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ABSTRACT

The RV144 ALVAC/AIDSVax HIV-1 vaccine clinical trial showed an estimated vaccine efficacy of 31.2%. Viral genetic analysis
identified a vaccine-induced site of immune pressure in the HIV-1 envelope (Env) variable region 2 (V2) focused on residue 169,
which is included in the epitope recognized by vaccinee-derived V2 monoclonal antibodies. The ALVAC/AIDSVax vaccine in-
duced antibody-dependent cellular cytotoxicity (ADCC) against the Env V2 and constant 1 (C1) regions. In the presence of low
IgA Env antibody levels, plasma levels of ADCC activity correlated with lower risk of infection. In this study, we demonstrate
that C1 and V2 monoclonal antibodies isolated from RV144 vaccinees synergized for neutralization, infectious virus capture,
and ADCC. Importantly, synergy increased the HIV-1 ADCC activity of V2 monoclonal antibody CH58 at concentrations similar
to that observed in plasma of RV144 vaccinees. These findings raise the hypothesis that synergy among vaccine-induced antibod-
ies with different epitope specificities contributes to HIV-1 antiviral antibody responses and is important to induce for reduction
in the risk of HIV-1 transmission.

IMPORTANCE

The Thai RV144 ALVAC/AIDSVax prime-boost vaccine efficacy trial represents the only example of HIV-1 vaccine efficacy in
humans to date. Studies aimed at identifying immune correlates involved in the modest vaccine-mediated protection identified
HIV-1 envelope (Env) variable region 2-binding antibodies as inversely correlated with infection risk, and genetic analysis iden-
tified a site of immune pressure within the region recognized by these antibodies. Despite this evidence, the antiviral mecha-
nisms by which variable region 2-specific antibodies may have contributed to lower rates of infection remain unclear. In this
study, we demonstrate that vaccine-induced HIV-1 envelope variable region 2 and constant region 1 antibodies synergize for
recognition of virus-infected cells, infectious virion capture, virus neutralization, and antibody-dependent cellular cytotoxicity.
This is a major step in understanding how these types of antibodies may have cooperatively contributed to reducing infection
risk and should be considered in the context of prospective vaccine design.

Development of a preventive HIV-1 vaccine is a global priority.
The Thai RV144 vaccine efficacy trial used an ALVAC-HIV

(vCP1521) prime and AIDSVax B/E boost and demonstrated an
estimated 31.2% protection from infection (1). An analysis of im-
mune correlates of infection risk revealed an inverse correlation
between the levels of IgG antibodies (Abs) against the first and
second variable domains (V1 and V2) of HIV gp120 envelope
(Env) protein and the risk of infection (2). A viral genetic analysis
of RV144 breakthrough infections found a vaccine-induced site of
immune pressure associated with vaccine efficacy at V2 amino
acid position 169 (3). V2 monoclonal antibodies (MAbs) CH58
and CH59 were isolated from an RV144 vaccinee, and cocrystal
structures of the MAbs and V2 peptides determined that Ab con-
tacts centered on K169 (4). Moreover, CH58 MAb bound with
the clade B gp70V1/V2 CaseA2 fusion protein used to identify
V2-binding as a correlate of infection risk (2). MAbs CH58 and
CH59 do not capture or neutralize difficult-to-neutralize (tier
2) viruses that were tested, but they do bind to the surface of
tier 2 HIV-1-infected CD4� T cells and mediate antibody-de-
pendent cellular cytotoxicity (ADCC) (4).

Analysis of the secondary immune correlates of the RV144
clinical trial revealed reduced risk of infection in vaccine recipi-
ents with low levels of plasma anti-HIV-1 Env IgA Abs and high
levels of ADCC activity (2). We have previously reported that
HIV-1 Env constant 1 (C1) region Ab responses constitute the
dominant ADCC Ab response in RV144 vaccine recipients and
have isolated several MAbs from RV144 vaccine recipients that
represent this group of Ab specificities (5).
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A crucial limitation of studies conducted with individual MAbs
is that they fail to represent the complex interactions present in
polyclonal Ab responses in vivo. Abs of similar specificities may
compete for binding to their target epitopes, resulting in antago-
nism of Ab antiviral effector functions as observed for ADCC ac-
tivities of C1 IgG Abs in the presence of C1-specific IgA (6). Alter-
natively, Abs of different specificities may have additive effects or
may synergize as described for some HIV-1 neutralizing antibod-
ies (7–16).

Based on the observations that C1 and V2 Abs contributed to
RV144 ADCC responses (4, 5), we have asked if vaccine-induced
V2 and C1 Ab specificities interact in mediation of anti-HIV-1
effector functions. We found that vaccine-induced C1 and V2
MAbs synergistically mediate neutralization and virus capture
against tier 1 viruses and, importantly, ADCC against tier 2 virus-
infected CD4� T cells.

MATERIALS AND METHODS
Plasma and cellular samples from vaccine recipients. Plasma samples
were obtained from volunteers receiving the prime-boost combination of
vaccines containing ALVAC-HIV (vCP1521) (Sanofi Pasteur) and AIDS-
Vax B/E (Global Solutions for Infectious Diseases). Vaccine recipients
were enrolled in the phase I/II clinical trial (17) and in the community-
based, randomized, multicenter, double-blind, placebo-controlled phase
III efficacy trial (1).

Peripheral blood mononuclear cells (PBMCs) from five HIV-1-unin-
fected vaccine recipients enrolled in the phase II (recipient T141449) and
phase III (recipients 347759, 210884, 200134, and 302689) trials whose
plasma showed ADCC activity were used for isolation of memory B cells
and production of MAbs (5).

All trial participants gave written informed consent as described for
both studies. Samples were collected and tested according to protocols
approved by Institutional Review Boards at each site involved in these
studies.

Isolation of ADCC-mediating monoclonal antibodies. Monoclonal
antibodies were isolated from subjects 210884 (CH54), 347759 (CH57,
CH58, and CH59) and 200134 (HG107) by culturing IgG� memory B
cells at near clonal dilution for 14 days (4, 5, 18) followed by sequential
screenings of culture supernatants for HIV-1 gp120 Env binding and
ADCC activity as previously reported (5). The MAbs CH90 and HG120
were isolated from subjects T141449 and 302689, respectively, by flow
cytometry sorting of memory B cells that bound to HIV-1 group M con-
sensus gp140Con.S Env as previously described and with subsequent mod-
ification (5).

Epitope mapping of V2 and C1 MAbs from ALVAC/AIDSVax vac-
cines. The characteristics of the V2 and C1 MAbs generated from ALVAC/
AIDSVax vaccinees have been previously reported (4–6) and are summa-
rized in Table 1. Among the C1 MAbs, CH57 was isolated from the same
vaccine recipient (347759) used to generate MAbs CH58 and CH59. The
gp120 C1 A32 Fab fragment (5, 19) blocked the ADCC activity of CH57,
and CH57 was itself able to block binding of another ALVAC/AIDSVax
ADCC MAb, CH20, that was not blocked by A32 (5, 20). The differential
abilities of CH57 and A32 to inhibit binding of CH20 suggest that they
recognize overlapping but not identical epitopes. This difference is also
supported by the inability of CH57 to reciprocally block A32 in Env-
binding assays. The second MAb of interest, CH54, was isolated from
vaccinee 210884. CH54 displayed a similar cross-clade ADCC profile to
A32, and the A32 Fab was able to block its activity. CH54 could recipro-
cally block 30% of A32 binding to HIV Env, but was unable to inhibit
binding of CH20. Finally, CH90 is an ADCC-mediating A32-blockable
MAb generated from vaccinee T141449. This MAb blocked 20% of A32
binding, and it displayed a different cross-clade ADCC profile from A32.

Generation of MAb F(ab) and F(ab=)2 fragments. F(ab) and F(ab=)2

fragments were produced by papain or pepsin digestion, respectively, of

recombinant IgG1 MAbs using specific fragment preparation kits (Pierce
Protein Biology Products, Rockford, IL) according to the manufacturer’s
instructions. The resulting fragments were extensively characterized and
purified by Coomassie brilliant blue staining and size exclusion by stan-
dard procedures.

SPR kinetics and Kd measurements. The Env gp120 binding dissoci-
ation constant (Kd) and rate constant for IgG MAbs were calculated on
BIAcore 3000 instruments using an anti-human Ig Fc capture assay as
described earlier (21, 22). The humanized monoclonal antibody (IgG1k)
directed to an epitope in the A antigenic site of the F protein of respiratory
syncytial virus, Palivizumab (MedImmune, LLC, Gaithersburg, MD), was
purchased from the manufacturer and used as a negative control. For
surface plasmon resonance (SPR), Palivizumab was captured on the same
sensor chip as a control surface. Nonspecific binding of Env gp120 to the
control surface and/or blank buffer flow was subtracted for each MAb-
gp120 binding interaction. All curve-fitting analyses were performed us-
ing global fit of multiple titrations to the 1:1 Langmuir model. The mean
and standard deviation (SD) of rate constants and Kd were calculated from
at least three measurements on individual sensor surfaces with equivalent
amounts of captured antibody. All data analysis was performed using the
BIAevaluation 4.1 analysis software (GE Healthcare).

SPR antibody synergy assay. SPR antibody synergy of monoclonal
antibody binding was measured on BIAcore 4000 instruments by immo-
bilizing the test V2 MAb (IgG) on a CM5 sensor chip to about 5,000 to
6,000 response units (RU) using standard amine coupling chemistry. C1
MAbs (A32, CH57, CH90, and 16H3) at 40 �g/ml were preincubated with
Env gp120 (20 �g/ml) in solution and then injected over the CH58 im-
mobilized surface. Env gp120-MAb complexes were injected at 10 �l/min
for 2 min, and the dissociation was monitored for 5 min. Following each
binding cycle, surfaces were regenerated with a short injection (10 to 15 s)
of glycine-HCl (pH 2.0). Enhancement of binding was calculated from
binding responses measured in the early dissociation phase and the per-
centage of enhancement was calculated from the ratio of binding response
as follows: % enhancement � [1 – (response with gp120 � upregulating
Ab – response with gp120 � control MAb/response with gp120 � control
MAb)] � 100. A schematic of this method is provided in Fig. 1.

IMC. The HIV-1 reporter virus used was a replication-competent in-
fectious molecular clone (IMC) designed to encode the CM235 (subtype
A/E) env genes in cis within an isogenic backbone that also expresses the
Renilla luciferase reporter gene and preserves all viral open reading frames
(23, 24). The Env-IMC-LucR virus used was the NL-LucR.T2A-
AE.CM235-ecto (IMCCM235) (GenBank accession no. AF259954.1; plas-
mid provided by Jerome Kim, U.S. Military HIV Research Program).
Reporter virus stocks were generated by transfection of 293T cells with

TABLE 1 Kd and ADCC EC of MAbs in this study

IgG
MAb Specificity

ka,
(M�1 s�1) �
103a

kd,
(s�1) �
10�3b

Kd

(nM)c

ADCC EC
(�g/ml)d

A32 Anti-C1 223.0 0.15 0.7 0.003
CH54 A32-blockable 26.4 4.92 188.0 0.330
CH57 A32-blockable 13.6 15.6 115.0 0.090
CH90 A32-blockable 62.8 34.2 547.0 4.650
CH58 Anti-V2 226 0.23 1.0 18.260
CH59 Anti-V2 9.9 0.13 1.3 1.050
HG107 Anti-V2 12.0 0.16 1.3 5.260
HG120 Anti-V2 67.1 0.06 1.2 5.410
a ka, association rate constant.
b kd, dissociation rate constant.
c Kd was calculated for binding to AE.A244�11 gp120. The data shown are means of
three independent experiments, except for CH57 data, which are representative of two
experiments.
d The ADCC EC was calculated for AE.CM235-infected target cells by 3-h luciferase
ADCC.
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proviral IMC plasmid DNA, and virus titer was determined on TZM-bl
cells for quality control (25).

Infection of the CEM.NKRCCR5 cell line and primary CD4� T cells
with HIV-1 IMC. Primary CD4� T cells used in surface staining assays
were activated, isolated, and infected with uncloned HIV-1 92TH023
virus or IMCCM235 by spinoculation as previously described (19). For
ADCC assays, IMCCM235 was titrated in order to achieve maximum
expression within 36 h postinfection as determined by detection of
luciferase activity and intracellular p24 expression. We infected 1 �
106 CEM.NKRCCR5 cells with 1 50% tissue culture infective dose
(TCID50)/cell IMCCM235 by incubation for 0.5 h at 37°C and 5% CO2

in the presence of DEAE-dextran (7.5 �g/ml). The cells were subse-
quently resuspended at 0.5 � 106/ml and cultured for 36 h in complete
medium containing 7.5 �g/ml DEAE-dextran. For each ADCC assay,
we monitored the frequency of infected target cells by intracellular p24
staining. Assays performed using the infected target cells were consid-
ered reliable if the percentage of viable p24� target cells on the assay
day was �20%.

Binding of MAbs to the surface of HIV-1-infected primary CD4� T
cells. The staining of infected CD4� T cells was performed as a modifica-
tion of the previously published procedure (19). Briefly, the A32 MAb and
vaccine-induced C1 A32-blockable MAbs were preincubated with the in-
fected cells for 15 min at 37°C in 5% CO2 prior to addition of the vaccine-
induced V2 MAb CH58. The V2 MAb CH58 was conjugated to Alexa
Fluor 488 (Invitrogen, Carlsbad, CA) using a monoclonal antibody con-
jugation kit per the manufacturer’s instructions (Invitrogen). Both the
C1-specific and V2-specific MAbs were used at a final concentration of 10
�g/ml. The combined MAbs were incubated with the infected cells for 2 to
3 h at 37°C in 5% CO2, after which the cells were stained with a viability
dye and for intracellular expression of p24 by standard methods.

Virion capture assay. V2 MAbs CH58 and CH59 were mixed with 2 �
107 RNA copies/ml AE.92TH023 HIV-1 viral stock at final concentration
of 10 �g/ml in 300 �l with or without the presence 10 �g/ml A32 anti-
body. The MAbs and virus-immune complex mixtures were prepared in
vitro and absorbed on a protein G MultiTrap 96-well plate as described
previously (26–28). The viral particles in the flowthrough or captured

fraction were measured by detection of viral RNA with HIV-1 gag real-
time reverse transcription (RT)-PCR. The infectious virus in the flow-
through was measured by infecting the TZM-bl reporter cell line. Briefly,
25 �l flowthrough was used to infect TZM-bl cells. Each sample was run in
triplicate. Infection was measured by a firefly luciferase assay at 48 h
postinfection as described previously. One hundred microliters of super-
natant was removed, and 100 �l Britelite (PerkinElmer, Waltham, MA)
was added to each well. After 2 min of incubation, 150 �l of lysate was used
to measure HIV-1 replication as expressed as relative luciferase units
(RLU). The infectious virion capture index of antibodies (IVCI) (28),
representing the fold change of the ratio of infectious virions relative to
the total viral particles in the flowthrough fraction after passing through
protein G plates, was calculated according to the following formula:

IVCI �
RNA copies of flowthrough

RLU of flowthrough �
RNA copies of virus-only flowthrough

RLU of virus-only flowthrogh

In this analysis, IVCI values of �1 indicate selection bias for binding to
noninfectious virions and IVCI values of 	1 indicate selection bias for
binding to infectious virions. The MAbs that do not capture HIV-1 virions
or have no selection bias should exhibit an ICVI value of 1, as indicated for
the virus-only negative control.

Neutralization assays. Neutralizing antibody assays in TZM-bl cells
were performed as described previously (29). The neutralizing activities of
V2 MAbs CH58 and CH59 were tested in serial 3-fold dilutions starting at
a 50-�g/ml final concentration against 5 pseudotyped HIV-1 viruses, in-
cluding tier 1 viruses B.MN and AE.92TH023 and tier 2 virus AE.CM244,
from which RV144 vaccine immunogens (4) were derived, as well the tier
2 CRF01-AE-derived circulating HIV-1 strains AE.427299 and
AE.703357, isolated from Thailand. HIV-1 AE.703357 was isolated from a
breakthrough HIV-1-infected RV144 vaccine recipient. Each MAb was
tested alone or in combination with A32 MAb at concentrations of 50, 25,
or 5 �g/ml. The data were calculated as a reduction in luminescence

FIG 1 Synergy of MAb binding to monomeric gp120 by SPR. (A) Schematic of the SPR assay utilized to test the presence of synergy between the V2 and C1 MAbs
for binding to the recombinant AE.244�11 gp120 according to the procedure reported in Materials and Methods. (B) SPR of binding of the CH58 MAb in
combination with negative-control MAb Palivizumab and the C1 MAbs A32, 16H3, CH57, CH54, and CH90. The y axis represents the response unit values, and
the x axis represents the time in milliseconds. (C) Fold increase of the V2 MAb CH58 binding to the recombinant AE.A244�11 gp120. The data are reported as
percentage of increase compared to the binding of the CH58 MAb to gp120 incubated with Palivizumab used as negative control. The results represent the
average 
 standard error of the mean (SEM) of the results obtained in three separate experiments.
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compared with the fluorescence in the control wells and are reported as
MAb 50% inhibitory concentration (IC50) in �g/ml.

Luciferase ADCC assay. We utilized a modified version of our previ-
ously published ADCC luciferase procedure (4). Briefly, CEM.NKRCCR5

cells (NIH AIDS Reagent Program, Division of AIDS, NIAID, NIH from
Alexandra Trkola) (30) were used as targets for ADCC luciferase assays
after infection with subtype AE HIV-1 IMCCM235. The target cells were
incubated in the presence of 50, 5, or 1 �g/ml of vaccine-induced V2 MAb
CH58 and C1 MAb CH90 alone and in all possible combinations. Purified
CD3� CD16� NK cells were obtained from an HIV-seronegative donor
with the low-affinity 158F/F Fc� receptor IIIa phenotype (31). The NK
cells were isolated from cryopreserved PBMCs by negative selection with
magnetic beads (Miltenyi Biotec GmbH, Germany) after resting over-
night. The NK cells were used as effector cells at an effector-to-target ratio
of 5:1. The effector cells, target cells, and Ab dilutions were plated in
opaque 96-well half-area plates and were incubated for 3 h at 37°C in 5%
CO2. The final readout was the luminescence intensity generated by the
presence of residual intact target cells that have not been lysed by the
effector population in the presence of ADCC-mediating MAb. The per-
centage of killing was calculated using the formula

% killing �
RLU of target and effector well � RLU of test well

RLU of target and effector well
� 100

In this analysis, the RLU of the target plus effector wells represents
spontaneous lysis in the absence of any source of Ab. The RSV-specific
MAb Palivizumab was used as a negative control.

We also evaluated synergy between V2 MAbs (CH58, CH59, HG107,
and HG120) and C1 MAbs (CH54, CH57, and CH90) or F(ab=)2 fragment
of CH90 at equivalent (1:1) concentrations across a range of 5-fold serial
dilutions beginning at 50 �g/ml. From the ADCC activity curves, we in-
terpolated the endpoint concentration (EC) in �g/ml and calculated the
combination index (CI) as described previously (32). The CIEC was cal-
culated according to the equation

CIEC �
ECcombination

ECC1 MAb alone
�

ECcombination

ECV2 MAb alone

� � �
ECcombination � ECcombination

ECC1 MAb alone � ECV2 MAb alone

where ECC1 MAb alone and ECV2 MAb alone are the EC in �g/ml of each MAb
when tested alone, and ECcombination is the EC in �g/ml of the MAbs when
used in combination. From the ADCC activity curves, we also determined
the concentration at which 75% of the maximum killing activity (MK75)
was reached for each V2 and C1 MAb and the concentration at which the
same killing activity would be reached when the V2 and C1 MAbs were
tested in combination. The CI values for MK75 (CIMK75) were then cal-
culated according to the equation

CIMK75 �
MK75C1 MAb in combination

MK75C1 MAb alone
�

MK75V2 MAb in combination

MK75V2 MAb alone

� � �
MK75C1 MAb in combination � MK75V2 MAb in combination

MK75C1 MAb alone � MK75V2 MAb alone

where MK75C1 MAb alone and MK75V2 MAb alone are the MK75 in �g/ml
of each MAb when tested alone. MK75C1 MAb in combination is the con-
centration at which 75% of the maximum activity of the C1 MAb alone
is reached when tested in combination with the V2 MAb, and
MK75V2 MAb in combination is the concentration at which 75% of the peak
activity of the V2 MAb alone is reached when tested in combination with
the C1 MAb. In all cases, both mutually exclusive (� � 0) and mutually
nonexclusive (� � 1) CI values were determined. Synergy is indicated by
CI values of �1, additivity by CI values � 1, and antagonism by CI values
of 	1.

RESULTS
V2 MAbs from ALVAC/AIDSVax vaccine recipients. Vaccine-
induced V2 MAbs CH58, CH59, HG107, and HG120 recognize

Env V2 residues within positions 168 to 183 and mediate ADCC
(Table 1). The CH58 MAb bound the gp70 V1/V2 antigen associ-
ated with reduced risk of infection in RV144 (2) and thus repre-
sents the specificity of V2 Abs that may be related to decreased
transmission risk. CH58, CH59, HG107, and HG120 ALVAC/
AIDSVax vaccine-induced MAbs all recognize V2 epitopes that
center on amino acid residue K169 and thus are candidates to
mediate immune pressure (3, 4).

C1 MAbs from ALVAC/AIDSVax vaccine recipients. Of the
19 A32-blockable anti-C1 ADCC MAbs originally generated from
the ALVAC/AIDSVax vaccine recipients (5), three (CH54, CH57
and CH90) were of particular interest because they likely recog-
nize distinct overlapping epitopes of the Env C1 A32-blockable
region (see reference 5 and Materials and Methods). Therefore,
they were selected as representative of vaccine–induced C1 Ab
responses and were tested for their ability to synergize with the V2
MAb CH58 for enhanced recognition of HIV envelope and anti-
viral effector functions. A32 was included to represent the overall
C1 Ab responses.

Synergy of V2 and C1 MAb for binding to monomeric recom-
binant AE.A244 �11 gp120. To test the hypothesis that the V2
MAb CH58 could synergize with the A32-blockable C1 MAbs, we
performed surface plasmon resonance (SPR) analysis of binding
of CH58 MAb to the recombinant AE.A244�11 gp120 as repre-
sentative of the vaccines used in the ALVAC/AIDSVax clinical
trial. The CH58 MAb was captured on the SPR sensor chip by an
anti-Fc antibody along with anti-RSV MAb Palivizumab as a neg-
ative control. The A32, CH54, CH57, and CH90 MAbs or the
murine HIV-1 C1-specific MAb 16H30 were incubated with
AE.A244�11 gp120 and then flowed over the CH58 MAb bound
onto the chip (Fig. 1A). The amount of C1 MAb/gp120/V2 com-
plex was measured by SPR (Fig. 1B). In Fig. 1C, the data are ex-
pressed as the percentage of increase in specific binding relative to
the binding of gp120 in complex with negative-control MAb
Palivizumab. No increase in binding of MAb CH58 was observed
when tested in combination with Palivizumab or with the C1 MAb
A32. In contrast, ALVAC/AIDSVax vaccine-induced MAbs
CH54, CH57, and CH90 cooperatively increased the binding of
MAb CH58 to recombinant HIV-1 gp120 by 24, 73, and 25%,
respectively. The murine-derived C1 MAb, 16H3, increased CH58
binding by a modest 9%. Thus, the V2 MAb binding to the mo-
nomeric gp120 can be enhanced by preincubation with C1 MAbs,
indicating that the C1 MAbs likely induce a conformational
change in the gp120 allowing for synergy among Abs with these
specificities.

Synergy of V2 and C1 MAbs for binding to Env expressed on
the surface of HIV-1-infected CD4� T cells. We next evaluated
whether V2 and C1 MAbs can act in synergy for the recognition of
HIV-1-infected cells. Activated primary blood CD4� T cells iso-
lated from an HIV-seronegative donor were infected with HIV-1
subtypes AE.92TH023 and CM235, representing tier 1 and tier 2
neutralization-sensitive isolates, respectively. The V2 MAb CH58
was conjugated with Alexa Fluor 488, allowing for direct flow
cytometric analysis of its ability to recognize Env on the surface of
HIV-1-infected CD4� T cells. Coincubation with unconjugated
anti-C1 MAbs (10 �g/ml each) was used to identify binding syn-
ergy. The gating strategy used to identify live HIV-1-infected cells
(intracellular p24�) and representative histograms of CH58 sur-
face staining and CH90-induced synergy within the p24� cell pop-
ulations are shown in Fig. 2A. Mock-infected cells were used to
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establish the cutoff for the p24� gate. The incubation of directly
conjugated CH58 MAb with AE.92TH023-infected CD4� T cells
in combination with the unconjugated nonfluorescent A32,
CH57, and CH90 MAbs resulted in 60, 60, and 59% increases,
respectively, in the frequency of HIV-1-infected cells recognized
by the CH58 MAb compared to the frequency of HIV-1-infected
cells recognized by CH58 MAb alone (Fig. 2B). The mean fluores-
cent intensity (MFI) of the CH58-stained cells was concomitantly
increased (Fig. 2C). In contrast, we observed a modest increase
(22%) in binding of CH58 to 92TH023-infected cells in the pres-
ence of MAb CH54. The incubation of AE.CM235-infected cells
(Fig. 2D and E) with CH58 in the presence of A32 revealed a
similar (	45%) increase in both the frequency of infected cells
recognized by CH58 and the MFI of the cells. Enhancement of
CH58 binding to CM235-infected cells was also detected with
CH54 (20% MFI increase), CH57 (23% MFI increase), and
CH90 (28% MFI increase). These data demonstrate that C1
Abs can enhance the binding of V2 Abs to HIV-infected CD4
cells. However, we observed differences in the magnitude of
synergy between C1 MAbs and CH58 for AE.92TH023-infected
cells compared to CM235-infected cells. This difference sug-
gested that the envelopes of these two HIV-1 isolates differed in

their expressed conformations and thus differed in the abilities
of the Abs to synergize in the recognition of cells infected with
the two virus strains. The impact of differences in Env struc-
tures on the potential for C1 and V2 antibody synergy was
further supported by the discordance between the synergy ob-
served with A32 and CH58 in binding HIV-infected cells and
the lack of synergy between these two MAbs in binding to
A244�11 gp120 monomer as detected by SPR.

We next utilized F(ab) and F(ab=)2 fragments of MAb CH90 to
determine if synergy for binding HIV-1-infected cells was medi-
ated by events associated with a monovalent or bivalent interac-
tion between the Env epitope and the Ab antigen-binding region
as represented by the F(ab) and F(ab=)2, respectively, or whether
the whole Ab with Fc region was required. Interestingly, almost no
enhancement of binding (�10% with AE.92TH023 and 15% with
AE.CM235) was observed for CH58 in the presence of CH90
F(ab). However, binding of CH58 was increased in the pres-
ence of CH90 F(ab=)2 to levels comparable to those observed
with whole CH90 IgG (Fig. 2B to E). These data indicated that
the Fc portion of MAb CH90 was not required for synergy in
the recognition of infected cells with MAb CH58, but bivalent
binding of the hinged antigen-binding region of C1 MAb CH90

FIG 2 Synergy of MAb for binding to the infected CD4 T cells. Primary CD4� T cells were activated and infected with HIV-1 AE.92TH023 (A to C) and
AE.CM235 (D and E) for 72 h. Cells were stained with viability dye and anti-p24 Ab to identify viable (live) infected (p24�) cells using the gating strategy shown
by the dot plot in panel A. The CH58 MAb was conjugated with Alexa Fluor 488 fluoropohore. The other MAbs and MAb Fab fragments (Palivizumab [Neg],
A32, CH54, CH57, and CH90) were used as nonconjugated reagents. The histogram in panel A is representative of the CH58 Alexa Fluor-488 staining of infected
cells (p24�) observed with individual and combined MAbs. (B to E) The infected CD4� T cells were stained with CH58 Alexa Fluor 488 in combination with the
MAbs or Fab fragments indicated on the x axes at 10 �g/ml each. The y axes represent the percentage of increase of stained cells (B and D) and mean fluorescent
intensity (MFI) (C and E) for each combination of MAb or Fab fragment relative to the staining of cells observed when the CH58 MAb was used alone. The results
represent the average 
 SEM of the results obtained in four experiments.
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was necessary to induce improved recognition of cell-surface
Env by the V2 MAb, CH58.

Synergy of V2 and C1 MAbs for HIV-1 neutralization. Next,
the ability of C1 and V2 MAbs to synergize in the neutralization of
HIV-1 was investigated against a panel of viruses that represented
HIV-1 tier 1 (B.MN and AE.92TH023), tier 2 (C.TV-1 and
AE.CM244), and subtype CRF_01-AE transmitted/founder iso-
lates (AE.427299 and AE.703357) using the TZM-bl pseudovirus
neutralization assay. None of the C1 MAbs displayed neutralizing
activity when tested alone against any of the HIV-1 isolates as
previously reported for the prototype C1 MAb, A32. The V2 MAbs
also lacked neutralizing activity against HIV-1 strains B.MN,
C.TV-1, AE.427299, AE.703357, and AE.CM244 (IC50, 	50 �g/
ml). All four V2 MAbs were able to neutralize the tier 1 HIV-1
AE.92TH023. Thus, we focused on determining if the C1 MAbs
and V2 MAbs synergize for neutralization of this isolate. The 50%
inhibitory concentrations (IC50) of each V2 MAb alone or in com-
bination with 50 �g/ml of each C1 MAb are shown in Table 2. We
observed no neutralization synergy between the V2 MAbs and C1
MAbs CH54, CH57, and CH90. However, the IC50s of the V2
MAbs decreased 20- to 65-fold when tested in combination with
the C1 MAb A32.

Synergy of V2 and C1 MAbs for ADCC. The ability of C1 and
V2 MAbs to synergize in the recognition of HIV-1-infected cells
suggested that that these Ab specificities may also synergize in
their ability to mediate ADCC. We focused on ADCC directed
against target cells infected with the HIV-1 AE.CM235 virus, since
this isolate is representative of tier 2 neutralization-sensitive phe-
notype CRF_01-AE HIV-1 isolates that are responsible for the vast
majority of transmission events in the RV144 trial (33).

To evaluate and quantitate synergy of V2 and C1 MAbs for
ADCC, we measured the activities of 5-fold serial dilutions of each
antibody alone or in equimolar combinations against AE.CM235-
infected target cells (Fig. 3). All four ALVAC/AIDSVax vaccine
recipient V2-specific MAbs, CH58, CH59, HG107, and HG120,
were included in this study to characterize the potential for syn-
ergistic ADCC interactions between a number of V2 and C1 Ab
combinations. The ADCC activity curves were used to interpolate
the endpoint concentrations (EC) and the concentrations (�g/
ml) at which 75% of the maximum killing activity (MK75) of the
V2 or C1 specific MAb was reached (Table 3). The EC and MK75
concentrations were used to calculate the combination index (CI)
for the MAb pair (Table 3) (32).

The C1 and V2 MAbs recognize different regions of the HIV-1
Env, thus fulfilling the criteria of mutual exclusivity. However, C1
and V2 MAbs also fulfill the criteria of nonmutual exclusivity
because they act together to mediate a single antiviral effector

function (ADCC). Table 3 presents both the mutually and non-
mutually exclusive CI values (32). By these methods, CI values
between 0 and 1 indicate a synergistic interaction, and the close-
ness to 0 provides an indication of the magnitude of synergy. Most
combinations of vaccine-induced V2 and C1 MAbs resulted in
synergy for ADCC. For MAb CH58, synergy was observed only
when tested in combination with C1 MAb CH90 (Fig. 3A; Table
3). Synergy for ADCC was observed between MAb CH59 and
MAbs CH54, CH57, and CH90 (Fig. 3B; Table 3). For HG107, EC
and MK75 synergy was observed when tested in combination with
CH54 and CH90 (Fig. 3C; Table 3), while for the V2 MAb HG120,
strong synergy was observed with CH54, CH57, and CH90 (Fig.
3D; Table 3). Thus, only one C1 MAb, CH90, was found to work in
synergy with all four V2 MAbs. As indicated in Table 3, the CI
values predominately indicated a greater degree of synergy for
MK75 compared to EC, suggesting that the synergistic ability of
combinations of MAb to mediate ADCC is limited by a minimum
threshold concentration of Ab required to activate Fc� receptor
signaling on NK effector cells. We observed no examples of con-
tradiction between the mutually exclusive and nonmutually ex-
clusive methods when applied to our data set. In addition, we
observed no enhancement of ADCC activity when any of the V2
MAbs were tested against HIV-1 AE.CM235-infected target cells
in combination with the negative-control MAb Palivizumab (Fig.
3A to D) or the C1 MAb A32 (not shown).

We also tested vaccine-induced CH58 and CH90 MAbs indi-
vidually at three different concentrations of 50, 5, and 1 �g/ml as
well as in combination. Based on the individual testing of the
MAbs, we calculated the percentage of specific killing we expected
to be observed for an additive effect of each combination of MAbs
and defined this percentage of specific killing as the “expected
activity” (Fig. 3E; white bars). The “expected activity” was com-
pared to the “observed” activity after the actual testing of each
combination of MAbs (Fig. 3E; filled bars). The anti-RSV MAb
Palivizumab was used as a negative control, and its combination
with CH58 represents the negative control for MAb combina-
tions. There was no observable synergistic increase in ADCC ac-
tivity directed against HIV-1 AE.CM235-infected target cells
when CH58 was combined with Palivizumab. In contrast, we ob-
served a significant synergistic effect when CH58 was tested in
combination with the C1 MAb CH90 (Fig. 3E). The average in-
crease over the observed ADCC activity over the expected ADCC
activity of CH58 and CH90 combinations was 65% (range, 0 to
140%).

C1 Ab regions involved in V2/C1 ADCC synergy. ADCC is an
Ab effector function that requires two concurrent interactions:
recognition of antigen by the Ab Fab region and binding of the Ab
Fc region with Fc� receptor on the surface of cytotoxic effector
cells. We used the F(ab=)2 fragment of MAb CH90 to evaluate the
contributions of Fab and Fc regions to the ADCC synergy ob-
served with MAbs CH90 and CH58. ADCC activity was measured
using equimolar serial dilutions of both the CH90 F(ab=)2 and
CH58 MAb. Modest synergy between the CH90 F(ab=)2 and CH58
MAbs was only evident at combinations of 50- and 10-�g/ml con-
centrations of F(ab=)2 and MAb resulting in a 35% increase in
specific killing (Fig. 3F). This was in contrast to the ADCC synergy
observed between whole MAb CH90 and MAb CH58 that was
observed at all concentrations above the positive response thresh-
old (Fig. 3A). It should be noted that CI values for this combina-
tion were not calculated because the absence of ADCC mediated

TABLE 2 Neutralizing activities of MAbs

MAb

HIV-1 92TH023.6 IC50 (�g/ml)a

V2 MAb
alone

V2 MAb �
A32

V2 MAb �
CH54

V2 MAb �
CH57

V2 MAb �
CH90

CH58 28.14 0.86 22.37 NTb 35.52
CH59 8.95 0.15 8.24 5.54 26.23
HG107 6.23 0.28 7.66 8.42 9.99
HG120 5.92 0.09 4.06 7.33 8.46
a Data for CH58 and CH59 are reported as the average of four experiments; all other
conditions were tested in duplicate.
b NT, not tested.
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by the CH90 F(ab=)2 limits the utilization of the formula described
to calculate the CI. Thus, these data suggest that the synergy ob-
served for ADCC is a consequence of both enhanced recognition
of Env on the surface of HIV-1-infected cells and increased cross-
linking of Fc� receptors on ADCC effector cells.

We have previously investigated the relative concentration of
CH58-like Ab in the plasma of ALVAC/AIDSVax vaccine recipi-
ents by using an SPR-based blocking assay. We determined that
the average concentration of the vaccine-induced CH58-block-
able Ab in vaccinee plasma was 3.6 
 3.2 �g/ml (4). At this con-
centration, the CH58 MAb alone had no detectable neutralization

or ADCC activities (4). The data collected in the present study
indicated that the CH58-CH90 combination reduced the required
functional concentration of CH58 for mediation of ADCC to 1.32
�g/ml, a concentration within the levels of CH58-like Abs de-
tected in the plasma of vaccine recipients.

Synergy for infectious virion capture. Finally, we investigated
whether the C1 and V2 Abs can synergize for the capture of infec-
tious virions. V2 MAbs CH58 and CH59, or the gp41 MAb 7B2
included as a positive control, were mixed with AE.92TH023
HIV-1 viral stock with or without C1 MAb A32 at equivalent
concentrations. The capture of infectious and noninfectious viri-

FIG 3 ADCC synergy with combinations of V2 and C1 MAbs. (A to E) ADCC synergy with equimolar combinations of V2 and C1 MAbs. Shown is the
percentage of specific killing observed by V2 MAbs CH58 (A), CH59 (B), HG107 (C), and HG120 (D) alone and in combination with negative-control
Palivizumab or C1 MAbs CH54, CH57, and CH90 at a 1:1 ratio over 5-fold serial dilutions in the luciferase ADCC assay with CM235-infected targets. Each MAb
and the combinations were tested in duplicate wells. The results represent the average 
 SEM of the results obtained in a minimum of two independent
experiments. (E) ADCC synergy with nonequimolar combinations of V2 and C1 MAbs. The percentage of specific killing was detected by incubating individual
MAbs and the combinations indicated with HIV-1 AE.CM235-infected CEM.NKRCCR5 target cells for 3 h in the luciferase ADCC assay. The expected ADCC
activities for an additive effect are represented by white bars. The actual observed activities are represented by filled bars. Results represent the mean and SEM of
two experiments, each tested in duplicate. Significantly different results between the expected and observed mean activities by t test are indicated (*). (F) Synergy
of CH58 anti-V2 IgG and CH90 anti-C1 F(ab=)2 for ADCC. The graph represents the percentage of specific killing observed by V2 MAb CH58 and CH90 C1
F(ab=)2 alone and in combination at a 1:1 ratio over 5-fold serial dilutions in the luciferase ADCC assay with CM235-infected targets. The graphs represent the
average 
 SEM of the results obtained in three experiments with each run in duplicate.
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TABLE 3 CI values for ADCC activities of vaccine-induced C1 and V2 MAbs

MAb MAb condition(s)a

% maximum
killing

ECb

(�g/ml)

75%
maximum
killing

MK75
concnc

(�g/ml)

CI value

Mutually
exclusive (� � 0)

Mutually
nonexclusive
(� � 1)

EC MK75 EC MK75

CH58 CH54 (C1) 31.3 0.33 23.5 1.95

2.376 2.213 2.474 2.289
CH58 (V2) 17.8 18.26 13.3 31.75
CH54 when comb. with CH58

34.1 0.77
23.5 4.25

CH58 when comb. with CH54 13.3 1.11
CH57 (C1) 38.8 0.09 29.1 1.25

1.005 1.092 1.010 1.099
CH58 (V2) 17.8 18.26 13.3 31.75
CH57 when comb. with CH58

45.7 0.09
29.1 1.36

CH58 when comb. with CH57 13.3 0.20
CH90 (C1) 13.1 4.65 10.0 4.65

0.356 0.336 0.377 0.350
CH58 (V2) 17.8 18.26 13.3 31.75
CH90 when comb. with CH58

34.5 1.32
10.0 1.32

CH58 when comb. with CH90 13.3 1.63

CH59 CH54 (C1) 31.3 0.33 23.5 1.95

0.231 0.179 0.241 0.184
CH59 (V2) 31.1 1.05 23.3 6.73
CH54 when comb. with CH59

48.8 0.06
23.5 0.27

CH59 when comb. with CH54 23.3 0.27
CH57 (C1) 38.8 0.09 29.1 1.25

0.724 0.328 0.762 0.339
CH59 (V2) 31.1 1.05 23.3 6.73
CH57 when comb. with CH59

52.4 0.06
29.1 0.36

CH59 when comb. with CH57 23.3 0.26
CH90 (C1) 13.1 4.65 10.0 4.65

0.455 0.310 0.486 0.329
CH59 (V2) 31.1 1.05 23.3 6.73
CH90 when comb. with CH59

40.8 0.39
10.0 0.39

CH59 when comb. with CH90 23.3 1.53

HG107 CH54 (C1) 31.3 0.33 23.5 1.95

0.824 0.655 0.862 0.665
HG107 (V2) 20.7 5.26 15.5 24.09
CH54 when comb. with HG107

39.9 0.26
23.5 1.25

HG107 when comb. with CH54 15.5 0.39
CH57 (C1) 38.8 0.09 29.1 1.25

1.695 0.585 1.743 0.590
HG107 (V2) 20.7 5.26 15.5 24.09
CH57 when comb. with HG107

47.8 0.15
29.1 0.72

HG107 when comb. with CH57 15.5 0.24
CH90 (C1) 13.1 4.65 10.0 4.65

0.316 0.226 0.341 0.236
HG107 (V2) 20.7 5.26 15.5 24.09
CH90 when comb. with HG107

32.3 0.78
10.0 0.78

HG107 when comb. with CH90 15.5 1.40

HG120 CH54 (C1) 31.3 0.33 23.5 1.95

0.257 0.164 0.261 0.165
HG120 (V2) 26.0 5.41 19.5 23.64
CH54 when comb. with HG120

47.5 0.08
23.5 0.30

HG120 when comb. with CH54 19.5 0.24
CH57 (C1) 38.8 0.09 29.1 1.25

0.734 0.268 0.743 0.270
HG120 (V2) 26.0 5.41 19.5 23.64
CH57 when comb. with HG120

51.3 0.07
29.1 0.33

HG120 when comb. with CH57 19.5 0.18
CH90 (C1) 13.1 4.65 10.0 4.65

0.108 0.099 0.111 0.102
HG120 (V2) 26.0 5.41 19.5 23.64
CH90 when comb. with HG120

34.8 0.27
10.0 0.27

HG120 when comb. with CH90 19.5 0.99
a “when comb. with” refers to the first MAb when in combination with the second MAb.
b EC, endpoint concentration.
c MK75, concentration at which 75% of the maximum observed killing activity is reached for each individual V2 and C1 MAb, or the concentration at which the 75% of the
maximum killing activity of each individual MAb is reached when tested in combination.
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ons was measured by the protein G/TZM-bl/real-time PCR com-
bined virion capture assay as described previously (26–28). To
quantify the selective ability to capture infectious virions, we cal-
culated the infectious virion capture index (IVCI) of each MAb
and MAb combination as described previously (28). The V2 MAbs
CH58 and CH59 MAb captured a low level of infectious virions
(4), and the IVCI values suggest a bias toward capture of nonin-
fectious virions (IVCI, �1) (Fig. 4A). In contrast, in the presence
of MAb A32, both CH58 and CH59 demonstrated increased cap-
ture of infectious AE.92TH023 HIV-1 virions (IVCI, 	1), ob-
served as a 2-fold increase in IVCI values (Fig. 4A and B). These
data suggest that the synergistic effect of V2 and C1 MAbs may act
in binding to both Env on the surface of HIV-1-infected CD4� T
cells and Env expressed on the surface of HIV-1 tier 1 isolates of
HIV-1 virions, confirming the results observed with the neutral-
ization assay.

DISCUSSION

In this article, we have found that V2 and C1 MAbs isolated from
ALVAC/AIDSVax B/E vaccinees showed synergy for monomeric
Env gp120 recognition and for recognition of Env trimer ex-
pressed on the surface of HIV-1-infected cells. Moreover, both
neutralizing activity and infectious virion capture against the tier 1
isolate AE.92TH023 and ADCC directed against the tier 2 HIV-1
CM235 isolate were also increased when V2 antibodies were tested
in the presence of C1 MAbs.

The analysis of V2 responses has revealed differences between
responses induced by the vaccine regimen used in the RV144

ALVAC/AIDSVax B/E clinical trial and natural HIV-1 infection.
V2 responses were elicited in 97% of the Thai vaccine recipients,
whereas they have only been detected in 50% of the HIV-1 CRF01-
AE-infected Thai individuals (34). Moreover, the CH58, CH59,
HG107, and HG120 MAbs that represent the vaccine-induced V2
responses recognized a linear V2 peptide comprised of amino acid
residues 168 to 183 and are able to mediate ADCC (4), whereas the
V2 697-D MAb isolated from an HIV-infected individual recog-
nizes a glycosylation-dependent conformational V2 region
epitope and does not mediate ADCC (35, 36).

Rolland and collaborators recently reported that a genetic sieve
analysis of viral sequences of RV144 clinical trial infections
demonstrated that the presence of a lysine at amino acid resi-
due 169 in the V2 region was associated with vaccine efficacy (3).
Liao and collaborators demonstrated that binding, neutralizing,
and ADCC activities of RV144 vaccinee-derived MAbs CH58 and
CH59 were decreased by mutations at position K169. In contrast,
the activities of V2 MAbs isolated from infected individuals were
moderately or not at all affected by the presence of these mutations
(4). Thus, ALVAC/AIDSVax B/E vaccine-induced V2 Ab re-
sponses were indeed different than those elicited by HIV-1 infec-
tion and also had different immune effector functions.

In this study, we have identified synergy between V2 and C1
MAbs in binding to monomeric gp120, in binding to HIV-in-
fected cells, for virus neutralization and infectious virion capture,
and for the ability to mediate ADCC. Interestingly, we also ob-
served unique profiles of synergy provided by different V2/C1
MAb combinations. We hypothesize that these profiles likely re-
flect differences in the overlapping C1 epitopes recognized by
these MAbs as demonstrated by different levels of cross-inhibition
among the C1 MAbs (5). The recognition of the overlapping C1
epitopes may lead to different outcomes of the observed synergis-
tic effects uniquely related to each antiviral function: i.e., synergy
in neutralization or virus capture versus ADCC. Reaction kinetics
of the interactions between MAbs and their epitopes may also
impact the cooperative potential of Abs. A32 has the fastest mo-
nomeric gp120 binding on rate and did not enhance binding of
CH58 to gp120. In contrast, CH57 indicated the slowest on rate
and highest magnitude of synergy for monomeric gp120 binding.
However, it is important to note that the unique profiles of syn-
ergy observed for binding to monomeric gp120 or to infected cells
did not consistently predict synergy for ADCC. This finding is in
partial agreement with a previous study that described no corre-
lation between the ability of Env-specific MAbs to bind to infected
cells and to mediate ADCC, although a direct correlation was ob-
served between binding of Env and ADCC activity for polyclonal
IgG preparations (37). Our data suggest that polyclonal IgG prep-
arations reflect a repertoire of antigen specificities that cannot be
entirely recapitulated by the study of single MAbs or limited com-
binations of MAbs.

In the absence of a well-defined binding site for MAb A32 and
each of the three anti-C1 RV144 MAbs, we cannot fully define the
Env conformations that may be induced by these MAbs that result
in increasing both the binding to Env and enhancing the antiviral
functions of the V2 MAb CH58. Furthermore, differences ob-
served between synergistic binding to the surface of CD4 T cells
infected with the tier 1 HIV-1 isolate AE.92TH023 and the tier 2
isolate AE.CM235, as demonstrated for the combination of CH58
and CH54, suggest that synergy is influenced by both the confor-
mation of epitopes recognized by the combination of MAbs and

FIG 4 V2 MAbs synergize with C1 MAb for enhanced selective capture of
infectious HIV-1 AE.92TH023 virions. IVCI (i.e., the fold change of the ratios
of infectious HIV-1 AE.92TH023 virions to total virion particles) was used to
quantify the selective capture of infectious versus noninfectious virions as
described in Materials and Methods. (A) IVCI values of V2 MAbs CH58 and
C59 and the positive-control gp41 MAb 7B2 when tested alone (black squares)
or in combination with the C1 MAb A32 (red circles). (B) Fold increase of
IVCI values observed in the presence of C1 MAb A32. The line represents the
mean of the results obtained in three experiments.
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structural differences between envelopes of HIV-1 isolates. Crys-
tallization studies will be needed to resolve the fine details of these
molecular interactions.

We utilized MAb F(ab) and F(ab=)2 fragments to identify Ab
regions involved in binding synergy and ADCC synergy. These
experiments demonstrated that F(ab=)2 but not F(ab) fragments
were sufficient to induce the conformational changes in Env ex-
pressed on the surface of HIV-1-infected cells that allow for en-
hanced recognition by MAb CH58. Using F(ab=)2 fragments, we
also determined that the ability of these non-Fc-bearing fragments
to enhance binding can result in ADCC synergy. However, the
most potent synergy was observed when whole C1 and V2 MAbs
were used in combination. This suggests that ADCC synergy is to
a large part dependent on augmented Fc�-receptor and Ab-Fc
interactions that are facilitated by multivalent recognition of Env
and the extent to which the amount of Ab bound to the cell surface
forms an immunocomplex capable of cross-linking the Fc� recep-
tor on the membrane of the effector cells. The influence of the size
of the immunocomplex and the glycosylation profile of Ab have
been recently reported as contributing factors for binding to the
membrane-bound Fc� receptor (38).

Importantly, synergy for ADCC was observed for most combi-
nations of C1 and V2 MAbs against the tier 2 neutralization-sen-
sitive isolate AE.CM235, whereas this synergy was not observed
for either neutralizing or virion capture activities. Transmitted/
founder viruses isolated from infected vaccine recipients regard-
ing neutralization are also tier 2 viruses. Our findings support the
hypothesis that these types of synergistic interactions could be
related to the ability of the immune system to reduce the risk of
infection as observed in the RV144 vaccine trial. Moreover, we
observed that the V2/C1 synergistic activity was capable of in-
creasing CH58 MAb-mediated ADCC at concentrations of CH58
MAb that are lower than the average concentrations of CH58-like
antibodies detected in the plasma of RV144 vaccine recipients (4).

Several studies have described the ability of HIV-1 Abs to syn-
ergize for improved virus neutralization (7–16). Overall, our ob-
servations indicate for the first time that synergistic mechanisms
of action exist for functional nonneutralizing Ab responses corre-
lated to the reduced of risk of HIV-1 infection. These synergistic
interactions may more closely represent the composition of
plasma Ab specificities and account for the difficulty to recapitu-
late the polyclonality of protective ADCC responses, such as those
observed in the ALVAC/AIDSVax trial, when using combination
of MAbs (2, 37). Passive protection studies in nonhuman primate
models with simian-human immunodeficiency virus (SHIV)
challenges can inform whether Ab-mediated ADCC synergy can
be a mechanistic correlate of protection. Moreover, these data
raise the hypothesis that C1 and V2 Env-specific Ab-mediated
ADCC synergy could correlate with decreased HIV-1 risk, a hy-
pothesis that can be tested in upcoming human HIV-1 efficacy
trials.
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