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Summary
Background Current HIV prophylactic vaccines evaluate HIV Env as purified proteins. CD40.HIVRI.Env is an
innovative antigen delivery targeting gp140 Env from HIV Clade C 96ZM651 to CD40-expressing antigen-presenting
cells, thus harnessing the intrinsic immune-stimulant properties. DNA-HIV-PT123 vaccine encodes 96ZM651
gp140/Gag and 97CN54 Pol/Nef.

Methods Seventy-two HIV-negative volunteers were enrolled between 05/2021 and 10/2022 in a phase 1 placebo-
controlled trial conducted in France and Switzerland (N◦ EudraCT: 2020-001814-40; NCT04842682). Volunteers
were randomized (5:1 active versus placebo) in groups receiving either 0.3, 1.0, or 3.0 mg CD40.HIVRI.Env
(Hiltonol® adjuvanted) alone or co-administered with DNA-HIV-PT123 at weeks (W) 0, 4, and 24. Safety and
immunogenicity were monitored until W48. The primary safety endpoint was the proportion of participants per
dose cohort and randomized arm without any grade 3 or 4 biological (abnormal laboratory values), or clinical local
or systemic solicited, or unsolicited adverse events between W0 and W48 considered to be related or possibly
related to the investigational products.

Findings CD40.HIVRI.Env was well tolerated. Env-specific CD4+ T-cells (IL-2+ or IFN-γ+ or TNF+) were detected in
all vaccinees from W6 to W26 and persisted until W48 without a dose–response signal or an effect of DNA-HIV-
PT123 co-administration. At W26, IgG response rates (RR) against autologous and nine heterologous gp120/gp140
were 89–100% across all groups and 56–100% at W48. RR against 96ZM651gp70V1V2 were high (90–100%) at W6
and W26 in all groups. Tier1A MW965.26 neutralizing antibody (nAb) titres were detectable in 50–100% of
vaccinated individuals at W26, with a dose–response signal, while one volunteer developed nAbs against five
Tier2 viruses.
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Interpretation CD40.HIVRI.Env alone or administered with DNA-HIV-PT123 was safe and induced early, and
sustained anti-Env cellular and V1V2 IgG responses, identified as correlates of protection in the RV144 trial.
CD40 targeting Env-based vaccines may be instrumental for inducing protective vaccine responses in prime-boost
strategies.

Funding ANRS Emerging infectious diseases (ANRS MIE); Vaccine Research Institute (VRI).

Copyright © 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/).
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Research in context

Evidence before this study
The development of an HIV vaccine remains a goal for
achieving or at least controlling the HIV epidemic. Several HIV
vaccine candidates have been tested in efficacy trials but only
one, the RV144 trial, evaluating a prime-boost strategy
combining a recombinant canarypox vector expressing HIV
Env, Gag, and protease (ALVAC-vCP1521) and a bivalent
recombinant monomeric gp120 protein (AIDSVAX® B/E) has
shown partial protection and allowed for the assessment of
correlates of protection. Because of the pathogenic effects of
HIV, impacting immune functions, and the diversity of the
virus and its escape from immune responses, such vaccine
development remains a major challenge and complex vaccine
strategies are likely be required. Among those, approaches for
improved antigen delivery to the immune cells and/or
combinations of different vaccine platforms may be of
interest. A novel vaccine technology directing the HIV Env
antigen to CD40-expressing antigen-presenting cells has been
developed (CD40.HIVRI.Env vaccine) and previously tested in
animal studies. We searched PubMed for articles published in
English anytime through April 1, 2024, and terms combining
((HIV vaccine[MeSH Terms]) AND (clinical trial[MeSH Terms]))
AND (dendritic cell targeting).

Added value of this study
The CD40.HIVRI.Env is an innovative sub-unit vaccine
consisting in a fusion protein composed of a fully humanized
IgG4 monoclonal antibody to human CD40 fused to the C
terminal region of the heavy chain with a gp140 Env
monomer from Clade C 96ZM651. In this first-in-human

phase I dose-escalation we assessed the safety and
immunogenicity of the CD40.HIVRI.Env vaccine with a TRL3
agonist adjuvant (i.e., Poly-ICLC, Hiltonol®) in 72 healthy
volunteers. Three different dose levels of this vaccine were
tested (0.3, 1.0, or 3.0 mg) and administered in three
injections (W0, W4 and W24). We also tested combination
strategy of this CD40 targeting vaccine co-administered with
the DNA-HIV-PT123 vaccine expressing autologous HIV-1
clade C 96ZM651gp140 plus 96ZM651Gag and CN54PolNef.
CD40.HIVRI.Env alone or administered with DNA-HIV-PT123
was safe and induced early, potent, broad, and durable anti-
Env cellular and V1V2 IgG responses, identified as correlates of
protection in the RV144 trial. Tier1A MW965.26 neutralizing
antibody titres were detected in 50–100% of vaccinated
individuals after three injections, with a dose–response signal,
while one volunteer developed neutralizing antibodies against
five Tier2 viruses.

Implications of all the available evidence
The CD40.HIVRI.Env vaccine has shown promising safety and
immunogenicity results in this first-in-human trial.
Standardisation of assay methods have allowed for
comparison with public data from other vaccine trials (e.g.,
HVTN 096, HVTN 100, HVTN 105, RV144). The present trial
is, to our knowledge, the largest first-in-human study to test
the DC-targeting of antigens through the CD40 receptor. The
results open the way for further testing of this novel platform
and new possibilities for HIV Env vaccine delivery aiming to
induce protective vaccine responses.
Introduction
Over the last four decades, the AIDS epidemic has been
a global public health issue and has resulted in ∼40
million deaths. Despite the increasing availability of
prevention measures, including pre-exposure prophy-
laxis, 1.5 million new infections occurred in 2021.1 The
development of an HIV vaccine, even partially effective,
remains a goal for achieving or at least controlling the
HIV epidemic.

Challenges for the development of an HIV vaccine
include the genetic diversity of HIV clades, especially via
variability of the HIV envelope protein, the rapid
establishment of a viral reservoir, and the lack of clear
correlates of protection. A prime-boost strategy
combining a recombinant canarypox vector expressing
HIV Env, Gag, and protease (ALVAC-vCP1521) and a
bivalent recombinant monomeric gp120 protein
(AIDSVAX® B/E) was tested in the RV144 trial and
showed partial protection, with a 31% reduction in HIV
infection risk at 3.5 years.2 Subsequent prophylactic HIV
vaccine development focused on optimizing prime-
boost strategies, combinations of DNA/viral vectors
www.thelancet.com Vol 77 November, 2024
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with protein formulations. Subsequent efficacy trials
have not reproduced RV144 results.3 These disap-
pointing results could be explained by differences be-
tween vaccine trials in terms of regimen, adjuvants,
immunogens, vaccine delivery, indicating that better
immunogen design and/or changes in the immunisa-
tion regimens must be explored for the development of
efficacious HIV vaccines. Correlates of protection in the
RV144 trial highlighted the importance of an antibody
response that recognizes the V1V2 variable region of the
HIV envelope glycoprotein, antibodies mediating anti-
body dependent cellular cytotoxicity,4–6 and Env-specific
CD4+ T-cell responses.7 Although the phase 2b/3 trials
that followed the RV144 trial strategy were unsuccessful,
they do not rule out the role of anti-env gp70 V1V2
antibodies as a marker of reduced risk of infection.5,8

The highest rate of protection in the RV144 trial was
observed at one year (60% risk of infection) post-prime
and waned during the follow-up, associated with a drop
in the levels of anti-Env V1V2-binding antibodies,2

underscoring the need to improve the durability of
such protective responses.9

Targeting vaccine antigens to dendritic cells (DCs), key
professional antigen-presenting cells (APCs), via surface
receptors is an appealing strategy to improve subunit-
vaccine efficacy.10 DCs orchestrate immune responses,
directing cellular and humoral Ag-specific T- and B-cell
responses to the pathogen. Direct antigen delivery, capable
of activating cell receptors, may trigger a danger signal,
stimulating an immune response.11 Among the various
DC receptors tested, we have reported the superiority of
targeting viral antigens to CD40-expressing APCs in
several animal models.12–15 CD40 is a potent activating
TNFR superfamily member expressed on APCs and B
cells, and is intricately involved in promulgating effective
antigen-specific T and B cell responses.

The CD40.HIVRI.Env vaccine is a fusion protein
composed of a fully humanized IgG4 monoclonal anti-
body to human CD40 fused to the C terminal region of
the heavy chain with a gp140 Env monomer from Clade
C 96ZM651. Here, we report the results of a first-in-
human dose-escalation study to assess the safety and
immunogenicity of the CD40.HIVRI.Env vaccine with a
TRL3 agonist adjuvant (i.e., Poly-ICLC, Hiltonol®)16 in
healthy volunteers. Building on studies showing
improved immunogenicity with combined DNA vac-
cines and adjuvanted protein regimens,17–19 we also
tested a novel immunisation strategy combining a CD40
targeting vaccine co-administered with the DNA-HIV-
PT123 vaccine expressing autologous HIV-1 clade C
96ZM651gp140 plus 96ZM651Gag and CN54PolNef.
Methods
Study design and participants
This trial (N◦ EudraCT: 2020-001814-40; NCT04842682)
is a placebo-controlled, multicentre dose-escalation trial.
www.thelancet.com Vol 77 November, 2024
Seventy-two HIV-negative volunteers, aged 18–65 years
and at low risk of infection, were enrolled. CD40.HIV-
RI.Env vaccine (0.3, 1.0, or 3.0 mg) adjuvanted with
TLR3 agonist Poly-ICLC (Hiltonol®) (1.0 mg) was
either administered alone or co-administered with
DNA-HIV-PT123 vaccine (4.0 mg) at weeks (W) 0, 4,
and 24. Twelve volunteers were randomized (5:1) per
cohort to the vaccination or placebo arms. Detailed
eligibility criteria, sequential enrolment, pausing rules
for safety, safety assessments throughout the follow-up,
and full details of the protocol are provided in the ap-
pendix (Supplementary Methods). Blood samples for
immunogenicity assessments were collected at each
visit and frozen until use (Fig. 1).

The trial was approved by the French and Swiss
National Competent Authorities (ANSM and Swiss-
medic) and Ethics Committees (CPP Sud-Ouest et
Outre-Mer 4 for French sites, and CER-VD for the Swiss
site). All trial participants provided written informed
consent.

Randomisation and masking
The randomized and blinded control group was mainly
implemented for unbiased adverse event reporting in
this trial, i.e., by blinding participants and clinicians to
receipt of active vaccine versus placebo, and did not
aim at achieving specific statistical operating charac-
teristics in the placebo arm. The ratio of 5:1 was
defined in order to minimize cost of the trial by
keeping the number of placebo participants low; and to
have pooled placebo sample size roughly similar to
each active vaccine group for the description of im-
mune responses.

The randomisation sequence, using stratification by
cohort and a block size of six, was computer generated
using SAS software (version 9.4) by an unblinded stat-
istician and implemented in a validated web-based
randomisation tool (Ennov Clinical software). Partici-
pants were randomised at their first vaccination visit
(W0). Upon randomisation, the Ennov Clinical software
allocated the blinded treatment number via the elec-
tronic case report form (eCRF). The correspondence list
was made available at the pharmacy of each site. Un-
blinded pharmacists prepared and dispensed the
masked vaccine syringes. All other site staff and par-
ticipants were blinded to the treatment assignment.

Vaccine candidates
CD40.HIVRI.Env was manufactured by Novasep-
Henogen SA (Seneffe, Belgium) on behalf of VRI and
ANRS MIE. The adjuvant Poly-ICLC (Hiltonol®),
manufactured by Dalton Pharma Services (Toronto,
Canada) on behalf of and supplied by Oncovir Inc.
(Washington DC, USA), is a highly stable synthetic
double-stranded RNA known for its potent interferon-
inducing properties. It has a long history of safe clin-
ical use. Administered at a dose of 1.0 mg, it was mixed
3
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Fig. 1: Overview of the ANRS VRI06 trial design.
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with CD40.HIVRI.Env immediately before subcutane-
ous injection into the right arm. CD40.HIVRI.Env was
diluted using commercial 0.9% NaCl, which also served
as the placebo. DNA-HIV-PT123, manufactured by Aji-
nomoto Bio-Pharma Services (San Diego, USA) on
behalf of and supplied by the EuroVacc Foundation
(Lausanne, Switzerland), is an equi-mass mixture of
three recombinant plasmids expressing clade C
96ZM651gp140, 96ZM651Gag, and 97CN54Pol-Nef. It
was intramuscularly administered at 4.0 mg into the left
arm.

Immune response assays
All assays were performed in centralized laboratories on
cryopreserved peripheral blood mononuclear cells
(PBMCs) and serum collected at baseline (W0), W6,
W26 (2 weeks after the second and third injections), and
W48.

HIV-specific T-cell responses
To evaluate antigen-specific T-cell responses, an intra-
cellular cytokine staining (ICS) assay was conducted on
cryopreserved peripheral blood mononuclear cells
(PBMCs). The PBMCs were rested for 3 h before being
stimulated overnight (37 ◦C, 5% CO2) with a panel of
overlapping HIV peptides (15-mers with an 11 amino-
acid overlap, total n = 532). This stimulation was car-
ried out in the presence of anti-CD28 and anti-CD49d
antibodies (1 μg/mL each) and Golgi Plug (10 μg/mL)
(BD Biosciences, Le Pont de Claix, France). Unstimu-
lated cells served as the negative control. Post-
stimulation, cells were stained for dead cells using an
amine-reactive dye (LIVE/DEAD Aqua, Invitrogen, Life
Technologies, Saint Aubin, France) for 20 min at room
temperature. As an exploratory post-hoc experiment, we
performed an enrichment technique of HIV-specific T
cells using PBMC collected at W0 and W6 in the CD40
0.3 mg group (n = 12) using an eight-day amplification
period using the same pool of peptides as previously
described.20,21 The flow cytometry panel included a
viability marker, CD3, CD4, and CD8 for T-cell lineage
determination and antibodies against IFN-γ, IL-2, and
TNF. For the eight-day amplification experiments, we
used the same flow cytometry panel, with the addition of
the MIP-1b cytokine. Data were acquired on an LSR
Fortessa 4-laser (488, 640, 561 and 405 nm) cytometer
(BD Biosciences) and analysed using FlowJo software
version 9.9.6 (Tree Star Inc.)

The ICS assay targeted a panel of overlapping HIV
peptides (15-mers with an 11 amino-acid overlap, total-
ling n = 532). These peptides covered sequences from
the Env gp140 Clade C 96ZM651 protein and Gag
96ZM651 and Pol-Nef 97 CN54 proteins. The peptides
were organized into nine pools: Env1, Env2, Env3, Gag1,
Gag2/Pol, Pol1, Pol2, Gag/Pol, and Nef. Total Env-
specific responses were determined by summing the
Env1, Env2, and Env3 responses and Gag/Pol and Pol
responses by summing the Gag1, Gag2/Pol and Gag/
Pol pool and Pol1 and Pol2 pool responses, respectively.

Binding antibody multiplex assay (BAMA)
Serumbinding antibody reactivity toHIV-1 envelopegp120,
gp140, and gp70-V1V2 breadth panel antigens was deter-
mined by BAMA as previously described.22 Recombinant
www.thelancet.com Vol 77 November, 2024
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envelope andV1V2peptides and theproviders are described
in the appendix (Supplementary Table S1). Serum samples
were diluted at 1/20 and 1/80 for IgG and at 1/20 for IgG3
and incubated with carboxylated fluorescent bead sets (Bio-
Rad) covalently coupled to Env proteins. The BAMA assay
and the definitions of responses are described in the ap-
pendix (Supplementary Methods).

Neutralizing antibodies
The conventional TZM-Bl neutralisation assay was used
as previously described.23 Information on the pseudovi-
ruses and primary isolates used and the definitions of
responses are available in the appendix (Supplementary
Table S1 and Supplementary Methods).

Outcomes
The primary safety endpoint was the proportion of
participants per dose cohort and randomized arm
without any grade 3 or 4 biological (abnormal laboratory
values), or clinical local or systemic solicited, or unso-
licited adverse events (AEs) between W0 and W48
considered to be related or possibly related to the
investigational products. AEs were graded using the
FDA grading scale.24 Secondary safety endpoints
included the number and proportion of AEs and serious
AEs at various time points after vaccination. The sec-
ondary objective was to assess the immunogenicity of
the vaccines two weeks after the second and third in-
jections (W6, W26), and at W48.

Statistical analysis
The fixed sample size of 10 per active group in this trial
was determined based on the ability to detect AEs with a
given power and sample size, and not on formal hy-
pothesis testing of an expected effect size. This is a
common choice in phase I dose-escalation vaccine trials,
which usually have sample sizes between 10 and 15 per
active group, and with little gain in statistical efficiency
when increasing the sample size beyond 10.25,26 Ten
participants per active group at the final analysis has
90% power to observe at least one grade 3 or 4 biolog-
ical, or clinical local or systemic solicited, or unsolicited
adverse events AE related or possibly related to vacci-
nation, assuming the true underlying event rate is at
least 21%.

Statistical analyses were performed per dose cohort
and randomized arm and for the pooled placebo arms.
The trial was not powered for direct comparisons be-
tween groups.

The main analyses were conducted as treated, i.e.,
the participants having received at least one injection of
a given vaccine strategy were included in the as-treated
analyses according to the true vaccine strategy
received, on available data. Given the absence of major
protocol errors in this trial, this corresponds to ana-
lysing the participants according to their assigned group
and randomized arm.
www.thelancet.com Vol 77 November, 2024
Proportions of participants with safety endpoints are
described and detailed listings of relevant endpoints
provided. The distribution of antibody titres, as well as
the proportion of responders with their two-sided 95%
confidence interval, are described.

The total cytokine response among CD4+ T-cells
assessed by ICS was compared between each post-
vaccination visit and W0 using a bivariate linear
regression model for intra-arm comparison with an
alpha risk of 5%.27 This was the only planned statistical
significance test in the protocol and statistical analysis
plan. Exploratory correlation analyses between various
immune response markers at W26 were performed
using Spearman correlations and false discovery rate
(FDR) adjustment.

All analyses were performed using SAS software
(version 9.4), R (version 4.2.2) and LabKey.

Role of the funding source
Inserm-ANRS MIE was the legal sponsor of the study
and funder, in addition to the Vaccine Research Insti-
tute (with funds from ANR, reference ANR-10-LABX-77-
01). EuroVacc provided the DNA-HIV-PT123 vaccine
and Oncovir the Hiltonol®. VRI, EuroVacc, and ANRS
MIE representatives were members of the Trial Steering
Committee and, as such, were involved in the study
design, overview of the study conduct and analyses,
writing of the report, and the decision to submit the
manuscript for publication.
Results
Seventy-two participants were enrolled between 05/2021
and 10/2022. Forty-three (59.7%) were assigned the
male sex at birth. The median (IQR) age was 29.5 years
(interquartile range 24; 40.3) (Supplementary Table S2).
All volunteers received at least one vaccine or placebo
injection and 67 received the three planned injections.
Three volunteers did not complete the follow-up until
W48 (Fig. 2A and B).

Overall, the vaccinations were safe and well tolerated.
All volunteers assigned to the vaccine or placebo groups
experienced at least one AE (Supplementary Table S3).
Most AE were vaccine-related, mild to moderate in
severity, and associated with systemic and local reac-
togenicity (Fig. 3). Twenty symptoms were classified as
grade 3 related to vaccination (no grade 4 events were
observed) in 13 volunteers from the different groups,
with a duration of less than seven days for the majority
of them (Supplementary Table S4). There was no evi-
dence of a dose-effect or increasing reactogenicity with
repeated injections. The severity of AEs did not vary
between CD40.HIVRI.Env (CD40) only and co-
administration groups. Local reactogenicity consisted
of injection site reactions. The most frequently reported
systemic reactogenicity symptoms were fatigue, head-
ache, and myalgia. One reactogenicity event at the
5
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Assessed for eligibility (n=42)

Enrolled (n=36)

Allocated to CD40 0·3mg (n=12)
• Received at least one CD40 0·3mg injection (n=12)
• Received all three CD40 0·3mg injections (n=12)
• Received at least one non-CD40 0·3mg injection (n=0)
• Did not receive any injection (n=0)
• Enrolled in error (n=2 active vaccinated*)

Enrolment

Excluded (n=6)
• Not meeting inclusion criteria (N=6)
• Declined to participate (N=0)

Allocation

Premature study discontinuation (n=0)
• Withdrawal of consent (n=0)
• Lost to follow-up (n=0)

Strategy discontinuation (n=0)
• Vaccine regimen discontinuation after 1st injection (n=0) 
• Vaccine regimen discontinuation after 2nd injection (n=0)

Follow-up

Analysis
Included in the CD40 0·3mg as-treated analysis (n=12)

vAllocated to CD40 1mg (n=12)
• Received at least one CD40 1mg injection (n=12)
• Received all three CD40 1mg injections (n=11)
• Received at least one non-CD40 1mg injection (n=0)
• Did not receive any injection (n=0)
• Enrolled in error (n=0)

Allocated to CD40 3mg (n=12)
• Received at least one CD40 3mg injection (n=12)
• Received all three CD40 3mg injections (n=12)
• Received at least one non-CD40 3mg injection (n=0)
• Did not receive any injection (n=0)
• Enrolled in error (n=0)

Premature study discontinuation (n=1 active vaccinated and 1 
placebo vaccinated)
• Withdrawal of consent (n=0)
• Lost to follow-up (n=2)

Strategy discontinuation (n=1 active vaccinated)
• Vaccine regimen discontinuation after 1st injection (n=0) 
• Vaccine regimen discontinuation after 2nd injection (n=1)

Premature study discontinuation (n=0)
• Withdrawal of consent (n=0)
• Lost to follow-up (n=0)

Strategy discontinuation (n=0)
• Vaccine regimen discontinuation after 1st injection (n=0) 
• Vaccine regimen discontinuation after 2nd injection (n=0)

Included in the CD40 1mg as-treated analysis (n=12) Included in the CD40 3mg as-treated analysis (n=12)

* Biological values slightly higher at the pre-inclusion visit than those listed in the inclusion criterion but non-clinically significant for the clinician. Inclusion criterion #11 updated in amendment #2 of the protocol.

A

Assessed for eligibility (n=41)

Enrolled (n=36)

Allocated to DNA + CD40 0·3mg (n=12)
• Received at least one DNA + CD40 0·3mg injection (n=12)
• Received all three DNA + CD40 0·3mg injections (n=11)
• Received at least one non-DNA + CD40 0·3mg injection (n=0)
• Did not receive any injection (n=0)
• Enrolled in error (n=0)

Enrolment

Excluded (n=5)
• Not meeting inclusion criteria (N=5)
• Declined to participate (N=0)

Allocation

Premature study discontinuation (n=0)
• Withdrawal of consent (n=0)
• Lost to follow-up (n=0)

Strategy discontinuation (n=1 active vaccinated)
• Vaccine regimen discontinuation after 1st injection (n=0) 
• Vaccine regimen discontinuation after 2nd injection (n=1)

Follow-up

Analysis
Included in the DNA + CD40 0·3mg as-treated analysis (n=12)

vAllocated to DNA + CD40 1mg (n=12)
• Received at least one DNA + CD40 1mg injection (n=12)
• Received all three DNA + CD40 1mg injections (n=10)
• Received at least one non-DNA + CD40 1mg injection (n=0)
• Did not receive any injection (n=0)
• Enrolled in error (n=0)

Allocated to DNA + CD40 3mg (n=12)
• Received at least one DNA + CD40 3mg injection (n=12)
• Received all three DNA + CD40 3mg injections (n=11)
• Received at least one non-DNA + CD40 3mg injection (n=0)
• Did not receive any injection (n=0)
• Enrolled in error (n=0)

Premature study discontinuation (n=1 active vaccinated)
• Withdrawal of consent (n=1)
• Lost to follow-up (n=0)

Strategy discontinuation (n=2 active vaccinated)
• Vaccine regimen discontinuation after 1st injection (n=1) 
• Vaccine regimen discontinuation after 2nd injection (n=1)

Premature study discontinuation (n=0)
• Withdrawal of consent (n=0)
• Lost to follow-up (n=0)

Strategy discontinuation (n=1 placebo vaccinated)
• Vaccine regimen discontinuation after 1st injection (n=1) 
• Vaccine regimen discontinuation after 2nd injection (n=0)

Included in the DNA + CD40 1mg as-treated analysis (n=12) Included in the DNA + CD40 3mg as-treated analysis (n=12)

B

Fig. 2: Flowchart diagram of participant enrolment and follow up for the CD40 groups (A) and DNA + CD40 groups (B).
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injection site of CD40 led to discontinuation of the
vaccine injections after the second injection in the
DNA + CD40 0.3 mg group; all other discontinuations
were related to other reasons (Fig. 2A and B). Two SAEs
were reported for participants enrolled in the CD40
groups, both judged to be unrelated to the vaccination.
No SAEs related to the vaccines were reported. Several
AEs with serum lipase or CPK increases were thor-
oughly investigated and considered to be unrelated to
vaccination.
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Fig. 3: Adverse events related to vaccination by grade, group, and sequence of injection.
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Cellular immunogenicity
The median (IQR) frequencies of Env-specific CD4+

T-cell responses (cells producing up to three cytokines
(IFN-γ ± IL-2 ± TNF)) were 0.22 (0.16; 0.38), 0.33
(0.21; 0.38), and 0.5 (0.3; 0.57)% for the CD40 0.3,
1.0, and 3.0 mg groups, respectively at W6. Similarly,
the frequencies were 0.32 (0.26; 0.65), 0.36 (0.23;
0.54), and 0.31 (0.17; 0.47)% for the DNA + CD40 0.3,
1.0, and 3.0 mg groups, respectively. At W26, the
frequencies of specific CD4+ T-cell responses
remained consistent with those observed at W6 for all
groups (Fig. 4A).

The magnitude of Env-specific CD4+ T-cell responses
increased from W0 to W6 in all vaccinated individuals
(P ≤ 0.005 for all W6/W0 comparisons for the CD40
www.thelancet.com Vol 77 November, 2024
groups and P = 0.24, 0.002, and <0.0001 for the
DNA + CD40 0.3, 1.0, and 3.0 mg groups, respectively).
At W26 as well, the frequency of Env-specific CD4+ T-
cells showed a significant difference compared to base-
line (P = 0.03, <0.0001, and <0.0001 for the CD40 0.3,
1.0, and 3.0 mg groups, respectively, and P = 0.02, 0.002,
and <0.0001 for the DNA + CD40 0.3, 1.0, and 3.0 mg
groups, respectively). Analyses at W48, six months
following the third injection, indicated sustained and
statistically significant CD4+ T-cell responses (for the
W0/W48 comparisons) in all groups, except
DNA + CD40 0.3 mg (Supplementary Figure S1).
Analysis of the polyfunctionality of Env-specific CD4+ T-
cells revealed a high frequency of cells producing three
cytokines (i.e., IFN-γ/IL-2, and TNF) in all six groups
7
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Fig. 4: Env-specific CD4+ T-cell response. (A) Percentage of CD4+ T-cells expressing IL-2 and/or IFN-γ and/or TNF at W6, W26, and W48 for
the CD40 groups (in red), DNA + CD40 groups (in blue), and Placebo (in grey). Boxplots with the median, interquartile range (IQR) and 1.5
times IQR. (B) Functional composition of CD4+ T-cell responses at W6, W26, and W48 for the CD40 and DNA + CD40 groups. Responses are
color-coded according to the combination of cytokines produced. The arcs identify cytokine-producing subsets (IFN-γ, IL-2, and TNF) within
the CD4+ T-cell population. (C) Percentage of CD4+ (left) and CD8+ (right) T-cells expressing IL-2 and/or IFN-γ and/or TNF at W0 and W6
for the CD40 0.3 mg group (active vaccinees in red, n = 10; and placebo in grey, n = 2) following in vitro stimulation at D0 and re-
stimulation at D8 with Env peptide pools (exploratory post-hoc experiment). Each dot represents a participant and the median is
shown as a solid line.
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from W6 to W26, and this pattern persisted at W48
(Fig. 4B et Supplementary Figure S2).

There were no measurable ex vivo CD8+ T-cell re-
sponses observed among the participants. In addition,
individuals enrolled in the DNA + CD40 groups did not
exhibit any responses (CD4 or CD8) against the Gag,
Pol, or Nef peptide pools. As an exploratory post-hoc
experiment, we assessed the detectability of Env-
specific memory T cells after in vitro expansion of
antigen-specific T cells at baseline (W0) and week 6
(W6) in the participants (n = 12) from the CD40 0.3 mg
group. We detected the expansion of Env-specific CD4+
T cells with median frequencies of 4% (2.6; 7) at W0 and
37.5% (24; 56) at W6 (Fig. 4C, left). Using this enrich-
ment technique, we revealed the expansion of Env-
specific CD8+ T cells at W6, with a frequency of 4.4%
(0.8; 8.2) compared to 0.5% (0.07; 1.5) at W0 (Fig. 4C,
right).

Humoral immunogenicity
We observed high IgG binding response rates (RRs) and
magnitudes to autologous gp140 Env antigens
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(96ZM651gp140) and heterologous clades B, C, BC, AE,
consensus AE, and M for all vaccine groups (Fig. 5,
Supplementary Figure S3, and Supplementary
Table S5), with 80–100% responders at W6 and W26,
regardless of the dose. The highest Mean Fluorescence
Intensity (MFI) values were observed at W26 for all
antigens tested and were consistent across the CD40
and DNA + CD40 groups (Fig. 5). For example, median
MFI values for the CD40 and DNA + CD40 3 mg groups
were >20,000 for 96ZM651gp140, CON-Sgp140
(consensus M), CN54gp140 (clade B/C), and
1086Cgp140 (clade C).

Although we observed a decrease in MFI values for
all antigens tested at W48, they remained high (median
MFI >4500 for 96ZM651gp140, with a rate of re-
sponders of 89–100%). Similarly, 70–100% responders
to heterologous Env antigens were observed, regardless
of the dose or regimen tested, except for the
DNA + CD40 1.0 mg group, for which the frequency of
responders was <70% for some heterologous gp120/
gp140 antigens (Supplementary Table S5 and
Supplementary Figure S3).
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IgG responses and RRs against autologous
96ZM651gp70V1V2 were high at W6 and W26 in the
CD40 groups, regardless of the dose and co-administration
of the DNA vaccine (Fig. 6A). The median MFI at different
time points are reported in Supplementary Table S6. At
W26, the RR was 90–100% for all vaccine groups. The RR
against heterologous V1V2 ranged from 50 to 100%
(92TH02gp70V1V2 and CaseA2gp70V1V2HIS6) and
70–100% (CE1086-B2-V1V2gp70), with overall MFI values
1–2 logs10 lower than for autologous 96ZM651gp70V1V2
(Supplementary Figure S4A and Supplementary Table S6).
By W48, IgG responses against autologous and heterolo-
gous V1V2 antigens decreased markedly for all vaccine
groups, with a maximum RR of 60% against
96ZM651gp70V1V2 (Fig. 6A, Supplementary Figure S4A,
and Supplementary Table S6).

IgG3 responses were shown to be associated with a
reduced risk of HIV infection in the RV144 trial.9 As
expected, the magnitude of IgG3 responses was lower
than that of total IgG responses against all V1V2 anti-
gens tested (Fig. 6B, Supplementary Figure S4B, and
Supplementary Table S6). The RR to autologous
96ZM651gp70V1V2 was the highest at W6 (80–100%)
A IgG against autologous 96ZM651 gp70-V1V2
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(B) and the same with IgG3. Response rates and relevant clades are summa
MFI-blank < antigen/isotype specific MFI-blank threshold based on the 95
W0, are shown as triangles. Boxplots are shown with the median, interq
and consistent for both vaccine regimens, regardless of
the dose. The median MFI and RR were lower at W26
and did not persist at W48. Concerning heterologous
V1V2 antigens, both the magnitude and rate of IgG3 re-
sponders were generally low and showed a decrease over
time. The RRs were similar for the CD40 and
DNA + CD40 groups. In the 3.0 mg group, the RRs were
40–60% (CaseA2gp70V1V2HIS6), 50–60% (CE1086-B2-
V1V2gp70), and 60–80% (92TH02gp70V1V2) at W6. The
frequency of responders diminished after the third injec-
tion and no responders were observed at W48
(Supplementary Figure S4B). Serum HIV-1 Env-specific
IgA responses, linked to an increased risk of HIV acqui-
sition in the RV144 trial,5 were low against autologous
96ZM651 Env, with a mean MFI 10-fold lower than that
for specific IgG binding antibodies at W26 for CD40 and
CD40+DNA 3.0 mg groups (Supplementary Figure S5).

Neutralisation ID50 titres against Env-pseudotyped
viruses that exhibited a Tier1A neutralisation pheno-
type (clade C: MW965.26) were detectable in approxi-
mately 50% of volunteers in the CD40 and DNA + CD40
1.0 and 3.0 mg groups at W6 (Supplementary
Figure S6A). The RRs and magnitudes (median ID50)
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peaked at W26 for both vaccine regimens
(Supplementary Table S7 and Fig. 7A) with RRs for
Tier1A (clade C: MW965.26) of 50% (67), 100% (315),
and 100% (516) for the 0.3, 1.0, and 3.0 mg CD40
groups, respectively. The RRs for the DNA + CD40
groups were 90% (123), 89% (201), and 100% (313) in
the 0.3, 1.0, and 3.0 mg groups, respectively. At this
time point, neutralisation against the subtype B virus
SF162 was also detected, although with a lower intensity
and only in 1.0 mg and 3.0 mg groups (Fig. 7B). At W48,
the frequency of responders was ≥50% in the CD40
(3.0 mg) and DNA + CD40 (0.3 and 3.0 mg) groups for
Tier1A MW965.26 (Supplementary Figure S6A and
Supplementary Table S7). No nAb responses were
detectable in the placebo recipients (Fig. 7AB,
Supplementary Figure S6 and Supplementary Table S7).
We did not detect neutralizing activity against the
autologous 96ZM651.2 Tier2 strain at any time points
for any group (data not shown).

We further screened for the induction of additional
neutralizing activity at W26 in the CD40 and
DNA + CD40 3.0 mg groups, which demonstrated the
highest neutralizing activity against the two Tier1A
strains tested. We detected high neutralizing titres (>60)
against another Tier1A virus, sC22 in 5 and 10 CD40
3.0 mg and DNA + CD40 3.0 mg vaccinees, respectively
(Supplementary Figure S7 and Supplementary Table S8).

We also tested the response against Tier1B and Tier2
pseudoviruses from subtypes B, C, and CRF07 and
primary isolates from subtypes C, D, and E
(Supplementary Table S1). We observed weak
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Fig. 7: Neutralizing antibody activity. (A) Neutralizing antibody respons
blue), and Placebo (in grey) are described with boxplots for Tier1A virus
relevant clades are summarized above each plot. Non-responders, define
shown with the median, interquartile range (IQR), and 1.5 times the IQR
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neutralizing response against seven (two Tier1B and five
Tier2) of the 14 viruses tested for one volunteer
(volunteer F9) of the DNA + CD40 3.0 mg group at W26
(Supplementary Table S8). No activity was detected
against the control MLV pseudovirus (Supplementary
Table S8). Neutralizing activity was absent at baseline
and W6. However, activity detected at W26 persisted
until W48 for two of three tested viruses, suggesting that
the activity was induced by repeated vaccine injections
(Supplementary Figure S8).

We tested the response against the mutated virus
sC22 KIKO (Tier1A pseudovirus with glycan site KIKO
mutations), which increases the accessibility to CD4
binding site (bs), and observed an increase in overall
neutralizing activity, indicating that antibodies bound to
the CD4 bs conformational epitope on Tier1A strains
(Supplementary Figure S7 and Supplementary Table S8).
Of note, for volunteer F9, who showed Tier2 neutralizing
activity, the potency of neutralisation was only slightly
increased with the mutated sC22 KIKO version and Tier2
mutated viruses (426c TM4 mutated at position
S278R.G471S.N460D.N463D) (Supplementary Table S8),
further suggesting that the neutralizing activity observed
against these viruses was, at least partially, attributable
to antibodies directed against another conserved
epitopes.28

Comparative analyses with other HIV vaccine
prophylactic trials
A comparison of the humoral responses to vaccination
in this trial with those of other recent HIV vaccine trials
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e as the ID50 for the CD40 groups (in red), DNA + CD40 groups (in
MW965.26. (B) and Tier1A virus SF162 at W26. Response rates and
d as those with an ID50 < 60, are shown as triangles. Boxplots are
.
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is shown in Fig. 8. At W26, ANRS VRI06 exhibited
homogeneous IgG responses to ConS gp140 (Fig. 8B)
and autologous gp120/gp140 (Fig. 8A), and V1V2
(Fig. 8C) sequences, at least similar or above those from
previous HIV prophylactic trials HVTN 096,18 HVTN
105,19 HVTN 100,28 and RV144.9 A similar profile of
neutralizing antibody titres against MW965.26 was
observed in the ANRS VRI06 trial, with regards to pre-
vious trials, in particular HVTN 100 (Fig. 8D).

Correlations between immune response markers
Exploratory correlation analyses at W26, combining all
groups, showed significant positive correlations not only
within specific assay types and immune response
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Discussion
The ANRS VRI06 trial evaluated the safety and
immunogenicity of the first-in-human administration
of CD40.HIVRI.Env an adjuvanted DC-targeting HIV
vaccine. The vaccine was safe and elicited robust and
durable humoral and cellular immunogenicity,
regardless of the tested dose, whether administered
alone or in combination with the DNA-HIV-PT123
vaccine.
Con-S gp140 

ANRS VRI06 
100%

(57/57) 

HVTN 096 
94%

(68/72) 

HVTN  
100

100%
(185/185) 

HVTN 100 
99%

(190/192) 

RV 144 
94%

(198/211) 

B 

W26
1c8 D11 
20/293F 

HVTN 105 
92%

(83/90) 

HVTN  
100
62%

D

W26
1c8.2 gp70 
1V2/293F 

ANRS VRI06 
88%

(51/58) 

HVTN 096 
38%

(28/73) 

HVTN 105 
24%

(24/102) 

HVTN 100 
91%

(168/185) 

Tier1A MW965.26 

esponses against autologous ENV, (B) heterologous ENV, (C) and
d RV144 trials are shown to compare the ANRS VRI06 results with
ere modified by cross-multiplication of dilution factors to the 1:20
he neutralizing antibody response against Tier1A virus MW965.26 at
compare the ANRS VRI06 results with those of contemporary HIV
with median, interquartile range (IQR) and 1.5 times IQR.

www.thelancet.com Vol 77 November, 2024

http://www.thelancet.com


−1 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1

To
ta

l c
yto

kin
es

 in
 C

D4+

Tier
 1

A V
iru

s M
W

96
5.

26

Ig
G a

ut
olo

go
us

 g
p1

20
/g

p1
40

Ig
G h

et
er

olo
go

us
 g

p1
20

/g
p1

40

Ig
G a

ut
olo

go
us

 g
p7

0

Ig
G h

et
er

olo
go

us
 g

p7
0

Ig
G3 

au
to

log
ou

s g
p1

20
/g

p1
40

Ig
G3 

he
te

ro
log

ou
s g

p1
20

/g
p1

40

Ig
G3 

au
to

log
ou

s g
p7

0

Ig
G3 

he
te

ro
log

ou
s g

p7
0

Total cytokines in CD4+

Tier1A Virus MW965.26

IgG autologous gp120/gp140 

IgG heterologous gp120/gp140 

IgG autologous gp70

IgG heterologous gp70

IgG3 autologous gp120/gp140 

IgG3 heterologous gp120/gp140 

IgG3 autologous gp70

IgG3 heterologous gp70

Fig. 9: Correlations between immune response markers at W26. Multiparametric matrix correlation plot of immune responses between
assays at W26 in the CD40 and DNA + CD40 groups (pooled). Spearman’s correlation coefficients are shown by colour intensity. For heter-
ologous multiple sequences, the mean response across sequences was used in this analysis. Only statistically significant correlations, after FDR-
adjustment for test multiplicity, are shown.

Articles
CD40.HIVRI.Env vaccine and adjuvant were mixed
prior to administration, which made it impossible to
distinguish the reactogenicity of each product. However,
the immunisations were globally safe and well tolerated,
with most AEs classified as mild or moderate, without
indication of a an effect due to dose or repetition of the
CD40.HIVRI.Env injection or co-administration with
DNA-HIV-PT123. This is an important step for the
future clinical development of CD40-targeting vaccines
against other pathogens. The anti-CD40 12E12 mAb
clone selected as the common backbone for the anti-
CD40 vaccine platform differs significantly from other
therapeutic anti-CD40 mAbs developed in cancer-
adjuvant settings by several aspects. The 12E12 clone
is fully humanized at the VH/VL regions and acts as a
partial agonist of CD40, thus preventing bystander im-
mune activation.

Here, we tested the hypothesis of targeting the HIV
Env antigen directly to DCs for the induction of a robust
immune response. This hypothesis was driven by the
results of previous preclinical studies showing advan-
tages of targeting antigens, with stronger induction of
both T- and B-cell responses than with non-targeted
www.thelancet.com Vol 77 November, 2024
antigens12–15 and protective anti-viral efficacy in various
preclinical models.13,29 Here, the lowest dose of the
CD40 vaccine (equivalent to less than 0.15 mg of Env
protein) was immunogenic. A dose–response signal was
apparent in terms of neutralizing antibody responses.
Although the trial was not designed for a direct com-
parison between regimens, the co-administration
DNA + CD40 did not appear to confer higher immu-
nogenicity than CD40 targeting alone, thus supporting
the robust immunogenicity of the DC-targeting
approach.

The DNA + CD40 regimen tested was designed
based on previous vaccine trials performed by our group
and others showing that vaccine induction of immune
responses can be influenced by the sequential or co-
administration of immunogens.17–19 In particular, in
the HVTN 105 and 111 studies, the co-administration of
DNA-HIV-PT123 with Env proteins was considered to
be superior to the prime-boost regimen in terms of HIV
Env gp120 binding IgG responses.19,30 Moreover, the
HVTN 096 study demonstrated the earlier induction of
antibody responses in a co-administration regimen with
DNA-HIV-PT123 plus protein. The reason for the
13
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absence of an improvement of immune responses for
DNA + CD40 recipients versus those for CD40 alone is
not clear. The CD40.HIVRI.Env vaccine was combined
with Hiltonol®, a TLR3 agonist.16 This approach was
based on previous preclinical and clinical studies
demonstrating the adjuvant’s good safety profile and its
ability to strongly induce T-cell and humoral responses
when administered alone or with vaccines, including
CD40-targeting vaccines.12,14–17,29,31 In contrast to these
preclinical studies, we detected Env-specific CD8+ T-
cells only after in vitro expansion of PBMC from vol-
unteers enrolled in the CD40 0.3 mg group. This result
contrasts with observations from the HVTN 096 trial, in
which DNA-HIV-PT123 was co-administered with
AIDSVAX B/E.18 In this study, Env-specific CD8+ T-cells
were observed at a low magnitude and in a limited
number of vaccinees (26% and 16% after the third and
fourth administration of the combined immunogens,
respectively). An extension of the ANRS VRI06 study is
ongoing to test whether a fourth injection of the CD40
vaccine could improve the breadth and durability of
vaccine-induced immunity.

Prior preclinical studies have shown that the CD40
12E12 mAb fused to various HIV antigens (Env or T-cell
epitopes) can elicit robust HIV-specific T- and B-cell
responses either when administered alone, when com-
bined with adjuvants (TLR3, TLR4 or TLR9 agonists), or
in a prime-boost regimen in combination with HIV
DNA, MVA, or NYVAC vectors autologous or heterolo-
gous for HIV antigens.12,15,29,32,33 We have expanded upon
these findings, showing that CD40.HIVRI.Env elicits
high rates and magnitudes of binding antibody re-
sponses to both autologous vaccine gp140 clade C an-
tigens and a heterologous panel of gp120/gp140
antigens. We also show the induction of IgG and IgG3
responses against autologous and heterologous (at a
lower magnitude) gp70-V1V2 antigens across vaccine
groups. Finally, polyfunctional (secreting up to three
cytokines) Env-specific CD4+ T-cell responses were
observed for all vaccinees from W6 onwards, without a
clear booster effect after the third injection at W26. By
contrast, Tier1 nAbs against MW.965.26 peaked at W26.
Interestingly, 50% of Tier1 responders were observed
for the lowest dose (CD40 0.3 mg), whereas 100% of
volunteers were responders in all other vaccine groups,
suggesting a dose effect. Of note, responses remained
detectable six months after the last injection.

These immunological read outs are highly reminis-
cent of immune correlates associated with a reduced
risk of HIV infection in the RV144 phase 3 trial, in
particular binding IgG antibodies targeting conserved
regions of the V1/V2 loop.4–7 Although the HVTN 702
HIV vaccine trial failed to demonstrate protection, the
combination of high levels of IgG binding responses
against vaccine-matched A244 V1V2 and vaccine-
matched CD4+ T-cell responses were also shown to
correlate with a lower risk of HIV acquisition.5,8 Overall,
recipients of the CD40 or DNA + CD40 vaccines in the
ANRS VRI06 trial exhibited these markers. By using
similar assays and protein antigens as in previous vac-
cine trials, we show that a new delivery method of HIV
Env, using a less complex design and vaccine regimen,
elicits comparable, or at least more homogenous, IgG
and IgG3 binding responses, as well as nAb titres, as
previous HIV prophylactic trials.9,18,19,28 To date, vaccines
under clinical development have not been able to induce
Tier2 virus nAbs or only in a few volunteers following a
DNA prime–protein boost HIV-1 vaccine formulation.34

Here, one volunteer from the DNA + CD40 group
developed nAb responses against several Tier2 viruses.
This observation suggests that CD40-targeting Env-based
vaccines could be a promising platform for Env protein-
based vaccines. They could serve as a delivery method
for more tailored Env conformational immunogens aimed
at eliciting neutralizing antibodies. The combined safety
and immunological properties of the CD40 targeting vac-
cine also render this platform suitable for evaluation in
multiple sequential immunization strategies to induce the
maturation of the B cell and antibody response.

The trial has limitations inherent to phase I dose
escalation trials. Due to the small sample sizes and to the
non-randomized enrolment into the consecutive dose
groups, balanced demographic characteristics are hard to
achieve in this type of trial. Although some sex differences
in responses to vaccines have been previously described
in the literature, the effect size of sex is usually relatively
small compared to the overall vaccine effect itself. Given
that the age range in our trial was restricted (inclusion
criterion 18–65 years), a major age effect in this young to
middle-aged population is unlikely.35–37 For these reasons,
but also due to the fact that no inter-group comparisons
are performed in this trial and that the sample size does
not reasonably allow for statistical modelling, we did not
explore the effect of age and sex in this trial.

In conclusion, since the seminal proposal from R.
Steinman and J. Banchereau11 to target DCs for
manipulating and harnessing the immune system, the
present trial is, to our knowledge, the largest first-in-
human study to test the DC-targeting of antigens
through the CD40 receptor. Globally, these results lend
credibility to the use of this innovative approach to
activate the immune system, and create new possibil-
ities for addressing adapted HIV Env antigens suitable
for inducing protective vaccine responses.
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