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Abstract
Despite over 25 years of concerted worldwide research, the development of a safe and effective
HIV-1 vaccine remains elusive. Prototype antibody-based and T cell-based HIV-1 vaccines have
failed to show efficacy in clinical trials to date. Next generation HIV-1 vaccine candidates are in
various stages of preclinical and clinical development, but key scientific obstacles pose major
challenges for the field. Critical hurdles include the enormous global diversity of the virus and the
challenges associated with generating broadly reactive neutralizing antibody and cellular immune
responses. Here we review the current state of the HIV-1 vaccine field and outline strategies that are
being explored to overcome these roadblocks.
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Recent advances in our understanding of HIV-1 pathogenesis and immunology have greatly
contributed to current HIV-1 vaccine development strategies. Following mucosal exposure to
HIV-1, a limited number of virions cross the mucosal barrier to establish primary infection
(1,2). This may be facilitated by activated CD4+ T lymphocytes at mucosal surfaces that likely
serve as initial targets of infection (3,4). Acute infection is then characterized by early
establishment of viral reservoirs (5,6) and explosive viral replication that results in rapid and
massive destruction of CD4+ T lymphocytes in the gastrointestinal mucosa (7-9). Damage to
the gastrointestinal mucosa leads to bacterial translocation and chronic immune activation
(10), which sets the stage for progressive immunodeficiency.

Cellular and Humoral Immune Responses
Host immune responses afford partial control of viral replication but are incapable of
eradicating the virus. Virus-specific T lymphocyte responses are detectable concurrent with
control of primary viremia (11,12), suggesting an important role of cellular immune responses
in immune control of viral replication. In chronic infection, the breadth of Gag-specific cellular
immune responses is inversely correlated with HIV-1 RNA levels (13). Moreover, HIV-1
rapidly mutates to evade virus-specific CD8+ T lymphocyte responses, demonstrating selective
pressure exerted by these immune responses (12,14-17). In addition, genetic studies have
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demonstrated clear associations between specific HLA alleles and HIV-1 RNA levels (18,
19).

Additional evidence regarding the importance of virus-specific cellular immune responses has
been obtained from the preclinical model of simian immunodeficiency virus (SIV) infection
of rhesus monkeys. Depletion of CD8+ lymphocytes abrogates control of SIV replication
during both acute and chronic infection (20), and vaccine strategies that elicit potent cellular
immune responses can reduce setpoint viral loads in certain SIV challenge models (21,22). An
important limitation of T cell-based vaccines, however, is that they are unlikely to prevent
infection, although efficient control at local mucosal surfaces may be achievable (23).

The importance of humoral immune responses in the control of HIV-1 replication is less clear.
Antibody responses are readily detected in HIV-1-infected individuals, but neutralizing
antibodies (NAbs) only arise in later stages of infection (24,25). Recent studies have begun to
reveal numerous strategies utilized by the virus to evade host antibody responses. A substantial
fraction of antibodies against HIV-1 are directed against viral debris, such as monomeric
gp120, rather than against the intact HIV-1 Env trimer on the virion surface (26). HIV-1 Env
is also heavily glycosylated, thus shielding many potential neutralization epitopes (26,27). The
conserved CD4 binding site (CD4bs) is a target for broadly reactive NAbs (25,28-30) but is
buried in a recessed pocket (31). Moreover, the conserved chemokine receptor binding site as
well as key epitopes in the membrane proximal external region (MPER) of gp41 appear to be
formed only transiently during the membrane fusion process (32,33). In addition, the virus can
rapidly escape host NAbs by mutating glycans on the Env surface (34,35).

Nevertheless, several monoclonal antibodies (mAbs) have been shown to have the capacity to
neutralize a broad array of HIV-1 isolates (36). These mAbs target the CD4bs, glycans on the
surface of gp120, and the MPER of gp41. However, such antibodies have proven
extraordinarily difficult to elicit by vaccination, perhaps as a result of inaccessibility or transient
exposure of key epitopes (31-33) and possible tolerance constraints (37). A subset of chronic
HIV-1-infected individuals, however, do exhibit broadly reactive NAbs targeting either the
CD4bs or a variety of epitopes on the surface of Env (25,28-30,38).

The development of immunogens that induce broadly reactive NAbs remains a critical
unsolved problem in the HIV-1 vaccine field. Studies in rhesus monkeys have shown that
administration of high doses of broadly reactive mAbs can block transmission of simian-human
immunodeficiency virus (SHIV) (39,40), suggesting the potential utility of vaccine-elicited
HIV-1-specific NAbs if they could be effectively induced. It is widely believed that
immunogens that induce biologically relevant antibody responses will be required to block
acquisition of HIV-1 infection.

HIV-1 Vaccine Efficacy Studies
Two HIV-1 vaccine concepts have completed clinical efficacy studies to date (Table 1). The
first concept involved purified monomeric Env gp120 immunogens that aimed to generate
virus-specific antibody responses. Early phase clinical trials, however, revealed that antibodies
elicited by this vaccine were unable to neutralize primary virus isolates and did not exert
immunologic selective pressure on infecting viruses (41). Two phase 3 efficacy studies known
as the AIDSVAX studies were then conducted by the biotechnology company VaxGen to
evaluate the protective efficacy of gp120 vaccine candidates in the United States and Thailand.
These studies were completed in 2003 and showed no efficacy against HIV-1 infection in
humans (42,43), confirming the need to develop more sophisticated Env immunogens.

The challenges associated with antibody-based vaccine candidates led to intense interest in the
development of novel vaccine technologies to generate cellular immune responses, including
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plasmid DNA vaccines and recombinant vectors. Recombinant adenovirus serotype 5 (rAd5)
vectors were selected for development by Merck Research Laboratories based on a series of
vector comparison studies in nonhuman primates (44). Phase 1 clinical trials revealed the
induction of HIV-1-specific cellular immune responses in the majority of vaccine recipients,
although subjects with pre-existing Ad5-specific NAbs exhibited blunted responses to rAd5
vectors (45,46) as was predicted by preclinical studies (47,48). Ad5 seroprevalence in the
United States is only 30-40% but in certain areas of sub-Saharan Africa is >80%, and thus the
high prevalence of pre-existing Ad5 immunity was predicted to be a major challenge for rAd5
vector-based HIV-1 vaccines.

Merck's HIV-1 vaccine candidate was formulated as a trivalent mixture of rAd5 vectors
expressing HIV-1 clade B Gag, Pol, and Env antigens delivered as a homologous prime-boost
regimen at months 0, 1, and 6. This vaccine was evaluated in a phase 2b proof-of-concept study
known as the STEP study by Merck and the NIH-sponsored HIV Vaccine Trials Network
(HVTN 502) in North America, South America, the Carribean, and Australia. A parallel study
known Phambili (HVTN 503) also began in South Africa. The STEP study was unexpectedly
terminated in September 2007 at the first interim review of the data safety monitoring board
as a result of futility in achieving its primary endpoints (49). Moreover, a trend of increased
HIV-1 infections was observed in individuals who had baseline Ad5-specific NAbs (49,50).

The failure of the Merck rAd5 HIV-1 vaccine and the potential for increased HIV-1 acquisition
in certain subsets of vaccinees led to the cancellation or modification of multiple other HIV-1
vaccine studies in the field. The Phambili study was terminated, since it utilized the same
vaccine vector in a population with high levels of pre-existing Ad5 immunity. In addition, a
phase 2b efficacy study known as PAVE 100 to evaluate the protective efficacy of a DNA
prime, rAd5 boost vaccine expressing Gag, Pol, and three Env antigens developed by the NIH
Vaccine Research Center was delayed and redesigned. A smaller version of this study known
as HVTN 505 is scheduled to begin in summer 2009 in the defined subgroup of Ad5
seronegative, circumcised men. DNA priming prior to rAd5 boosting has been shown to
increase vaccine-elicited T lymphocyte responses in rhesus monkeys (51,52) but has to date
failed to improve protective efficacy in terms of setpoint viral loads or survival following SIV
challenge (53,54).

The third HIV-1 vaccine concept that will complete efficacy testing in humans involves a
canarypox (ALVAC) vector prime, gp120 protein boost vaccine regimen. The goal of this study
is to evaluate the protective efficacy of a vaccine that aims to induce both cellular and humoral
immune responses. Results from a large phase 3 efficacy trial in Thailand are expected in fall
2009.

Research Priorities After STEP
The STEP study provided a rapid and clear evaluation of the Merck rAd5 HIV-1 vaccine
candidate. The efficacy failure and the potential enhancement of HIV-1 acquisition, however,
led to widespread debate in the field regarding research priorities. In particular, it was unclear
whether the failure of this vaccine was simply a “product failure” or whether it represented a
“concept failure” of T cell-based vaccines in general. Although both remain formal
possibilities, it would seem premature to conclude that the failure of one vaccine product should
be generalized to all T cell-based vaccines. Consistent with this perspective, we recently
demonstrated that a heterologous rAd26/rAd5 prime-boost regimen expressing SIV Gag
afforded substantially greater protective efficacy than did a homologous rAd5/rAd5 regimen
against a pathogenic SIV challenge in rhesus monkeys (21). It is therefore possible that vaccines
that elicit improved magnitude, breadth, and quality of virus-specific T lymphocyte responses
as compared with the homologous rAd5 regimen may perform better in clinical trials. The
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precise parameters of cellular immunity required to control viral replication, however, remain
unclear and will require intensive investigation. Studies of HIV-1-infected individuals who
spontaneously control viral replication and of individuals with acute HIV-1 infection hopefully
will lead to an improved understanding of the immune correlates of protection.

The STEP study emphasized the need for an increased focus on discovery research, including
basic, preclinical, and clinical studies. In particular, nonhuman primate challenge models have
been refined in light of the results of the STEP study. Homologous rAd5 regimens effectively
protected against SHIV challenges but not against more stringent SIV challenges in rhesus
monkeys. As a result, SIV has emerged as the preferred challenge virus for preclinical
evaluation of T cell-based vaccine candidates. It also seems reasonable to prioritize for clinical
development T cell-based vaccine candidates that afford greater protective efficacy than rAd5
vectors in stringent SIV challenge models. Thus, rAd5 vectors provide a baseline against which
other vaccine candidates can be compared in SIV challenge studies. It is important to recognize,
however, that the predictive capacity of all preclinical challenge models remains unclear and
will require validation in the setting of successful clinical efficacy studies.

The enhanced HIV-1 acquisition observed in vaccinees was unexpected and was not predicted
by prior preclinical studies, highlighting our limited understanding of the events associated
with HIV-1 transmission. Importantly, the potential enhancement of HIV-1 acquisition appears
to diminish over time (55). An initial hypothesis was that baseline Ad5-specific NAbs may
have simply been surrogate markers for Ad5-specific CD4+ T lymphocyte responses, which
could have expanded rapidly following vaccination and served as increased viral targets.
Recent data from several independent laboratories, however, have not supported this
hypothesis. Ad5-specific NAbs were not correlated with Ad5-specific T lymphocyte responses,
and Ad5-specific CD4+ T lymphocyte responses were no higher in baseline Ad5 seropositive
as compared with Ad5 seronegative subjects (56-58). An alternative hypothesis is that Ad5-
specific NAbs led to immune complex formation following rAd5 vaccination and resulted in
altered inflammatory responses (59). It is also possible that baseline Ad5-specific NAbs were
confounded by other clinical variables such as circumcision and HSV-2 status (55). Despite
these unanswered questions, the STEP study emphasized the importance of developing an
improved understanding of vector-specific immunity as well as mucosal and innate immunity.

A challenging issue for the field has been how to apply the results of the STEP study to optimize
the current pipeline of HIV-1 vaccine candidates. A variety of DNA vaccines and improved
delivery methods such as in vivo electroporation are currently being developed. Vectors under
development include rare human serotype and chimeric Ads (48,60,61), nonhuman primate
Ads (62), modified vaccinia Ankara (63), ALVAC (64), NYVAC (65), adeno-associated virus
(AAV), vesicular stomatitis virus (VSV), cytomegalovirus (CMV), Venezuelan equine
encephalitis virus (VEE), and certain bacteria and mycobacteria. It is hoped that some of these
vectors, either alone or in heterologous prime-boost combinations, will prove more effective
than rAd5 vectors. Novel HIV-1 antigens will also be needed to improve the breadth of vaccine-
elicited cellular immune responses and coverage of global virus diversity.

Perhaps the most important research priority after STEP is the generation of improved Env
immunogens for the generation of antibody responses. A wide variety of strategies are being
pursued (36), but none to date have elicited NAbs of substantial breadth in preclinical studies.
Increased understanding of the structure and diversity of HIV-1 Env will hopefully lead to
stabilized Env trimers or engineered Env immunogens that will prove superior to monomeric
gp120 in terms of neutralization of a substantial breadth of primary virus isolates (66,67).
Preclinical studies and clinical trials of promising antibody-based vaccine candidates therefore
need to be greatly accelerated.
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Novel Vaccine Strategies to Contend with HIV-1 Diversity
One of the most challenging hurdles facing the HIV-1 vaccine field is the enormous global
diversity of HIV-1. The AIDSVAX and STEP studies were both based on the premise that
essentially natural HIV-1 antigens might be able to elicit adequate cross-reactive immunity to
afford protection. In the STEP study, the HIV-1 antigens were selected from natural sequences
that were similar to the B consensus sequence (49,50), and the extent to which responses were
able to cross-react with infecting strains is still being determined. The STEP study provided
favorable conditions to enhance the prospects of natural proteins eliciting a beneficial response:
the inclusion of the two most conserved HIV proteins (Gag and Pol), evaluation of a B clade
vaccine in the context of a B clade epidemic, and selection of natural antigens close to the
consensus. The failure of this vaccine to afford protection in this setting suggests that an HIV-1
vaccine needs to elicit substantially more potent and more cross-reactive immune responses
than those achieved in the STEP study. Several strategies are currently being explored to
develop antigens to contend more effectively with viral diversity.

Conserved region antigens
Several groups have fused the most conserved parts of the viral proteome to form an artificial
protein immunogen (68,69). As a cautionary note, concatenating short regions from different
proteins into one antigen can have undesirable immunologic consequences. For example,
polyepitope vaccines have to date failed to produce robust T cell responses in phase 1 clinical
studies (66). In scenarios where somewhat longer conserved peptide regions are linked (68),
rather than linking narrowly defined optimal epitopes, cleavage signals for epitope processing
may be preserved (70), allowing more natural epitope processing and presentation than in a
polyepitope construct. In addition, in many regions there is extensive overlap of known
epitopes (Figure 1). A conserved region approach thus enables responses to any of the
overlapping epitopes within the included regions, which represents an advantage over the
polyepitope strategy of narrowly focusing on optimally defined epitopes. There are two
theoretical virtues of “immunofocusing” host vaccine responses onto conserved regions. The
first is that limiting the immune responses to conserved epitopes may enhance cross-reactivity
at the population level. The second is that potent immune responses in conserved regions are
more likely to force escape pathways that reduce viral fitness (68,69,71). A limiting factor may
be that some of the most conserved regions of the virus, particularly in the Pol protein, are
immunologically “quiet” with diminished recognition in natural infection (66). It is also
possible that artificial junctional epitopes with no biologic utility may be induced.

Centralized antigens
Another way to improve the cross-reactive potential of vaccine-elicited cellular immune
responses is by using “central strains”, such as ancestral reconstructions, consensus sequences,
or antigens designed based on their central position in a phylogenetic tree (72,73). These three
strategies proved comparable when used to design peptides for detection of natural responses
(74). Central proteins can be tailored for one HIV-1 subtype (75,76) or can be central to the
entire M group, bringing distances between the vaccine candidate and natural strains from all
subtypes to an intra-subtype level (72,77-79). Despite these proteins being artificial constructs,
they are similar to HIV-1 proteins and are well expressed, properly folded, and functional
(66). Recently, an M Env group consensus/ancestral Env vaccine enhanced the cross-reactive
potential of T cell responses relative to a typical B clade Env vaccine in rhesus monkeys
(79).

Multiple antigen cocktails
Vaccinating simultaneously with multiple variants of the same protein may increase the breadth
of population coverage as well as the depth of coverage of variants of a single epitope. If more
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T cell receptor clonotypes are expanded simultaneously, each recognizing the epitope and its
variants differently, then this may effectively block common and fit viral escape routes (80).
The use of multiple natural Env immunogens has been shown to elicit responses against all
antigens without antigenic interference in rhesus monkeys (51). Phase 1 clinical trials have
also indicated enhanced breadth of responses with the use of polyvalent cocktails of natural
proteins (46,81,82). Should problems with immunodominance occur, utilizing different
anatomic sites for vaccination may prove useful (83).

Optimizing potential epitope coverage with mosaic antigen cocktails
Computational strategies for designing vaccine antigens that optimize coverage of potential T
cell epitopes have also been proposed (73,84). Mosaic antigens are polyvalent cocktails of
synthetic but intact proteins that optimize theoretical coverage of potential T cell epitopes for
a given cocktail size (84). These antigens are also designed to minimize rare epitopes and to
exclude junctional epitopes that are not found in natural HIV-1 sequences. In a mouse study,
mosaic Env antigen cocktails elicited cellular immune responses of increased breadth as
compared with equivalently sized cocktails of natural Env antigens (85). Our ongoing studies
in rhesus monkeys demonstrate that 2-valent mosaic Gag/Pol/Env antigens expressed by rAd26
vectors elicited responses of substantially greater breadth (more responses to global epitopes)
and greater depth (more responses to variants of a given epitope) than either consensus or
optimal natural sequence antigens (86) (D.H.B. and B.K., manuscript in preparation). Thus,
mosaic antigens appear to provide significant immunologic benefits with only a limited number
of sequences per protein, suggesting the practical feasibility of this strategy for clinical vaccine
development.

A vaccine approach that focuses on just conserved regions of HIV-1 may also benefit from a
mosaic design, since conserved regions also vary. This would allow the most common
alternative sequences in conserved regions to be presented simultaneously, and the mosaic
design strategy itself provides a rational boundary for defining conservation. The theoretical
benefit of immunofocusing vaccine responses to conserved regions with high fitness costs of
escape would be maintained and potentially augmented. Simultaneous induction of responses
to a typical susceptible form of an epitope and its most common escape form(s) could force
the virus down unfavorable escape pathways with substantial viral fitness costs (69,80).

HLA Haplotypes and Population Mutational Patterns
The terms “wildtype” and “escape” are often utilized as if there were two simple forms of the
virus with clear phenotypes. Mutational patterns, however, are in fact highly complex and often
context specific. Despite the complexity, patterns of HLA associations with mutations at the
population level can be identified (87), but statistical support for such associations needs to be
interpreted in a phylogenetic context (88,89) so that associations are not simply explained by
distinct lineages of the virus spreading in subpopulations with distinct HLA frequencies (88).

Two of the underlying reasons why the biology of immune escape is complicated are illustrated
in Figures 1 and 2, using as examples three well studied HIV-1 epitopes: the A*0201-restricted
epitope SLYTNVATL (SL9) and the two B*5701-restricted epitopes TSTLQEQIGW (TW10)
and ISPRTLNAW (IW9). Figure 1 shows the many experimentally validated epitopes that are
referenced in the Los Alamos HIV Database (www.hiv.lanl.gov) that overlap with these three
epitopes, and thus mutations within one epitope may impact overlapping epitopes and vice
versa. SL9 is an immunodominant epitope in chronic infection (16) presented by HLA-A*0201.
However, HLA-A*02 associations with mutations in SL9 were not identified in two population
studies, although mutations in SL9 were found to be associated with HLA-A*01, A*11, and
A*29 (90, 91), each with known overlapping epitopes spanning this region. The inability of
association methods to capture a mutational pattern associated with HLA-A*02 in a dominant
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common epitope like SL9 is likely to be a consequence of superimposed patterns of escape
relative to the other T cell epitopes that can impact this region of Gag (Figure 1). An additional
complication is that HLA can impact mutational patterns at a distance. For example, the most
characteristic escape mutation of the B*57-restricted TW10 epitope, T242N, also requires
compensatory mutations that impact interactions between the capsid protein and cyclophilin
A (Figure 1) (92). Associations in mutational patterns between B*5701 escape mutations and
compensatory mutations were identified at the population level (90), but both the T242N
mutation within the epitope and its compensatory mutations can also be influenced by epitopes
presented by other HLA molecules (Figure 1).

A further complication is that escape mutations can be susceptible forms in different individuals
or at different times during infection (12,15,80,88,93,94). The T242N escape in TW10 is an
example. Whether the T242N is defined as an escape or a susceptible form depends on the
individual and the transmitted form of the epitope (94). Figure 2 shows a phylogenetic tree of
the major clades of HIV-1 mapping the variation in the three epitopes considered here onto a
tree representing global variation. SL9 is very complex in terms of its escape pathways, such
that virtually all of the mutations that are shown in Figure 2 can be either susceptible or escape
forms in the context of different T cell receptor clonotypes (95,96). In contrast to mutations
within T cell epitopes, mutations that inhibit epitope processing or that prevent HLA-peptide
interactions may only be escape mutations for the precise epitope in question, although they
may be incorporated into a susceptible overlapping epitope. An example of a processing
mutation is the A146P mutation flanking the IW9 epitope (97,98). This mutation is positively
selected in HLA-B*57 individuals and prevents proper trimming of the optimal epitope by the
endoplasmic reticulum aminopeptidase I. Many variants occur in this position (Figure 2), and
the proline at position 146 may sometimes become part of other epitopes (Figure 1). There are
many alternate forms of each of the three epitopes considered here (Figure 2), but such levels
of diversity are not atypical; in fact, these epitopes are all from the relatively conserved Gag
protein. There are concentrated patterns of amino acid variants in different subclades within
subtypes and in different geographic locations (Figure 2). These mutational patterns may have
phenotypic consequences at the population level. When escape variants are transmitted, they
revert at various rates or not at all (94,97,99), and the transmission of attenuating escape
mutations from a donor to a recipient can thus be relevant to the extent of viral replication in
a new host.

What does this imply for vaccines? Since different frequencies of variants are prevalent in
different populations (Figure 2), and since multiple variants can be susceptible depending on
the context, it seems prudent for a vaccine to include a variety of common sequences. Mutations
that are characterized as being typical escape sequences may also be relevant for inclusion in
a vaccine, since responses can often be mounted to these alternate forms (88,94,95). Epitope-
specific responses also generally continue to vary after the initial escape forms emerge (12,
15). Therefore, blocking fit escape routes or reversion to a more fit form by vaccine-induced
immune responses seems particularly desirable (84). Taken together, recent studies of acute
infection, immune escape and reversion, viral fitness, population imprinting, and the ability of
TCR clonotypes to recognize variant epitopes all point towards utilizing antigen cocktails that
trigger improved breadth and depth of cellular immune responses. This could lead to improved
immunologic coverage of global virus diversity and inhibition of common escape routes of the
virus resulting in a substantial viral fitness cost.

Conclusions and Perspectives
Next generation T cell-based and antibody-based vaccine candidates will need to contend with
the enormous challenge of global HIV-1 diversity. Cellular immune responses will require
sufficient breadth and depth to cover extensive immunologic diversity and mutational patterns
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of the virus. Both humoral and cellular immune responses will need to exert antiviral activity
against a substantial breadth of primary isolate viruses, and it is hoped that novel antigen
strategies will begin to address these challenges. Vaccine-induced immune responses will also
need to be more potent and durable in both systemic and mucosal compartments. Since an
optimal HIV-1 vaccine candidate will almost certainly need to induce both humoral and cellular
immunity, research should proceed in parallel in both areas with the intention that these paths
may eventually converge.

It is important to recognize that HIV-1 vaccine development is part of a larger prevention
portfolio that also includes behavioral modification, circumcision, pre-exposure prophylaxis,
and microbicides. Recent microbicide studies have resulted in promising trends, and studies
utilizing antiretroviral drugs for pre-exposure prophylaxis will be reported in the near future.
Success of other prevention modalities will have major effects on the HIV-1 vaccine field,
including the design of efficacy studies and the ultimate delivery of successful vaccine
candidates.

The STEP study has greatly contributed to the HIV-1 vaccine field and has redirected research
priorities. It is likely that the path towards a successful HIV-1 vaccine will be a long road with
multiple efficacy trial failures along the way. Thus, it is critical that the field does not become
paralyzed from disappointing results from any single efficacy study. There are clear reasons
for optimism, such as the increased structural and functional understanding of HIV-1 Env,
improved vaccine vectors that afford enhanced protective efficacy in SIV challenge studies,
and novel antigens that begin to address global virus diversity. These and other promising
vaccine concepts will be evaluated in clinical studies over the next several years.
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Acronyms and Key Terms

HIV-1 human immunodeficiency virus type 1

SIV simian immunodeficiency virus

SHIV simian-human immunodeficiency virus

HLA human leukocyte antigen

Env HIV-1 envelope protein

NAb neutralizing antibody

MPER membrane proximal external region

mAb monoclonal antibody

rAd5 recombinant adenovirus type 5
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rAd26 recombinant adenovirus type 26
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Figure 1. Overlapping epitopes
Three well characterized HIV-1 epitopes (B*57 TW10, B*57 IW9, A*02 SL9) are shown in
the context of overlapping epitopes that have been described in the literature. The compensatory
mutations for the B*57 TW10 escape mutation T242N (92) are also shown embedded in
overlapping epitopes to further illustrate the complexity at the population level of these
immunologic targets. The epitopes that have been described in the literature are likely only the
tip of the iceberg, since reagents used to screen for epitopes are seldom based on autologous
sequences, which would enable detection of novel epitopes that are specific for less common
variants. The common HLA molecules are in bold.
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Figure 2. Global diversity
A phylogenetic tree is shown of HIV-1 Gag from a set of isolates within the last 10 years from
diverse locations throughout the world. Branch lengths reflect overall genetic distances
between isolates and clades, and the epitope alignment on the right shows the impact of this
diversity on three well characterized epitopes. Dashes indicated identity with the form of the
epitope most often studied that is depicted at the top of each epitope alignment. The subtype,
the two-letter country code indicating where the sample was obtained
(www.hiv.lanl.gov/content/sequence/HelpDocs/databasecountrycode.html), and the year of
isolation are indicated. The IW9 epitope also includes the preceding amino acid, as an A146P
flanking substitution hinders processing and represents a common escape route (97,98).
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Table 1
HIV-1 vaccine efficacy studies

Vaccine Concept Developer Study Status

1. monomeric gp120 (B/B, B/E) VaxGen VAX 003, VAX 004 (phase
3)

completed in 2003 (42,43)

2. rAd5-Gag/Pol/Nef Merck HVTN 502 “STEP” (phase
2b)

stopped in 2007 (49)

3. ALVAC (vCP1521) prime,
gp120 (B/E) boost

Sanofi, VaxGen RV 144 (phase 3) will be completed in 2009

4. DNA prime, rAd5 boost Gag/
Pol/EnvA/EnvB/EnvC

NIH VRC HVTN 505 (phase 2) scheduled to begin in 2009
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