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Summary

The search for an HIV/AIDS vaccine is steadily moving ahead, generating and validating new concepts in terms of novel vectors
for antigen delivery and presentation, new vaccine and adjuvant strategies, alternative approaches to design HIV-1 antigens for
eliciting protective cross-neutralising antibodies, and identification of key mechanisms in HIV infection and modulation of the
immune system. All these different perspectives are contributing to the unprecedented challenge of developing a protective
HIV-1 vaccine. The high scientific value of this massive effort is its great impact on vaccinology as a whole, providing invaluable
scientific information for the current and future development of new preventive vaccine as well as therapeutic knowledge-based
infectious-disease and cancer vaccines.

Introduction

The development of an effective, safe, and affordable HIV/AIDS vaccine remains an important goal for high-income and low-
income countries. Although combined antiretroviral therapy has proven to be extremely effective in reducing HIV-related
morbidity and mortality worldwide, it has failed to eradicate the infection and might select for resistant viral populations that
cannot be controlled with alternative, salvage strategies.!, 2 Moreover, long-term adverse effects are frequently observed in
HIV-infected individuals treated with antiretroviral therapy, and may become more prevalent as HIV-infected populations age.3
Despite an increasing number of people with HIV in low-income and middle-income countries having access to antiretroviral
therapy, highly skilled clinical and laboratory settings still need to be implemented for the best use of therapy, in terms of long-
term outcomes and cost-effectiveness. 4

In this context, combined antiretroviral therapy alone is not sufficient, and the development of a safe and effective HIV-1
vaccine is undoubtedly the best solution for the ultimate control of the worldwide AIDS pandemic. However, HIV-1 vaccine
development efforts have not yet proven successful due to several factors, including the continuous genetic and antigenic
diversity of HIV-1, the failure in inducing broadly reactive antibody responses, the integration of HIV proviral DNA into the host-
cell genome, the early establishment of latent viral reservoirs, and the lack of clear immune correlates of protection. Overall,
the unique characteristics of HIV and its infection represent unprecedented challenges for vaccine development.

The role of the two parts of the adaptive immune system in the containment of HIV infection is still disputed, with support for
both the humoral or the cellular immune response.3—13 Therefore, an anti-HIV vaccine needs to engage both parts of adaptive
immunity to prevent infection and contain disease progression on infection.14

Since 1987, the year of the first phase 1 trial of an HIV vaccine,Smore than 30 candidate vaccines have been tested in over 170
phase 1/2 clinical trials worldwide (webappendix). Over the years, HIV vaccine development has followed three major
overlapping paradigms. The first wave of candidate vaccines aimed to induce neutralising antibodies (NAbs), typically using
recombinant soluble proteins. The second wave focused on stimulation of CD8 T-cell responses, typically using viral vectors. The
current wave of HIV vaccine research is aimed at optimising both humoral and cell-mediated immune responses by heterologous

prime—boost strategies.16, 17 All of these vaccine strategies show individual features of efficacy and safety (figure 1).
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Figure 1 Full-size image (86K) Download to PowerPoint

Different HIV-1 vaccine strategies—immunogenicity versus safety issues

HIV-1 strategies have been distributed according to their immunogenicity and safety. The representation on the two axes are
based on an arbitrary comparative scale.

Despite the vast array of HIV vaccines that have been tested in clinical trials, only four trials had reached the clinical efficacy
stage (phase 2b/3) before 2009, and all had resulted in unsatisfactory outcomes. The first two trials (sponsored by VaxGen),
were based on two different but related monomeric HIV-1 Env gp120 proteins, aiming to induce Env-specific antibody responses.
The other two phase 2b/3 trials—the Step Study, and its companion trial in South Africa, the Phambili trial (sponsored by Merck
and the US National Institutes of Health)—were based on replication-incompetent recombinant adenovirus serotype 5 vector
expressing HIV-1 Gag, Pol, and Nef, which aimed to elicit HIV-1-specific cellular immune responses. Both trials resulted either in
lack of protective immunity,18-21 or in increased acquisition of HIV-1 infection in a subset of vaccinated individuals.22, 23 The
third phase 2b trial, sponsored by the US National Institutes of Health (PAVE 100 trial), which was based on a DNA viral vector—
adenovirus prime—boost approach, was withdrawn after the announcement of the disappointing results of the Step Study.
Besides these efficacy trials, only 13 additional trials have reached phase 2 (table). These disappointing results had a mixed
effect on the HIV/AIDS vaccine research community, but strongly drove a renewed research focus on the mechanisms of
protective immunity from HIV-1 to develop improved vaccines. 14, 30

Table Table image
HIV-1 vaccine clinical trials that have reached phase 2/3

Reports of significant progress in AIDS vaccine research were presented at the AIDS Vaccine 2009 Conference, which was held in
Paris, France, on Oct 19—22, 2009. The conference brought together more than 1000 scientists from across the world, and the

presentations covered the entire spectrum of the active and stimulating HIV/AIDS vaccine research and development field. We

aim to provide a comprehensive summary, mainly focusing on the most recent clinical trials, new vaccine strategies, and novel

vectors.

RV144 phase 2b/3 vaccine trial

The 2009 conference was preceded by the announcement of the first encouraging results from an HIV vaccine efficacy trial.31
The RV144 phase 2b clinical trial was done in Thailand (sponsored by US Army Medical Research and Material Command and the
US National Institute of Allergy and Infectious Diseases) and was based on a primer canarypox vaccine ALVAC HIV vCP1521
(Sanofi-Pasteur, Lyon, France), which was then boosted with the HIV-1 gp120 vaccine AIDSVAX B/E (VaxGen, San Francisco, CA,
USA).

The RV144 trial showed reduced acquisition of HIV infection in vaccinated volunteers compared to placebo controls. Modified
intention-to-treat analysis showed an overall reduction of HIV infection of 31-2% (p=0-04).31 Although the results are still
undergoing full evaluation, a stratified analysis suggests that vaccination had a more pronounced effect in the low and medium
risk groups (40-4% and 47-6% reduction, respectively) than in the high-risk population (3-7% reduction). In addition, the effect
seemed more pronounced during the first year after vaccination and waned thereafter. However, initial analyses indicated that
there was no difference in early viraemia or CD4 T-cell counts between infected vaccine and placebo recipients, who also did
not show specific cellular responses. 24, 31

These results, despite suggesting that this vaccine only offers modest protection against HIV infection, indicate that protective
immunity against HIV-1 can be elicited through vaccination. Many additional questions need to be addressed and answered, but
the enthusiasm generated by the results of this trial impacted positively on the conference.

Novel vectors for delivery and presentation of HIV antigens

In addition to ALVAC (canarypox), the most frequently used poxvirus vectors are recombinant derivatives of vaccinia virus, which
has been used for many years.32-34 Different clinically assessed vaccines are based on attenuated modified vaccinia virus
Ankara (MVA) or NYVAC strains. Both vectors are efficient in inducing both cellular and humoral responses against HIV-1,
especially in heterologous prime—boost strategies.35, 36

A multigenic recombinant MVA-based candidate vaccine in a phase 1 clinical trial, which encodes HIV Gag, Pol, and Env
structural proteins from the circulating recombinant form (CRFO1_AE),37 induces robust and durable vector-specific responses on
repeated delivery, whereas the insert-specific responses were lower and mainly directed against gp150Env.38 The same
recombinant MVA vaccine has been used in two phase 1 clinical trials as a heterologous booster for a plasmid DNA primer that
encodes multiple subtype A, B, and C HIV-1 antigens.39 In this trial, MVA efficiently boosts both Gag and Env responses and
induces cellular responses in nearly 100% of vaccinees. 39 This DNA—MVA regimen will shortly enter phase 2 trials in Tanzania and
Mozambique.40 Furthermore, encouraging preliminary in-vitro data show that a recombinant MVA vaccine that expresses HIV-1
subtype B genes is capable of inducing innate immune responses and natural-killer cell repertoire differentiation. In particular,
natural-killer cells stimulated by recombinant MVA-infected dendritic cells show increased capacity for controlling HIV
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replication in vitro.41

The highly attenuated recombinant MVA and NYVAC poxvirus-based vaccines are replication deficient in mammalian cells on
removal of more than 10% of their genomes.42, 43 These resulting poxvirus-based vaccines are extremely safe and well
supported in human volunteers. Nevertheless, these modifications have also resulted in reduced antigen expression and reduced
immunological response to vaccination. Recent attempts have been successful in engineering replication-competent vectors with
attenuated virulence, but higher immunogenic potential, in a NYVAC vector, by restoring some of the viral genetic material lost
during the attenuation process.44

Similarly, alternative replicating and persistent vectors could be useful to induce sustained HIV-specific responses and confer
long-lasting protection against HIV infection. Given ability to become a persistent infecting agent in mammals, members of the
herpesvirus family, such as cytomegalovirus, could be used valid alternative vectors. Macaques can efficiently be infected with
recombinant cytomegalovirus encoding simian immunodeficiency virus (SIV) antigens, despite the presence of pre-existing
immunity to cytomegalovirus.45 The elicited specific anti-SIV immune response conferred resistance to acquisition of SIVpac239
infection on repeated limiting-dose intrarectal challenge. Because cytomegalovirus strongly induces effector-memory T-cell
responses, this result suggests that the generation and maintenance of HIV-specific effector-memory T cells might decrease the
incidence of HIV acquisition after sexual exposure.45 Further studies with rhesus macaque cytomegalovirus vectors (RNCMV)
compared different prime—boost strategies in rhesus macaques. In particular, an RhCMV—RhCMV homologous prime—boost
strategy was compared with DNA—adenovirus 5 and RhCMV—adenovirus 5 heterologous strategies.46 On repeated limiting-dose
intrarectal challenge with a low dose of SIVac239, the RNCMV-vaccinated rhesus macaques did not show protection against
infection. However, four of 12 animals were resistant to disease progression, which was probably mediated solely by specific T-
cell response, because no SIV NAbs were detected.46

The measles vaccine is able to induce long-lasting protective responses,47—49 and recombinant measles viral vectors have thus
been generated to exploit this biological property for the development of an effective vaccine against HIV.30-53 A recombinant
measles vaccine encoding HIV antigens is approaching clinical trial testing.34 The vector induces long-lasting specific responses
in non-human primates, and because the vector is based on the traditional live-attenuated measles vaccine, it has the benefit
of a well-established safety profile and potentially low production costs. The ultimate proposed goal would be to substitute the
conventional widely used measles vaccine with this new recombinant vaccine encoding HIV antigens, to immunise individuals
against measles and HIV simultaneously. 34

Expression vectors derived from the alphaviruses Sindbis virus, Semliki Forest virus, and Venezuelan equine encephalitis virus
(VEE) have been generated, and show an increased capacity for foreign sequences, lack of reactogenicity, and reduction of anti-
vector immune responses.35-57 In particular, replicon vectors derived from VEE have properties that may be advantageous for
an HIV vaccine: (1) VEE replicon particles (VRPs) target expression to lymphoid tissues, a preferred site for induction of
immunity; (2) subcutaneous inoculation with VRP induces an effective immune response at mucosal sites; and (3) VRPs produce
high concentrations of authentic foreign proteins, including non-glycosylated and glycosylated proteins, similar to baculovirus
and vaccinia virus vectors. VRPs expressing either SIV gp160 or matrix/capsid proteins induce protective humoral and cell-
mediated immunity in rhesus macaques against a high-dose intravenous challenge with a pathogenic uncloned stock of SIV.58
Similarly, VEErep/SINEnv chimeric alphavirus replicon particles expressing SIVp55Gag or HIVdeltaV2gp140Env (deleted in the V2
variable region) induced high levels of specific humoral and cell-mediated immune responses able to contain the replication of
the Simian/HIV chimeric virus (SHIV) SF162P4 when given intravenously.39 Similar research in recombinant alphavirus replicons
and Env-protein-based vaccine formulations against HIV is currently being pursued.60 In particular, diverse HIV Env antigens from
transmitted HIV strains are used to expose the immune system to the conserved epitopes involved in virus binding and entry.
Vaccine candidates for preclinical studies based on 22 clade C HIV envelopes from early transmitted viruses have been
generated, and immunisations using alphavirus primer plus Env protein booster should help us to understand in-vivo epitope
recognition and the relative abilities of these new antigens to induce virus neutralising responses. 60

Because the replication-incompetent recombinant adenovirus 5 vectors (used in the Step Study) had no protective effect on HIV
acquisition rates, increased focus has been given to non-serotype-5 adenovirus vectors, chimeras of serotypes, and non-human
viruses such as chimpanzee adenoviruses.61-66 A phase 1 trial is underway in healthy volunteers with an adenovirus-26 vector
expressing clade A gp140, and has a safety profile similar to those of the adenovirus-5 vectors.67 Preliminary results indicate
that the adenovirus-26 vaccine induced both humoral and cellular reactivity against vectored gp140 and, interestingly, similar
anti-gp140 cellular responses were induced by the lowest and highest dose of delivered vaccine.é7 Because the development of
serotype-specific anti-vector immunity prevents efficient homologous boosting, a phase 1 clinical trial has been planned with a
prime—boost regimen combining adenovirus-26 and adenovirus-5 vectors, which has recently shown to be promising in challenge
experiments in non-human primates.68

New vaccine strategies

Genetic vaccines based solely on naked DNA (ie, plasmid DNA vaccines) are not sufficiently immunogenic in human clinical
applications. As a consequence, plasmid vaccines are most often included in prime—boost combinations with other types of
vaccine, such as recombinant proteins, viral, or bacterial vectors.25,69-73 However, the introduction of in-vivo electroporation,
which consists in providing short electric pulses at the time and site of the vaccine injection, has resulted in a renewed
optimism and hope for plasmid DNA to act as stand-alone vaccines. The method has so far been assessed in vaccine trials against
cancer, although some therapeutic trials are underway against infectious diseases.’4 To date, only one clinical HIV vaccine trial
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has used electroporation-mediated delivery of plasmid DNA, and results from this prophylactic trial indicate that the addition of
the electric-pulse protocol is well tolerated and significantly augments scale, breadth, and durability of T-cell responses against
the encoded HIV antigens.”5 Moreover, in a recent non-human primate experiment, electroporation-mediated intramuscular
delivery of HIV genes, together with an interleukin-12-encoding plasmid, was superior to immunisation with an recombinant
adenovirus-5 vector in terms of scale, quality, and longevity of responses.’6 Interestingly, by contrast with previous results
obtained with DNA—recombinant adenovirus 5 prime—boost regimens, DNA plus electroporation efficiently boosted responses
previously primed with an recombinant adenovirus-5 vector.”7 In another non-human primate study,’8 plasmid DNA encoding SIV
antigens, delivered intradermally by electroporation, induced an increase in the scale and longevity of the immune response,
and a reduction of the peak viral load on challenge. Moreover, although no difference in viral set point between vaccinated and
control animals could be determined, the immunised animals had reduced amounts of virus in rectal mucosa, supporting the
notion that measurement of systemic viral load is not necessarily the most appropriate correlate of protection.’8, 79

The recently completed ANRS VAC18 trial compared the safety and immunogenicity of three different doses of a mixture of five

synthetic lipopeptides (LIPO-5) in 131 healthy low-risk volunteers.80 The LIPO-5 mixture contains sequences of Gag, Pol, and Nef
cytotoxic T-lymphocyte epitopes coupled to a palmytoyl lipid tail. The vaccine candidate was safe at all concentrations and led

to CD8 T-cell responses in 65—69% of vaccinees and CD4 T-cell responses in 50% of vaccinees.80

Although intense effort is currently focused towards the identification of an optimum HIV vaccine vector or vaccination strategy,
the identification of viral antigens capable of eliciting a protective immune response remains the main hurdle to overcome.
Indeed, the great genetic diversity of HIV-1 and the distribution of different subtypes throughout the world are currently being
addressed by vaccine approaches based on either multivalent formulations or consensus and ancestral sequences. The first
approach is based on the concept that use of multiple envelope molecules from different HIV-1 subtypes should induce
antibodies with a broader breadth of neutralising activities.?2,73,81-86 The second approach is based on computer-derived
(consensus) sequences generated by aligning sequences of circulating primary viruses and selecting the most common residue at
each position. The resulting inferred genes are in an intermediate position within the phylogenetic tree, being equidistant from
the currently circulating isolates.87-90 However, these presumed consensus sequences are subject to sampling bias and may
include polymorphisms—post-translational modifications (eg, glycosylation) that do not match the naturally spreading viruses—
potentially influencing their antigenicity and immunogenicity. Indeed, after some disappointing results,87,91-94 only one
envelope consensus of the group M sequences has been shown to elicit high titres of NAbs effective against primary isolates from
three different group M clades.95-97

Another novel vaccine design strategy is based on mosaic sequences, which are optimised to contain a high number of T-cell
epitopes and are assembled using fragments of natural sequences from a defined viral population.98=100 This type of vaccine has
been assessed in non-human primates in which the immunogenicity of mosaic Gag, Pol, and Env sequences was compared with
consensus sequences of the same antigens.101 The vaccine mosaic antigens were encoded by recombinant adenovirus 26 and
induced CD8 T-cell responses to a four-times broader spectrum of epitopes than the comparative vaccine based on consensus
sequences. Because previous results from both non-human primate experiments and analyses of infected elite controllers suggest
that a broad T-cell response is beneficial for viral control, the use of mosaic sequences holds great promise and clinical trials
are being planned. 68, 102

HIV-1 protective antibody responses

The continuous genetic variation of HIV-1 has generated several subtypes worldwide, 103 and a swarm of closely related genetic
variants (quasispecies) within each infected individual.104-106 Although Env-specific NAbs are generated within weeks after
infection, they specifically target the autologous virus circulating in the infected individual and are mostly ineffective against
heterologous viruses.107 Nevertheless, cross-reactive antibodies capable of neutralising heterologous primary viral isolates can
develop during the course of HIV-1 infection and several monoclonal antibodies (MAbs) with broadly neutralising activity have
been identified so far.3,108-112 These broadly neutralising MAbs (BNMAbs) are directed against conserved epitopes of gp120 and
gp41 of the HIV-1 envelope spike. In particular, BNMAbs 2F5, 4E10, and Z13e1 recognise neighbouring linear epitopes on the
membrane proximal external region (MPER) of gp41.113—116 Passive transfer of potent NAbs into monkeys showed that such
antibodies completely block infection by chimeric SIV—HIV.7=9,117,118 Thus, one of the goals of HIV vaccine design is to identify
epitopes able to elicit BNMAbs with a potency similar to those characterised to date. However, the most effective mechanism of
action of protective antibodies remains to be elucidated. Indeed, the role of antibody-dependent cell-mediated cytotoxicity,
complement-mediated or non-neutralising inhibitory antibodies has gained much attention, and has been shown to play an
important part. 119-121

Recent studies focusing on the induction of immune responses against the binding sites of BNMAbs 2F5 and 4E10 in gp41 show
that a mutation in the MPER of gp41 (Leu669Ser), close to the target ELDKWAS sequence, 114, 116 results in a virus much more
sensitive to neutralisation by MAbs 2F5 and 4E10. These mutations would determine a prolonged exposure of the relevant
epitope on binding to the target cell, and therefore improve the access for the BNMAbs to bind the virus. 122 Envelope antigens
harbouring this mutation are currently being studied for immunogenicity in animals. Another strategy for eliciting 2F5-like and
4E10-like antibodies uses the vesicular stomatitis virus (VSV) model. Indeed, recombinant VSV has been extensively used as HIV-
1 vaccine vector,123 and the membrane-proximal stem region of VSV glycoprotein G shares sequence similarities with the HIV-1
gp41 MPER. The aminoacid sequences recognised by MAbs 2F5 and 4E10 were individually inserted into the stem of the VSV
glycoprotein G, without affecting VSV infectivity and replicative capacity. The resulting modified viruses could be efficiently
neutralised by MAbs 2F5 and 4E10, respectively, indicating the appropriate presentation of the target epitope. Experiments in
animals are currently underway to assess the strategy of inducing 2F5-like and 4E10-like BNMAbs.124
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In the quest to identify epitopes able to elicit BNMAbs in vivo, two new potent broadly cross-clade NAbs have been identified
(PG9 and PG16) that target a novel epitope. Preliminary epitope mapping studies suggest that PG9 and PG16 bind to conserved
regions of variable loops on gp120 in the HIV-1 envelope trimer,125 extending previously published work on induction of cross-
clade NAbs, focusing the immune response on the variable loops and on the identification of target epitopes in trimers but not
monomeric HIV-1 envelope proteins.126, 127

An alternative strategy to overcome the difficulties of designing an HIV-1 envelope antigen capable of inducing BNMADbs, is
provided by high-resolution structural analysis (structural vaccinology), which identifies the conserved determinants of complex
and variable antigens. 128 Indeed, most neutralising epitopes are three-dimensional, structured electrostatic landscapes, and are
formed from residues that are discontinuous in the primary aminoacid sequence. These electrostatic landscapes can be
identified through a combination of antigenic and structural analysis. In this context, the CD4-binding structures of gp120 are
conserved among diverse viral isolates and represent functionally constrained regions that might serve as targets of BNMAbs.
However, structural evidence suggests that the CD4-binding site is a recessed pocket and the co-receptor-binding site (or CD4-
induced region) is either not formed or not exposed until gp120 engages CD4 on target cells. 129

The concept that conformational fixation of the conserved receptor-binding sites on the surface of gp120 would enhance
elicitation of antibody responses against those target sites has recently been tested.130 The core gp120 has been designed,
based on available structures,130 to enhance protein folding and expression. On this core, additional mutations have been
introduced to stabilise the CD4-binding site as well as the co-receptor-binding region. The mutagenic stabilisation of a
discontinuous epitope, studied by an increased on-rate of ligand binding to this region, dramatically increased the
immunogenicity and neutralising capacity of elicited antibodies specific for that epitope region.131 Few applications of
structural vaccinology were presented at the conference. One study showed that targeting of the CD4-binding site by an
antibody that slightly misses the precise site of CD4 attachment results in a cascade of conformational changes in gp120, which
in turn protects HIV-1 from being neutralised. 132 Therefore, the structures of both effective and non-effective antibodies, in
complex with gp120, define a vulnerable vaccine target.132

Key mechanisms of HIV infection and immune—system modulation

Many key questions about the mechanisms and correlates of protection of HIV infection and disease progression remain
unanswered. In this respect, African green monkeys represent an invaluable model to understand mechanisms of protection
because, despite being susceptible to SIV,gm infection, they do not show progression to AIDS.133 A comparative study of the CD4
T-cell profile of SIVagm-infected African green monkeys and SIVyac-infected rhesus macaques, which do progress to AIDS, shows
that both animal models have a strong induction of interferon-stimulated genes immediately after infection.134 However,
although rhesus macaques show a sustained upregulation of expression of interferon-stimulated genes, levels return to baseline
at 28 days after infection in African green monkeys. The ability of these monkeys to control the exacerbated immune activation
may constitute the key of its protection against AIDS, and may have interesting and provocative implications for the
development of vaccines or immune therapy.134-136

The systems-biology approach is an extremely powerful tool to dissect the immunological responses induced by vaccines and
thus to design new vaccine strategies on a knowledge-based methodology. The comprehensive and quantitative analysis of the
interactions between components of biological systems over time, when applied to the innate and early adaptive immune
response to vaccines, will enable wide-ranging analysis of the complex interactions that maintain the balance between vaccine-
induced host defence and inflammatory disease.137 This approach has recently been applied, as proof of concept, to the
dissecting of the response to the yellow fever YF-17D vaccine,!38, 139 and to an HIV virus-like-particle-based vaccine.140-142
Recent data that used systems-biology tools identified the molecular signature induced in the blood of YF-17D-vaccinated
individuals, predicting the magnitude of both T-cell and NAb responses. 138 One of the genes identified, the eukaryotic
translation initiation factor 2 alpha 4 kinase, has a crucial role in the integrated stress response, which regulates CD8
responses. 143

Further insight into the Step and Phambili trial results

Although the Step and Phambili vaccine trials did not show any effect in reducing HIV infection, further analysis of the results of
these trials and their related studies bring new information to the field. The Merck adenovirus-5-based vaccine trial, when
unblinded about 2 years ago, showed that uncircumcised vaccinees with pre-existing antibodies against adenovirus 5 might be at
a higher risk of HIV infection than those in the placebo group.144 Since its termination, the Step Study retained 75% of the study
population and an additional 60 infections (48 in men and 12 in women) have occurred, 32 among vaccinees and 28 among
placebo recipients. Further analysis confirmed higher risk of acquisition in uncircumcised men, but not in adenovirus-5-
seropositive individuals.145 Analogously, antibodies against adenovirus 5 per se were not associated with higher risk of
acquisition of HIV-1 infection in the Multicenter AIDS Cohort Study cohort, which included more than 200 men who have sex with
men.146 The increased susceptibility to HIV-1 infection in vaccinated individuals with pre-existing immunity to adenovirus 5
seems to be associated with T-cell activation and migration to mucosal sites, increasing the number of HIV-1 target cells and
leading to a higher susceptibility to HIV infection.147, 148 The containment of viral load and CD4 T-cell depletion in the infected
population appeared early after immunisation but waned rapidly, possibly due to the HLA-B and C genetic background.148
Furthermore, pressure exerted by the vaccine on early founder viruses could be implicated, given the evidence of vaccine-
induced changes in breakthrough HIV-1 strains in vaccinees. 149
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The HVTN503/Phambili trial was a phase 2b HIV vaccine study done in South Africa as a companion trial to the Step Study, and
used the same recombinant adenovirus-5 vector expressing HIV-1 Gag, Pol, and Nef.150 The trial was designed to assess the
efficacy of a clade B HIV vaccine in a predominant clade C circulating region in a heterosexual population, but was discontinued
in 2007 due to the results of the STEP trial. Fewer than 10% of the 801 enrolled participants completed the vaccination
schedule. Results from the interim efficacy analysis showed that 60 participants acquired HIV infection (33 in vaccinees and 27
in the placebo group) and most were women. By contrast with findings of the Step Study, antibody titres against adenovirus 5
did not correlate with increased HIV-1 infection in the Phambili trial. Further detailed investigations are thus needed.150

Conclusions

The development of an effective, safe, and affordable HIV/AIDS vaccine remains an unmet goal. However, the promising results
of the Thai RV144 phase 2b clinical trial represent an extremely significant advancement in the AIDS vaccine field because they
show that protective immunity can be elicited by a vaccine. Many additional questions still need to be addressed, and the AIDS
Vaccine 2009 Conference showed much relevant progress in the different areas of AIDS vaccine research. The clear message is
that a continued commitment to basic research, in addition to preclinical studies and clinical trials, is required to move the field
forward and identify the ideal HIV vaccine (panel).151, 152

Panel
characteristics of an ideal HIV vaccine
Safety and tolerability

Safe and well-tolerated in vaccinees

Efficacy

Protect from all genetic forms of HIV

Durability of protection

Protective for the lifetime of the vaccinee

Affordability

Affordable in high-income and low-income countries
Stability

Stable at room temperature for long periods of time
Production and purification

Producible at high titres and easily purified
Administration

Protective after one or few doses by easy administration
Acceptability

Acceptable by all different subgroups of target individuals
Marketability

Economically attractive for vaccine companies

The possible/likely developments and goals in the next 5—10 years are to actively focus on new HIV-1 vaccine concepts,
including new adjuvants and prime—boost strategies, and to identify and validate clear immune correlates of protection. To
achieve these goals, different approaches should be developed and tested in pre-clinical and clinical trials aimed at inducing
effective T-cell response and BNMAbs at systemic and mucosal sites (figure 2). In parallel, HIV vaccines need to be an integral
part of a broadly-based HIV preventive strategy that combines harm reduction, circumcision, condom use, treatment of sexually
transmitted infections, pre-exposure and postexposure antiretroviral prophylaxis, and use of microbicides.

Figure 2 Full-size image (112K) Download to PowerPoint

Immune responses to HIV-1 vaccines leading to either humoral or cellular immunity

Schematic representation of the immune responses likely to be elicited by an HIV vaccine. (i) Antigen-presenting cells (APCs)
are activated through interaction between antigen and Toll-like receptors (TLR 1-9). (ii) Activated APCs migrate towards
lymphoid organs to present the antigens to (iii) T and B lymphocytes, thus initiating the adaptive immune and memory
responses. (iv) Resulting immune responses include production of neutralising antibodies to block virus infectivity and
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activation of cytotoxic cells to kill virus-infected cells, among other responses (antibody-dependent cell-mediated cytotoxicity,
complement; not shown).

Funding programmes should steadily, if not increasingly, support the development and testing of new vaccine concepts aimed at
answering the most pressing scientific questions. Moreover, they should encourage early-career and out-of-field investigators to
collaborate with the HIV/AIDS vaccine research community to explore innovative ideas that address the critical problems.

Search strategy and selection criteria

The references that are not from the AIDS Vaccine 2009 Conference were selected from PubMed (1990—2010) by use of the
following search terms (in various combinations): “HIV vaccine”, “HIV vaccine trial”, “HIV neutralizing antibodies”, “HIV

» o«

cellular response”, “HIV”, “SIV”, “rhesus macaques”, “vaccine vectors”, “adenovirus vaccine vectors”, “HIV broad immune
response”, “HIV consensus sequences”, “systems biology”, and “vaccine”. The search was restricted to papers in English. The
lists of references from articles that were retrieved and extracted were also screened for potentially relevant articles and
abstracts.
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