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Abstract

The RV144 prime-boost regimen demonstrated efficacy against HIV acquisition while VAX003 and VAX004
did not. Although these trials differed by risk groups, immunization regimens, and immunogens, antibody
responses may have contributed to the differences observed in vaccine efficacy. We assessed HIV-specific IgG,
both total and subclass, and IgA binding to HIV envelope (Env): gp120 proteins and Cyclic V2 (CycV2) and
CycV3 peptides and gp70 V1 V2 scaffolds in these 3 HIV vaccine trials. After two protein immunizations, IgG
responses to 92TH023 gp120 (contained in ALVAC-HIV vaccine) were significantly higher in RV144 but
responses to other Env were higher in the VAX trials lacking ALVAC-HIV. IgG responses declined signifi-
cantly between vaccinations. All trials induced antibodies to gp70 V1 V2 but VAX004 responses to 92TH023
gp70 V1 V2 were weak. All CycV2 responses were undetectable in VAX004 while 92TH023 gp70 V1 V2 was
detected in both RV144 and VAX003 but MN CycV2 was detected only in VAX003. Multiple protein vac-
cinations in VAX trials did not improve magnitude or durability of V1 V2 and CycV2 antibodies. Herpes
simplex virus glycoprotein D (gD) peptide at the N terminus of AIDSVAX� B/E and B/B gp120 proteins
induced antibodies in all trials, although significantly higher in VAX trials. gD peptide induced IgA, IgG1,
IgG2, and IgG3 but not IgG4. Multiple protein vaccinations decreased IgG3 and increased IgG4 changing
subclass contribution to total IgG. Although confounded by different modes of HIV transmission, higher Env-
specific IgA and IgG4 binding antibodies induced in the VAX trials compared to RV144 raises the hypothesis
that these differences may have contributed to different vaccine efficacy results.
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Introduction

The Thai Phase III trial, RV144 (ClinicalTrials.gov
NCT00223080), provided the first evidence that an HIV-

1 vaccine could confer protective efficacy against HIV-1
acquisition.1 The prime-boost vaccine regimen consisted of a
nonreplicating recombinant canarypox vector, ALVAC-HIV
prime (vCP1521) and AIDSVAX� gp120 B/E boost. The
modified intent-to-treat analysis showed 31.2% efficacy after
42 months of follow-up after vaccination. In a post hoc
analysis, vaccine efficacy was 60% at 12 months post initial
vaccination, suggesting early, but nonsustained, vaccine
protection.2 In the analysis of the correlates of risk (CoR),
two variables correlated significantly with HIV-1 infection
risk: plasma IgG binding antibody to scaffolded variable
loops 1 and 2 (V1 V2) proteins (gp70 V1 V2) correlated
inversely with risk for HIV-1 acquisition while Env plasma
IgA (monomeric) binding score correlated directly with risk,
raising the hypothesis that IgA responses against Env and IgG
responses directed against V1 V2 may be mechanistically
associated with RV144 vaccine regimen-mediated protec-
tion.3–5 A viral sieve analysis supported the potential role of
anti V2 vaccine-induced antibodies in the reduction of HIV
infection risk in RV144.6

Combinatorial polyfunctionality analysis of antigen-
specific T cell subsets (COMPASS) showed that vaccines
induced polyfunctional CD4+ T Cell subsets that were asso-
ciated with decreased risk of HIV infection in RV144.7 These
subsets included CD40 L and IL4 that are important for CD4+

T cell–B cell interactions. Therefore, CD4+ T cell subsets
may have contributed to T cell help for antibody production
detected as a correlate in primary analysis. In RV144, poly-
functional effector memory CD4+ T cells were directed to
HIV-1 Env particularly to the V2 loop region.8

AIDSVAX B/E alone conferred no protection among
Thai people who inject drugs (PWID) (VAX003, Clinical-
Trials.gov NCT00006327).9 Similarly, no overall significant
protection was seen with a similar regimen of bivalent
gp120 (AIDSVAX B/B) alone (VAX004, ClinicalTrials.gov
NCT00002441) among mostly men who had sex with men
(MSM) in North America and The Netherlands.10 Vaccine
regimens in all three clinical trials elicited Tier-1, type-
specific neutralizing antibodies (NAb).11,12 The peak NAb
response (2 weeks post fourth vaccination) in RV144 was
weaker than in VAX003. Only Tier-1 viruses were neutral-
ized in RV144 and mediated in part by antibodies against the
gp120 V3 loop.12 Low neutralizing activity was occasionally
detected against Tier-2 viruses in the more sensitive A3R5
NAb assay. Peak responses in both trials waned considerably
6 months postimmunization.12 In VAX004, strong NAb re-
sponses were seen against a subset of Tier-1 viruses with
sporadic weak responses against Tier-2 viruses.13

Peptide microarray analysis from six HIV-1 subtypes and
group M consensus showed that the RV144 vaccination
regimen induced antibody responses to the V2 loop of gp120
of multiple subtypes and recognized both conformational and
linear epitopes. ELISA and surface plasmon resonance assays
using cyclic (Cyc) and linear V2 loop peptides showed that a
majority of samples tested (97%) had antibody responses
against Cyclic V2 (CycV2) 2 weeks post last protein injec-
tion. The frequency of V2 antibodies declined to 19% at 28
weeks post last vaccination. Antibody responses targeted the

mid-region of the V2 loop that contains conserved epitopes.14

The frequency of binding antibodies to CycV3 92TH023 and
A244 peptides was modest whereas gp120 MN induced
strong V3-specific antibodies.14–17

A comparison of vaccine-induced immune responses using
a custom multiplex antibody assay demonstrated signifi-
cantly higher anti-gp70 V1 V2 IgG3 response rates in RV144
than in VAX003 vaccines, suggesting a class-switching
effect perhaps induced by the ALVAC-HIV priming.15 In
RV144, IgG3 was correlated with decreased risk of HIV-1
infection. Anti-Env IgG3 levels significantly correlated
with Tier-1 neutralization and ADCC in RV144 but not in
VAX003.15 Although these results suggest that the differ-
ences of IgG3 levels might at least partially underlie different
efficacy outcomes in these two trials, a strict comparison of
the two trials is difficult since the routes of transmission were
fundamentally different (mostly heterosexual vs. PWID).
Systems serology studies indicated that IgG3 may serve as a
surrogate of vaccine induced IgG1 that directs the poly-
functional antibody response observed in RV144.18 There-
fore, the generation of IgG3 in RV144 could have initiated a
coordinated production of poly-functional IgG1 with en-
hanced Fc-receptor binding characteristics.

To better understand the antibody responses associated
with vaccine efficacy, we assessed the specificity of the an-
tibody responses to gp120 proteins, V1 V2 scaffolds, CycV2
and CycV3 peptides in RV144 samples and compared them
with those induced by the monomeric gp120 proteins tested
in VAX003 and VAX004 efficacy trials. We also investigated
the IgG subclasses of the antibody responses to V1 V2 and
Env proteins.

Materials and Methods

Vaccines and immunization regimens

ALVAC-HIV (vCP1521) (Sanofi Pasteur) is a recombi-
nant canarypox vector genetically engineered to express
gp120 of HIV-1 subtype CRF01_AE 92TH023 strain linked
to the transmembrane anchoring portion of subtype B gp41
(with a deletion in the immunodominant region devoid of the
entire gp41 ectodomain), and HIV-1 gag and protease (both
LAI strain). ALVAC-HIV (vCP1521) was formulated at a
dose of 106.5 CCID50.1 AIDSVAX B/E [Global Solutions for
Infectious Diseases (GSID)], a bivalent vaccine, consisted of
recombinant gp120 proteins (rgp120) from HIV-1 subtype B
MN strain and HIV-1 subtype CRF01_AE A244 (CM244)
strain both produced in Chinese hamster ovary cells, ad-
sorbed onto alum and administered at 600 lg doses (300 lg of
each rgp120).1,9 AIDSVAX B/B (GSID), also a bivalent
vaccine, consisted of 300 lg each of MN and HIV-1 subtype
B GNE8 proteins adsorbed onto alum. Unlike MN and
CM244, GNE8 gp120 was cloned directly from human
peripheral-blood mononuclear cells and has the CCR5 phe-
notype.19

RV144 participants were vaccinated intramuscularly
with ALVAC-HIV at weeks 0, 4, 12, and 24, with co-
administration (in separate intramuscular injections) of
AIDSVAX B/E rgp120 at weeks 12 and 24. VAX003 and
VAX004 participants received AIDSVAX B/E and AIDS-
VAX B/B, respectively, intramuscularly at weeks 0, 4, 24, 52,
72, 104, and 144 in the absence of ALVAC-HIV priming
(Fig. 1A).
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Plasma and serological specimens

All three completed clinical trials were approved by the
appropriate Institutional Review Boards, Ethics Committees,
and Regulatory Authorities. Written informed consent was
obtained from all volunteers.

RV144 volunteer plasma samples were randomly selected
by the Statistical Center for HIV/AIDS Research Prevention
(SCHARP), and the EMMES Corporation, from volunteers
who had received all immunizations per protocol and re-
mained HIV-uninfected at the end of the study (with a 4:1
vaccinee:placebo ratio and for the availability of the bio-
logical specimens). RV144 plasma samples were obtained
from 32 vaccine and 8 placebo recipients (Set Z) and assayed
at baseline, 2 weeks post last injection (visit 8) and 6 months
after completion of all vaccinations (visit 9) (Fig. 1A). Sera
from VAX003 and VAX004 were provided by GSID and
were obtained from 50 and 30 vaccine and 20 and 10 placebo
recipients, respectively. Samples were analyzed at baseline
(A02) and at subsequent visits (A04–A13) (Fig. 1A).

Recombinant proteins and peptides

rgp120 HIV-1 CRF01_AE A244gD, 92TH023 and sub-
type B MNgD proteins (identical to that used in RV144) were
expressed in 293T cells and purified on Galanthous nivalis
lectin columns.14 The rgp120 glycoprotein D (gD) proteins
contained 27 amino acids of the herpes simplex virus 1 (HSV-
1) antigen and 3 amino acid linkers at the N terminus.19,20

Recombinant fusion gp70 V1 V2 glycoproteins containing the
variable loops of V1 and V2 of gp120 were described previ-
ously.21 Subtype B Case A222 and CRF01_AE 92TH023 gp70
V1 V2 scaffolds were synthetized as previously described and
provided by Dr. Abraham Pinter.21,22

Cyclic (Cyc) peptides ( JPT Peptide Technologies) were
cyclized by disulfide bond formation with a purity >90%
measured by high-pressure liquid chromatography and mass
spectrometry. Amino acid sequences of CycV2 and CycV3
peptides were based on the Env glycoproteins of 92TH023
(accession number EF553537.1, GenBank) and MN strains
(Fig. 1B, C). A244 and 92TH023 proteins have identical V2
sequences at the antibody binding regions14 and their V3 loop
regions vary by one amino acid at position 308 (Fig. 1B).
HSV-1 (gD peptide) and HSV-2 peptides have the following
sequences, KYALADASLKMADPNRFRGKDLPVLDQ
and KYALADPSLKMADPNRFRGKNLPVLDQ, respec-
tively (amino acids that differ from the HSV-1 sequence
are underlined), purity >90% (AAPPTEC).

ELISA with cyclic peptides and recombinant proteins

All samples were subjected to ELISA screening and ti-
tration (initial dilution 1:100 unless indicated) was performed
on samples showing absorbance greater than 0.25 (2.5 times
the background of wells without capturing antigen) at ab-
sorbance of 405 nM. ELISA was performed as described
previously.14 For IgG subclasses (IgG1-IgG4) plates were
coated with antigen as in regular ELISA and plasma was
initially diluted 1:25 in blocking buffer and then serial two-
fold dilutions were performed and added to wells for 1-h
incubation at room temperature. Wells were washed and
mouse anti-human IgG1 or IgG3 (Invitrogen), or mouse anti-
human IgG2 or IgG4 (Southern Biotech) were added for an

hour at room temperature. Plates were washed and horse-
radish peroxidase (HRP) conjugated goat anti-mouse IgG
(Southern Biotech) was added and incubated for 1 h at room
temperature. Plates were washed, ABTS ELISA HRP sub-
strate (KPL) was added, and color was allowed to develop at
room temperature for 1 h in the dark. Plates were read at
A405 nM using ELISA reader Spectramax 340 PC (Mole-
cular Devices). In absorption studies, plasma/serum was
preincubated with 10 micrograms of peptide for 1 h at room
temperature before adding to ELISA plates (Fig. 3A, B).

Statistical methods

ELISA antibody titers were calculated using serial twofold
dilutions of plasma/serum starting from 1:100 or 1:25 for IgG
subclasses and expressed as the reciprocal of the highest di-
lution that yielded an absorbance value above 2.5 times the
background value (wells without capturing antigen). An
overall false positive response for each protein and peptide
and by clinical trial was calculated based on 95th percentile
from all baseline absorbance data of vaccine recipients.
Antibody responses to an individual protein or peptide were
expressed as percentage of subjects with a positive re-
sponse, defined as A405 value >0.25 (positive response
rate). Magnitude of antibody responses (including values
below cutoff) to an individual protein or peptide was ex-
pressed as geometric mean titer (GMT) with 95% confi-
dence interval. Data analyses and graphs were generated
using Graphpad Prism version 5 (GraphPad Software).
Statistical comparisons of optical density (absorbance at
405 nM) for screening, and of specific antibody titers
against rgp120 proteins, cyclic peptides, and V1 V2 scaf-
folds were made using nonparametric tests and a two-sided
p value of <.05 was considered significant. Multiple hy-
potheses performed were adjusted by controlling the false
discovery rate at the 0.05 level.

Results

RV144 participants were intramuscularly vaccinated with
ALVAC-HIV (vCP1521, a recombinant canarypox vector
expressing gp120 of HIV-1 subtype CRF01_AE 92TH023
strain linked to the trans-membrane portion of subtype B
gp41) at weeks 0, 4, 12, and 24 (visits 1, 3, 5, and 7, re-
spectively), with co-administration (in separate intramuscu-
lar injections) of AIDSVAX B/E rgp120 from HIV-1 subtype
B MN strain and HIV-1 subtype CRF01_AE A244 (CM244)
at weeks 12 and 24 (visits 5 and 7, respectively, Fig. 1A). We
analyzed RV144 antibody responses at baseline (week 0, visit
1), weeks 26 (2 weeks post last vaccination, visit 8) and 52 (6
months post last boost, visit 9). VAX003 participants re-
ceived AIDSVAX B/E (as in RV144) and VAX004 partici-
pants received AIDSVAX B/B (a bivalent vaccine containing
HIV-1 subtype B MN and GNE8 proteins) intramuscularly at
weeks 0, 4, 24, 52, 72, 104, and 144 (visits A02, A04, A06,
A08, A10, A12, and A14, respectively) in the absence of
ALVAC-HIV priming (Fig. 1A, vaccinations occurred at
even visits and odd visits represent 2 weeks postimmuniza-
tion). Amino acid sequence alignment of variable loops two
and three are shown in Figure 1B and percent identity and
divergence of recombinant proteins used in all vaccines, with
HXB2 used as a reference stain, are shown in Figure 1C.
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Antibody responses to rgp120 Env proteins
in RV144 and VAX trials

RV144, VAX003, and VAX004 samples were tested for
antibodies to 92TH023, A244gD, and MNgD proteins at
baseline. All three proteins are vaccine-matched to RV144
and A244gD and MNgD are matched to VAX003 but only
MNgD is matched to VAX004. Responses to gp120 GNE8
were not tested. No responses were detected against gp120
92TH023 in any of the vaccinated individuals but at pre-
vaccine baseline responses against A244gD and MNgD were
detected in RV144 (3/32, 9%), VAX003 (6/50, 12%) and
VAX004 (7/30, 23%) (data not shown).

We investigated the antibody binding to rgp120 proteins
used in RV144, MNgD, and A244gD (contained in AIDS-
VAX B/E) and 92TH023 (contained in ALVAC-HIV), at
peak immunogenicity (week 26, visit 8), and compared them
to those of VAX003 (AIDSVAX B/E) and VAX004
(AIDSVAX B/B) 2 weeks post second and fourth protein
injections (weeks 6 and 54), A05 and A09, respectively
(Fig. 2A–C). Protein vaccinations in the VAX trials and
RV144 did not follow the same schedule. In RV144, the two
protein inoculations were co-administered with ALVAC-

HIV at weeks 12 and 24, whereas in the VAX studies the
first two protein inoculations occurred at weeks 0 and 4
and subsequent injections followed at 6-month intervals
(Fig. 1A). VAX003 antibody responses to A244gD were
significantly higher than in RV144 and VAX004 after two
and four protein injections (Fig. 2A). Two weeks post second
protein administration (week 6, A05), VAX003 GMT to
A244gD was 21,378 but in RV144 was 13,367 and in
VAX004 was 14,084 (Fig. 2A). Two weeks post fourth
protein administration (week 54, A09), VAX003 GMT in-
creased to 42,757 but in VAX004 there was a slight decline
(10,159). Antibody responses to MNgD after two protein
inoculations were similar in VAX003 (24,900) and VAX004
(25,600), statistically higher than those in RV144 (15,896)
(Fig. 2B). Two additional protein injections in VAX003 in-
crease the GMT to 51,200 but remained steady in VAX004
(25,015). RV144 had significantly higher antibody responses
to recombinant 92TH023 (6,263) compared to VAX003
(3,430) and VAX004 (1,639) after two protein administra-
tions (Fig. 2C). GMT increased after two additional protein
administrations in both VAX003 (24,557) and VAX004
(6,550) but only VAX003 responses were statistically higher
than RV144.

FIG. 1. RV144, VAX003, and VAX004 vaccination schedules and HIV-1 gp120 envelope variable loops 2 and 3 (V2
and V3). (A) RV144, VAX003 and VAX004 vaccination schedules and vaccine antigens; A = ALVAC-HIV (vCP1521),
B/B = AIDSVAX� B/B (gp120 MNgD and gp120 GNE8gD–600 lg), B/E = AIDSVAX B/E (gp120 MNgD and gp120
A244gD–600 lg). Visit samples used in study are in bold. In VAX trials immunizations are given at even numbers and odd
numbers represent 2 weeks post immunization. (B) Alignments of HIV-1 gp120 envelope variable loops 2 and 3 (V2 and
V3); V2 and V3 loops are shown in the top and bottom panel, respectively. Boxed amino acids show differences from
reference strain HxB2. Numbers on top of each panel are positions of amino acids based on the HxB2 strain. (C) Percent
identity and divergence of gp120 proteins and variable loops 2 and 3 (V2 and V3). gD, glycoprotein D.
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Durability of antibody responses after multiple
protein vaccinations in the VAX trials

In RV144, the decline of vaccine efficacy (60% at 12
months and 31.2% at 42 months) suggests an association with
a parallel decline of antibody responses.2 We investigated the
persistence of antibody responses in VAX003 and VAX004
at peak immunogenicity and between vaccinations using the
gp120 protein A244gD (Fig. 2D). In VAX003, maximum
antibody responses were achieved 2 weeks post fourth pro-
tein injection (week 54, A09) and additional immunizations
did not increase the magnitude of the response. Responses
declined significantly between vaccinations and multiple
immunizations did not maintain antibody titers at levels de-
tected 2 weeks post boosting (Fig. 2D). In VAX004, multiple
protein injections progressively increased the magnitude of
antibody responses between vaccinations and antibody levels
2 weeks post fifth immunization (week 74, A11) were similar
to those 6 months later (week 104, A12, Fig. 2D). Since
VAX003 and VAX004 both included MNgD, the improved

antibody persistence between vaccinations could be attrib-
uted to GNE8 gp120 protein.

AIDSVAX gp120 gD-specific antibodies

Recombinant AIDSVAX gp120 proteins, A244gD,
MNgD, and GNE8gD contained a 27-amino acid fragment
from the HSV-1 gD at their N terminus to facilitate expres-
sion and immunoaffinity purification processes.19,20 The
HSV-1 gD peptide shares a high homology with the HSV-2
gD: 25/27 amino acids are identical and differ at positions 32
(alanine to proline) and 46 (aspartic acid to asparagine) (see
Materials and Methods section). Antibodies induced by the
gD fragment of rgp120 could cross react with HSV-1 and 2
glycoproteins in natural infections. Similarly, antibodies in-
duced by natural HSV infections could bind to the gD peptide
on gp120. Using ELISA, we showed that gD-specific anti-
bodies induce by the AIDSVAX gp120 proteins bind equally
well to both HSV-1 and HSV-2 peptides (data not shown).

FIG. 2. IgG antibody binding to rgp120 envelope protein CRF01_AE A244gD, MNgD, and 92TH023 in RV144 and VAX
trials. RV144 (red symbols, visits 1 and 8), VAX003 (blue symbols, visits A02, A05, and A09) and VAX004 (green symbols,
visits A02, A05, and A09); symbols show GMTs of (A) A244gD, (B) MNgD, (C) 92TH023 with 95% confidence intervals and
color coded numbers depict actual GMT and (D) RV144 (red symbols, visits 1, 8, and 9), VAX003 (blue symbols, visits A02-
A13), and VAX004 (green symbols, visits A02-A13); solid symbols show 2 weeks post vaccination and hollow symbols show
vaccination visits. Symbols show means of A244gD and bars are standard deviations at A405nm.VAX visit numbers are
indicated below the x-axis with vaccination visits underlined. Responses above dotted line are considered positive. *p < .05;
**p < .01; ***p < .001; ****p < .0001; ns, not significant. GMT, geometric mean titer; rgp120, recombinant gp120 proteins.
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At baseline, 3/32, 9.4% (RV144), 6/50, 12% (VAX003),
and 7/30, 23.4% (VAX004) volunteers had detectable anti-
body responses to A244gD and MNgD gp120 s, but not to
92TH023, which does not contain the gD fragment. It was
likely that these responses were targeting the gD and not the
HIV-1 envelope sequences suggesting that some of the vac-
cinees were pre-exposed to HSV and had detectable circu-
lating HSV antibodies23,24 before the AIDSVAX protein
vaccinations. HSV-2 has been associated with increasing the
risk of HIV-1 acquisition several fold.25–27 To test whether
responses detected at baseline were gD-related, we pre-
incubated baseline gp120 reactive samples with the gD
peptide (identical sequence found in AIDSVAX proteins) to
absorb preexisting binding antibodies before ELISAs using
A244gD as the capture antigen. In RV144, antibodies were
not absorbed (0/3) but 5/6 samples in VAX003 and 6/7 in
VAX004 were completely absorbed (data not shown) indi-
cating the presence of circulating HSV antibodies in VAX
vaccinees. We examined gD-specific antibody responses in-
duced by gp120 Env proteins by absorbing gD responses in
RV144, VAX003, and VAX004 2 weeks post second protein
vaccination (visits 8, week 26 and A05, week 6, respectively)
using A244gD. Absorption of IgG antibodies to the gD
peptide in RV144 decreased the GMT from 13,367 to 11,995
(not significant, p = .49) but a significant reduction of anti-
body titers was seen in VAX003 and VAX004, declined from
21,378 to 11,716 ( p = .0054), and from 12,498 to 6,713
( p = .0003), respectively (Fig. 3A). To determine the pro-
gression of gD-specific antibodies between vaccinations we
absorbed VAX004 sera with the gD peptide to remove gD-
specific antibodies. A significant drop in antibody binding
was detected at all visits tested when gD-specific antibodies
were absorbed (Fig. 3B). However, the contribution of the
gD-specific IgG antibodies decreased with multiple protein
administrations.

Antibody responses to gp70 V1 V2 scaffolds

We compared the generation V1 V2 antibodies in all
three regimens. Antibody binding to gp70 V1 V2 scaffolds
92TH023 and subtype B Case A2 were not detected at
baseline (Fig. 4A, B). Antibody responses to 92TH023 gp70
V1 V2 scaffold were detected in all three trials after two
protein injections (Fig. 4A). GMT antibody responses to
92TH023 gp70 V1 V2 were highest in VAX003 (2,904) and
RV144 (2,559) and significantly higher than in VAX004
(65). In VAX003, two additional protein vaccinations in-
creased the V1 V2 titers to 5,268 but responses in VAX004
remained low (79). Responses to gp70 V1 V2 subtype B Case
A2 scaffold were significantly higher in RV144 (176) after
two protein injections (visit 8, week 26) compared to visit
A05 (week 6) in VAX003 (109) and VAX004 (70) (Fig. 4B).
Two additional protein boosts (visit A09, week 54) sig-
nificantly increased the response in VAX003 (2,786) and
VAX004 (553) that were significantly higher than those of
RV144 (Fig. 4B).

To examine whether multiple protein boosts in VAX trials
increase the antibody responses to V1 V2 scaffolds, we
measured absorbance at 2 weeks and 6 months post protein
vaccinations (Fig. 4C, D). In VAX004, responses to the
92TH023 scaffold were weak and close to baseline at visits
A05 (week 6) and A09 (week 54) and below baseline at other

visits (Fig. 4C). In VAX003, antibodies to V1 V2 92TH023
peaked 2 weeks post fourth vaccination (A09) and were
significantly higher than in RV144 (visit 8, week 26). Addi-
tional vaccinations did not increase antibody responses to V1
V2 and responses declined significantly with additional boosts
(Fig. 4C). Antibody levels between vaccinations were short
lived and declined to baseline levels in all vaccines indicat-
ing that multiple immunizations in the VAX trials did not
increase the durability of antibody response to this scaffold.

FIG. 3. IgG antibodies to the gD peptide from RV144 and
VAX samples. RV144 (red symbols), VAX003 (blue sym-
bols), and VAX004 (green symbols) at 2 weeks post second
AIDSVAX vaccination from visits 8 and A05, respectively.
(A) Symbols are GMTs showing absorption of IgG anti-
bodies binding to the gD peptide with 95% confidence in-
tervals. Numbers indicate GMTs before (solid symbols) or
after absorption (hollow symbols) of the gD binding anti-
bodies. (B) IgG specificity to gD after multiple immuniza-
tions in VAX004 serum samples from second (visit A04),
fourth (visit A08), and sixth (visit A12) AIDSVAX B/B
vaccinations. Solid symbols show sera before absorption and
hollow symbols show absorbed sera with the gD peptide.
Recombinant gp120 CRF01_AE A244gD was the captur-
ing antigen. The plots are means with standard deviations
at absorbance 405 nm. x-axis shows visits. Numbers under
x-axis show percentage of positive samples (A405 ‡ 0.25)
and responses above dotted line are considered positive.
**p < .01; ***p < .001; ****p < .0001.
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Antibody responses to gp70 V1 V2 subtype B Case A2
scaffold followed a similar pattern to 92TH023 with antibody
binding declining to baseline levels 6 months post vaccina-
tions in all trials (Fig. 4D). In both VAX trials responses
peaked 2 weeks post fourth immunization (A09) but a de-
crease in antibody binding was seen in VAX003 with sub-
sequent protein boosts (Fig. 4D).

V2-specific antibody responses in RV144
and VAX trials

Antibodies to V2 linear epitopes28 inversely correlated
with risk for HIV-1 acquisition. The V2 loop also contains
many conserved features including the putative a4b7 integrin
binding motif,29 and several anti-V2 monoclonal antibodies
show broad neutralizing cross-reactivity (reviewed in
O’Connell et al.30), suggesting that antibodies can target
conserved epitopes in the V2 loop and that this Env region
might be important for the generation of vaccine-induced

protective antibodies.14 We tested antibody responses to
92TH023 and MN CycV2 peptides using samples from all
trials at baseline (visits 1 and A02, week 0), 2 weeks post
second (visits 8, week 26 and A05 week 6) and 2 weeks post-
fourth protein vaccinations (week 54, A09) (Fig. 5A, B). At
baseline no antibody responses were detected to CycV2 MN
(all trials) but two samples from RV144 were above cutoff
with CycV2 92TH023 and considered not specific (data not
shown). VAX004 vaccinations did not induce CycV2
92TH023 antibodies (Fig. 5A). RV144 and VAX003 induced
similar antibody responses (972 and 1,100, respectively) to
CycV2 92TH023 after two protein vaccinations (Fig. 5A) and
two additional protein boosts in VAX003 did not increase
further the magnitude of the antibody response (1,041). In all
three regimens, responses to CycV2 MN were undetectable 2
weeks post second protein boost, except for one sample in
RV144 and two in VAX003 being above cutoff. Two addi-
tional protein boosts induced weak antibody responses in
VAX003 (76) but not in VAX004.

FIG. 4. IgG antibody binding to gp70 V1 V2 scaffold in RV144 and VAX trials. RV144 (red symbols), VAX003 (blue
symbols), and VAX004 (green symbols); (A) and (B) symbols show GMTs of gp70 V1 V2 92TH023 and gp70 V1 V2 Case
A2, respectively, with 95% confidence intervals and color coded numbers depict actual GMTs of RV144 (visits 1 and 8),
VAX003 (visits A02, A05, and A09), and VAX004 (visits A02, A05, and A09); (C) and (D) show means and bars are
standard deviations of RV144 (visits 1, 8, and 9), VAX003 (visits A02-A13), and VAX004 (visits A02-A13) at A405nm of
gp70 V1 V2 92TH023 and gp70 V1 V2 Case A2, respectively. Solid symbols show 2 weeks post vaccination and hollow
symbols show vaccination visits. VAX visit numbers are indicated below the x-axis with vaccination visits underlined.
Responses above dotted line are considered positive. *p < .05; ***p < .001; ****p < .0001; ns, not significant.
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We investigated the durability of V2-specific antibodies
using the CycV2 92TH023 peptide. In all regimens the an-
tibody responses declined to baseline between vaccinations
and multiple boosts did not maintain antibody levels above
baseline (data not shown).

IgG antibody subclasses (IgG1-IgG4) to A244gD
gp120 envelope

To characterize IgG subclass responses, we used gp120
A244gD and samples 2 weeks post last injection in RV144
(visit 8, week 26) and 2 weeks post fourth injection in
VAX003 and VAX004 (week 54, A09) (Fig. 6A). All three
vaccine regimens induced gp120 IgG1 antibodies with sig-
nificantly higher responses in VAX003 (2,082, 100%) fol-
lowed by RV144 (734, 97%) and VAX004 (429, 100%)
(Fig. 6A). Low IgG2 responses (87, 52%) were detected only
in VAX003. IgG3 antibodies were detected in VAX003 (299,
94%) and RV144 (391, 88%) (Not significant), while IgG3
responses in VAX004 were significantly lower in magnitude

and frequency (55, 10%) than in RV144 and VAX003. IgG4
responses were significantly higher in VAX003 (641, 90%)
than in VAX004 (182, 67%) and RV144 (51, 3%) (Fig. 6A).

To determine whether repeated immunizations increase
the magnitude of IgG3 antibodies in VAX003 we tested an-
tibody responses to A244gD measured by absorbance 2
weeks post second, fourth, and fifth protein boosts (Fig. 6B).
In VAX003, repeated protein boosts did not increase the
magnitude of the IgG3 responses, with highest level detected
2 weeks post second protein boost (week 6, A05) and lowest 2
weeks post fifth immunization (Fig. 6B). RV144 IgG3 re-
sponses were comparable to those of VAX003 two weeks
post fourth immunization (week 54, A09).

IgG4 antibodies to A244gD protein were detected in VAX
trials after four protein immunizations (A09) but were not
detected in RV144 at peak immunogenicity (visit 8). The
lack of IgG4 responses in RV144 might be attributed to the
ALVAC vaccinations. We therefore, investigated the pres-
ence of IgG4 in VAX003 after two protein immunizations
(week 6, A05), the same proteins boosts as in RV144. We
showed that only 1/50 vaccinees had IgG4 to A244gD in
VAX003 at visit A05, comparable to 1/32 in RV144 at visit 8
(data not shown) suggesting that IgG4 were induced after
multiple protein immunizations.

To investigate the gD-specific IgG antibody subclasses, we
performed ELISAs using the gD peptide as a capturing an-
tigen (Fig. 6C). Samples from RV144 from visit 8 (week 26)
and VAX003 and VAX004 from visit A09 (week 54) were
tested for gD binding antibodies. All vaccine regimens in-
duced gD-specific IgG1 antibodies in 100%, 97%, and 96%
of samples in VAX004, VAX003, and RV144, respectively
(Fig. 6C). gD-specific IgG3 antibodies were detected in
RV144 (73%) followed by VAX003 (42%) and VAX004
(8%). IgG2 responses were only detected in 5% of samples in
VAX003 and none of the vaccines induced IgG4 antibodies
to the gD peptide at the visits tested. Preincubation of sam-
ples with the gD peptide before capturing on ELISA plates
inhibited 100% of the binding indicating the specificity of the
antibodies to the peptide (Fig. 6C).

IgG subclass binding to gp70 V1 V2 scaffolds

We then investigated IgG subclass antibody binding to
gp70 V1 V2 92TH023 and subtype B Case A2 scaffolds in
RV144 at visit 8 and in VAX003 and VAX004 at visit A09
(Fig. 7). VAX003 had significantly higher IgG1 responses to
gp70 V1 V2 92TH023 and subtype B Case A2 scaffolds (189
and 44, respectively) compared to RV144 (71, 14) and
VAX004 (13, 21) (Fig. 7A, B). IgG3 titers to gp70 V1 V2
92TH023 in RV144 were significantly higher (38) than in
VAX003 (22) and VAX004 (13). IgG3 responses to gp70 V1
V2 subtype B Case A2 were very low and did not differ
significantly between regimens at the sample dilutions tested
(Fig. 7B). Due to sample limitations we could not test lower
dilutions to detect binding.

Comparison of IgG antibody binding to CycV3
92TH023 and MN peptides

Antibodies to linear V3 peptides inversely correlated with
risk of HIV acquisition in RV144 vaccinees who had low
levels of Env-specific plasma IgA28 and V3 loop-specific
antibodies were associated with imposing immune HIV-1

FIG. 5. IgG antibody responses to Cyclic V2 in RV144
and VAX trials. RV144 (red symbols) visits 1 and 8,
VAX003 (blue symbols), and VAX004 (green symbols)
visits A02, A05, and A09. Color coded numbers are the
actual GMTs and symbols are GMTs of IgG binding to (A)
cyclic V2 92TH023 and (B) cyclic V2 MN with 95% con-
fidence intervals. Responses above dotted line are consid-
ered positive. **p < .01; ***p < .001; ****p < .0001.
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infecting viruses pressure on.17 Previous studies showed that
VAX003 V3-specific antibodies were not significantly dif-
ferent between HIV-infected and uninfected vaccine recipi-
ents and did not correlate with the rate of HIV infection.9 We
therefore, compared the magnitude of antibody responses to
CycV3 MN and CycV3 92TH023 peptides (Fig. 1B) at
baseline (visits 1 and A02, week 0), 2 weeks post second

(visit 8, week 26 and A05, week 6) and 2 weeks post fourth
protein vaccination in VAX trials. Antibody responses to
both CycV3 peptides were not detected at baseline in any of
the trials (Fig. 8). VAX004 vaccinations did not induce an-
tibodies to CycV3 92TH023 and responses remained below
cutoff at all visits. After two protein vaccinations response to
CycV3 92TH023 were detected in RV144 at visit 8 (104) but

FIG. 6. Comparison of IgG subtypes binding to rgp120 HIV-1 CRF01_AE A244gD protein and gD peptide. (A) IgG
subtype (1–4) binding to rgp120 A244gD; RV144 (red symbol) samples at 2-weeks post second (week 26, visit 8), VAX003
(blue symbol) and VAX004 (green symbol) samples at 2-weeks post fourth (week 50, visit A09) vaccination. Color coded
numbers in the plot area show GMTs. Numbers under x-axis show percentage of positive samples (A405 ‡ 0.25) and
responses above dotted line are considered positive. Symbols are GMTs with 95% confidence intervals. ***p < .001;
****p < .0001. (B) IgG3 antibodies binding to rgp120 A244gD; VAX003 (blue symbols) samples at 2-weeks post second
(week 6, visit A05), fourth (week 50, visit A09) and fifth (week 74, visit A11), and RV144 at 2-weeks post second (week 26,
visit 8) AIDSVAX B/E vaccination. Numbers under x-axis show percentage of positive samples (A405 ‡ 0.25) and re-
sponses above dotted line are considered positive. Symbols are means and bars indicate standard deviations. **p < .01;
***p < .001; ****p < .0001. (C) Samples were preincubated with HSV-1 gD peptide before adding to ELISA plates with gD
peptide as the capturing antigen and compared to gD unabsorbed plasma. Antibody responses with A405 ‡ 0.25 (2.5 times
the background, wells without capturing antigen) were considered positive. Solid colors: IgG1, checkered columns: IgG2,
and stripped columns: IgG3. RV144 samples in red at 2-weeks post second injection (visit 8), VAX003 and VAX004
samples, are in blue and green respectively, at 2-weeks post fourth (visit A09) AIDSVAX vaccinations. HSV-1, herpes
simplex virus 1.
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not in VAX003 (A05). Two additional protein boosts in
VAX003 (A09) increased the antibody levels (176) above
RV144 (Fig. 8).

Responses to CycV3 MN were detected in all trials and
were significantly higher than those to CycV3 92TH023.

After two protein vaccinations, VAX004 had significantly
higher responses (1,322) than in RV144 (644) and VAX003
(615) (Fig. 8). Two additional protein boosts increased the
antibody responses in both VAX003 (4,653) and VAX004
(3,351) that were significantly higher than in RV144 at visit 8.

Characterization of IgA antibody responses to gp120
A244gD in RV144 and VAX trials

We measured IgA binding to gp120 A244gD in RV144 at
peak immunogenicity (visit 8, week 26) and VAX trials at
visits A05 and A09. In both VAX trials the frequency and
magnitude of the IgA responses at visits A05 and A09 (weeks
6 and 54) were significantly greater than in RV144 at visit 8
(Fig. 9). Multiple protein immunizations in the VAX trials
did not increase the magnitude of the IgA response and an-
tibody responses after four protein immunizations (A09)
were lower than those after two protein immunizations (A05)
(Fig. 9), suggesting that increasing the number of protein
boosts does not increase the levels of IgA.

Discussion

We undertook this analysis to compare multiple facets of
the humoral immune response induced by three related
HIV vaccine regimens that have been evaluated in efficacy
trials. Comparing vaccine responses in relation to behav-
ioral characteristics (heterosexual vs. MSM transmission and
PWID), host genetics, antigens, regimens, and viral factors
are difficult to determine. We therefore, focused our analysis
on comparative relationships limiting speculations on effi-
cacy outcomes.

The number of protein boosts and rest interval appear to
influence antibody responses. We showed that the RV144
regimen induced twofold higher antibody titers to one of its
cognate vaccine antigens, 92TH023 Env protein compared to
VAX003 after 2 protein boosts but antibody titers to gp120
MNgD and A244gD were similar in magnitude (after ab-
sorbing the gD peptide specificity). Neutralization studies
using the TZM-bl assay showed that in RV144 neutralization

FIG. 7. IgG1 and IgG3 an-
tibody responses to HIV-1
gp70 V1 V2 scaffolds in
RV144 and VAX samples.
Antibody binding to gp70 V1
V2 92TH023 (A) and Case A2
(B) scaffolds in RV144 plasma
at 2-weeks post second (visit
8), VAX003 and VAX004
sera at 2-weeks post fourth
(visit A09) AIDSVAX B/E
vaccination. Hollow symbols
show IgG1, solid symbols
show IgG3, and color coded
numbers show GMT. Num-
bers below the x-axis show
percentage of positive samples
(A405 ‡ 0.25) and responses
above the dotted line are
considered positive. Symbols
are GMT with 95% confi-
dence intervals. **p < .01;
***p < .001; ****p < .0001.

FIG. 8. IgG antibody responses in RV144 and VAX
samples to CycV3 92TH023 and MN peptides. CycV3
92TH023 peptide binding is shown on the left panel and
CycV3 MN is on the right. Samples were tested at base line
(hollow symbols), 2 weeks post second protein boost (solid
symbols) and 2 weeks post forth protein boost (cross sym-
bols). RV144 is in red, VAX003 in blue, and VAX004 in
green. Numbers under x-axis show percentage of positive
samples (A405 ‡ 0.25) and responses above dotted line are
considered positive. Symbols are GMTs with 95% confi-
dence intervals and actual GMT values are shown on the
panels. *p < .05; ***p < .001; ****p < .0001.
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was higher than in VAX003 after two protein injections12

suggesting that ALVAC-HIV priming may have contributed
to the superior neutralization in RV144. Importantly, in
RV144 the two protein vaccinations were given at weeks 12
and 24 and co-administered with ALVAC-HIV, whereas in
VAX003 and VAX004 the first two protein vaccinations
were given within a month and the short interval between
vaccinations may have affected the breath, maturity, and
specificity of the initial antibody neutralizing response. In
addition, we showed that IgA antibody responses after
two and four protein vaccinations were significantly higher
in VAX003 and VAX004 than in RV144. Env specific
IgA antibodies from RV144 participants blocked ADCC-
mediated activity and higher IgA/IgG ratios were detected in
RV144 infected vaccine recipients.31 We found that repeated
protein immunizations in the VAX trials increased the level
of antibodies between vaccinations particularly in VAX004
but V1 V2 scaffold and CycV2 antibodies declined signifi-
cantly between vaccinations in all trials.

In all trials, the gD sequence was immunogenic and in-
duced IgG and IgA antibodies. We showed that the IgG re-
sponses were cross-reactive and bound to both HSV-1 and
HSV-2 peptides and pre-existing gD peptide binding anti-
bodies were detected at baseline in both VAX trials but not in
the RV144. In VAX003 and VAX004 (visit A05) *50% of
the GMT was attributed to the gD peptide suggesting pre-
exposure of VAX volunteers to HSV and boosting of these
responses with the gD containing AIDSVAX proteins. In
RV144, gD responses were relatively low and nonsignificant
to the overall gp120 binding. High-risk populations (PWID
and MSM), like those enrolled in the VAX trials, are likely to
include subjects with high HSV-2 prevalence24,32 and
therefore higher susceptibility to HIV-1 infection. Induced

gD antibodies failed to prevent HSV-2 infection in the
RV144 cohort (Lawrence Corey, pers. comm.). Un-
fortunately, antibody responses to the gD peptides do not
differentiate between HSV-1 and HSV-2 to identify sero-
positive HSV-2 subjects.

The gD peptide induced IgG1, IgG2, and IgG3, but not
IgG4. Increasing the number of immunizations in the VAX
trials decreased the gD peptide-specific responses because
IgG4 (not binding to gD) was induced while IgG3 (binding to
gD) levels declined. The reasons for IgG4 subclass discrim-
ination to gD peptide are not clear. IgG4 generation was
associated with increased number of protein boosts.

We found that VAX003 immunizations (A09) increased the
IgG binding to both scaffolds above RV144 and VAX004.
AIDSVAX B/B proteins in VAX004 induced very weak anti-
body responses to CRF01_AE V1 V2 but responses to subtype
B Case A2, after four immunizations, were higher than those in
RV144 but significantly lower than in VAX003. Both VAX
trials induced high subtype B Case A2 V1 V2 antibodies but
lack of efficacy suggests that V1 V2 loop responses alone may
not be adequate to provide protection in these groups. Fur-
thermore, the breadth of the V1 V2 loop response could be
important for protection. RV144 immunizations induced an-
tibodies to subtypes A, B, C, and CRF01_AE V1 V2 scaffolds.5

We showed that responses to CycV2 MN were poor and
detected only in VAX003. RV144 and VAX003 had similar
responses to CycV2 92TH023 and additional protein boosts
in VAX003 did not increase the GMT. CycV2 responses
declined in VAX003 with additional immunizations and
decline of V1 V2 antibodies could be due to the decline of V2
loop-specific antibodies. In VAX004, CycV2 peptide anti-
bodies were not detected indicating that the binding to sub-
type B Case A2 V1 V2 scaffold was not in the V2 loop region.
V1 V2 scaffolds contain constant region 1 (C1a and C1b) of
gp120 and antibodies were shown before to bind to those
sequences.28 Importantly, antibody levels to both scaffolds
declined to background levels 6 months post vaccinations in
all trials. Notably, in HIV-1 infected individual responses to
V2 loop are not prominent.14

While IgG responses to CycV3 92TH023 were detected in
RV144 after two protein boosts (visit 8), in VAX003 were not
(A05) and antibodies were detected after the fourth protein
immunization (A09) indicating that the ALVAC priming in
RV144 may have contributed to the earlier generation of V3-
specific antibodies. After the fourth boost, CycV3 92TH023
antibodies in VAX003 increased above those in RV144 while
in VAX004 were undetectable.

CycV3 MN antibodies were highest in VAX004 after
two protein immunizations indicating that gp120 GNE8 in
VAX004 regimen contributed to the generation of subtype B
V3 antibodies. Two additional immunizations in the VAX
trials increased the antibody titers to MN CycV3 significantly
and were higher than in RV144.

Others have shown that RV144 CycV3-specific antibodies
were correlated with immune pressure on infecting viruses17;
however, V3 loop studies were not included in the CoR
analysis. Antibodies to linear V3 CRF01_AE peptides were
inversely correlated with risk of HIV infection in vaccine
recipients with low levels of Env-specific plasma IgA.28

Notably, a substantial fraction of RV144 vaccine-elicited
neutralizing Abs to Tier-1 viruses as measured in TZM-bl
cells mapped to linear epitopes in the crown of the V3 loop.12

FIG. 9. Comparison of IgA antibody binding to rgp120
HIV-1 CRF01_AE A244gD in RV144 and VAX samples.
Samples were from RV144 (red symbols) at 2 weeks (V8)
post second protein boost; VAX003 (blue symbols) at 2
weeks (A05) and post second, and 2 weeks (A09) post
fourth protein boost; and VAX004 (green symbols) at 2
weeks (A05) post second, and 2 weeks (A09) post fourth
protein boost. Responses above dotted line are considered
positive. Symbols are means with 95% confidence intervals.
**p < .01; ***p < .001; ****p < .0001.

420 KARNASUTA ET AL.



Our analysis of IgG subclasses showed fundamental dif-
ferences between the three trials. While VAX003 induced all
subclasses of IgG antibodies, RV144 induced IgG1 and IgG3
and VAX004 IgG1 and IgG4. In all vaccines, the predomi-
nant IgG subclass was IgG1 and VAX003 (A09) had sig-
nificantly higher antibody titers than RV144 and VAX004 to
all antigens tested. RV144 had higher IgG1 to A244gD and
92TH023 V1 V2 scaffold than VAX004 but VAX004 had
significantly higher IgG1 to subtype B Case A2 scaffold in-
dicating that AIDSVAX B/B can induce antibodies to sub-
type B V1 V2 but not well to CRF01_AE. IgG3 were poorly
induced in VAX004 to all antigens tested and were signifi-
cantly lower than the other two trials. RV144 and VAX003
had similar IgG3 responses to A244gD but RV144 had sig-
nificantly higher levels of IgG3 to 92TH023 V1 V2 scaffold.
IgG3 binding to the subtype B Case A2 V1 V2 scaffold was
weak for both RV144 and VAX003 and undetectable in
VAX004. Previous studies showed RV144 and VAX003 to
have similar magnitude of responses to subtype B Case A2
scaffold but the rate of responses were significantly higher in
RV144 and inversely correlated with risk.15 Differences in
binding may be explained by the methodologies used (Cus-
tom multiplex antibody system, Luminex� vs. ELISA). IgG3
responses to V1 V2 scaffolds are likely to be induced by
A244gD since both VAX trials contained MNgD and IgG3
were not detected in VAX004. Since IgG3 antibodies are
polyfunctional, this may have affected downstream events
with FC receptors. IgG3 antibodies can fix complement, have
high affinity for FccR:IgG3>IgG1>IgG2>IgG4 (reviewed in
Forthal et al.33), and have been associated with protection in
several other infections.34,35 Spontaneous control of HIV
infection in the absence of antiretroviral therapy is associated
with the generation of high levels of p24 and gp120-specific
IgG1 and the maintenance of gp120-specific IgG3 anti-
bodies.36

We showed that IgG4 antibodies to A244gD were induced
in both VAX003 and VAX004 after four protein boosts but
not in RV144 after two protein immunizations, agreeing with
similar studies.15 However, when we investigated the gen-
eration of IgG4 in VAX003 after two protein vaccinations we
did not detect significant differences between RV144 and
VAX003 indicating that more than two protein immuniza-
tions are needed to induce IgG4 antibodies. In other studies,
multiple HIV-1 Env protein immunizations induced IgG4.37

While IgG4 was induced with repeated vaccinations in
VAX003, IgG3 decreased gradually and after five protein
immunizations responses were significantly lower than ear-
lier boosts and RV144 and just above the background. These
observations show a dynamic change of IgG subclass con-
tribution, IgG3 decreasing and IgG4 increasing, to the total
IgG with multiple protein immunizations and consequently
an alteration of downstream cellular events that depend on
the interaction of IgG subclasses with the Fc receptors on
effector cells. Therefore, multiple protein boosts can alter the
concentration and subclasses of IgG to V1 V2 scaffolds and
other epitopes.

Comparison of antibody functionality showed that RV144
induced highly functional IgG3, whereas VAX003 after se-
ven protein immunizations elicited mono-functional anti-
bodies with high levels of IgG4.38 IgG subclass switching
from highly functional antibodies to IgG4 may pose a new
challenge for HIV vaccines as multiple immunizations and

vaccine regimens may generate durable antibody responses
but antibodies may not be of the highly functional IgG1 and
IgG3 subclasses. Factors that determine subclass contribution
to total IgG are not fully understood but adjuvants, antigens,
vaccine dose, route of administration, age, and vaccine pro-
duction methodologies could play a role.39 Decreased IgG3
and increased of IgG4 and IgG1 subclasses were observed in
RV305, a follow-up study in which RV144 uninfected vol-
unteers who received all vaccinations 6–8 years earlier were
boosted with ALVAC-HIV/AIDSVAX B/E or AIDSVAX
B/E alone or ALVAC-HIV alone.40,41

In all three HIV-1 trials, the antibody responses observed a
typical saw-tooth pattern and were poorly sustained over
time. Conflicting results have been observed42,43 but none
match the long duration of antibody responses observed with
other common viral and vaccine antigens.44 It is hypothe-
sized that plasma cells are imprinted with a predetermined
lifespan based on the magnitude of B cell signaling that oc-
curs during the induction of an antigen-specific humoral
immune response.45 Moreover, additional AIDSVAX B/E,
two late boosts given 8 years post last RV144 vaccination of
the ALVAC-HIV/AIDSVAX B/E combination or AIDS-
VAX B/E alone (RV305) did increase IgG1 and IgG4 but not
IgG3 subclass antibodies.40,41 However, polyfunctionality in
RV144 was tethered to IgG1 and IgG3 responses to Env with
IgG3 acting as a surrogate to a coordinated IgG1 and IgG3
response.18 Evidence suggests that polyfunctional CD4+ T
cells provided help for antibody generation as a correlate in
primary analysis.7

Conclusions

We identified several notable differences in humoral im-
mune responses elicited by preventive vaccine regimens
administered in VAX003, VAX004, and RV144. Levels of
IgG, and IgG subclasses, and IgA responses to various Env
antigens and gD peptide differed among the three regimens.
Higher Env-specific IgA and IgG4 antibodies and decreased
IgG3 in the VAX trials compared to RV144 raise the hy-
pothesis that these differences may have contributed to dif-
ferent vaccine efficacy results. However, drawing definitive
conclusions regarding immune response correlations with
efficacy outcomes is difficult because of differences under
which the trials were conducted.
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