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Dendritic cells have a central role
in HIV infection. On one hand,
they are essential to induce strong HIV-
specific CD4* helper T-cell responses
that are crucial to achieve a sustained
and  effective  HIV-specific ~CD8*
cytotoxic T-lymphocyte able to control
HIV replication. On the other hand,
DCs contribute to virus dissemination
and HIV itself could avoid a correct
antigen presentation. As the efficacy
of immune therapy and therapeutic
vaccines against HIV infection has been
modest in the best of cases, it has been
hypothesized that ex vivo generated DC
therapeutic vaccines aimed to induce
effective specific HIV immune responses
might overcome some of these problems.
In fact, DC-based vaccine clinical trials
have yielded the best results in this field.
However, despite these encouraging
results, functional cure has not been
reached with this strategy in any patient.
In this Commentary, we discuss new
approaches to improve the efficacy and
feasibility of this type of therapeutic
vaccine.

Introduction

Currently, over 30 million people
are infected with HIV worldwide, most
of them living in developing countries.
Although combined antiretroviral therapy
(cART) has proven to be highly effective
to prevent clinical progression and
death, by itself it is unable to eradicate
the infection, thus necessitating therapy
throughout life.”? Resistance, adverse
effects in the medium-long-term, and
cost are important limitations for lifelong
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adherence to this therapy. Although the
number of HIV infected patients on
treatment in developing countries has
increased steadily in the last few yearsand it
has been associated with a decrease of new
HIV infections, the treatment demands
rise. In fact, the number of new infections
overcomes the number of new patients on
treatment. Economic, social, cultural and
political issues impose major obstacles
to implement widespread treatment in
developing countries. Therefore, for an
effective control of the epidemic new cost-
effective and viable therapeutic strategies
need to be evaluated.

A low proportion of HIV infected
patients show a lack of clinical progression
associated with strict control of viral
replication without any treatment. This
“functional cure” has been linked with
potent HIV-specific immune responses
observed in these patients. Therapeutic
vaccination is one of the most promising
strategies to restore HIV-specific T-cell
responses in HIV infected patients and
control viral replication without cART.
Initially, “classical approaches” such as
whole inactivated virus (REMUNE)’
or recombinant protein (gpl20)¢ were
tested as therapeutic vaccines. In general,
the capacity of these early vaccines, as
well as those based on DNA vectors’
to increase the HIV-specific responses
and control viral load were very limited.
New approaches have been used in recent
years, based on more innovative vectors
such as recombinant virus or dendritic
cells (DC).*? Regretfully, although most
viral vector vaccines were able to induce
HIV-specific immune responses in clinical
trials, they showed very limited efficacy to
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Figure 1. Levels of a-defensins 1-3 produced
by imMDDC from HIV-infected individu-
als. (A) Comparison between the secreted
levels of a-defensins 1-3 by imMDDC from
HIV-controllers (elite controllers and viremic
controllers; n = 13) and HIV non-controllers
(viremic non-controllers and patients with
HAART; n = 16). Bars indicated the mean of
a-defensins 1-3 and error bars represent the
SEM from the mean of the replicates.

control  viral  replication.””  Finally,
DC-based vaccines have yielded the best
results in this field.

Myeloid-Derived Dendritic

Cells (MD-DC) as a Cellular

Adjuvant for a Therapeutic
Vaccine Against HIV Infection

Immature (im) myeloid DCs patrol
to detect
pathogens. Once they engulf a pathogen,

mucosal territories invader
undergo a process of maturation, which
involves the antigen processing, and the
migration to proximal lymphoid tissues,
where they will induce antigen-specific
T-cell and B-cell responses."" Different
imDC subsets, positioned in the mucosal
surfaces, are among the earliest cells to
encounter the HIV-1 transmitted through
HIV-1
antigen-presenting cell functions of DCs
to be transferred to CD4* T cells, through
the so-called virological synapse.!” This
transfer constitutes a mechanism of HIV-1
spreading and occurs even in the absence

sexual contact. exploits  the

of productive infection of DCs, a process
called trans-infection.!*!* Nevertheless,
DCs are required for induction of T-cell
responses to intracellular pathogens," and
the capacity of DCs loaded with infectious

and non-infectious HIV-1 virions to
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activate naive HIV-1-specific CD4 and
CD8 T cells has been demonstrated in
vitro.” Therefore, the initial contact of
HIV-1 with DCs can result in opposite
outcomes, either beneficial in inducing
strong HIV-specific T-cell responses or
deleterious in promoting the spread and
dissemination of HIV-1 among HIV-
specific and HIV-nonspecific CD4 T cells,
leading to the progressive depletion of
CD4 T cells that characterize the natural
history of chronic HIV-1 infection.

In addition to the contribution of
DCs to HIV dissemination, it is likely
that antigen presentation could be
impaired by HIV infection. Our group
has demonstrated in in vitro assays that
adenosine deaminase (ADA) enhances
the CD3-mediated proliferation of the T
cells of HIV-I-infected individuals'® and
this effect is directly correlated with the
CD4 percentage and inversely with the
viral load. We have reported that ADA
enhances T helper type 1 (Thl) and pro-
inflammatory cytokine secretion in SEA-
pulsed dendritic cells with autologous
lymphocyte cocultures and CD3-triggered
T cells.””"® and that the HIV envelope
glycoprotein  gpl20 markedly reduces
this effect.”” These results could help to
explain, at least in part, the progressive
impairment of the immune system in
HIV-infected patients.

It would be conceivable that DCs
can have internal mechanism to control
viral infection and improve the antigen
presentations. In  fact, DCs have
APOBEC3G/3F that mediates intrinsic
resistance of monocyte-derived dendritic
cells to HIV-1 infection.?**> Moreover,
immature (im) MD-DC from healthy
individuals produce a-defensins1-3* and
a-defensins1—3 are able to modulate the
maturation and differentiation process
of MD-DC.** A high production of
a-defensins 1-3 by immature DC could
act by damaging the virus prior or after
its internalization. This would favor
a more efficient viral processing and
presentation to CD4* T cells with a minor
rate of infectious HIV transmission.
In fact, we demonstrate that DC from
HIV-infected patients that spontaneously
control the infection produced higher
levels of «-defensins 1-3, which
positively correlated with CD4 T-cell
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counts and were associated with slower
progression” (Fig. 1). We hypothesize
that a high production of a-defensins
1-3 by immature DC could contribute
to determine a beneficial outcome of the
HIV-1-DC interaction that would involve
increased and optimal HIV-1-specific
T-cell responses, which in turn would
retard the progression of the disease.
Therefore, DCs have a central role in
HIV infection. On one hand, they are
essential to induce strong HIV-specific
CD4* helper T-cell responses that
are crucial to achieve a sustained and
effective  HIV-specific CD8* cytotoxic
T-lymphocyte (CTL) able to control HIV

replication.’®

¥ This concept is entirely
consistent with data on chronic viral
infections in the murine model.?® On
the other hand, DCs contribute to virus
dissemination and HIV itself could avoid
a correct antigen presentation, surpassing
the intrinsic  intracellular  innate
mechanism to control viral infection.

In that been

hypothesized that ex vivo generated DC

setting, it has

therapeutic vaccines might overcome
some of these problems. DCs could be
the most potent “cellular adjuvant” for
a vaccine preparation aimed to induce
effective. Thl and CTL responses to
intracellular  pathogens and tumor
antigens®” as it could be HIV without
the risk of spreading the infection
and improving an adequate antigen
presentation. We hypothesize that a
therapeutic vaccine using autologous
myeloid derived dendritic cells (MD-
DC) pulsed with autologous heat
inactivated whole HIV could overcome
these problems. It could be argued that
HIV has already escaped to the immune
system of the patient so boosting with the
same virus will not improve the breadth
of the immune response and would not
be effective. However, although it is
true that viral escape to CTL has been
extensively demonstrated,’*?® some data
suggest that the
functions of dendritic cells are impaired
in HIV-1 infected patients and this could
contribute to the functional defects
of HIV-1-specific helper and CTL
responses.>** We think that our model
could help to know if a correct antigen

antigen-presenting

presentation with this therapeutic vaccine
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could reverse the functional defect of
helper and CTL responses and prevent,
at least partially, the viral escape.

Clinical Trials with MD-DC-
Based Therapeutic Vaccines

Autologous MD-DCs,* pulsed ex vivo
with a variety of inactivated pathogens
and tumor antigens, have been shown to
induce a potent protective immunity in
experimental murine models of human
infections and tumors.!*”* Some studies
in animal models suggest that animals
immunized with DCs loaded with
HIV-1 viral lysate, envelope glycoproteins
or inactivated virus mount a potent
immune response against HIV-1.%-4142
Although it has been performed at least
13 published clinical trials of DC-based
immunotherapy for HIV infection in
humans®-9515254% (reviewed in ref. 9),
most of them were non-controlled, non-
randomized studies.

Overall, the safety profile has been
excellent with only minor local side
effects reported in some clinical trials.
No severe side effects or induction of
autoimmunity have been reported. The 13
clinical trials published so far suggest that
DC immunotherapy in HIV-1 infection
can elicit HIV-1 specific immunological
responses. However, only five of these
studies reported virological responses to

4445515255 three have not

47,50,53 and
43,46,48,49,54

immunization,
assessed virological responses
five failed to show any response.

Recently, our group reported the
results of a blinded placebo controlled trial
of a therapeutic vaccine using autologous
MD-DC pulsed with autologous heat-
inactivated whole HIV. We immunized
36 patients on cART with high CD4
T-cell counts with 3 doses of MD-DC
cells (n = 24) or with non-pulsed MD-DC
(n = 12). Vaccination was feasible, safe,
well tolerated and clearly shifted the
virus/host balance. A peak reduction of
94% of viral load after cART interruption
(as compared with viral load before
any cART) was observed (Fig. 2). This
significant decrease in plasma viral load
observed in immunized recipients was
associated with a consistent increase in
HIV-1-specific T-cell responses. These
data suggest that HIV-1 specific immune
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Figure 2. Highest and lowest decrease in pVL set-point in vaccinees and controls (as defined as the
highest and lowest difference between pVL set-point at any time point after cART interruption and
baseline pVL set-point before any cART). There were significantly different between arms [highest
decrease (or peak decrease): mean Alog, -1.2 vs -0.56 copies/ml, in vaccinees vs controls, p = 0.014;
lowest decrease: mean Alog, -0.54 vs -0.06 copies/ml, in vaccinees vs controls, p = 0.04].

responses elicited by therapeutic DC
vaccines could significantly change pVL
set-point after cART interruption in
most chronic HIV-1 infected patients
treated in early stages. However, despite
these encouraging results, functional cure
was not reached with this vaccine in any
patient. In addition, immunization did
not prevent the drop of CD4* T cells,
a third of randomized patients had to
reinitiate cCART during the follow-up and
viral load response to vaccine waned with
time. These problems are probably due to
persistent viral replication and it is likely
that if a therapeutic vaccine would be able
to control viral replication to undetectable
level these deleterious effects would not be
observed.

Human Vaccines & Immunotherapeutics

These results are proof of concept
suggesting that HIV-1 specific immune
responses elicited by therapeutic DC
vaccines could = significantly change
pVL set-point after cART interruption.
However, new candidates and/or new
optimized  strategies of vaccination
with the final objective of obtaining a
functional cure as an alternative to cART
for life are needed.

MD-DC Based Therapeutic
Vaccines: The Way Ahead

There are a number of potential
possibilities to improve the outcomes
of MD-DC based therapeutic vaccines
(Table 1).  First, designed

new
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Table 1. Potential possibilities to improve the outcomes of MD-DC based therapeutic vaccines

New immunogens

autologous vs heterologous immunogens
mRNA
Viral vectors
Dendrimers
Nanoparticles

Adjuvants

ADA
Anti PD1 and Anti PDL-1 antibodies

Clinical trial design

booster doses of immunogen

after cART interruption

prime-boost immunization with viral
vectors and DC-based vaccines

in vivo DC targeting immunogens

to improve the capture and antigen presentation
avoiding the cumbersome manipulation of DCs.

immunogens to pulse MD-DC should
be tested and has to be clarified whether
they should be designed using the
autologous or heterologous virus. Second,
different adjuvants could favor or impair
antigen presentation. Third, clinical trial
design could be optimized to improve
the effectiveness of the vaccine. Finally,
the ex vivo pulsing DC has opened the
possibility that other in vivo DC targeting
immunogens could be tested to improve
the capture and antigen presentation
avoiding the cumbersome manipulation
of DCs.

New designed immunogens to pulse
MD-DC

It is worth considering whether or not
autologous virus is a good immunogen
since it could be argued that further
boosting of the same antigens could not
be effective due to viral escape. One of the
strongest arguments favoring autologous
virus come from the clinical trials. Those

studies performed with heterologous

434699 did not find any virological

antigens
response. Conversely, the five clinical
trials that have used the autologus virus
as immunogen showed variable levels of
virological response.*#>12% Ly etal.**and
our group®s

heat inactivated virus, respectively. Routy

used whole chemically and

et al.’®” reported the preliminary results
of an immunotherapy trial consisting of
MD-DCs and RNA encoding autologous
HIV-1 antigens (Gag, Nef, Rev, Vpr)
administered monthly in 33 subjects in
four intradermal doses in combination with
cART, followed by two more doses during
a 12-week cART interruption (STI). They
found that this strategy induced a control
of pVL similar to that reported by Lu et
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al.* and our group.” These data suggest
that a combination of autologous antigens
administered to patients on cART could
have a higher virological effect than
heterologous  immunogens,  although
it should be tested in a randomized
clinical trial.

In addition, new designed immunogens
to pulse MD-DC should be tested.
MD-DCs pulsed with recombinant virus
has been tested in vitro’® and in clinical
trials.”® We have reported that MVA-B
(MVA  expressing the HIV-1 genes
Env-Gag-Pol-Nef of clade B) infected
MDDC co-cultured with autologous T
lymphocytes induced a highly functional
HIV-specific CD8* T-cell
including proliferation, secretion of IFN-
gamma, IL-2, TNF-a, MIP-1beta, MIP-
lalpha, RANTES, and IL-6, and strong
cytotoxic activity against autologous
HIV-l-infected CD4* T lymphocytes.
Ghandi et al.*® conducted a phase I/II
clinical trial to evaluate whether adding
MD-DCs to a Canarypox-HIV vaccine
improved virologic control as compared

response

with  Canarypox-HIV  vaccine alone
during analytic treatment interruption
in HIV-l-infected subjects. They found
that higher percentage of subjects in the
DC group had a VL setpoint < 5000 c/
mL during cART interruption, but
virologic control was transient. Although
lymphoproliferative responses were higher
in patients receiving DC-Canarypox-HIV
vaccine, ELISPOT responses to HIV-1
antigens did not differ by treatment
arm. They conclude that new methods
to enhance the immunogenicity and
antiviral efficacy of DC-based vaccines for
HIV-1 infection are needed.

Human Vaccines & Immunotherapeutics

In the last few years, synthetic
molecules have been proved to be highly
efficient to transduce various types of
cells in less invasive and potentially more
harmless approaches. High numbers of

studies have been focused on dendrimers®

000102 a5 carriers

and other nanoparticles
of drugs and biomolecules. In vitro and
animal models have shown that dendritic
cells loaded with HIV-1 p24 proteins
adsorbed on surfactantfree anionic
polylactic acid colloidal biodegradable
nanoparticles induced enhanced cellular
immune responses against HIV.®' Clinical
trials should be performed with some of
these new immunogens to confirm the
results obtained in animal models and test
the safety of this approach.

Adjuvants to favor or impair antigen
presentation

Thesecondissue to takein consideration
to improve the effectiveness of MD-DCs
based vaccine is the role of adjuvants.
During Ag presentation by DCs, T-cell
activation is subjected to regulation by
several intercellular interactions mediated
by surface and soluble molecules that
stimulate their receptors expressed on
T cells. These regulatory interactions
might modulate the activation and
differentiation of T cells and could
favor or impair antigen presentation. An
example of a molecule that favors antigen
presentation is adenosine deaminase
(ADA). ADA mediates

extracellular adenosine degradation and

Extracellular

acts as a costimulatory molecule in T-cell
activation processes.” By acting as a
bridge between A, adenosine receptors
on dendritic cells (DCs) surface and
CD26 on T-cells surface, ADA acts as
a costimulatory molecule in cocultures
of SEA-presenting DCs and autologous
T cells, not only enhancing T-cell
proliferation, Th-1/pro-inflammatory
cytokine secretion,” and naive T-CD4*
cell activation, memory, and FOXP3*
generation,”® but also increasing DCs
immunogenicity in both healthy and HIV-
infected subjects.®® Although HIV gp120
envelope protein disrupts ADA-CD26
interaction,®® possibly contributing to
the HIV-promoted immunodeficiency,”
ADA is still able to enhance autologous
T-cell proliferation against inactivated-
HIV presentation by DC in individuals
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under cART (Fig. 3),'® suggesting a
beneficial role for ADA on improving
HIV-specific T-cell responses in those
individuals. All these observations,
together with the availability of ADA in
clinical grade indicate that ADA could be
a potential adjuvant capable of robustly
and safely boosting cellular responses
against HIV. Conversely, programmed
death-1(PD-1) and PD-1 ligand PD-L1
mediates immunosuppression.  There
are data showing that the blockade of
PD-1 and PDL-1 induces durable tumor
regression and prolonged stabilization
of disease in cancer patients® and
enhances SIV-specific immunity in
animal model.”” All these data suggest
that modulation of antigen presentation
could help to improve the antigen
presentation effectively. However,
defining the optimal protocol for in vivo
DC maturation, without abrogating the
uptake/translation of immunogen has
proven to be challenging. Some authors
hypothesized that simultaneous delivery
of classical activation stimuli might result
in impairment of the induction of an
immune response.”® On the other hand,
an intense immune response could lead to
a cytokines storm that could be dangerous
for the patient.®¢:¢

New clinical trial designs to improve
the effectiveness of the vaccine

Despite clinical trials using autologous
whole inactivated virus or mRNA have
shown virological and immunological
efficacy, no patient has been cured
with these strategies. It is possible that
optimized clinical trial design could
improve the outcomes of these studies.
Some of the studies have reported
that virological response waned with
time. These problems are probably due
to persistent viral replication or viral
rebound after a good initial response. A
new strategy could be including booster
after cART that

could potentially avoid this decline of

doses interruption

the vaccine effect. This is suggested by
preliminary data reported by Routy et al.”
It is possible that the results of an ongoing
clinical trial using 4 immunization while
on cART plus 2 additional booster doses
after cART interruption could help to

answer this question.’

www.landesbioscience.com

Although some preventive vaccines
have demonstrated low immunogenicity
used alone, they are shown to be effective
as a prime-boost strategy.”®’! Similarly,
it has been shown in animal models that
heterologous prime-boost immunization
with viral vectors (Modified Vaccinia
Ankara: MVA) and DC-targeting
protein-based vaccines is a promising
vaccination approach to optimize humoral
and cellular immunity for therapeutic
applications against AIDS.”> These prime-
boost strategies deserve to be tested in the
therapeutic vaccine setting to test whether
they improve both HIV specific immune
responses and virological responses as
compared with one immungen alone.

In vivo DC targeting immunogens

Despite the advances in DC-based
therapeutic vaccines for the treatment of
HIV infection, the logistics of developing a
tailored vaccine by ex vivo manipulation of
autologous DCs for each individual patient
may prove to be prohibitive, as significant
expertise and specialized facilities are
required, limiting its application to a
small number of centers. Therefore, direct
administration of immunogen targeting
DCs has been suggested as an alternative.
Flynn et al”® compared in nonhuman
primates (NHPs) immune responses to
HIV Gag p24 within 3G9 antibody to
DEC205, an uptake receptor on dendritic
cells, to nontargeted protein, with or
without poly ICLC as adjuvant. They
showed qualitative differences in antibody
and T-cell responses to DEC-HIV Gag
p24 and Gag p24 protein and show that
prime boost with protein and adjuvant
followed by NYVAC elicits potent cellular
immunity. It has been confirmed by other
groups.”

At least 4 clinical trials with mRNA
electroporated DC-based vaccines have
505254 The results of
these clinical trials have been promising,
but transfection of mRNA into DCs
for adoptive transfer is cumbersome.
Additional data in mouse tumor models
obtained by Van Lint et al.®® suggested
that intranodal with
mRNA  based vaccine
encoding a tumor associated antigen

been performed.

immunization
therapeutic

plus a mixture of antigen presenting

cell ~activation molecules, including
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Figure 3. ADA increases proliferation

and IFN-y secretion in co-cultures of HIV-
inactivated-pulsed DC and autologous T
cells of HIV-1-infected individuals. (A) T-cell
proliferation in a 7 d assay, measured as c.p.m.
of [*H]-thymidine incorporation during last
18 h of co-culture in absence (white columns)
or presence (black columns) of ADA (B) IFN-y
secretion in absence (white), or presence
(black) of ADA at day 2 of co-culture of T cells
with DC pulsed with inactivated HIV-1 BalL
(30 min heat inactivated). Bars indicated the
mean of proliferation and IFN-y secretion,
respectively, and error bars represent the SEM
from the mean of the replicates (n = 8).

CD40L, a constitutively active variant
of Toll-like receptor (TLR) 4 and CD70
has the potential to efficiently augment
the induction of tumor-specific immune
responses compared with a mRNA
electroporated DC-based vaccine. These
data suggest that in vivo DC-targeting
immunogens are good alternatives to ex
vivo pulsed immunogens to be tested in
humans in HIV infection.

Conclusion

DC-based vaccines have yielded the
best results in this field. In spite of these
encouraging results, functional cure
has not been reached with this vaccine
in any patient. New candidates and/or
new optimized strategies of vaccination
with the final objective of obtaining a
functional cure as an alternative to cART
for life are needed. We propose a number

of potential strategies to improve the
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outcomes of MD-DC based therapeutic
vaccines. New immunogens to pulse
MD-DC should be tested and has to be
clarified whether they should be designed
using an autologous or heterologous virus.
In addition, different adjuvants could
be used combined with the immunogen
to favor or impair antigen presentation.
Different clinical trial designs (as a
prime-boost strategy) could optimize the
effectiveness of the vaccine. Finally, the ex
vivo pulsing DC is a cumbersone strategy,
but has opened the possibility that other in
vivo DC targeting immunogens could be
tested to improve the capture and antigen
presentation avoiding the cumbersome
manipulation of DCs.
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