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HIV vaccine development demands for two crucial needs to be successful; firstly, to identify immunologic
vulnerabilities of HIV, and secondly, to develop a vaccine approach that safely and durably exploits such
vulnerabilities. Rv144 vaccine trail has laid foundations for identification of HIV vulnerabilities and HIV
broadly neutralizing monoclonal antibodies as an approach for the HIV vaccine development. Even though
this trail failed, it provided a platform for the extensive research options and challenges faced in develop-

ﬁ‘?’/words" ing successful HIV 1 vaccine candidate. In this review, we are providing various research advancements
. and challenges faced. Recombinant Adenovirus serotype 26 HIV-1 Env vaccine (IPCAVD 001) has shown

Vaccine development .. . . . . .

Challenges that broadly neutralizing monoclonal antibodies from this is capable of producing antibody-dependent

cell-mediated phagocytosis, virus inhibition, and degranulation functional activity to a great extent. And
many new distinct approaches like B cell aided HIV carbohydrate vaccine design strategies, enhancing
strategies for mucosal immunity based vaccine development, new features in HIV 1 Env protein struc-
tural studies, and various computational studies are identified, and extensive research is being carried
in developing successful vaccine candidate. Apart from research advancements, researchers are facing
challenges like hyper variability of HIV, using relevant animal model and, translation of preclinical find-
ings to a human system. This presentation will review the recent distinct challenges and opportunities
for development of vaccine candidates capable of eliciting broadly neutralizing antibodies against HIV.

Distinct updates

© 2013 Polish AIDS Research Society. Published by Elsevier Urban & Partner Sp. z o.0. All rights

reserved.

1. Introduction

The search for an effective HIV vaccine still continues. The
discovery of wide range of HIV medications in to market has dra-
matically prolonged the lives of people infected with HIV. But with
all the advances achieved through the use of medication com-
binations, complete prevention has been not yet achieved [1-4].
Prevention efforts can be successful but to win the battle against
HIV we need to stop the spread of the epidemic, an effective HIV
vaccine must be developed.

For successful vaccine development, there are two crucial needs;
first, to find the immunologic vulnerabilities of HIV, which is
considered to be not an easy task because of the fact that HIV
and its simian immunodeficiency virus precursors have evolved
to efficiently evade immunity and therefore cause chronic active
infection and secondly, to develop a vaccine approach that safely
and durably exploits such vulnerabilities [5-7]. The extensive
research in HIV vaccine around the globe leads to the develop-
ment of Rv144 vaccine and carried forward for clinical trials. Rv144
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vaccine trail has laid foundations for identification of HIV vulner-
abilities and HIV broadly neutralizing monoclonal antibodies as an
approach for the HIV vaccine development. The RV144 HIV-1 trial
of the canary pox vector (ALVAC-HIV) plus the gp120 AIDSVAX B/E
vaccine demonstrated an estimated efficacy of 31%3,8], which cor-
related directly with antibodies to HIV-1 envelope variable regions
1 and 2 (V1-V2). But even though this trail has failed, it has given
a lot of hope and a platform for extensive research in develop-
ing successful vaccine candidate. In this review, we are providing
the recent advancements and challenges faced in HIV 1 vaccine
development.

2. Advancements in antibody based vaccine candidate

One of the challenges that we are facing in the development
of an AIDS vaccine is eliciting antibody (Ab) capable of preven-
ting the acquisition of HIV. Broadly neutralizing Ab (bNAb) that
can prevent HIV infection has proven to be difficult to elicit. It is
observed that broadly neutralizing antibodies PG9 and PG16 from
an International AIDS Vaccine Initiative (IAVI) Protocol G subject
show high potency and viral neutralizing capacity greater than 70%
[9]. When viral sequence based immuno design started it showed
a resistant to majority of envelope proteins. But, when Virus
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BG505.W6M.ENV.C2 (BG505) based gp120 expressed, it showed
broad neutralizing activity along with PG9 and PG16. Further mod-
ification with point mutation at L111a and adjuvant formation on
gp120 increased the antibody neutralization and showed BG505
as a stand-alone protein or as a component of a vaccine vector
for future investigations [9]. At Center for Virology and Vaccine
Research in Beth Israel Deaconess Medical Center, Boston, Adeno-
virus serotype 26 (Ad26) has been developed as a novel candidate
vaccine vector for human immunodeficiency virus type 1 (HIV-
1) and other pathogens [10]. It is observed that dose-dependent
expansion of the magnitude, breadth, and epitopic diversity of Env-
specific binding antibody showed strong responses elicited by this
vaccine along with the antibody-dependent cell-mediated phago-
cytosis, virus inhibition, and degranulation functional activity. It
also induced Env-specific cellular immune responses including
multiple CD8* and CD4* T-lymphocyte memory subpopulations
and cytokine secretion phenotypes, even though the cellular
immune breadth was limited. These results indicate that Adeno-
virus serotype 26 (Ad26) has been considered as a novel and strong
candidate for HIV 1 vaccine. From the previous studies it is observed
that bNADb is not able to elicit strong responses inside body and
they are very slow in entering into cells [11,12]. To face this chal-
lenge, experts consider that these challenges provide a window
opportunity for protective non-neutralizing Ab (pnnAb) as poten-
tial methodology to provide the much needed Ab component for
an HIV vaccine [13]. Such Ab acts by “tagging” virus or infected
cells for destruction by the innate immune system. The advance-
ments in eliciting the bNAb responses in preventing HIV infection
have shown potential vector and vaccine candidates for successful
vaccine development. It has been identified that protective non-
neutralizing Ab (pnnAb) tagged with virus particles can also act
against the HIV infection through destruction of tagged virus by
innate immune system, which can replace the Broadly neutralizing
Ab (bNAb) approach.

3. New features in HIV-1 Env structural studies

The trimeric envelope glycoprotein of HIV-1, composed of gp120
and gp41 subunits, remains a major target for vaccine development.
The structures of the core regions of monomeric gp120 and gp41
have been determined previously by X-ray crystallography. New
insights into the structure of trimeric HIV-1 envelope glycoproteins
will help in understanding the gp160 in better and developing
effective vaccine candidate [14].

Glycosylation patterns on gp120 are crucial for understand-
ing the modulating biological and structural properties, which in
return are important in developing the effective vaccine candidate.
Recently it is observed that recombinant HIV-1 surface glyco-
protein, gp120, derived from clade C transmitted/founder virus
1086.C expressed in Chinese hamster ovary (CHO) and human
embryonic kidney containing T antigen (293T) cell lines shows dif-
ferent patterns of N-linked glycosylation, O-linked glycosylation
and phosphorylated glycans at different regions on gp120 [15].
For N-linked glycosylation, two sites (N386 and N392) in the V4
region were populated with high mannose glycans in the CHO
cell-derived 1086.C gp120, while these sites had a mixture of high
mannose and processed glycans in the 293T cell-derived 1086.C
gp120 [15]. Compositional analysis of O-linked glycans revealed
that 293T cell-derived 1086.C gp120 consisted of core 1, 2, and 4
type O-linked glycans, while CHO cell-derived 1086.C exclusively
consisted of core 1 type O-linked glycans. Site-specific glycopeptide
analysis of 1086.C gp120 expressed in CHO cells revealed the pres-
ence of phosphorylated glycans, while 293T cell-produced 1086.C
gp120 glycans were not phosphorylated. Irrespective of variations
in these glycosylation profiles in various expression systems, these

profiles may be important in finding the immunogenicity and func-
tional capacities of recombinant envelope proteins produced based
on the expression systems. The recent studies on kinetic proper-
ties of carbohydrate-binding agents (CBA’s), antibody 2G12 and
sCD4 binding to monomeric gp120 and trimeric gp140 indicate that
monomeric gp120 is a good surrogate molecule for native HIV-1
Env trimer to investigate the binding affinities of Env-binding com-
pounds that show that all three gp120 in Env trimer have similar
binding patterns [16].

Even though HIV-1 carries a relatively low number of glyco-
proteins in its membrane, the mechanism of Env recruitment and
virus incorporation is incompletely understood. A recent research
study in Env recruitment has revealed that Env is recruited to HIV-
1 assembly sites in a Cytoplasmic Tail (CT)-dependent manner. A
study by employing dual-color super-resolution microscopy on Gag
assembly sites and HIV-1 Env proteins in virus-producing and Env
expressing cells has shown an interesting result in formation of Env
clusters. The study states that “formation of Env clusters depended
on the presence of other HIV-1 proteins and on the long cytoplas-
mic tail (CT) of Env. CT deletion or Env expression in the absence of
other HIV-1 proteins led to much smaller Env clusters, which can-
not be embellished at viral assembly sites. This indicates that Env is
recruited to HIV-1 assembly sites in a CT-dependent manner [17].”

4. B cell: a potential tool for carbohydrate immunogen
screening

The highly conserved regions of high-mannose glycans on HIV
1 envelope glycoprotein, gp120, are considered to be as a target
for broadly neutralizing antibodies [18,19]. 2G12, a HIV-1 antigly-
can neutralizing antibody, binds to these regions with an unusual
domain-exchanged structure that creates a high-affinity multiva-
lent binding surface [18,20].

It has become a challenge to design such type of vaccines that
generate immunogens which can act to raise domain exchanged
2G12 like responses. It was observed that carbohydrate-based
immunogens aimed at inducing 2G12-like antibodies may need to
drive both di-mannose recognition and domain exchange through
interactions with B cell receptors. To assess that information, a
research study was carried out on different B cells such as domain-
exchanged wild-type 2G12 (2G12 WT), a non-domain-exchanged
Y-shaped variant (2G12 [19R), and germ line 2G12 (2G12 gl) [21].
The results show that only discrete clusters of high-mannose gly-
cans, as on recombinant forms of the HIV-1 envelope trimer and
oligodendrons, can activate 2G12 WT B cells and no immunogen
tested activated 2G12 gl cells, which satisfies “in order to drive
domain exchange of an anti-mannose antibody response, we need
aimmunogen displaying discrete clusters of high-mannose glycans
that are not recognized by conventional Y-shaped antibodies”. The
results have inferred the broadly neutralizing antibody-expressing
B cells as potentially useful tools in carbohydrate immunogen
screening [21].

5. VRCO01: a new vaccine candidate to HIV 1

Advanced research from last 10 years has provided many
broadly neutralizing antibodies (bNABs), but still we are unable to
develop a vaccine which can elicit bNABs in human body. A new
broadly neutralizing antibody, VRCO1 [22,23], is able to neutralize
90% of the viral strains considering HIV viral protein as an immuno-
gen [22,23]. But, the problem is that envelope protein gp120 is not
able to bind with detectable affinity to B cells to launch broadly
neutralizing antibody responses. Scientists have investigated the
VRCO1 genes and expressed them in germ line B cells. These germ
line B cells transformed to mature B cells, but they are unable to
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