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Abstract

An effective HIV vaccine will likely need to induce broad and potent CTL responses. Epitope-based vaccines offer significant potential for
inducing multi-specific CTL, but often require conjugation to T helper epitopes or carrier moieties to induce significant responses. We tested
hybrid DNA vaccines encoding one or more HIV or SIV CTL epitopes fused to a hepatitis B core antigen (HBcAg) carrier gene as a means to
improve the immunogenicity of epitope-based DNA vaccines. Immunization of mice with a HBcAg-HIV epitope DNA vaccine induced CD8+ T
cell responses that significantly exceeded levels induced with DNA encoding either the whole HIV antigen or the epitope alone. In rhesus
macaques, a multi-epitope hybrid HBcAg-SIV DNA vaccine induced CTL responses to 13 different epitopes, including 3 epitopes that were
previously not detected in SIV-infected macaques. These data demonstrate that immunization with hybrid HBcAg-epitope DNA vaccines is an
effective strategy to increase the magnitude and breadth of HIV-specific CTL responses.
© 2007 Elsevier Inc. All rights reserved.
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Introduction

Avaccine capable of controlling or preventing HIV infection
is needed to stem the AIDS epidemic. An effective vaccine will

likely need to induce CD8+ cytotoxic T lymphocytes (CTL)
(McMichael and Rowland-Jones, 2001) and protective immu-
nity against different viral variants may require induction of
CTL responses against a broad range of epitopes, including
subdominant and conserved sequences.

DNA immunization effectively induces T cell responses,
including CTL (Donnelly et al., 1997), making this strategy an
attractive approach for vaccination against HIV. Studies in
nonhuman primates have shown that DNA vaccines afford
various levels of protection against challenge with avirulent or
pathogenic AIDS viruses (Amara et al., 2001; Barouch et al.,
2000; Boyer et al., 1997; Kent et al., 1998; Robinson et al.,
1999; Rosati et al., 2005; Singh et al., 2005). However, in most
studies, boosting with a viral vaccine vector, numerous booster
immunizations, or high doses of DNA was required to induce
strong CTL responses and suppress infection, suggesting that
new strategies are needed to improve DNA vaccine potency.
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Epitope-based vaccines offer advantages for induction of
CTL. Unlike whole antigens, epitope vaccines can be designed
to include the relevant epitopes while excluding sequences
outside epitope domains that can negatively influence immuno-
genicity (Collins et al., 1998; Gratton et al., 1998; Maggi et al.,
1994; Romagnani and Maggi, 1994). Epitope-based vaccines
can also induce more potent immune responses than whole
antigen vaccines (Ishioka et al., 1999; Restifo et al., 1995). The
combination of an epitope-based strategy in the context of a
DNA vaccine may, therefore, provide a highly effective
strategy to elicit HIV-specific CTL.

Epitopes often require conjugation to a longer, immuno-
genic T helper peptide (Restifo et al., 1995; Shirai et al., 1994;
Vitiello et al., 1995) or a carrier moiety (Griffiths et al., 1993;
Layton et al., 1993; Michel et al., 1988; Schlienger et al.,
1992; Schodel et al., 1994a) to achieve significant immuno-
genicity. The hepatitis B virus nucleocapsid antigen (HBcAg)
has been used as an efficient carrier moiety for peptide or
protein vaccines (Milich et al., 1995; Schodel et al., 1994a;
Ulrich et al., 1998), and immunization with purified hybrid
HBcAg-B cell epitope particles enhances antibody responses
against the carried epitope (Milich et al., 1995; Schodel et al.,
1994a; Tindle et al., 1994; Ulrich et al., 1998). This prompted
us to investigate HBcAg as a carrier for CTL epitopes in the
context of a DNA vaccine as a method to augment CTL
responses. Here, we demonstrate hybrid DNA vaccines
encoding HIV or SIV epitopes fused to a HBcAg carrier
gene increase CTL epitope immunogenicity in mice and can
be used to induce broad CTL responses against multiple
epitopes in nonhuman primates.

Results

Generation of HBcAg-epitope DNA vaccines

Heterologous epitopes can be inserted into either the
immunodominant antibody binding or the C-terminus regions
of the HBcAg gene without disrupting the core particle
(Borisova et al., 1996). To test this concept as a DNA vaccine,
an H-2Dd-restricted HIV CTL epitope, RGPGRAFVTI
(Takeshita et al., 1995) recognized in Balb/c mice, was in-
serted into the immunodominant region of a plasmid encoding
the HBcAg carrier gene (pHBc) (Fig. 1), resulting in the hybrid
DNA vaccine, pHBc-V3-10. To determine if the hybrid
vaccine expressed core particles, Vero cells were transfected
with pHBc-V3-10 and the supernatants were subjected to
sedimentation in a 20% glycerol cushion to pellet the core
particles. For comparison, supernatants from Vero cells
transfected with either the parent HBcAg vector (positive
control) or DNA encoding irrelevant antigen (negative control)
were also analyzed. Core particles were measured by ELISA
detection of a hepatitis B e antigen (HBeAg) epitope that is
exposed on particles expressed by the HBc plasmids due to
deletion of the C-terminal arginine-rich region of the HBcAg
gene. HBeAg was readily detected in the fraction from the
parent HBcAg carrier vector (pHBc) and the hybrid pHBc-V3-
10 vector, but not from DNA encoding the HIV envelope gene

(pHIVgp120) (Fig. 2), confirming that the hybrid vector
expressed hepatitis B core particles.

A multi-epitope SIV DNA vaccine encoding19 SIVmac239-
specific CTL epitopes that bind the Mamu-A*01 MHC class I
molecule (Allen et al., 2001) was also generated. The epitopes
were inserted into either the internal region or C-terminus of the
HBcAg gene. Separation of epitopes onto different plasmids
reduces competition between epitopes (Rodriguez et al., 2002).
Therefore, the two immunodominant CTL epitopes, Gag181–189
CM9 and Tat28–35 SL8 (Allen et al., 2001), were inserted into 2
separate HBcAg vectors, and the remaining 16 epitopes were
separated among 7 additional vectors resulting in a cocktail of 9
hybrid HBc-SIV vectors, each carrying 1–3 epitopes (Table 1)
separated by two alanines. All 9 HBc-SIV vectors expressed
variable, but comparable, levels of core particles in vitro (data
not shown).

Hybrid HBcAg-epitope DNA vaccines increase epitope
immunogenicity

We investigated HBcAg for the ability to enhance the
immunogenicity of the HIV epitope. Groups of 8 Balb/c mice
were immunized with three 1 μg DNA doses of either the hybrid
vector (pHBc-V3-10) or a control vector encoding the same
epitope without carrier (pV3-10) using a gene gun to deliver the
DNA directly into the cells of the epidermis. A 3rd group of
mice was immunized with a co-delivery of the parent HBcAg
carrier and the epitope (pHBc+pV3-10) to determine if
expression of the HBcAg carrier gene on a separate plasmid is
sufficient to enhance epitope immunogenicity, and a 4th group

Fig. 1. Schematic of the chimeric hepatitis B core antigen-epitope plasmid
design. Vector elements include the human cytomegalovirus immediate early
promoter (CMVpro) with intron A sequences, the tissue plasminogen activation
signal peptide (TPAsigpep), the coding sequence for hepatitis B core antigen
(HBcAg), the bovine growth hormone polyadenylation signal (BGHpA), and
the pUC19 origin of replication. One to three CTL epitopes were inserted into
either the immunodominant loop or at the C-terminus of the HBcAg gene.
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