-1-infected individuals to bind rgp120ywep, @ 22-mer
V3weip peptide (TRKGIHIGPGRAFYAARKIIGD; Peptide
and Protein Research), and inhibit the binding of sCD4 to
rgp120we,p Was investigated (Table 1). Serological responses
to the V3y61p peptide were performed essentially as previ-
ously described (9), except that serial, rather than fixed, serum
dilutions were used. For quantification of anti-gp120 antibod-
ies, 1gp120ywe;p Was captured onto D7324 (Aalto Bioreagents,
Dublin, Ireland)-coated enzyme-linked immunosorbent assay
(ELISA) plates and the antibody binding titer of immune sera
or HIV-1 positive sera was then determined as for the V3
peptide ELISA (9). Quantification of antibodies to the sCD4/
rgp120yw,,p-binding site was determined by inhibition of sCD4
binding to D7324-immobilized rgp120y4;p, according to pub-
lished methodologies (22), except that binding was visualized
with peroxidase-conjugated goat anti-human immunoglobulin
G IgG (Sigma) and OPD substrate (Dako).

End point titers to the V3y,,p peptide were significantly
higher in vaccinee sera compared with sera from HIV-1-in-
fected individuals, which may be due to fact that the V3,4:p
peptide represents the homologous V3 loop for vaccinees but
not for HIV-1-infected individuals. That antibody binding ti-
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ters to a linear V3 peptide were not associated with the ability
to neutralize the homologous PBMC-grown virus is likely to be
due to the overwhelming evidence that the V3 domain is rel-
atively occluded on the intact oligomer and that neutralization
of such isolates by V3-specific antibodies is, at best, weak (3, 7,
24, 32, 37). Notably, there were no significant differences be-
tween sera from immunized or naturally infected individuals in
terms of total rgp120y;p binding antibody or the ability to
inhibit the binding of sCD4 to rgp120y,;p. Antibodies which
compete with the binding of sCD4 for gp120 or which compete
with monoclonal antibodies (MAbs) which have been mapped
to this domain are highly prevalent in sera from infected indi-
viduals (17, 23, 25). The presence of antibodies inhibiting the
binding of sCD4 to gp120 in vaccinee sera is not incompatible
with the observation that these sera do not neutralize primary
isolates, since only some of the MAbs mapped to the CD4
binding domain are able to neutralize primary HIV-1 isolates
(24). Indeed, neutralizing and nonneutralizing CD4 binding
site-directed MAbs form a single competition group for mo-
nomeric gpl20 binding (28). Thus, conformational epitopes
linked to the induction of antibodies capable of neutralizing
primary isolates could be absent on monomeric rgp120w¢1p-
Next, we compared the ability of vaccinee sera and HIV-1-
positive sera to bind a series of overlapping peptides (Fig. 1)
spanning the C1 to C5 domains of gp120 from the HIV-1y,4:p
isolate, using previously described methodologies (9). Peptides
encompassing the V1/V2 and V3 domains were recognized by
the majority of vaccinee sera (Fig. 2a). In contrast, while an-
tibodies which bound the V3 domain peptides were found in
the majority of sera from infected individuals, serological rec-
ognition of other linear peptides was poor (Fig. 2b and 2c). Of
note, while there was a higher percentage of sera from these
immunized individuals which bound peptides encompassing
the V1 and V2 domains, the level of binding, represented as
the mean optical density/assay cutoff (£ standard deviation
[SD]) of the positive responders, was similar to that observed

p# Peptide sequence P¥ Peptide sequence

1 AAEQLWVTVYYGVPVWKEAT 2 VPVWKEATTTLFCASDAKAY
3 LFCASDAKAYDTEVHNVWAT 4 DTEVHNVWATHACVPTDPN

5 HACVPTDPNPQEVVLGNVTE 6 PQEVVLGNVTEY FNMWKNNMV
7 YFNMWKNNMVDQMHEDIISL 8 DQMHEDIISLWDQSLKPCVK
9 WDQSLKPCVKLTPLCVTLDCD 10 LTPLCVTLDCDDVNTTNSTT
11 DDVNTTNSTTTTSNGWIGEI 12 TTSNGWTGEIRKGEIKNCSF
13 RKGEIKNCSFNITTSIRDKV 14 NITTSIRDKVQKEYALFYNL
15 VQKEYALFYNLDVVPIDDDNA 16 DVVPIDDDNATTKNKTTRNF
17 TTKNKTTRNFRLIHCNSSVM 18 RLIHCNSSVMTQACPKVSFE
18 PIPIHYCAPAGFAILKCNNK 20 GFAILKCNNKTFDGKGLCTN
21 TFDGKGLCTNVSTVQCTHGI 22 RPVVSTQLLLNGSLAEEEVV
23 NGSLAEEEVVIRSDNFMDNT 24 IRSDNFMDNTKTIIVQLNES
25 KTIIVQLNESVAINCTRPNN 26 VAINCTRPNNNTRKGIHIGP
27 NTRKGIHIGPGRAFYAARKI 28 GRAFYAARKIIGDIRQAHCN
29 IGDIRQAHCNLSRAQWNNTL 30 LSRAQWNNTLKQIVIKLREH
31 KQIVIKLREHFGNKTIKFNQ 32 FGNKTIKFNQSSGGDPEIVR
33 SSGGDPEIVRHSFNCGGEFF 34 HSFNCGGEFFYCDTTQLFNS
35 YCDTTQLFNSTWNGTEGNNT 36 TWNGTEGNNTEGNSTITLPCR
37 EGNSTITLPCRIKQIINMWQ 38 RIKQIINMWQEVGKAMYAPP
39 EVGKAMYAPPIGGQIRCSSN 40 IGGQIRCSSNITGLLLTRDG
41 ITGLLLTRDGGTEGNGTENE 42 GTEGNGTENETEIFRPGGGD
43 TEIFRPGGGDMRDNWRSELY 44 MRDNWRSELYKYKVVKVEPL
45 KYKVVKVEPLGVAPTRAKRR 46 GVAPTRAKRRVVQREKR

FIG. 1. Amino acid sequences for a series of approximately 20-mer overlap-
ping peptides spanning the C1 to C5 domains of gp120 derived from the isolate
HIV-1ye:p- The V1/V2 and V3 domains are located within peptides p9 to p18
and p25 to p29, respectively. Note that there was no available overlapping
peptide to link the contiguous sequences represented by peptides p18-p19 and
p21-p22.
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FIG. 2. Proportion and level of antibody binding to a series of overlapping peptides spanning the C1 to C5 domains of gp120 derived from the primary isolate
HIV-1ys6:p- The percentage of sera samples which gave a positive reactivity (above the assay cutoff [CO] defined as the mean + 3 SD of a panel of HIV-1-negative
serum controls) to each peptide is shown for vaccinee sera (a), W61D-nonneutralizing sera (b), or W61D-neutralizing sera (c). The level of antibody bound (expressed
as the mean optical density [OD]/CO = [SD for positively reactive sera) is shown for vaccinee sera (d), W61D-nonneutralizing sera (e), and W61D-neutralizing sera
(f). Approximate positions of the conserved (C1 to C5) and variable (V1 to V5) domains are shown for clarity.

with sera from HIV-1-infected individuals (Fig. 2d to f). Some
recognition of the C1 and C5 domains was apparent in sera
from both HIV-1-infected individuals and vaccinees, though as
these domains are relatively inaccessible to MAb binding on
the intact protein (26, 28), this is unlikely to be important in
the context of primary isolate neutralization. Importantly, sera
from the W61D-neutralizing group of individuals (Fig. 2c and
2f) bound few peptides outside the V3 domain, suggesting that
the ability to neutralize the PBMC-grown HIV-1y,, 5 isolate is
not mediated by antibodies to linear epitopes. However, these
differences in peptide recognition could be due to the fact that
the W61D peptides represent homologous peptides for vacci-
nees but not for infected individuals.

Direct sequencing of the PBMC-grown HIV-1y,,p isolate
(and the TCLA strain HIV-1y6;p/supr1) confirmed amino acid
sequence identity between the virus-associated and linear pep-
tide V1/V2 and V3 domains (data not shown). Several MAbs
have been mapped to both linear and conformational epitopes
within the V1/V2 domain (20, 27). The high proportion of
vaccine sera with binding antibodies to the linear V1/V2
peptides compared to that of the HIV-1-positive sera, would
appear to argue against V1/V2-specific antibodies playing a
significant role in the neutralization of the PBMC-grown HIV-
lweip isolate. However, the presence of antibodies directed
to conformational V1/V2 epitopes in the W61D-neutralizing
sera, but not in the vaccinee or W61D-nonneutralizing sera,
cannot be discounted.

Overall, these data appear to confirm and extend the obser-

vations of others (25, 36) that individuals immunized with
monomeric gp120 predominantly elicit antibodies to linear epi-
topes in contrast to sera from infected individuals which pre-
dominantly contain antibodies to conformational epitopes and,
where linear epitopes are recognized by sera from such indi-
viduals, these are directed against the V3 domain.

Following on from reports demonstrating that the propaga-
tion of PBMC-derived viruses in immortalized T-cell lines re-
sults in an increased neutralization sensitivity to antibodies
generated by subunit immunization or natural infection (31,
39), we sought to compare the ability of vaccinee sera to neu-
tralize the homologous HIV-1y,4,p, isolate and a heterologous
subtype B R5X4 HIV-1 isolate, HIV-1y,54,4.4 (3), before and
after T-cell line adaptation (Table 2). Briefly, the HIV-1,5454/4
isolate was adapted by a series of stepwise acute infections of
H9 cells and after nine such passages, readapted to growth in
PBMC for a further five passages, while the HIV-1y,, 5 isolate
was adapted to growth in SupT1 cells after multiple passages
(designated HIV-1yy4;/supr1)- Neutralization of the PBMC-
derived isolates and TCLA strains was performed in parallel
on MT2 cells, as described above. Utilization of the HIV-1
coreceptors CCRS and CXCR4 was determined by immuno-
cytochemical staining of U87 cells stably expressing human
CD4 and human CCRS or CXCR4 4 to 5 days postchallenge,
as described previously (12).

In accordance with results of other studies (19, 39), neutral-
ization sensitivity to vaccinee sera was only demonstrated in
the T-cell line-grown viruses and, in the case of HIV-1y5454/4,
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TABLE 2. Neutralization of HIV-1 isolates on MT2 cells following passage in PBMC and T-cell lines
Neutralizing antibody titer of indicated isolate to“:
MAbs, sCD4, M2424/4 W61D
and sera PBMC(p0) HY(p1) H9(p3) H9(p9) PBMC(p3) PBMC(p53) PBMC SupT1
R5X4 ND ND R5X4 ND R5X4 R5X4 R5X4
MAbs and sCD4
2F5 100 >100 100 25 12.5 25 >50 3.125
2G12 >100 50 25 125 100 50 12.5 6.25
447-52D 50 25 3.125 1.56 3.125 6.25 >25 0.195
sCD4 10 5 1.25 0.625 1.25 5 ND ND
IgG1bl12 ND ND ND ND ND ND >50 6.25
HIV-1 positive sera
052 160 160 160 160 80 160 320 320
134 20 40 80 160 80 80 ND ND
FDA#2 20 20 40 80 40 40 10 320
Vaccinee sera
F55134 — — 10 40 — — — 80
F53860 — — 10 10 — — — 40
F53863 — — — 10 — — — 80
M54662 — — 10 20 — — — 80
F53866 — — 10 20 — — — 80

“ PBMC(p0) represents the primary HIV-1 isolate of M2424/4; H9(p1), H9(p3), and H9(p9) are the viral stocks obtained following the stated number of passages
in H9 cells; PBMC(p3) and PBMC(p5) are virus stocks obtained following three or five passages of the HI(p9) stock in PBMC. The W61D virus stocks were obtained
from PBMC or following multiple passages in SupT1 cells. Neutralization titers are shown as the reciprocal of the highest dilution of sera or the lowest concentration
of MADb or sCD4 to inhibit the formation of syncytia in MT2 cells by 90%, and where no neutralization was observed with the highest concentration of MAD used, this
is shown by >. R5X4 represents the ability to replicate in both U87-CD4-CCRS5 and U87-CD4-CXCR4 cells. ND, Not done. —, neutralizing titer of <10.

was subsequently lost following readaptation to PBMC. Thus,
neutralization sensitivity appeared to be determined by the
cells on which the virus was amplified, rather than the cell
substrate upon which neutralization was assayed. This acquired
neutralization sensitivity also extended, to a greater or lesser
extent, to diverse Env-specific MAbs and sera from HIV-1-
infected individuals. Indeed, while the TCLA strains demon-
strated an enhanced sensitivity to MAbs directed to diverse
Env epitopes, by far the largest increase in susceptibility was to
the V3-specific MAD, 447-52D, with a 32-fold increase between
the HIV-1y2404peMmc(poy @0d HIV-13 145451000y isOlates and a
>128-fold increase between the HIV-1yppemc and HIV-
Iwsip/supri isolates. A similar but less striking increase in
neutralization sensitivity was demonstrated with sCD4 and the
CD4 binding site-directed MAb, IgG1b12. Thus, it is likely that
the neutralization sensitivity of the TCLA strains to vaccine
sera observed here is due, at least in part, to an increased
exposure of the V3 domain and the CD4 binding site, espe-
cially as the V3 loop sequences of the PBMC-grown and T-cell
line-grown isolates were identical throughout their passage
history (data not shown). However, the contribution of differ-
entially expressed host cell-acquired adhesion molecules (1, 2)
on the surfaces of PBMC-grown and T cell line-grown viruses
to this observed neutralization sensitivity, especially between
sera from vaccinees and that of naturally infected individuals,
cannot be excluded.

In addition, the ability of these HIV-1 isolates to utilize both
CCRS and CXCR4 coreceptors (designated R5X4 viruses [4])
was retained throughout their passage history, confirming re-
cent observations that sensitivity to antibody-mediated neutral-
ization of HIV-1 strains is independent of coreceptor usage
(18, 21, 33).

Finally, the ability of diverse MAbs to bind the monomeric
rgpl120y6,p Was investigated (Fig. 3) by following published
methodologies (24, 25, 34), except that binding was visualized

with peroxidase-conjugated goat anti-human IgG and OPD sub-
strate. Three V3-specific MAbs (257-D, 268-D (15), and 447-52D
(10)) bound rgp120y,,» With estimated 50% maximal binding
values of 0.006, 0.01, and 0.04 pg/ml, respectively. However,
the finding that these MAbs only neutralized the homologous
isolate following T-cell line adaptation (Table 2 and data not
shown), despite potent antibody binding, only further under-
scores the dichotomy in epitope exposure between PBMC-
grown and T-cell line-passaged strains. Importantly, two MAbs
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FIG. 3. Binding of human MAbs to immobilized monomeric rgp120 derived
from the isolate HIV-1yyg,p. 447-52D (m), 257-D (A), and 268-D (@) are di-
rected to the V3 domain, while IgG1b12 (A), 2G12 (O), and 2F5 (O) are directed
to the CD4-binding domain, a discontinuous epitope on gpl20 and a linear
epitope in gp41, respectively.
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(IgG1b12 and 2G12 [8, 13, 35]) which recognize conformation-
al/discontinuous epitopes and have been reported to efficiently
neutralize diverse primary isolates did bind the monomeric
rgp120yw61p, albeit less potently than the V3-specific MAbs.
Thus, their antibody binding epitopes are at least present on
this protein and, as both the HIV-1y,5454,4 and HIV-1y6:p
PBMC-grown isolates are relatively insensitive to neutraliza-
tion by these two MADbs (Table 2), the presence of a low level
of such antibodies in these vaccinee sera cannot be discounted.
However, given that a disparity between antibody reactivity to
monomeric gpl20 and neutralization of the homologous iso-
late has been reported for these latter two MADbs (34) and the
recent evidence that it is MAD reactivity to oligomeric, rather
than monomeric, gp120 that is predictive of HIV-1 neutraliza-
tion (14, 30), this appears to be unlikely.

In summary, we have shown that immunization of healthy
volunteers with a monomeric rgp120 derived from an R5X4
subtype B HIV-1 isolate formulated in potent adjuvants
elicits antibodies to a range of linear epitopes and, despite
the generation of equivalent levels of antibodies to the sCD4/
2p120ye,p binding site and monomeric rgp120yw,p as those
found in sera from HIV-1-infected individuals, these vaccinee
sera do not neutralize PBMC-grown HIV-1 isolates in vitro.
Neutralization could only be demonstrated following viral ad-
aptation to immortalized T-cell lines and was quickly lost upon
readaptation to PBMC. These results indicate that monomeric
rgp120s per se are unlikely to be of use in the strategic devel-
opment of a therapeutic HIV vaccine.
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