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a b s t r a c t

The development of an effective HIV vaccine is still a major scientific challenge. HIV vaccine trials con-
ducted until now were not able to induce broad neutralizing antibodies or effective cell mediated
immune responses. More recently, CD4+ T cells have been shown to play an important role in viral control
and better disease prognosis. We have recently developed a DNA vaccine encoding 18 conserved multiple
HLA-DR-binding HIV-1 CD4 epitopes (HIVBr18), capable of eliciting broad CD4+ T cell responses in BALB/c
and in multiple HLA class II transgenic mice. Despite the advantages of DNA vaccines and a large number
of clinical trials, it has been a challenge to transfer the success of inducing potent immunity observed in
animal models to humans. Here, we sought to evaluate the potential use of bupivacaine, a local anes-
thetic, as an adjuvant for HIVBr18. We observed that the concomitant administration of the local anes-
thetic bupivacaine with the DNA vaccine HIVBr18 increased the magnitude of CD4+ and CD8+ T cell
responses and cytokine production without compromising their breadth. Furthermore, we demonstrate
that coadministration of bupivacaine also impacted the longevity of specific immune responses. Since
bupivacaine is used in clinical settings, we believe that this concept may contribute to overcome the lim-
ited immunogenicity of DNA vaccines in humans.
� 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/3.0/).

Introduction

Human immunodeficiency virus type 1 (HIV-1) infection and
the incurable disease it causes, the acquired immunodeficiency
syndrome (AIDS), remains a major public health problem in ende-
mic countries. Despite the successful development of new antiret-
roviral drugs in the last years, there is still no vaccine available.

In recent years, several studies have aimed to develop new
strategies for an effective vaccine to prevent HIV infection. It is
widely accepted that an effective prophylactic vaccine against
HIV-1 should elicit neutralizing antibodies (Nabs) that, if present
at the time of transmission, could block HIV acquisition. However,
all vaccine candidates based on the induction of neutralizing

antibodies failed to induce Nabs and also failed large-scale efficacy
phase III trials [1,2]. Therefore, the HIV prophylactic vaccine
research shifted to evaluate vaccine candidates capable of inducing
cell-mediated immune responses (CMI). A vaccine that elicits CMI
will be able to limit viral transmission and prevent HIV-1 associ-
ated disease progression by controlling viral loads in those individ-
uals who become infected [3–5].

Although five vaccine candidates were tested in phase IIb/III
efficacy trials, only one demonstrated some level of protection
[6]. The recent phase III clinical trial RV144 was the first to demon-
strate a modest evidence of protection against acquisition of HIV-1
infection among vaccines in the absence of serum-neutralizing
antibodies, with an estimated vaccine efficacy of 31.2% [7,8]. Preli-
minary analysis of the protective immune responses revealed that
most vaccinated HIV-negative individuals presented predomi-
nantly polyfunctional effector CD4+ T cell responses against the
V2 region of the envelope protein [9].

Control of viral infections is crucially dependent on CD4+ T cell
responses [10]. In this scenario, CD4+ T cells are mainly implicated
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in helping CD8+ cytotoxic T cell responses (CTL), as well as in sup-
porting B cells through antibody class switch recombination and
affinity maturation. During HIV infection, and also in simian
immunodeficiency virus (SIV) infection in nonhuman primates,
CD4+ T cells can suppress virus replication directly (through the
release of perforin and granzymes) or indirectly (through the
release of soluble antiviral chemokines), maintain mucosal immu-
nity by producing IL-17, and produce cytokines to help B and CD8+ T
cells (for a review see [11]). In SIV infection, specific CD4+ T cells can
contribute directly to effective suppression of the virus by inhibiting
SIV replication in macrophages [12]. More recently, it was demon-
strated that HIV-infected individuals with lower set point viral load,
slower disease progression and better clinical outcome in the
absence of antiretroviral therapy, display significant expansion of
HIV-specific CD4+ T cell responses. Moreover, these subjects present
enhanced CD4+ T cell cytolytic activity and higher frequency of IFN-
c producing cells [13]. It is thus clear that a successful HIV vaccine
should also induce strong CD4+ T cell responses [14].

We have identified a group of conserved CD4 epitopes from HIV
that were able to bind to multiple HLA-DR molecules. Synthetic
peptides representing such epitopes were recognized by PBMC
from over 90% of HIV-1 infected individuals [15]. More recently,
we reported that a DNA vaccine and a recombinant adenovirus
encoding such epitopes (HIVBr18) were able to induce broad
specific CD4+ and CD8+ T cell responses in BALB/c [16,17] and in
transgenic mice to human HLA class II alleles (HLA-DR2, -DR4,
-DQ6, -DQ8) [18]. Functional profile analysis induced by these vac-
cines demonstrated that HIVBr18 was able to induce high magni-
tude, broad and polyfunctional CD4+/CD8+ T cell responses, and 8
out of 18 vaccine-encoded peptides were recognized. Moreover,
the vaccine also generated long-lived central and effector memory
T cells [16].

Immunization using plasmid DNA is a promising technology for
gene delivery. It offers several potential advantages over conven-
tional approaches, including safety profile and feasible production
method [19]. Despite the advantages and a large number of clinical
trials, it has been a challenge to transfer the success of inducing
potent immunity observed in animal models to humans. The
mechanism of such phenomenon is not fully understood, but it is
likely that inefficient transfection is a major determinant [20]. Such
observations have led to the pursuit of alternative strategies to
enhance immune responses to the encoding antigen [21]. One
alternative to improve the immunogenicity of DNA vaccines is
the concomitant use of adjuvants. Adjuvants (from the latin adjuv-
are = help) are substances that when incorporated into a vaccine
formulation, enhance its immunogenicity. Addition of such adju-
vants increases breadth, magnitude and also skews the type of
the immune response [21]. They can also lead to a reduction of
the dose and/or number of immunizations for a given vaccine
[22–24] and even increase seroconversion rates in populations
with reduced responsiveness [25,26]. To increase the immunoge-
nicity of DNA immunization using HIV antigens, genes coding cyto-
kines [27–30] and also toll like receptors (TLRs) agonists [31,32]
have been used.

Chemical compounds have been also evaluated as adjuvants for
DNA vaccines [33]. One of such compounds is bupivacaine or mar-
caine, a local anesthetic drug belonging to the amino amide group
that blocks neuron transmission. Bupivacaine is a myotoxin that
when injected destroys myofiber cells leading to the clearance of
cell debris and proliferation of myoblasts [34]. In addition, the
recruitment of inflammatory cells to the site of bupivacaine injec-
tion may allow for transfection of immune cells [35]. Pretreatment
of muscle with 0.25–0.5% bupivacaine prior to DNA injection
increases gene expression by 30–50-fold, resulting in an enhance-
ment of the immune responses [34,36]. Also, the complex formed
with bupivacaine protects DNA from nuclease degradation, and

intramuscular immunization with this formulation results in
higher immune responses against the encoded antigen [33,37].
Further in support of the adjuvant effect of bupivacaine, mucosal
immunization with a DNA vaccine encoding an HIV-1 envelope
protein was able to elicit vaginal immunoglobulins that specifically
bound to the HIV-1 envelope and neutralized HIV-1 infectivity
in vitro [38]. Recently, bupivacaine was used in combination with
a DNA vaccine encoding Streptococcus mutants antigens, and intra-
nasal or intramuscular immunization induced antibodies, IFN-c
production and significant reduction in dental caries lesions [39].

In the present study, we analyzed the adjuvant properties of the
concomitant use of bupivacaine on the cellular immune response
against the epitopes encoded by the DNA vaccine HIVBr18. Our
data suggest that the administration of a DNA vaccine encoding
HIV CD4 T cell epitopes together with bupivacaine at the time of
immunization results in enhancement of the magnitude and lon-
gevity of antigen-specific cellular immune responses.

Material and methods

DNA vaccine

We previously designed a multiepitope construct containing the
mammalian codon optimized nucleotide sequences of the 18 HIV-1
CD4 epitopes described previously [15]: p17 (73–89), p24 (33–45),
p24 (131–150), p6 (32–46), pol (63–77), pol (136–150), pol (785–
799), gp41 (261–276), gp160 (19–31), gp160 (174–185), gp160
(188–201), gp160 (481–498), rev (11–27), vpr (58–72), vpr (65–
82), vif (144–158), vpu (6–20) and nef (180–194). The artificial gene
(EZBiolab) was cloned into the pVAX1 vector (Invitrogen) to gener-
ate the HIVBr18 vaccine, as previously described [16,18]. The DNA
vaccine was purified using the Endofree Plasmid Giga Kit from Qia-
gen according to manufacturer’s instructions.

Mice and immunization

BALB/c mice were purchased from Centro de Desenvolvimento
de Modelos Experimentais para Medicina e Biologia (CEDEME)
and housed at the experimental animal facilities at the Division
of Immunology, Federal University of São Paulo (UNIFESP) under
specific pathogen-free conditions. In all experiments, groups of 6
mice were immunized intramuscularly (IM) three times, 2 weeks
apart, with 100 lg of the DNA vaccine HIVBr18 in the presence
or absence of 0.2% bupivacaine hydrochloride (Sigma). Control
mice received 100 lg of the empty vector pVAX in the presence
or absence of 0.25% bupivacaine hydrochloride. A volume of
50 lL was injected into each quadriceps.

Ethics statement

All experiments were performed in accordance to the guidelines
of the Ethics committee of Federal University of São Paulo (UNI-
FESP) and approved under protocol number 0121/11.

Peptide synthesis

The eighteen multiple HLA-DR binding peptides derived from the
conserved regions of HIV-1 B subtype consensus were synthesized
by GL Biochem (Vancouver, Canada). Peptide purity and quality were
assessed by reverse-phase high performance liquid chromatography
and mass spectrometry and were routinely above 90%.

Spleen cells isolation

Two or twelve weeks after the last dose, mice were euthanized
and the spleen was removed aseptically. After obtaining single cell
suspensions, cells were washed in 10 mL of RPMI 1640. Cells were
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