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Abstract
HIV-1 envelope gp120 is the target for neutralizing antibodies (NAbs) against the virus. Various
approaches have been explored to improve immunogenicity of broadly neutralizing epitopes on
this antigen with limited success. We previously demonstrated that immunogenicity of gp120 and
especially its V3 epitopes was enhanced when gp120 was co-administered as immune-complex
vaccines with monoclonal antibodies (mAb) to the CD4-binding site (CD4bs). To define the
mechanisms by which immune complexes influence V3 immunogenicity, we compared gp120
complexed with mAbs specific for the C2 region (1006-30), the V2 loop (2158), or the CD4bs
(654), and found that the gp120/654 and gp120/2158 complexes elicited anti-V3 NAbs, but the
gp120/654 complex was the most effective. gp120 complexed with 654 F(ab′)2 was as potent,
indicating that V3 immunogenicity is determined by the specificity of the mAb’s Fab fragment
used to form the complexes. Importantly, the gp120/654 complex not only induced anti-gp120
antibodies (Abs) to higher titers, but also of greater avidity. The Abs were cross-reactive with V3
peptides from most subtype B and some subtype C isolates. Neutralization was detected only
against Tier-1 HIV-1 pseudoviruses, while Tier-2 viruses, including the homologous JRFL strain,
were not neutralized. However, JRFL produced in the presence of a mannosidase inhibitor was
sensitive to anti-V3 NAbs in the immune sera. These results demonstrate that the gp120/654
complex is a potent immunogen for eliciting cross-reactive functional NAbs against V3 epitopes,
of which exposure is determined by the specific compositions of glycans shrouding the HIV-1
envelope glycoproteins.
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Introduction
HIV-1 envelope gp120 exhibits an extraordinary degree of variability that poses a major
challenge for the development of vaccines against HIV/AIDS [1, 2]. This antigen mediates
virus binding to CD4 and the chemokine receptors, and is the key target for virus-
neutralizing antibodies (NAbs). However, eliciting broadly NAbs by vaccination remains an
unrealized goal. In past trials, recombinant gp120 proteins do not generate cross-reactive
NAbs [3–5], but gp120 complexed with anti-CD4-binding site (CD4bs) mAbs is more
immunogenic for eliciting NAbs targeting the V3 loop of gp120 [6, 7]. While many HIV-1
isolates are resistant to anti-V3 neutralizing activity [8], anti-V3 NAbs remain a critical
arsenal in the fight against HIV-1. Distinct epitopes are present on V3, many of which are
highly conserved across subtypes [9]. While some are occluded [10, 11], others are
accessible, as indicated by mAbs PGT 127 and PGT 128 that bind to a short beta-strand of
the V3 loop and N-linked glycans at the base of this loop [12].

This study utilized the immune-complex strategy capable of inducing antibody (Ab)
responses to V3 to understand the mechanisms by which V3 immunogenicity may be
modulated to generate higher titers of NAbs. MAb binding to specific gp120 epitopes can
alter recognition of distant epitopes by other mAbs [13]. Indeed, V3 antigenicity (in vitro
recognition by Abs) is enhanced upon mAb binding to V2 and the CD4bs, but not to C2 [6,
13]. Here we evaluated modulation of V3 immunogenicity in vivo by immunizing mice with
gp120 in the presence of the different mAbs and measuring induction of anti-V3 NAbs. The
targeted V3 epitopes were characterized for conservation, accessibility, and glycan
shielding. The data show that the immune-complex vaccine elicits broadly reactive anti-V3
NAbs, but V3 exposure is regulated by the sugar composition of N-linked glycans on the
virus envelope.

Material and Methods
Immunization

Animal studies were approved by the NYU and VA IACUC. BALB/c mice (female, >6
weeks from Jackson lab, 5 animals/group) were injected with gp120/mAb, gp120 alone or
no antigen, plus adjuvant. gp120JRFL and gp120LAI were produced in mammalian CHO
cells [14, 15]. MAbs used to make gp120/mAb complexes were: 654 (CD4bs), 1006-30
(C2), 2158 (V2). For neutralization assays, anti-V3 mAbs 694, 447, 2424, and anti-CD4bs
mAb NIH45-46 were tested along with a parvovirus B19-specific mAb 1418 as control.

Binding Ab assessment
ELISA to detect Abs binding to gp120 proteins or V3 peptides was performed as described
[6]. V3 peptides were from commercial sources and the sequences listed in Supplementary
Table S1; the majority of these V3 peptides were recognized by cross-reactive neutralizing
human anti-V3 mAbs ([16, 17] and data not shown). To detect Abs to gp120 from
pseudoviruses, a sandwich ELISA was performed using sheep anti-gp120 Abs (D7324; 5μg/
ml; Aalto Bio Reagents, Dublin, Ireland) and 1%Triton X-treated viruses. Immune sera
(1:500) were added for 2hrs, and bound Abs detected with alkaline phosphatase-conjugated
goat anti-mouse IgG. Flow cytometry was used to detect Ab binding to HIV-1 envelope on
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293T cells. The cells were transfected with HIV-1 env and rev for 48hrs with jetPEI
(Polyplus, Illkirch, France).

Neutralization assay
Virus neutralization was measured with TZM-bl cells [18, 19]. Pseudoviruses were
produced by co-transfecting 293T cells with env, rev, and pNL4-3.Luc.R-E- or pSG3 using
ProFection Kit (Promega, Madison, WI) or polyethylenimine (PEI) MAX40,000,
(Polysciences, Warrington, PA). Molecular clones (WITO and YU2) were also generated in
293T cells. Glycan-modified HIV-1JRFL was generated as above in the presence of 25μM
kifunensine or 20μM swainsonine (Sigma St. Louis, MO). Sera were heat-inactivated before
testing. In some experiments, sera were pre-treated with 40μg/ml V3 or scrambled peptides
for 1hr before addition of virus.

Statistical analyses
Data were analyzed using a fixed effects two-way ANOVA followed by the Tukey’s post-
hoc 95% confidence interval tests.

Results
gp120 complexed with anti-CD4bs mAb 654 elicited high-avidity V3-specific NAbs

Previous studies have shown that immune complexes of gp120 and anti-CD4bs mAbs were
potent immunogens for eliciting anti-V3 NAbs [6]. However, complexes made with other
anti-gp120 mAbs had not been evaluated. This study compared gp120 complexed with anti-
CD4bs mAb 654 (gp120/654) to that complexed with anti-C2 mAb 1006-30
(gp120/1006-30). gp120JRFL was used in this experiment. Mice immunized with gp120/654
had a high level of serum Abs binding to the homologous V3JRFL, whereas mice immunized
with gp120/1006-30 did not produce anti-V3 Abs, similar to the control mice receiving only
the adjuvant monophosphoryl lipid A (MPL) and dimethyldioctadecylammonium bromide
(DDA) (Fig. 1A). The levels of anti-V3JRFL Abs induced by gp120/654 were also higher
than that in uncomplexed gp120-immunized mice, but did not reach statistical significance.
The Abs were cross-reactive with V3SF162 and V3MN, but not V3LAI. Interestingly, the anti-
gp120 Ab levels were comparably high in mice immunized with gp120/654, gp120/1006-30,
and gp120 (Fig. 1B). These Abs were cross-reactive with gp120 from four HIV-1 strains
tested. Hence, the gp120/mAb complexes are as immunogenic as uncomplexed gp120 in
eliciting gp120-binding Abs, but the complexes elicit anti-gp120 Abs with distinct fine
specificities. The gp120/654 complex skews Ab response toward V3, whereas the
gp120/1006-30 complex directs Abs to gp120 epitopes other than V3.

Immune sera were tested for the capacity to neutralize HIV-1 SF162 pseudovirus, which is
highly sensitive to anti-V3 Abs [16]. Sera from gp120/654-immunized mice showed ≥75%
neutralization at 1:50 dilution (Fig. 1C and Supplemental Table S2). In contrast, sera from
gp120-immunized mice were less potent. Sera from mice immunized with gp120/1006-30
also had poor neutralizing activity (<50%), similar to control sera from mice receiving only
adjuvant and pre-bleed sera (Fig. 1C and Supplemental Table S2). Pretreatment with the V3
peptide, but not the scrambled control, reduced neutralization to background (Fig. 1D),
demonstrating that the neutralizing activity was mainly by anti-V3 Abs.

Another experiment was performed to compare gp120/654 with gp120 complexed with an
anti-V2 mAb 2158 (gp120/2158). gp120/2158 induced Abs with neutralizing activity, which
were significantly higher than control (Fig. 2A and Supplemental Table S2). The
neutralizing activity was slightly lower, albeit not significantly different from that achieved
with gp120/654. In contrast, gp120 induced weak neutralization, which did not reach
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significant difference from control. This experiment was done with gp120LAI and
neutralization was tested with HIV-1 HXB-2, a LAI molecular clone sensitive to anti-V3
Abs [16]. Indeed, V3 peptide treatment abrogated neutralization induced by gp120/654,
gp120/2158, and gp120 (Fig. 2B), confirming the elicitation of V3-specific NAbs by these
immunogens. However, because V3 sequence of HIV-1 LAI has unique insertion and
deletion at the crown of the loop, neutralization was restricted to the homologous virus
(Supplemental Table S2 and [6]). ELISA data further show that gp120/654 and gp120/2158
induced comparable levels of V3-binding Abs (Fig. 2C). Nevertheless, there was a trend that
gp120/654 elicited a higher level of gp120-binding Abs than gp120/2158 (Fig. 2D).
Moreover, the Abs elicited by gp120/654 displayed higher functional avidity as indicated by
the ability of these Abs to better withstand sodium thiocyanate (NaSCN) treatment (Fig. 2E).
Ab avidity may be one of the critical immune parameters for anti-viral protection, as it
inversely correlated with plasma viremia in SHIV and SIV infection of rhesus macaques
[20, 21].

Given the enhanced NAb response induced by gp120/654, we evaluated this vaccine for i.p.
or s.c. delivery with different adjuvants. High neutralization titers were induced whether
gp120/654 was delivered in MPL/DDA i.p., MPL/DDA s.c., Sigma Adjuvant System i.p., or
QS- 21/MPL s.c. (Supplemental Fig. S1 and Supplemental Table S2). V3-specific Ab
responses were detected in all groups, with significantly higher titers in animals receiving
gp120/654 in QS- 21/MPL and MPL/DDA via the s.c. route (Supplemental Fig. S1).

Comparison of the gp120/mAb complexes shows the importance of antigen-binding site
fragment (Fab), rather than Fc fragment, for V3 immunogenicity. To confirm this, we
immunized mice with gp120 complexed with 654 as intact IgG or F(ab′)2 fragment. Sera
from mice immunized with gp120 in complex with 654 IgG or F(ab′)2 had comparable
neutralization (Fig. 3A). Similarly high levels of Abs to V3 and gp120 were also elicited by
gp120/654 IgG and gp120/654 F(ab′)2, but not gp120 alone (Fig. 3B–C). Hence, V3
immunogenicity was enhanced by 654 Fab activity.

gp120JRFL/654 elicited Abs broadly reactive against V3 of B and non-B subtypes
To investigate the breadth of anti-V3 Abs elicited by gp120/654, sera from mice immunized
s.c. with gp120JRFL/654 in MPL/QS-21 were first evaluated for IgG reactivity against 18
subtype-B V3 peptides from representative Tier 1, Tier 2 and Tier 3 HIV-1 isolates [14, 22,
23]. Serum IgG from these mice reacted with 15 peptides tested (Fig. 4A top). Only peptides
from two molecular clones of HIV-1LAI that have unusual V3 sequences (HXB-2 and
NL4.3) were not recognized. Sera from gp120JRFL-immunized mice recognized ten peptides
at lower levels (Fig. 4A bottom). Analyses with additional V3 peptides from B and non-B
subtypes demonstrate cross-reactivity of serum IgG from gp120JRFL/654-immunized mice
against one more subtype-B V3, four subtype-C V3, and one subtype-A V3 (Fig. 4B top).
Sera from gp120JRFL-immunized mice were not as cross-reactive against non-B subtypes,
recognizing only one subtype-A V3 (Fig. 4B bottom). Control sera showed no reactivity
against these peptides. Most of these subtype-C and subtype-A V3 peptides were recognized
by the neutralizing human anti-V3 mAb 447 [17]. These data demonstrate the ability of the
gp120JRFL/654 complex to induce anti-V3 Abs broadly reactive across B and C subtypes.

Anti-V3 NAbs elicited by gp120JRFL/654 had restricted activity due to V3 masking
Sera from mice immunized with the gp120JRFL/654 complex or gp120JRFL were tested for
neutralization breadth against ten HIV-1 pseudoviruses (Table 1). Sera from gp120JRFL-
immunized mice had low levels of neutralization against two viruses, MN and SF162 (Table
1). By contrast, sera from gp120JRFL/654-immunized mice displayed potent neutralization
against Tier 1 viruses SF162, MN, 3988.25, and SS196.1. Nevertheless, poor or no
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neutralization was detected against Tier 2 viruses, including the homologous JRFL, even
though high titers of Abs binding to V3 of JRFL and many other viruses were induced by
gp120JRFL/654 (Table 1 and Fig. 4). These results suggest the poor accessibility of
neutralizing V3 epitopes on the native envelope of JRFL and other resistant viruses by
gp120/654-induced Abs.

To test the ability of gp120/654-induced Abs to bind to the membrane-bound envelope
trimers, we transfected 293T cells with JRFL env, and measured the binding of serum IgG
by flow cytometry. Sera from gp120/654- and gp120-immunize mice did not bind to cells
expressing the JRFL envelope, similar to the control sera (Table 1 and Supplemental Fig.
S2). In contrast, the same sera were reactive to soluble gp120 and V3 from JRFL and other
isolates tested (Table 1). For comparison, 293T cells were transfected with neutralization-
sensitive SF162 env, and dose-dependent binding was observed to this envelope. Both
immune and control sera did not bind to mock-transfected cells (Supplemental Fig. S2).
These results show that immunization with gp120/654 and gp120 elicits Abs that recognize
epitopes on soluble gp120 and V3 from many HIV-1 isolates, but these epitopes are not
accessible on the membrane-bound envelope of JRFL and other Tier 2 isolates.

Sera from gp120JRFL/654-immunized mice neutralized JRFL produced with glycosidase
inhibitors

Mutations affecting N-linked glycans on HIV-1 envelope are known to affect virus
sensitivity to V3-specific NAbs [24, 25]. We next examined the role of glycan composition
in occluding V3 epitopes targeted by gp120/654-induced NAbs. To this end, we produced
JRFL pseudovirus in the presence or absence of a glycosidase inhibitor (kifunensine or
swainsonine). By blocking mannosidases required for the generation of complex-type
oligosaccharides, these inhibitors enrich for high mannose-type glycans and modulate HIV-1
neutralization by glycan-dependent mAbs 2G12, PG9, and PG16 [26, 27], but not the CD4bs
mAbs b12 and VRC01 [23, 26]. No neutralizing activity was detected in serum IgG from
mice immunized with gp120JRFL/654, gp120JRFL, or no antigen against JRFL produced
without inhibitors (Fig. 5A and 5B). However, IgG from mice immunized with gp120JRFL
and gp120JRFL/654 neutralized JRFL produced with kifunensine (JRFLkif) (Fig. 5A and 5B).
IgG from the gp120JRFL/654 immune sera also showed low neutralization against the virus
produced with swainsonine (Fig. 5B). IgG from control animals displayed no neutralization
against these viruses.

To verify that neutralization against JRFLkif was mediated by anti-V3 Abs, serum IgG were
pre-treated with V3 peptide. Pretreatment with V3 peptide had little effect on JRFLkif

neutralization by IgG from gp120-immunized mice (Fig. 5C left panel). However, it
significantly reduced neutralizing activities of gp120/654-induced IgG (Fig. 5C right panel).
We tested anti-V3 human mAbs for comparison and detected more potent neutralization by
mAb 447 when JRFL was made with kifunensine or swainsonine (Fig. 5B). Neutralization
activities of anti-V3 mAbs 694 and 2424 were not changed, indicating varying effects of
these inhibitors on distinct V3 epitopes. The kifunensine inhibitor also had little effects on
neutralization of the CD4bs mAb NIH45-46 (Fig. 5B). Altogether the data indicate that
NAbs induced by gp120JFRL/654 target V3 epitopes of which Ab accessibility are
determined by the composition of N-linked glycans on the virus envelope.

Discussion
This study demonstrates the capacity of gp120 complexed with anti-gp120 mAbs to
modulate induction of Abs in an epitope-specific manner. Hence, gp120/654 (anti-CD4bs
mAb) and gp120/2158 (anti-V2 mAb) complexes stimulated Ab responses skewed toward
V3, whereas gp120/1006-30 (anti-C2 mAb) directed Abs to gp120 epitopes away from V3.
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gp120 complexed with anti-V3 mAbs (694 and 1006-15) also blocked Ab responses to V3
([7] and unpublished data). Similarly, gp120/654 hindered induction of Abs against the
CD4bs due to its occupancy by mAb 654 [7]. This study provides direct evidence that the
ability of immune complex vaccines to direct Ab responses toward or away from specific
epitopes is governed by the Fab fragment of the mAb used to form the complex. Previously
immune complex vaccines have been shown to augment immune responses against other
viral and bacterial pathogens [22, 28–33], but the activity has been attributed to Fc receptor
targeting. Fc-mediated enhancement would likely increase the overall Ab response to gp120
but would not skew the response toward a specific epitope. Rather, our data demonstrates
that the Fab fragment is the key component for the immuno-modulatory activity of the
gp120/mAb complex. Each mAb due to its Fab’s specificity uniquely modulates V3
immunogenicity. For this reason, the activity would not be apparent with polyclonal Abs
that bind different gp120 epitopes and have varying degrees of positive and negative effects
on V3 immunogenicity. Interestingly, passive administration of SIV-specific mAbs, but not
non-reactive mAbs, also enhanced the quantity and quality of Abs elicited after the
subsequent virus challenge in the macaque model [18], although the contribution of immune
complex formation was not evaluated.

The molecular basis for enhanced V3 immunogenicity as presented by the gp120/mAb
complexes is not fully understood, but our past and present data support the notion that mAb
binding to the CD4bs and V2 induces structural alterations in gp120 that affect V3 exposure
and stability, resulting in enhanced B cell recognition. Firstly, both gp120/654 and
gp120/2158 display enhanced V3 antigenicity, as shown by higher levels of anti-V3 mAb
binding to the complexes than uncomplexed gp120. However, V3 antigenicity is greater on
gp120/654 than gp120/2158, and the pattern is evident with other anti-CD4bs and anti-V2
mAbs [6]. Importantly, this corresponds with the ability of gp120/654 to elicit Abs with
higher avidity and higher neutralizing titers than gp120/2158 (Fig. 2). gp120 complexed
with another CD4bs mAb (559/64) was also as potent in eliciting anti-V3 neutralizing Abs
[7], indicating the intrinsic activity of anti-CD4bs mAbs. Secondly, the high-affinity
interaction of gp120/654 is stable under acid treatment and the complex is more resistant to
proteases than uncomplexed gp120 [34]. Previously enhanced V3 immunogenicity was
attained with the mutated gp120/654 complexes that also showed enhanced V3 antigenicity
and proteolytic resistance [35]. Altogether, these studies indicate that V3 immunogenicity
may be predicted by in vitro V3 antigenicity and stability.

Anti-V3 Abs induced by gp120/654 display broad reactivity across subtypes B and C. These
data support previous studies showing the presence of conserved V3 epitopes that are
immunogenic in humans and animals [36–38]. These epitopes are distinct from glycan-
bearing V3 epitopes recognized by the PGT mAbs [12], as they are devoid of glycans and
often masked in resistant Tier 2 isolates. Indeed, although gp120/654 induced cross-reactive
anti-V3 Abs, the Abs were not effective against Tier 2 isolates, including the homologous
JRFL strain. The Abs also did not bind to cell surface-expressed JRFL envelope. The
masking mechanisms for these V3 epitopes remain unclear. Previous studies have
demonstrated the contribution of the V1V2 loops [11, 39], and V1V2 is shown to converge
with V3 on the apex of the envelope trimers [40, 41]. However, how Abs are restricted by
V1V2 from accessing the V3 epitopes are not known. Glycans have also been implicated in
shielding neutralizing epitopes [42–44]. In particular, removal of N197-linked glycan in the
C terminus of V2 was reported to increase HIV-1 89.6 sensitivity to anti-CD4bs and anti-V3
mAbs, and improve elicitation of NAbs in immunized animals [15]. Here we demonstrate
for the first time that sugar composition of the glycans influences exposure of V3 epitopes
targeted by gp120/654-induced NAbs. When JRFL was grown in the presence of
kifunensine, the virus was enriched with high mannose-type glycans and became sensitive to
anti-V3 Abs from gp120/654-immunized mice and to human anti-V3 mAb 447. These
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results suggest that the N-glycan composition affects the packing of the trimeric envelope
spike, and that the high mannose-type glycans may relax the intra-molecular interactions
among gp120 subunits, rendering V3 more accessible for Ab binding. Nevertheless, the
effect varies depending on the specific V3 epitopes. Kifunensine treatment also renders
viruses more sensitive to mAb 2G12, although it has little effects on the CD4bs epitopes
recognized by mAbs b12, VRC01, and NIH45-46 ([23, 26] and Fig. 5). In contrast,
kifunensine disrupts PG9 and PG16 epitopes [26]. Of note, sugar composition of HIV
envelope also influences whether HIV virions are taken by dendritic cells for transmission to
neighboring CD4 target cells or for antigen degradation and presentation to virus-specific T
cells [45]. Interestingly, high mannose-type N-glycans increased the envelope affinity for
DC-SIGN and virus capture into the antigen processing pathway, reducing virus
transmission. On the other hand, complex-type N-glycans reduced degradation and promotes
virus transmission. Altogether, these studies show that sugar composition of N-glycans on
the HIV envelope is a critical determinant for immune evasion.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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NAbs neutralizing antibodies

Abs antibodies

mAbs monoclonal antibodies

CD4bs CD4-binding site of HIV-1 gp120

MPL monophosphoryl lipid A

DDA dimethyldioctadecylammonium bromide

NaSCN sodium thiocyanate
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Highlights

• HIV-1 gp120/mAb complexes are more potent vaccine immunogens than gp120
alone.

• Immune complex made with the anti-CD4bs mAb 654 is the most effective
vaccine.

• Enhanced immunogenicity of gp120/mAb complexes is due to Fab-mediated
activity.

• The gp120/654 complexes elicit cross-reactive neutralizing V3-specific Abs.

• Sugar moieties on HIV-1 envelope glycans modulate Ab accessibility of V3
epitopes.
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Figure 1. Comparison of Ab responses induced by immunization with gp120/654 (CD4bs) versus
gp120/1006-30 (C2)
(A) BALB/c mice were immunized i.p. four times every two weeks with gp120JRFL alone or
in complex with the anti-CD4bs mAb 654 or the anti-C2 mAb 1006-30. The complexes
were prepared by incubating 3 μg gp120 and 9 μg mAb in 50 μl of PBS per animal and
mixing them with adjuvant MPL/DDA. Sera were collected two weeks after the last
immunization, pooled, diluted serially, and tested in ELISA for binding to V3 peptides from
JRFL, MN, SF162, and HXB-2. Sera from control mice injected only with the adjuvant
(ctrl) were tested in parallel. *, p<0.05 as compared to gp120/1006-30 and control. OD405,
optical density at 405 nm. (B) Sera were also tested in ELISA for binding to recombinant
gp120 proteins of JRFL, MN, SF162, and HXB-2. #, p<0.05 as compared to control, but not
significantly different from gp120 and gp120/1006-30. (C) Virus-neutralizing activity was
assessed against HIV-1 SF162 pseudovirus. Virus was incubated for 1 hr at 37°C with
diluted sera and added to TZM-bl cells in the presence of diethylaminoethyl and indinavir.
Virus infection was determined after 48 hrs using the Bright-Glo Luciferase Assay System
(Promega, Madison, WI) *, p<0.05 as compared to gp120, gp120/1006-30, and control. (D)
Sera from mice immunized with the gp120JRFL/654 complex were pre-treated with reactive
V3 peptide or non-reactive control peptide (40 μg/ml), and tested for the capacity to
neutralize SF162. *, p<0.05 as compared to untreated sera from gp120/654-immunized mice
and sera treated with control peptide. Means and standard deviations from one representative
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experiment are shown. All experiments were repeated at least two times with consistent
results.
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Figure 2. Comparison of Ab responses induced by immunization with gp120/654 (CD4bs) versus
gp120/2158 (V2)
(A) BALB/c mice were immunized i.p. four times every two weeks with gp120LAI alone or
in complex with the anti-CD4bs mAb 654 or the anti-V2 mAb 2158. Sera from immunized
mice were collected two weeks after the last immunization, pooled, diluted serially, and
tested for neutralization with TZM-bl target cells and HIV-1HXB-2 (a molecular clone of
LAI). Sera from control mice receiving only MPL/DDA were also tested. Means and
standard deviations from one representative experiment are shown. *, p<0.05 as compared to
ctrl sera. (B) Sera from immunized mice were pre-treated with reactive V3HXB-2 peptide
(40μg/ml) and tested to neutralize HIV-1HXB-2. The averages and standard deviations from
one representative of at least two repeat experiments are shown. (C–D) Sera from the
different groups of mice were also tested in ELISA for IgG reactivity to V3HXB-2 peptide
(C) and gp120LAI (D). Results from one of two repeat experiments are shown. * p<0.05 as
compared to gp120 and ctrl for (C). * p<0.05 as compared to ctrl for (D). (E) Relative
avidity of anti-gp120 Abs generated in the different groups of mice was assessed by NaSCN
treatment. ELISA plates were coated overnight at 4°C with gp120 (1μg/ml). Diluted
immune sera were reacted with gp120 for 1.5 h and treated with 1.5 M NaSCN or PBS for
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10 min. The levels of IgG that remained bound onto gp120 were detected by alkaline
phosphatase-conjugated secondary anti-mouse IgG Abs. Means and standard deviations
from one of two independent experiments are shown. *, p<0.05 as compared to gp120 and
ctrl. OD405, optical density at 405 nm.
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Figure 3. Comparison of Ab responses induced by immunization with gp120/654 made with
whole IgG or F(ab′)2
BALB/c mice were immunized with gp120LAI alone or in complex with intact IgG or F(ab
′)2 fragment of mAb 654. F(ab′)2 was produced by pepsin digestion in 20 mM acetate buffer
(pH 4.0) at 37°C for 4 hrs and purified by size exclusion chromatography. Sera from mice
immunized with PBS and the MPL/DDA adjuvant were tested for control. (A) Sera were
collected two weeks after the last immunization, pooled, diluted serially, and tested for
neutralization against HIV-1 HXB-2 with the TZM-bl target cells. (B–C) Sera were also
tested in ELISA for IgG reactivity to V3HXB-2 peptide (B) and gp120LAI (C). Data from one
of two independent experiments are shown. OD405, optical density at 405 nm. * p<0.05 as
compared to gp120 and ctrl.
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Figure 4. Induction of serum Abs cross-reactive with V3 peptides of B and non-B subtypes by the
gp120JRFL/654 complex
(A) Sera from mice immunized with the gp120JRFL/654 complex (upper panel) or
gp120JRFL (bottom panel) was tested for reactivity against a panel of subtype B V3 peptides.
(B) Reactivity of sera from mice immunized with the gp120JRFL/654 complex (upper panel)
or gp120JRFL alone (lower panel) against V3 peptides of B and non-B subtypes. For control,
sera of animals injected with adjuvant only were tested in parallel and used to calculate the
cut-off for positive reactivity (mean + 3 standard deviation, depicted as horizontal lines).
Peptides were either covalently linked to Nunc plates (panel A) or coated using the standard
protocol onto the 96-microwell plates (panel B) and reacted with sera at a 1:100 dilution.
Alkaline phosphatase-conjugated anti-mouse IgG was used as the secondary Ab. Means and
standard deviations from one of two independent experiments are shown. OD405, optical
density at 405 nm.

Kumar et al. Page 18

Vaccine. Author manuscript; available in PMC 2014 November 04.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5. Neutralization of JRFL produced in the presence of mannosidase inhibitors by serum
IgG from mice immunized with gp120JRFL or the gp120JRFL/654 complex
(A) JRFL pseudoviruses were produced in transfected 293T cells in the absence (left panel)
or presence of the mannosidase inhibitor kifunensine (right panel), and incubated with
protein A-purified IgG from immune or control sera. Neutralization activity was assessed in
the TZM.bl target cells. *, p<0.05 as compared to control IgG. (B) Neutralization by serum
IgG (100 μg/ml) from immunized mice or mAbs against HIV-1 JRFL pseudovirus generated
in 293T cells in the presence or absence of mannosidase inhibitors (kifunensine or
swainsonine). MAbs were also tested at 20 μg/ml (447 and 694) or 10 μg/ml (2424,
NIH45-46, and 1418). Neutralization above 50% is shown in bold. ND, not done. (C) Serum
IgG from mice immunized with gp120JRFL or the gp120JRFL/654 complex were pre-treated
with V3 peptide (40 μg/ml) and then tested for neutralization against JRFL produced in the
presence of kifunensine (JRFLkif) as described above. Means and standard deviations from
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one representative experiment are shown. * p<0.05 as compared to untreated gp120/654
IgG.
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