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Abstract
Objective—Targeting HIV antigens directly to dendritic cells using monoclonal antibodies
against cell-surface receptors has been shown to evoke potent cellular immunity in animal models.
The objective of this study was to configure an anti-human CD40 antibody fused to a string of five
highly conserved CD4+ and CD8+ T-cell epitope-rich regions of HIV-1 Gag, Nef and Pol
(αCD40.HIV5pep), and then to demonstrate the capacity of this candidate therapeutic vaccine to
target these HIV peptide antigens to human dendritic cells to expand functional HIV-specific T
cells.

Methods—Antigen-specific cytokine production using intracellular flow cytometry and
multiplex bead-based assay, and suppression of viral inhibition, were used to characterize the T
cells expanded by αCD40.HIV5pep from HIV-infected patient peripheral blood mononuclear cell
(PBMC) and dendritic cell/T-cell co-cultures.

Results—This candidate vaccine expands memory CD4+ and CD8+ T cells specific to multiple
epitopes within all five peptide regions across a wide range of major histocompatibility complex
(MHC) haplotypes from HIV-infected patient PBMC and dendritic cell/T-cell co-cultures. These
in vitro expanded HIV antigen-specific CD4+ and CD8+ T cells produce multiple cytokines and
chemokines. αCD40.HIV5pep-expanded CD8+ T cells have characteristics of cytotoxic effector
cells and are able to kill autologous target cells and suppress HIV-1 replication in vitro.

Conclusion—Our data demonstrate the therapeutic potential of this CD40-targeting HIV
candidate vaccine in inducing a broad repertoire of multifunctional T cells in patients.
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Introduction
Several studies have shown that strong host immune responses are associated with the
control of human immunodeficiency type 1 virus (HIV) replication [1,2]. Rare patients,
named long-term nonprogressors (LTNPs, 5–15% of HIV-infected patients) [3,4] or elite
controllers (less than 1%) [5], can maintain their CD4+ T-cell counts and/or have
undetectable viral replication levels [6] in the absence of HAART. The mechanisms
involved in this control imply several factors influencing immune response (reviewed in
[6]). These patients exhibit strong HIV-specific polyclonal CD4+ T-cell proliferation,
maintain a pool of HIV-specific central memory CD4+ T cells [7], and cytotoxic [8] and
polyfunctional CD8+ T-cell responses [9]. In early HIV infection, CD8+ T-cell responses
seem to be key determinants of disease progression [1]. This is supported in the rhesus
macaque model in which elimination of CD8+ T cells results in dramatic increase of simian
immunodeficiency virus (SIV) load [10,11]. Moreover, the rapid appearance of cytotoxic T
lymphocyte (CTL) escape mutations in transmitted/founder virus during acute infection
highlights the important role of CD8+ T cells in HIV containment [12]. Thus, effective
generation of CTL during natural infection or eliciting potent HIV-specific CD8+ T-cell
responses following vaccination is likely to be important for eliminating HIV replication in
vivo or controlling viral load in the absence of sterilizing immunity [13]. However, the
maintenance of functional memory CD8+ T cells [14] and effective CTL responses [15]
requires CD4+ T-cell help. CD4+ T cells themselves could also contribute to the control of
HIV replication [16–18]. This has implications for HIV vaccine development. Thus, in a
therapeutic setting, immunization strategies which induce both CD4+ and CD8+ T-cell
responses may lead to more durable CD8+ T-cell activity against HIV-infected cells,
resulting in reduced viral load [19,20].

Currently, vaccine strategies combining DNA, viral vectors, or proteins in prime-boost
vaccination regimens are being explored to enhance the poor immunogenicity of the
individual vaccine components. One way to increase immunogenicity of proteins is to
improve their delivery to the antigen-presenting cells (APCs), especially dendritic cells.
Dendritic cells play a key role in inducing and regulating antigen-specific immunity. They
capture antigens, process and present them to T cells as peptides bound to both major
histocompatibility complex (MHC) class I and II [21–23]. Antigens can be targeted
efficiently and specifically to dendritic cells using monoclonal antibodies (mAbs) directed
against cell-surface receptors. For example, an anti-DEC-205 mAb fused to HIV Gag p24
induced strong CD4+ T-cell immunity in mice that was protective against challenge with
recombinant vaccinia-Gag virus, but only when co-administered with an activating anti-
CD40 mAb in combination with poly(I:C) [24]. The anti-DEC-205-Gag p24 fusion mAb
plus poly(I:C) generated Gag-specific T cells in non-human primates (NHPs) [25] and, when
targeted to HIV-infected patient dendritic cells and peripheral blood mononuclear cells
(PBMCs), mediated HIV Gag p24 presentation to CD8+ T cells across a wide spectrum of
MHC class I haplotypes in vitro [26].

An epitope-based vaccine composed of a set of HIV peptides which bear multiple and
highly conserved CD4+ and CD8+ T-cell epitopes has been developed. This candidate
vaccine, which uses five 19–32-amino acid long peptides from HIV-1 Gag, Nef, and Pol
proteins covalently linked to a lipid tail [27] to facilitate uptake by APCs, is well tolerated
[28] and elicits HIV-specific CD4+ and CD8+ T-cell responses in healthy volunteers [29,30]
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and HIV-infected individuals [19,31]. As a component of a therapeutic vaccination strategy,
these HIV lipopeptides contributed to the containment of viral replication after HAART
interruption [19,20].

We have developed a candidate HIV vaccine for cellular immunity based on targeting the
above-mentioned HIV peptides (called herein HIV5pep) to APCs. This candidate vaccine is
based on a recombinant anti-human CD40 antibody (rAb) fused via the heavy chain C-
terminus to a string of the five HIV peptides (αCD40.HIV5pep). CD40 is a potent activating
receptor expressed by a range of APCs, including dendritic cells, B cells and monocytes
[32]. Thus, targeting CD40 offers the potential advantage of inducing dendritic cell
maturation without the need for additional stimuli [33] and delivery of antigen to CD40
induced antigen-specific antibody [34,35] and protection against tumor [36]. Here, we
demonstrate that αCD40.HIV5pep can effectively expand HIV antigen-specific
multifunctional helper CD4+ and cytotoxic CD8+ T cells in HIV-infected patient PBMC and
autologous dendritic cell/T-cell co-cultures. These cytotoxic CD8+ T cells can control HIV
replication in vitro. Thus, our results provide a preclinical rationale for further testing this
dendritic cell-targeting HIV candidate vaccine in nonhuman primates and humans.

Methods
Cloning and production of recombinant anti-human CD40 antibody fused to five HIV
peptide regions

Using previously established mammalian cell vectors directing the secretion of chimeric
mouse anti-human dendritic cell receptor antibody variable regions fused to human IgG4
heavy and light chain constant regions [37], we engineered in-frame insertions at the heavy
chain C-terminus of five HIV peptide antigens and flexible linker-coding cassettes.
Screening for secreted protein production in transiently transfected 293F cells was used to
establish an optimal configuration of five concatenated HIV peptides interspersed with
flexible linker sequences (Supplemental Fig. 1a, http://links.lww.com/QAD/A351). This
optimized HIV5pep coding region was then transferred to vectors for stable transfection of
CHO-S cell lines for expression and subsequent purification of αCD40.HIV5pep and
hIgG4.HIV5pep fusion proteins using methods described in [38].

Cell culture and cytokine assay
PBMCs or monocyte-derived IFNα-dendritic cells loaded with HIV5pep fusion proteins
were co-cultured with autologous T cells for 10 days in the presence of IL-2, then
rechallenged with the individual five HIV long peptides and analyzed after 6 h for cell
surface markers and intracellular cytokine production, or at 48 h for cytokine secretion into
the culture supernatants.

Cytotoxic T-lymphocyte assay
Epstein-Barr virus (EBV)-transformed B lymphoblastoid cell line (BLCL) target cells were
loaded o/n with αCD40.HIV5pep, αCD40 rAb or HIV peptides at 10 μmol/l, labeled
with 51Cr, and then the cytolytic activity of autologous effectors cells was determined at
various E:T ratios in a 5 h 51Cr-release assay.

Inhibition of HIV-1 replication assay
Phytohaemagglutinin (PHA, Sigma)-stimulated CD4+ T cells were superinfected with a
CXCR4-tropic laboratory strain (HIV-1. LAV-1, clade B) virus at a multiplicity of infection
of 0.001 and autologous CD8+ T cells enriched from PBMCs cultured with HIV5pep fusion
proteins were added at various CD8+ T-cell/CD4+ T-cell ratios in the presence of 100 IU/ml
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IL-2 (Bayer Healthcare). Supernatants were collected every 3–4 days over a 10-day period
for Gag p24 quantification by ELISA (HIV-1 p24 Antigen Capture Assay; Advanced
Biosciences Laboratories).

Results
Targeting APCs with αCD40.HIV5pep results in presentation of HIV peptide epitopes

αCD40.HIV5pep, a recombinant anti-human CD40 antibody fused via the heavy chain C-
terminus to a string of five epitope-rich HIV peptides (Supplemental Fig. 1, http://
links.lww.com/QAD/A351), bound specifically to HIV-infected patient monocytes, B cells,
and monocyte-derived IFNα-dendritic cells (Fig. 1a). αCD40.HIV5pep did not activate
monocyte-derived IFNα-dendritic cells in vitro as measured by cytokine and chemokine
secretion (Supplemental Fig. 2, http://links.lww.com/QAD/A351) and upregulation of
surface markers (data not shown). However, the stimulatory capacity of these dendritic cells
was not impaired in response to various toll-like receptor ligands (Supplemental Fig. 2,
http://links.lww.com/QAD/A351). To study the ability of αCD40.HIV5pep to mediate
presentation of HIV peptides, we incubated PBMCs from an HIV-infected individual with a
wide dose range (0.3 pmol/l – 30 nmol/l) of αCD40.HIV5pep, as well as control
hIgG4.HIV5pep. After 10 days, the cultures were stimulated for 48 h with each of the five
individual HIV-long peptides, or no peptide, and then secreted IFNγ was measured to assess
expansion of HIV peptide-specific T cells within the bulk PBMC population (Fig. 1b). In
this patient, αCD40.HIV5pep expanded T cells specific to the gag17, nef66, and pol325
peptides. Some peptide-specific T cells could be expanded with as little as 3 pmol/l of
αCD40.HIV5pep, but in general 3–30 nmol/l gave the maximum response (Fig. 1c, left
panel). We observed the suppression of the gag17-specific T-cell response when the antigen-
presenting cells were loaded with high concentrations of αCD40.HIV5pep (Fig. 1c, left
panel). This is most likely due to the induction of antigen-specific activation-induced cell
death in gag17-specific activated memory T cells in vitro. However, this effect was not seen
in all the patients responding to the gag17 peptide (data not shown). The control
hIgG4.HIV5pep elicited only weak pol325-specific T responses at the highest dose (Fig. 1c,
right panel). In similar experiments, hIgG4.HIV5pep resulted in no or weak responses
comparable to the medium control.

Using pools of overlapping 15-mer peptides to restimulate expanded antigen-specific T
cells, we could map in more detail the most likely epitopes involved in the response to the
individual HIV long peptides (Supplemental Fig. 3, http://links.lww.com/QAD/A351). In
similar experiments with PBMCs from two healthy volunteers, no HIV peptide-specific T
cells were detected in response to the αCD40.HIV5pep stimulation (data not shown).
Finally, in PBMC cultures from two HIV-infected patients, no responses were seen against
long peptides, or against pools of individual 15-mer overlapping peptides, corresponding to
the five flexible linker sequences interspersing the HIV peptide regions (Supplemental Fig.
4, http://links.lww.com/QAD/A351), indicating the absence of memory T cells with
specificities to possible epitopes in the linker sequences. Thus, αCD40.HIV5pep mediates
efficient presentation of HIV peptides and expansion of antigen-specific memory T cells
from HIV-infected individuals.

αCD40.HIV5pep elicits broad HIV peptide-specific CD4+ and CD8+ T-cell responses
To ascertain T-cell types expanded by αCD40.HIV5pep, we stimulated the 10-day
expansion cultures with each HIV long peptide and then stained for cell surface marker and
intracellular IFNγ expression (Fig. 1b). We observed expansion of both CD8+ and CD8−

HIV peptide-specific IFNγ-producing T cells (Fig. 1d). In this patient, αCD40.HIV5pep
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expanded gag17, nef66, and pol325-specific CD8− T cells and gag17, nef66, and pol325-
specific CD8+ T cells.

We further examined whether αCD40.HIV5pep could elicit T-cell responses using PBMC
and autologous IFNα-dendritic cell/T-cell co-cultures from eight other HIV-infected
individuals. Our data show that αCD40.HIV5pep expanded HIV peptide-specific IFNγ-
producing memory CD4+ and CD8+ T cells in all the patients tested (Fig. 2). The breadth
and relative magnitude of individual peptide-specific T-cell responses were consistent in
replicate experiments (Supplemental Fig. 5, http://links.lww.com/QAD/A351), but varied
between patients (Fig. 2). Importantly, αCD40.HIV5pep could present MHC class I and
class II epitopes from all five HIV peptide regions across a wide range of MHC haplotypes
(Supplemental Table 1, http://links.lww.com/QAD/A351). Moreover, we observed that the
αCD40.HIV5pep-enhanced T-cell responses require physical linkage of the HIV5pep
antigen to the CD40 targeting antibody, as combination of the uncoupled activating αCD40
recombinant antibody with the hIgG4.HIV5pep did not enhance the responses
(Supplemental Fig. 6, http://links.lww.com/QAD/A351). HIV-specific T-cell responses
elicited with αCD40.HIV5pep were mainly dependent on dendritic cells within the PBMCs
as depletion of BDCA-1+, BDCA-2+ and BDCA-3+ cells greatly reduced the responses
(Supplemental Fig. 7a, http://links.lww.com/QAD/A351). Also, we obtained an identical
range of T-cell responses to this candidate vaccine in PBMC cultures depleted of monocytes
or B cells (Supplemental Fig. 7b, http://links.lww.com/QAD/A351), as well as in the co-
cultures of autologous IFNα-dendritic cells and T cells from the same HIV-infected
individuals (Supplemental Fig. 7c, http://links.lww.com/QAD/A351). Thus,
αCD40.HIV5pep mainly acts via dendritic cells to expand memory CD4+ and CD8+ T cells
which are specific to multiple epitopes within all five HIV peptide regions.

HIV peptide-specific CD4+ and CD8+ T cells expanded with αCD40.HIV5pep are
multifunctional

Characteristics that are considered important for antigen-specific CD4+ T-cell function in
the control of HIV infection include the production of effector cytokines and β-chemokines.
Thus, antigen-specific cytokine production profiles of the αCD40.HIV5pep-expanded T
cells were determined. In PBMC cultures from one representative HIV-infected patient,
αCD40.HIV5pep-expanded CD4+ T cells co-expressed IFNγ with TNFα, MIP-1β, as well as
CD154 (CD40 ligand), in response to stimulation with gag253 and pol325 peptides (Fig. 3a–
c). Similar analysis within multiple HIV peptide responses across several HIV-infected
individuals showed that from 30 to 94% of the αCD40.HIV5pep-expanded IFNγ-producing
CD4+ T cells co-expressed TNFα (N=9) and 83–95% MIP-1β (N=3). Intracellular IL-2 was
not detectable (data not shown).

To control virus dissemination, virus-specific CD8+ T cells exert several effector functions,
mediated through the production of soluble factors and cytolytic mechanisms. We therefore
assessed the functional capacity of the expanded HIV peptide-specific CD8+ T cells by
measuring the expression of effector cytokines, β-chemokines, and cytolytic factors, as well
as by measuring degranulation capacity as determined by externalization of CD107a. In
αCD40.HIV5pep-treated PBMC cultures from one representative HIV-infected patient,
most gag17, nef66, and pol325-specific CD8+ T cells co-expressed intracellular TNFα and
MIP-1β with IFNγ (Fig. 3d,e). Also, in response to peptide challenge, most HIV peptide-
specific CD8+ T cells displayed CD107a and coexpressed granzyme B and perforin with
IFNγ (Fig. 4). We noticed an increase of the preformed perforin in the total CD8+ T cells
expanded with αCD40.HIV5pep (Fig. 4c), but not with non-antigen linked αCD40 rAb (data
not shown) and this observation was consistent among several donors examined.
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Similar analysis within multiple HIV peptide responses across several HIV-infected
individuals showed that from 20 to 87% (N=9) of the αCD40.HIV5pep-expanded IFNγ-
producing CD8+ T cells coexpressed TNFα; 96–99% MIP-1β; 82–97% CD107a; 72–90%
perforin; 84–100% granzyme B, (N=3). Overall, these results show that αCD40.HIV5pep
expands a broad range of HIV peptide-specific memory CD4+ and CD8+ T cells that are
multifunctional by the criteria we have examined and the pattern of antigen-specific
coexpression of intracellular cytokines observed in αCD40.HIV5pep-elicited CD4+ and
CD8+ T-cell responses was similar and consistent within multiple HIV peptide responses
across several HIV-infected individuals tested.

αCD40.HIV5pep-expanded CD8+ T cells kill target cells and suppress HIV-1 replication in
vitro

To assay the cytolytic activity of the αCD40.HIV5pep-expanded HIV-specific CD8+ T cells,
we used as target cells HIV peptide-loaded autologous EBV-transformed B lymphocytes
(BLCL) labeled with 51Cr. To this end, we mapped in greater detail the epitopes of CD8+ T-
cell responses from two HIV-infected patients. In PBMC cultures from one patient, in which
αCD40.HIV5pep expanded CD8+ T-cell responses specific to epitopes within the nef66
long peptide, responses to individual overlapping 15-mer peptides from the nef66 region
identified a previously known A*1101 (84–92) epitope contained within two overlapping
peptides (Supplemental Fig. 3, http://links.lww.com/QAD/A351). The CD8+ T cells
expanded in PBMC cultures with αCD40.HIV5pep were able to kill autologous BLCL
loaded with a 15-mer Nef (80–94) peptide containing the (84–92) epitope, but did not kill
BLCL treated with a control Nef (56–70) peptide (Fig. 5a) or an irrelevant 9-mer prostate-
specific antigen peptide (data not shown). Interestingly, the αCD40.HIV5pep-expanded
CD8+ T cells were also able to efficiently kill autologous BLCL loaded with
αCD40.HIV5pep, but did not kill autologous targets incubated with non-antigen linked
αCD40 rAb (Fig. 5a). In PBMC cultures from a second patient, in which αCD40.HIV5pep
expanded CD8+ T-cell responses against the gag17, gag253, and nef66 long peptides,
mapping with individual overlapping 15-mer peptides identified responses corresponding to
epitopes A*0301 Gag p17 (18–26/20–29), A*0301 Nef (73–82), A*0301 Nef (84–92),
B*0801 Nef (90–97), B*0811 Gag p24 (128–135), and B*1501 Gag p24 (137–145)
(Supplemental Fig. 3, http://links.lww.com/QAD/A351). CD8+ T cells expanded in these
PBMC cultures with αCD40.HIV5pep were equally potent in killing autologous BLCL
treated with a 15-mer Gag p17 (17–31) peptide containing the (18–26/20–29) epitope or
with an 8-mer Nef peptide containing the (90–97) epitope or with a 15-mer Gag p24 (137–
151) peptide containing the (137–145) epitope, but did not kill BLCL treated with a control
Gag p17 (5–19) peptide (Fig. 5b).

We further assessed the ability of αCD40.HIV5pep-expanded HIV-specific CD8+ T cells to
suppress HIV-1 propagation in CD4+ T-cell cultures. Purified activated autologous CD4+ T
cells were superinfected with HIV-1 and coincubated over a period of 10 days with different
effector/target (E/T) ratios of purified CD8+ T cells previously expanded with
αCD40.HIV5pep or αCD40 rAb alone. In PBMC cultures of one HIV-infected patient,
αCD40.HIV5pep expanded gag17, nef66, and pol325-specific CD8+ T cells (Supplemental
Fig. 5, http://links.lww.com/QAD/A351), but control hIgG4.HIV5-pep did not efficiently
expand HIV peptide-specific CD8+ T cells (data not shown). When HIV-1-superinfected
CD4+ T cells were co-cultured with HIV-specific CD8+ T cells previously expanded with
αCD40.HIV5pep or with αCD40 rAb at a 10 : 1 E/Tratio, viral replication was undetectable
(Fig. 5c). Moreover, αCD40.HIV5pep-expanded CD8+ T cells still controlled viral
replication at a ratio of 0.1 : 1 E/Tratio, whereas the antiviral activity of CD8+ T cells
expanded with the control αCD40 rAb was rapidly lost when less effector CD8+ T cells
were present (Fig. 5c). In a replicate experiment, similar data was obtained, in which CD8+
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T cells previously expanded with αCD40.HIV5pep suppressed HIV-1 propagation even at a
0.01 : 1 E/T ratio, while a similar degree of inhibition was only observed at 1 : 1 E/Tratio
with CD8+ T cells expanded with hIgG4.HIV5pep (Fig. 5d). Comparable results were
obtained in another patient (data not shown). Collectively, these data demonstrate that HIV-
specific CD8+ T cells expanded with αCD40.HIV5pep are capable of lysing autologous
target cells in an HIV peptide-specific manner and effectively suppress HIV-1 replication in
vitro.

Discussion
Antigens can be targeted to dendritic cells via different endocytic receptors, and this
presents exciting possibilities for vaccine design. For example, targeting HIV Gag p24 to
human dendritic cells via DEC-205 in HIV-infected patient PBMC cultures expanded IFNγ-
producing Gag p24-specific CD8+ T cells across a wide spectrum of MHC class I
haplotypes [26]. Although, Gag-specific CD8+ T cells are associated with lower viremia
[39–41], vaccines eliciting responses to conserved regions of other immunogenic HIV
proteins, such as Nef, may also be important to force escape pathways that reduce HIV
fitness. We developed a candidate dendritic cell-targeting vaccine composed of a
recombinant anti-human CD40 antibody fused to five concatenated HIV peptides. The
addition of flexible glycosylated spacers between the five HIV peptide regions fused to the
anti-CD40 rAb was critical to enabling production of such a complex dendritic cell-targeting
antigen candidate vaccine. αCD40.HIV5pep can effectively bind and deliver the HIV5pep
antigens to APCs in PBMC and autologous dendritic cell/T-cell co-cultures from HIV-
infected individuals. Our candidate vaccine was designed to specifically expand T cells
focused to highly conserved CD4+ and CD8+ T-cell epitope-rich regions from Gag, as well
as Nef and Pol. Although the range of the epitope specificities varied for each patient,
epitopes within all five HIV peptide regions of our αCD40.HIV5pep were effectively
presented across the entire HIV-infected individual sample set we surveyed, which was
heterogeneous for MHC class I and II alleles. This must likely reflect the presence of
different repertoires of memory T cells in each patient analyzed as responses were largely
consistent with predicted HLA-restricted class I and II epitopes [31,42,43]. Our study
demonstrated a need for physical linkage between the HIV5pep antigen and the CD40
targeting antibody to activate HIV-specific T cells in vitro. This might be explained by the
CD40 antibody internalization being mediated by a specific surface receptor while the non-
targeted antigen (hIgG4.HIV5-pep) probably enters via pinocytosis, in a non-receptor-
dependent manner since it is based on a non-Fc receptor binding hIgG4. Thereafter, they
may traffic to different endocytic compartments or to the same compartment at different
rates. The in vitro potency of our αCD40.HIV5-pep prototype vaccine in eliciting expansion
of HIV-specific memory T cells does not result from CD40 activation per se, but rather from
the efficiency of high affinity binding to CD40 via the antibody combining sites and the
associated favorable internalization and processing pathway. This is supported by a recent
study showing that CD40 is internalized and degraded slowly into early endosomes leading
to efficient MHC class I and II presentation [44].

Our aim was to develop a candidate vaccine capable of expanding potent effector CD8+ T
cells, as well as helper CD4+ T cells for maintaining functional memory CD8+ T cells [14]
and potentially reinforcing HIV control through secretion of chemokines that inhibit HIV
replication [7]. αCD40.HIV5pep elicits in vitro expansion of a broad repertoire of
multifunctional HIV antigen-specific memory CD4+ T cells, by the criteria of simultaneous
expression of IFNγ with TNFα, MIP-1β, and CD154, from HIV-infected individual PBMC
and dendritic cell/T-cell co-cultures. In contrast to mouse and NHP studies with targeting
HIV Gag p24 via DEC-205 [24,25,45], no antigen-specific expansion of CD4+ T cells was
detected in the αDEC-205-Gag p24-treated cultures [26]. αCD40.HIV5pep was also very
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effective at expanding a broad repertoire of HIV-specific memory CD8+ T cells with
characteristics of potent multi-functional cytotoxic effector cells, which co-express IFNγ
with TNFα, MIP-1β, granzyme B, perforin and externalization of CD107a. Results from
studies in which different parameters of CTL function were analyzed have shown that while
HIV-specific CD8+ T cells from progressors typically secrete just IFNγ, HIV-specific CD8+

T cells from LTNPs produce multiple cytokines and undergo degranulation [9]. These
defective functions are not restored by HAART [46].

In vitro, αCD40.HIV5pep induced upregulation of both perforin expression in the global
CD8+ T-cell population, as well as de novo synthesis of perforin by the HIV antigen-specific
CD8+ T cells in response to peptide stimulation. This perforin-enhancing property could be
critical for the in vivo potency of such a candidate vaccine since, compared to progressors,
HIV-specific CD8+ T cells from LTNPs have higher proliferative capacity and greater
ability to upregulate perforin and granzyme B expression levels upon stimulation [47–49].
Furthermore, αCD40.HIV5pep-expanded CD8+ T cells efficiently killed autologous BLCL
loaded with relevant HIV peptides, and furthermore they controlled HIV-1 replication in
vitro within CD4+ T-cell cultures. In contrast, in the αDEC-205-Gag p24 study [26], critical
features of cytotoxic CD8+ T-cell effectors or control of HIV-1 replication were not
addressed. This is important since studies have shown that HIV-specific CD8+ T cells from
LTNPs, but not from progressors, have a greater ability to suppress the replication of HIV in
autologous infected CD4+ T cells during extended culture [8]. This role of CD8+ T cells for
the control of HIV replication in vivo is also supported by studies in the NHP challenge
model where vaccination inducing SIV-specific CD8+ T-cell responses partially contained
SIV replication [40].

Taken together, our data demonstrated that all desirable T-cell effector qualities were
elicited by αCD40.HIV5-pep in the HIV-patient PBMC and dendritic cell/T-cell co-cultures.
A current phase I clinical trial involving ex vivo HIV-patient IFNα-dendritic cells loaded
with five individual HIV lipopeptides [50] (ClinicalTrials.gov Identifier: NCT00796770),
using the same HIV peptide sequences that are present on αCD40.HIV5pep is ongoing and
this gives support to further develop αCD40.HIV5pep as a therapeutic vaccination strategy
and to test this candidate vaccine in animal models and humans. Our data also open the
pathway to the development of vaccines based on this CD40-targeting vaccine approach for
other viral or cancer antigens, for which induction of potent cellular immunity will be
required.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. HIV peptide-specific T-cell responses to αCD40.HIV5pep candidate vaccine stimulation
(a) Binding of αCD40.HIV5pep to monocytes (left panel), B cells (middle panel) and
monocyte-derived IFNα-dendritic cells (DCs) (right panel) from HIV-infected patients.
Cells were treated with 30 nmol/l of αCD40.HIV5pep-Alexa Fluor 555 conjugated rAb
(blue traces) and analyzed by flow cytometry. Red traces (staining by 30 nmol/l
hIgG4.HIV5pep-Alexa Fluor 555) and solid traces (unstained cells) are the control staining.
Data are representative of two different patients. (b–d), αCD40.HIV5pep candidate vaccine
expands HIV peptide-specific T cells. (b) Experimental procedure. ICS, intracellular
staining. (c) PBMCs from an HIV-infected individual (patient A17) were cultured for 10
days with a dose range of αCD40.HIV5pep (■) or of the matching control hIgG4.HIV5pep
( ) or left unstimulated (□), and then rechallenged for 48 h with the gag17, nef66 and
pol325 individual long peptides. The culture supernatants were then harvested and IFNγ
secreted by total T cells was analyzed by multiplex bead-based assay. From left to right,
concentrations are 30 nmol/l, 3 nmol/l, 0.3 nmol/l, 30 pmol/l, 3 pmol/l and 0.3 pmol/l. Error
bars represent SD of two independent experiments from one HIV-infected individual with
seven replicates per concentration. Data were combined and IFNγ levels were normalized
relative to the maximum average value for each peptide response. The average values for the
three positive peptide responses to αCD40.HIV5pep for each experiment were for gag17,
nef66 and pol325, respectively: 7.9, 5.7, 7.9 ng/ml and 49, 15, 26 ng/ml. These individual
values were designated as 100% max response for each peptide response for each
experiment performed on the same patient. (d) PBMCs from an HIV-infected patient
(patient A17) were cultured for 10 days in medium alone (top panel), or with 10 nmol/l
αCD40.HIV5pep (lower panel) and then rechallenged for 6 h with or without the gag17,
nef66 and pol325 long peptides in the presence of brefeldin A prior to intracellular IFNγ
staining. The flow cytometry profiles are gated on the overall CD3+ cell population. Data
are representative of five independent experiments. PBMCs stimulated with
αCD40.HIV5pep and stained with CFSE indicated that IFNγ-producing T cells proliferated,
but B cell expansion was not observed (data not shown).
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Fig. 2. αCD40.HIV5pep elicits a broad spectrum of HIV peptide-specific CD4+ and CD8+ T cell
responses
Summary from nine HIV-infected individuals of the frequencies of IFNγ+CD4+ (upper
panel) and IFNγ+CD8+ (lower panel) T cells obtained from PBMC or IFNα-dendritic cell/T-
cell co-cultures stimulated for 10 days with 10 nmol/l αCD40.HIV5pep (■) or in medium
alone (□). Samples were then rechallenged for 6 h with or without the 5 individual HIV long
peptides in the presence of brefeldin A prior to intracellular IFNγ staining. Net frequency of
IFNγ+ cells = [IFNγ+CD4+ or IFNγ+CD8+ frequency in peptide-treated group] –
[background IFNγ+CD4+ or IFNγ+CD8+ frequency without peptide rechallenge]. Mean
frequencies of two to five independent experiments on the same donors are presented.
Duplicate assays were performed in each experiment and the ranges of the replicates are
presented.
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Fig. 3. HIV peptide-specific T cells expanded with αCD40.HIV5pep candidate vaccine are
multifunctional
PBMCs from two HIV-infected patients were cultured for 10 days in medium alone, or with
10 nmol/l αCD40.HIV5pep and then rechallenged for 6 h with or without HIV long peptides
in the presence of brefeldin A prior to intracellular cytokine staining. The profiles are gated
on the overall CD4+ (panels a, b, c, patient A6) or CD8+ (panels d, e, patient A17) T-cell
populations, with the percentages of populations responding to the designated peptides
shown in each plot. The FACS plots show coordinate analysis of IFNγ versus TNFα (a,d),
MIP-1β (b,e), or CD154 (c) expression. Data are representative of two to three independent
experiments using at least three different patients. The scales are log from 0 to 105, and in
some cases bi-exponential transformation was applied.
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Fig. 4. HIV peptide-specific CD8+ T cells expanded with αCD40.HIV5pep candidate vaccine
have CTL characteristics
PBMCs from an HIV-infected patient (patient A17) were cultured for 10 days in medium
alone, or with 10 nmol/l αCD40.HIV5pep and then rechallenged for 6 h with or without
gag17, nef66 and pol325 HIV long peptides in the presence of brefeldin A prior to
intracellular cytokine staining. The FACS plots show coordinate analysis of IFNγ versus
CD107a externalization (a), or IFNγ versus granzyme B (b), or IFNγ versus perforin (c).
The profiles are gated on the overall CD8+ T-cell population, with the percentage of
populations responding to the designated peptides shown in each plot. Data are
representative of two to three independent experiments using three different patients. The
scales are log10 from 0 to 105, and in some cases bi-exponential transformation was applied.
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Fig. 5. αCD40.HIV5pep-expanded CD8+ T cells kill autologous target cells and suppress HIV-1
replication in vitro
(a, b) PBMCs from two HIV-infected individuals were cultured for 10 days with 30 nmol/l
αCD40.HIV5pep and then the expanded CD8+ T cells were tested at different E : T ratios
for their capacity to kill an autologous EBV-transformed B lymphoblastoid cell line
(BLCL). 51Cr-labeled BLCL were previously loaded with 30 nmol/l αCD40.HIV5pep (■),
or 30 nmol/l αCD40 rAb (□), or 15-mer Nef peptides (  and ) (a, patient A17); or were
previously loaded with an 8-mer Nef peptide (▲), or 15-mer Gag p17 peptides (  and ) and
Gag p24 peptides (▼) (b, patient A2). The Nef (56–70) and Gag p17 (5–19) peptides are
irrelevant HIV peptides. Triplicate assays were performed in each experiment. (c, d) PBMCs
from an HIV-infected patient (patient A17) were cultured for 10 days with αCD40.HIV5pep
(■) or αCD40 rAb (□) (c); or with αCD40.HIV5pep (■), or hIgG4.HIV5pep ( ) (d) at 30
nmol/l and then co-cultured at different ratios with autologous LAV-1-superinfected CD4+ T
cells. The line graphs represent the mean change in the p24 levels in the supernatants after
10 days of co-culture in wells containing CD4+ T cells alone (0 : 1) and CD8+ T cells and
autologous CD4+ T cells at different E : T ratios. Six replicate assays were performed in
each experiment. Data are representative of two independent experiments using two
different patients.
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