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Abstract
In the current era of effective anti-retroviral therapy, immuno-compromised patients with HIV-1
infection do live long enough to suffer diseases caused by many opportunistic infections, such as
herpes simplex virus type 1 and/or type 2 (HSV-1/2). An estimated two-third of the 40 million
individuals that have contracted HIV-1 worldwide are co-infected with HSV-1/2 viruses, the
causative agents of ocular oro-facial and genital herpes. The highest prevalence of HIV and
HSV-1/2 infections are confined to the same regions of Sub-Saharan Africa. HSV-1/2 infections
affect HIV-1 immunity, and vice versa. While important research gains have been made in
understanding herpes and HIV immunity, the cellular and molecular mechanisms underlying the
crosstalk between HSV-1/2 and HIV co-infection remain to be fully elucidated. Understanding the
mechanisms behind the apparent HSV/HIV negative immuno-synergy maybe the key to successful
HSV and HIV vaccines; both are currently unavailable. An effective herpes immunotherapeutic
vaccine would in turn - indirectly - contribute in reducing HIV epidemic. The purpose of this
review is: (i) to summarize the current trends in understanding the negative immuno-crosstalk
between HIV and HSV-1/2 infections; and (ii) to discuss the possibility of developing a novel
mucosal herpes immunotherapeutic strategy or even a combined or chimeric immunotherapeutic
vaccine that simultaneously targets HIV and HSV-1/2 infections. These new trends in
immunology of HSV-1/2 and HIV co-infections should become part of current efforts in
preventing sexually transmitted infections. The alternative is needed to balance the ethical and
financial concerns associated with the rising number of unsuccessful mono-valent clinical vaccine
trials.
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INTRODUCTION
In the current era of effective anti-retroviral therapy, immuno-compromised patients with
HIV-1 infection do live long enough to suffer diseases caused by many other infections,
such as herpes simplex virus type 1 and/or type 2 (HSV-1/2) [1]. An estimated two-third of
individuals with HIV-1 are co-infected with HSV-1 and/or HSV-2, due to similar routes of
infection [1–9]. More than two third of the world's population is infected with HSV-1/2, that
cause mucocutaneous genital herpes disease in both immuno-competent and immuno-
compromised individuals. Infection with HSV-1/2 has become an important consideration
for the clinical management of AIDS, where 50–90% of HIV-1-infected individuals are
seropositive for HSV-2 [5–9]. Both HSV-1/2 can cause genital herpes, leading to painful
ulcerative genital lesions [10, 11]. The morbidity and socioeconomic burden associated with
genital herpes, along with alarming negative immuno-crosstalk between genital herpes and
HIV highlight the need for the development of an effective therapy or immunotherapeutic
herpes vaccine. Despite significant advances made in antiviral therapy and education for
safe sexual practices, genital herpes remains a significant public health problem as the
prevalence of HSV infection has increased by an estimated 30%, since the late 1980's, when
HIV infections emerged for the first time [7, 12, 13]. After a primary acute infection,
HSV-1/2 remain latent in the local sensory ganglia and can spontaneously reactivate, leading
to recurrent ocular, oro-facial (cold sores) and genital herpes with manifestations ranging
from asymptomatic viral shedding to painful symptomatic blisters [14–19]. As illustrated in
Figures 1, 2 and 3, in the absence of optimal mucosal T cell immunity, recurrent and
frequent herpes virus reactivations from the sensory ganglia predisposes to increased risks of
HIV-1 infection [20–23]. An immunotherapeutic vaccine strategy aiming at reducing the
overall burden of herpes infections would therefore be highly efficacious in addressing the
epidemic caused by HIV and HSV-1/2 infections [13, 24].

Studies have shown that most HSV-1/2-infected individuals, regardless of HIV-1 sero-
status, shed HSV-1/2 in tears, oral or genital secretions, and, fortunately, most shedding is
asymptomatic [1–9]. Interestingly, shedding of HSV occurs more frequently and with higher
quantity in HIV-1 infected patients compared to HSV-infected/HIV-1-uninfected individuals
[5–9]. Being seropositive for HSV-2 may increase the risk of HIV-1 acquisition among
high-risk populations exposed to HIV-1 [25–27]. Likewise, the infectiousness of individuals
positive for HIV-1 may increase during periods of HSV-1/2 reactivation. In fact, populations
in Sub-Saharan regions with increased prevalence of HSV-2 infections have a threefold
increased risk of HIV-1 infection [26, 28, 29]. Immuno-epidemiological studies have
chronicled the “negative immuno-synergy” between HIV and HSV-1/2 infections [30, 31].
HIV adversely affects the natural history of HSV-1/2 and results in more frequent and
severe herpes reactivation. Inversely, HSV-1/2 infections increase the risk of HIV-1
acquisition by 2 to 3 fold [32]. HSV-2 genital reactivation, including asymptomatic
shedding, also increases the concentration of HIV-1 in plasma and genital secretions [33–
35]. Our recent results point that during HIV-1 and HSV-1/2 co-infections, the subversion of
the HSV-specific immune response, including Th1 cytokines and CCR5 ligand, leads to the
facilitation of both HIV and HSV replication and transmission, demonstrating the immuno-
synergistic crosstalk between HIV and HSV [12]. Thus, it may not be a coincidence that
these two sexually transmitted infections (STIs) co-exist anatomically and geographically,
with the highest prevalence confined to the same regions of Sub-Saharan Africa.
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Concerted efforts have led to a dozen immunotherapeutic vaccine trials in the past two
decades and yet there is no FDA-approved vaccine for either HSV or HIV at present.
Although the standard antiviral drug regimens (e.g. acyclovir) reduce recurrent symptomatic
disease to about 45%, asymptomatic shedding at mucosal sites continues to occur and
contributes to herpes diseases and HIV-1 transmission [13, 24]. Rather than directly
targeting HIV, as it has been done in the past, we propose to indirectly target HIV by first
decreasing HSV-1/2 infection and reactivation, that leads to recurrent ocular, oro-facial and
genital herpes disease.

The present report summarizes some of the current trends in understanding the negative
immuno-crosstalk between HIV and HSV-1/2 infections; and discuss the possibility of
developing a novel mucosal combined or chimeric immunotherapeutic vaccine (Figure 4),
that would simultaneously targets HIV and HSV-1/2 infections. These new trends in
immunology of HSV-1/2 and HIV co-infections should become part of current efforts in
preventing sexually transmitted infections. The alternative is needed to balance the ethical
and financial concerns associated with the rising number of unsuccessful mono-valent
clinical vaccine trials.

A tale of war between HSV-2 and HIV-1 sexually transmitted viruses: An evolving negative
immuno-synergy in transmission

As of the end of 2011, more than 40 million people worldwide have contracted human
immunodeficiency virus (HIV), the causative agent of AIDS, and an estimated additional
14,000 people become infected every day [36–38]. Heterosexual transmission of HIV-1
through genital mucosal tissue is the primary route of worldwide HIV acquisition and
dissemination [36–38]. Despite tremendous advances in our understanding of HIV-1
infection and immunity since the first cases were reported more than 25 years ago, an
effective vaccine is yet to be developed.

HSV-2 is primarily responsible for genital herpes, one of the most common sexually
transmitted disease worldwide [1, 10, 39–42] and a major co-factor in HIV-1 transmission
[43]. HSV-2 enhances the susceptibility of HIV-1 infection [43–45] by (i) causing ulcerative
lesions on mucosal tissues and (ii) inducing inflammatory responses via recruiting HIV-1
targeted hosting cells (macrophages and CD4+ T cells) [9, 46, 47]. HSV-2-infected tissues
have increased chemokine receptor 5 (one of the main entry receptor for HIV-1) on CD4+ T
cell surfaces. Several models have further emphasized the molecular mechanism underlying
this negative synergistic relationship between HSV-2 and HIV-1 genital infections [48–53].
HIV-1 and HSV-2 co-infect and simultaneously replicate in the same human CD4+ [54–56]
and dendritic cells [46, 51]. Recent study shows that infection of dendritic cells by HSV-2
amplifies a highly susceptible HIV-1 cell target by significantly increasing its α4β7
expression [43, 57–60]. Other studies demonstrate that viral HSV-2 co-infections disrupt the
protective function of Langerhans cells (LCs) [43] HSV-2 enhanced HIV-1 infection of LCs
then subsequently leads to HIV-1 transmission of T cells [43].

We recently found that HIV-1 infection impairs HSV-specific CD4+ and CD8+ T cell
response by reducing Th1 cytokines and CCR5 ligand secretion [30, 61]. We used a method
combining IFN-γ ELISpot and multiplex microbeads assay to investigate the impact of HIV
infection on HSV-specific T-cell immunity. We analyzed the profile and magnitude of HSV-
specific CD4+ and CD8+ T cell response after re-stimulation with HSV glycoprotein D
peptide epitopes highly conserved between HSV-1 and HSV-2. The profiles were compared
between individuals infected by both HIV and HSV and individuals infected by HSV only.
We found that the T cell response is significantly reduced in co-infected individuals in
comparison to HIV-uninfected/HSV-infected subjects. After stimulation with two of the
immunodominant CD4+ and CD8+ epitopes, we also observed a reduction in the Th1
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response and secretion of CCR5 ligands associated to an increase of Th17 cytokines in the
HIV-infected group. The dysfunction in the HSV-specific Th1 response due to HIV-1
infection facilitates HSV reactivations that may induce CD4+ T-cell activation, which is
required for the initiation of HIV-1 replication. Therefore the facilitation of HSV
reactivation may increase, in turn, HIV-1 replication. In addition, the reduced secretion of
CCR5 ligands and its imbalance with CCR5 receptors may increase the availability of CCR5
receptors at the cell surface, promoting also HIV-1 replication and accelerating HIV-1
disease progression [62, 63]. As part of a mutual cooperation between HIV-1 and HSV, the
subversion of the cellular response by HIV-1 seems advantageous for the replication of both
viruses (Figure 2). We thus speculate that successful HSV therapeutic strategies such as
therapeutic vaccines could impact the vicious circle established by these virus in co-infected
subjects, and therefore impact on HIV-1 transmission and disease progression.

Does herpes infection in female genital tract affect mucosal HIV-1 acquisition/
transmission?

The Impact of HSV-1 and HSV-2 infection of the genital tract (GT) on HIV-1 acquisition/
replication/transmission and disease progression is illustrated in Figure 3, and is described in
detail in [7]. Logically, herpetic genital lesions causing breach of the mucosal surface
integrity would be expected to “mechanically” lead to enhancing transmission of HIV-1. In
addition, HSV contains several immunosuppressive genes, such as ICP47. If these herpes
genes also interfere with the presentation of non-herpes antigens, the interference with HIV
immunity would also be expected. Therefore, investigating the possibility that HSV-2
infection can decrease the immune response to HIV-1 by interfering with the presentation of
HIV antigens would open doors for new therapeutic strategies to manage HIV infection.
These studies would reveal novel immune mechanisms by which HSV-2 infection in the GT
affect HIV-1 mucosal immunity and hence HIV-1 transmission and acquisition. This would
implicate that HIV-1 infection and AIDS could be indirectly reduced by immunotherapeutic
strategies that decrease genital herpes. In clinical trials, HSV suppressive drug therapy has
decreased HIV RNA levels [8, 64–66] and reduced the progression of HIV [66] that might
affect viral transmission. Nevertheless, a recent study of 3408 couples in Africa failed to
demonstrate prevention of HIV acquisition by administrating acyclovir at 400 mg twice
daily [64, 67]. Others showed ineffectiveness of anti-herpetic therapies in preventing genital
HSV-2 reactivation, and therefore transmission [64, 67], which could be attributed to a
persistent and constant low-level HSV replication as described in a recent infection model
[13, 24]. Thus, efforts should focused on better understanding the natural mucosal immunity
against such sexually transmitted virus in order to develop alternative immunotherapeutic
strategies that could totally control HSV dynamic and reduce HIV-1 viral transmission.

Successful immunotherapies must induce local mucosal immunity to protect the eye, the
oro-facial surface and the genital tract

Understanding the immunology of genital tract (GT) mucosal immune system will help to
rationalize the design of an efficient HIV/HSV immunotherapeutic strategy that can induce a
protective immunity against both HIV-1 and HSV infections. Adaptive mucosal immune
responses are initiated and guided by the Langerhans cells (LCs), the dendritic cells (DCs)
of the skin and mucosa. The lamina propria and epithelium of the GT contain DCs that serve
as the interface between host and pathogens by extending dendrites into the surface
epithelium to sample and respond to pathogenic stimuli. DC function is largely inferred
from blood- and bone marrow-derived populations. The physical location of DCs gives them
tremendous potential influence over the genital mucosal immune responses: (1) GT mucosal
DCs are divided into two different subsets arising from the lamina propria, one of which
samples the HIV and HSV antigens in the epithelium, and the other migrates through the
local inguinal lymph nodes (ILN) to elicit an adaptive immune response that would protect
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the surface of GT from HIV and HSV infection; (2) intravaginal immunization with a
chimeric HTL-CTL peptides bearing immunodominant epitopes from HIV and HSV
associated to mucosal adjuvants (Figure 4), would induce T cell responses against both HIV
and HSV antigens.

Increasing neutralizing antibody titers in herpes clinical vaccine trials did not reduce viral
reactivation; shedding and recurrent disease suggesting the necessity of elicitation of a
strong cellular immune response [68–70]. (1) In mice, CD8+ T cells accumulate in the
sensory ganglia from 7 to 10 days following herpes infection and become the predominant
T-cell type during latency [71]. HSV-specific CD8+ T-cells secreting IFN-γ and GrB appear
to suppress (or abort) induced viral reactivation in explanted mouse sensory ganglia [71, 72].
It has been proposed that CD8+ T-cells may similarly reduce detectable HSV reactivation in
vivo [73–76]. Based on this model, a human therapeutic vaccine that increases HSV-specific
IFN-γ+ and GrB+ CD8+ T cells in latently infected sensory ganglia should significantly
reduce HSV spontaneous reactivation rate. (2) A significant number of activated CD8+ T
cells producing IFN-γ and TNF-α were found in latently infected TG of human cadavers,
likely indicating the existence of an antigen-driven immune response [77–79]. While HSV-
specific CD8+ T-cells appear to be the key factor to prevent from spontaneous reactivation
and recurrence, the challenge for herpes immunologists and vaccinologists remains “to
identify a reliable and appropriate preclinical animal model to study the efficacy of human
HLA-restricted T cell epitopes-based vaccine” [24, 80]. An ideal animal model should
produce an immune response specific to human HSV epitopes (such as HLA-A*0201-
restricted epitopes) while mimicking most if not all the aspects of viral pathogenesis, such as
the establishment of latency that occurs in humans.

Shedding of reactivated HSV is estimated to occur at rates of 3 to 28% in seropositive adults
who harbor latent HSV-2 in their sensory ganglia [39, 81–83]. However, the vast majority of
immunocompetent individuals do not experience recurrent herpetic disease. The latest are
described as “asymptomatic patients” [82, 84–86]. In contrast, in some immunocompetent
individuals, reactivation of latent virus leads to recurrent symptomatic herpetic disease [82,
85, 86]. Recurrent disease ranges from rare episodes occurring once every 5–10 years to
outbreaks occurring monthly or more frequently among a small proportion of subjects [86–
88]. Individuals with a well-documented clinical history of at least 5 recurrent genital
disease episodes per year are “symptomatic patients”. It is not known why genital HSV-2
infection is asymptomatic in some individuals and symptomatic in others, or why some
individuals are symptomatic while others are not, or why the frequency and severity of
recurrences vary among symptomatic individuals. Interestingly, both symptomatic and
asymptomatic patients have similar virus-shedding rates (3.0% vs. 2.7%) [82, 84–86]. The
immune mechanisms by which asymptomatic patients control the disease remain to be fully
elucidated. Identifying these mechanisms, or at least the viral epitopes involved, is critical to
understanding how to protect individuals against recurrent genital disease.

Several vaccine strategies have been tested in the last two decades [89]. A clinical vaccine
trial using protein-in-adjuvant HSV-2 vaccine (glycoprotein D, gD) delivered parenterally in
women from so-called discordant couples (for which only one of the two partners is
infected) have reported in 2002 to be of a limited success [80, 90, 91]. When delivered intra-
muscularly, the protein-in-adjuvant vaccine induced a transient immunity against HSV-2
disease in women who were seronegative for both HSV-1 & HSV-2 [90–92]. However, the
vaccine failed to protect HSV-2 seropositive individuals despite a good neutralizing
antibody response [90, 91]. A more recent clinical vaccine trial reported in 2012, based on
the same glycoprotein gD vaccine, showed efficacy in preventing HSV-1, but not in
preventing HSV-2 genital herpes [91]. The reasons for this discrepancy remain to be
determined. A common conclusion could perhaps be drawn from these clinical trials [90,
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91], together with our recently reported pre-clinical studies using the established murine
model of intravaginal immunization [10, 11], that a T-cell based mucosal response, rather
than the humoral response alone, may be necessary to protect against genital herpes.
However, despite intensive research efforts, the progress toward a T-cell based vaccine
continues to face major hurdles including the lack of an efficient Ag delivery system that
would safely induce potent and sustained mucosal T cell immunity in and around the GT
mucosa.

As a model antigen, we used a prototype CD4+ T helper-/CD8+ T cytotoxic-chimeric
epitope lipopeptide consisting of several pairs of HSV glycoprotein B and D (gB & gD)-
based CD8+ and CD4+ T cell “asymptomatic” immunodominant epitopes as illustrated in
Figure 4. This prototype of lipopeptide was, in turn, linked to a palmitic acid moiety and
designated Th-CTL lipopeptide [93]. IVAG delivery of Th-CTL lipopeptide in HLA-A2
transgenic mice elicited both local and systemic HSV-specific CD8+ T cell responses,
leading to reduced virus replication in the GT with corresponding attenuated genital disease.
Induction of IFN-γ-producing CD8+ T-cells induced by Th-CTL lipopeptide was partially
dependent on TLR2. Our results highlight the potential of self-adjuvanting lipopeptides as a
novel, noninvasive IVAG vaccine approach to prevent the transmission and/or limit the
severity of sexually transmitted diseases. Figure 5 illustrates potential operating mechanisms
for mucosal (e.g. intravaginal) immunization with herpes lipopeptides.

A genital tract lipopeptide boost vaccine targeting toll-like receptor 2 efficiently protects
against HSV challenge

Over the last five decades, numerous conventional candidates such as live attenuated and
killed herpes vaccines that were efficacious in animal models failed to demonstrate adequate
response in clinical trials (reviewed in [94, 95]). The majority of these vaccines is
administered parenterally and can induce strong systemic immune responses. However, they
do not generate significant immunity at the mucosal site of infection nor in the local draining
lymph nodes that many experts see as necessary to prevent transmission or limit the severity
of sexually transmitted diseases [96–103]. We hypothesize that an efficient sub-unit IVAG
vaccine would induce a local immunity at -or at least close to - the site of genital infection,
thus maximizing its ability to protect the GT from subsequent HSV-2 challenge. However,
the progress towards an IVAG vaccine still faces significant challenges including: (i) the
overall low immunogenicity of sub-unit formulations delivered into the GT compared to
other mucosal routes (e.g. intranasal route) [96, 104–106]; (ii) the imperative requirement
for a safe and effective mucosal adjuvant [94, 107, 108]; and (iii) a better understanding of
key effector immune molecules of the vaginal mucosal immune system [109–111].

The initial host response to vaccination occurs after Toll-like receptors (TLRs) on dendritic
cells (DC) are stimulated through specific TLR agonists. In the last decade, there has been
an interest in targeting TLR in the GT to induce protective immunity against sexually
transmitted diseases, including HSV-2 (reviewed in [96, 111]). Thus, recent studies have
investigated the TLR expression patterns in the GT and reported that both DC and epithelial
cells of the vaginal and cervical mucosa abundantly express bioactive TLR-2 [111–116]. In
the meantime, we and others have established that parenteral delivery of self-adjuvanting
peptides extended by a TLR-2 agonist (palmitic acid moiety), can induce significant
protective immunity (reviewed in [94]). Moreover, intranasal administration of palmitoyl-
tailed peptide epitopes induced strong local and systemic T cell responses [94, 117–120].
We have also found that, in vitro, antibody blocking of TLR-2, but not TLR-4, abrogates DC
presentation of lipopeptide epitopes to T cells [121]. We therefore hypothesized that an
IVAG lipopeptide vaccine targeting TLR-2 would induce local and systemic T cell
immunity and protect the female GT against recurrent genital herpes.
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Targeting the genital tract mucosa with a lipopeptide/recombinant adenovirus prime/boost
vaccine induces potent and long-lasting CD8+ T cell immunity against herpes

The concept of using recombinant viral-vector vaccines to deliver an unrelated viral antigen
was developed more than 25 years ago [122]. Recombinant adenoviruses (rAd) are both
promising and safe due to their capacity to elicit potent CD8+ T cell responses to unrelated T
cell epitopes (reviewed in [123] and [124, 125]). rAd5 vector-based vaccines have been
recently tested successfully in animal models and several clinical trials are currently ongoing
in the US (reviewed in [123] and [124] and http://clinicaltrials.gov/). We recently found that
a Lipo/rAdv5 prime/boost vaccine delivered IVAG, induced a robust HSV-specific CD8+ T
cell-dependent protective immunity against genital herpes in mice [1]. Viral replication in
the GT was significantly lower in the Lipo/rAd5 vaccine group compared to a homologous
Lipo/Lipo vaccine group. Moreover, mice immunized IVAG with the Lipo/rAdv5 prime/
boost mucosal vaccine have decreased overt signs of genital herpes disease, and did not
succumb to lethal infection following genital HSV-2 challenge when compared to mice
immunized with the homologous Lipo/Lipo vaccine. The induced long-lasting memory
CD8+ T cell responses persisted in the GT-DLN for up to 8 months post immunization.
These long-lasting CD8+ memory T cells may play a critical role in immune surveillance
and could rapidly respond and expand after sensing the virus to prevent genital herpes. The
findings underscore the potential of Lipo/rAd5 prime/boost mucosal immunization as an
efficient vaccination strategy for inducing genital CD8+ T cell immunity and its potential
impact on the development of vaccines against STDs. However, one should keep in mind
the high frequency of human anti-Ad5 neutralizing antibodies in the developing world,
which will likely limit the immunogenicity and clinical utility of Ad5-vector based vaccines
[126–131]. Thus, the ability of rAd5 to boost potent HSV-specific CD8+ T cell responses
induced in a mouse model by a lipopeptide demonstrated in this study may not extrapolate
well to human subjects. Nevertheless, this study constitutes a first proof-of-principle,
showing a strong immunogenicity of a prime/boost mucosal vaccine strategy using a rAd
vector. A future candidate Lipo/rAd5 prime/boost clinical vaccine will probably have to be
constructed using a rAd vector derived from an adenovirus serotype that is rare in human
populations and distinct from the Ad5 serotype, such as rAd26 or rAd35, which do not infect
the same type of cells as Ad5 [80]. Neither Ad35 nor Ad26 are affected by anti-Ad5
immunity and rAd35 is not affected by anti-Ad26 immunity [132, 133].

The Lipo/rAdv5 prime/boost mucosal vaccine delivered IVAG stimulated potent and
sustained HSV-specific CD8+ T cell responses, detected not only in the GT-DLN but also in
the vaginal mucosal (VM) tissue. Clear differences were apparent in the kinetics with which
CD8+ T cells are mobilized following Lipo/Lipo vs. Lipo/rAdv5 prime/boost mucosal
vaccination. The success of Lipo/rAdv5 prime/boost mucosal vaccine is also highlighted by
its ability to induce and facilitate the mobilization and establishment of local effector
memory CD8+ T cells in the VM tissue, by promoting their migration. We found a cluster of
IFN-γ-producing CD8+ T cells in the VM of Lipo/rAdv5 vaccinated mice, suggesting an
establishment of memory cell foci in the genital mucosa (not shown). These clusters of
CD8+ T cells appear to migrate from the GT-DLN to vaginal mucosa, since the vaginal sub-
mucosa does not contain MALT in the steady state [134]. Several explanations are possible
for the difference in mobilization and kinetics of CD8+ T cells by Lipo/Lipo vs. Lipo/rAdv5
prime/boost mucosal vaccines. Generally, effector memory T cells circulate throughout the
peripheral tissues, such as the VM, whereas central memory T cells reside in the secondary
lymphoid tissues, such as GT-DLN. Thus, regardless of the site of antigen encounter, HSV-
specific memory CD8+ T cells must be found in various tissues, including the VM and GT-
DLN. However, peripheral tissue distribution of memory CD8+ T cells occurs mainly after
immunization with live replicating vectors, such as rAdv5. The mucosa of vaginal canal is
drained by several lymph nodes, including the common iliac, interiliac, external iliac and

Chentoufi et al. Page 7

Curr Trends Immunol. Author manuscript; available in PMC 2013 January 23.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

http://clinicaltrials.gov/


inguinal femoral lymph nodes (in descending order, designated in this report as GT-DLN)
(reviewed in [135]). It is likely that the IVAG immunogenicity of Lipo/rAdv5 occurs
through vaginal sub-mucosal dendritic cells (DC), where they efficiently take up the rAdv5
vaccine and migrate to the GT-DLN, and present the gB498–505 peptide to cognate CD8+ T
cells. The proportion of CD8+ T cells after lipopeptide priming is greater and these expand
more prominently following heterologous rAdv5 boost. Since all the mechanisms above are
not mutually exclusive, it is possible that they all play a role in our immunization scheme,
but additional experiments will be necessary to assess the relative proportion of each
mechanism in the observed immunogenicity.

HSV-2 infects the GT and then establishes latency in sensory neurons of the dorsal root
ganglia (DRG). While sub-optimal “inherent” CD8+ T cells are detected in sensory ganglia
and appear to provide an immune surveillance of the infected neurons, these cells cannot
clear latent virus. It is generally assumed that prevention of HSV-2 reactivation from
sensory ganglia requires a therapeutic vaccine that will boost a more vigorous and/or a
different virus-specific CD8+ T cell response. This is because the quality and/or the
magnitude of “inherent” CD8+ T cell responses from natural infection are not sufficient to
reduce virus reactivation and recurrent genital herpes in symptomatic individuals [2, 19, 89,
136–138]. Following HSV-2 genital challenge, our Lipo/rAdv5 prime/boost mucosal
vaccination appeared to significantly reduce the amount of virus that reactivated ex vivo
from DRG. CD8+ T cells, as demonstrated by CD8-depletion studies, mediated protection
and greater protection were apparent with cytotoxic CD8+ IFN-γ-producing cells present in
both the GT-DLN and VM. As expected, mice immunized with thymidine kinase mutant
HSV-2 TK(−), which is incapable of reactivation in the sacral DRG, also showed little
reactivation from the DRG (positive control). The cluster of IFN-γ-producing CD8+ T cells
found in the VM of Lipo/rAdv5 vaccinated B6 mice is likely important in providing an
immediate response following reactivation of HSV-2 from DRG. In humans, memory CD8+

T cells are rapidly recruited following reactivation and persist near peripheral nerve endings
at the dermal-epidermal junction for more than 60 days after reactivation and healing [139].
Importantly, subsequent virus reactivation at the site where CD8+ T cells are present did not
result in lesion formation, indicating that HSV-2-specific CD8+ T cells at the site of genital
herpes virus lesions contain local viral replication. Therefore, localized mucosal memory T
cell populations seem to provide superior control of viral infection compared with
circulating memory T cells. Our hope is that a therapeutic genital herpes prime-boost Lipo/
rAdv5 vaccine would increase the number and function of HSV-specific CD8+ T cells in
sensory ganglia of latently infected hosts, which should consequently decrease HSV-2
spontaneous reactivation (as measured by shedding in GT) and recurrent genital herpetic
disease significantly. This hypothesis will be the subject of future investigation in a HSV-2
latently infected guinea pigs model, where the guinea pigs develop spontaneous reactivation
that leads to recurrent genital herpetic disease similar to that in symptomatic human subjects
(reviewed in [80]).

Potential of T-cell epitopes-based vaccines in decreasing HSV reactivation
The envelope glycoproteins gB and gD have been studied extensively and we and others
have recently identified many T cell epitopes [140–147]. HSV-2 tegument proteins such as
those encoded by UL41, UL46 (VP11/12), UL47 (VP13/14), UL48 (VP16) and UL49; and
immediate early (IE) proteins such as ICP0 and ICP4 have also been identified as major
targets for effector T cells [148–151]. However, until our recent studies with gB and gD
[141], no HSV “symptomatic” or “asymptomatic” epitopes have been identified. Using the
same approaches that we used to identify symptomatic and asymptomatic human epitopes
from gB and gD, we also expect to find asymptomatic and symptomatic epitopes from
HSV-2 tegument proteins. Using the same computer analyses previously used for gB and

Chentoufi et al. Page 8

Curr Trends Immunol. Author manuscript; available in PMC 2013 January 23.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



gD, we have already identified 10 potential human CD4+ and 10 potential human CD8+ T
cell epitopes from the two major tegument proteins, VP11/12 and VP13/14 (data not
shown).

HSV-specific CD4+ Th1 cells may be important in controlling the severity of HSV infection
[143, 147, 152]. Individuals with severe immunodeficiency, usually with impaired CD4+ T
cell functions, can have severe recurrent herpes with longer duration lesions [153]. Even
though clearance of HSV-2 from recurrent genital lesions correlates with the infiltration of
both HSV-2-specific CD4+ and CD8+ cytotoxic T cells [154, 155], the CD4+ T cells
infiltrate first and are associated, time-wise, with a drop in infectious virus titer within the
lesion [156, 157]. CD4+ T cells are thought to be one of the main mediators of protective
immunity during recurrent episodes [143, 158–160]. CD4+ T-cell responses to HSV-2
appear to be directed against envelope glycoproteins, capsid proteins and regulatory
elements within the tegument [149, 150, 155, 161]. Early in the development of recurrent
lesions, HSV-2-specific IFN-γ-producing CD4+ T cells that display a cytotoxic activity
predominate in the mononuclear infiltrate surrounding HSV-2 infected epidermal cells
[143]. The role of effector CD4+ T cells in protecting murine female genital tract and in
clearance of infectious HSV from sensory ganglia and spinal cords has been demonstrated
by Milligan et al., [162–165].

Based on the above observations, we believe that the clinical spectrum of herpes, ranging
from asymptomatic to frequently distressing outbreaks, may be attributed to CD4+ and
CD8+ T cell recognition of different sets of epitopes from one or several HSV protein
antigens (Ags). Thus, recognition by CD4+ and/or CD8+ T-cells of a set of viral epitopes
designated as “symptomatic” might be associated with severe and frequent immuno-
pathologic diseases while recognition of “asymptomatic” epitopes might, in turn, lead to
immuno-protection. Thus, the identification of HSV-specific T cell epitopes recognized by
“asymptomatic” vs. “symptomatic” CD4+ and CD8+ T cells is likely to be important for the
rational design of an efficient HSV-2 vaccine.

CONCLUDING REMARKS AND FUTURE DIRECTIONS
There is increasing evidence that HSV-1/2 infection contributed to the global HIV-1
epidemic. (1) In recent years, it has become increasingly clear that HSV-1/2 infections are
associated with HIV-1 acquisition. (2) Co-infection with HSV-1/2 may contribute to faster
HIV-1 disease progression and heightened risk of HIV-1 transmission. (3) Inversely, an
enhancement in the genital HSV-2 shedding, among HIV-1-coinfected individuals, may in
turn likely increase the risk of HSV-2 transmission. In light of the current trends in an
evolving negative immuno-synergy between HSV-1/2 and HIV-1 and the availability of
effective antiviral therapy, proper diagnosis and management of HSV becomes increasingly
important. (3) The cellular and molecular mechanisms and the exact role of genital ulcers or
asymptomatic reactivations from HSV-1/2 in HIV-1 acquisition remain to be fully
elucidated. Current ongoing research in our laboratory and others are promising in providing
more critical information for the immune evasion of HSV and hence the control of HIV
infection. (4) Recent studies have shown that HSV-2 shedding and asymptomatic
reactivations still occur in drug treated patients, confirming the ineffectiveness of current
HSV suppressive therapies and the need to develop new immunotherapeutic vaccine
strategies boosting HSV-specific mucosal T cell response. (5) During HIV-1 and HSV-1/2
co-infections, the subversion of the HSV-specific immune response, including Th1
cytokines and CCR5 ligand, leads to the facilitation of both HIV and HSV replication and
transmission, demonstrating the immuno-synergistic crosstalk between HIV and HSV. (6)
Because persistent effort in developing herpes therapeutic vaccine using mouse as a
preclinical model have only shown increase in failure rate, it is worth considering the
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possibility that immune response elicited in a mouse may not correspond well to that in
humans. (7) The new model in question is between HLA transgenic rabbit and HLA
transgenic guinea pig, both of which are more difficult to generate and study compared to
the readily available mouse immunology. (8) We hope that future advances over the next
several years of research on HIV-1 and HSV-1/2 infection and immunity will provide us
with important insights into several aspects of these infections, including: (i) how these
sexually transmitted viruses invade the mucocutaneous tissues; which host immune factors
can limit virus replication; and (iii) what are the target cells that the viruses use for initial
infection and subsequent replication in the mucocutaneous mucosa of the eye, the mouth and
the genital tract.
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Figure 1. The natural routes of HSV-1/2 and HIV-1 transmission
HSV-1/2 transmitted through the genital tract (GT) replicates locally in this primary
mucocutaneous genital site of infection, enters and travels along the sensory nerves to the
lumbosacral dorsal root gangli a (sacral ganglia or SG) where it establishes latency.
Sporadic spontaneous reactivation of HSV-1/2 from the sensory neurons of SG leads to viral
shedding in the genital tract, which can cause recurrent ulcerative genital herpes (blisters).
While most cases of genital herpes are caused by HSV-2, reports of HSV-1 genital infection
are on the rise. HSV-1 infects the cornea or the mucocutaneous oro-facial sites and then
enters and travels along the sensory nerves to the trigeminal ganglia (TG) where it
establishes latency. Sporadic spontaneous reactivation of HSV-1 from the sensory neurons
of TG leads to viral shedding in the tears and saliva, which can then infect the oro-facial
surfaces and cause recurrent ocular (e.g. blinding herpes stromal keratitis or HSK) or oro-
facial herpes (e.g. cold sores). HIV-1 is mainly acquired and transmitted through the GT and
replicate locally in this primary muco-cutaneous genital site of infection.
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Figure 2. Schematic model of HSV-1/2 and HIV-1 cross talk, the negative HIV/HSV immuno-
synergy and its impact on transmission and dissemination
(1) In HIV-infected individuals, viral replication leads to T cell activation and impairment of
mainly CD4+ T cell immunity. (2) Consequently, HIV-1-infected individuals have a
reduction of Th1 cytokine and CCR5 ligand secretions associated to an increase of the Th2
and Th17 response contributing to ongoing HIV-1 replication of viral reactivation from
latently infected cells. (3) The negative effect of HIV-infection on the HSV-specific CD4+

and CD8+ T cell immunity may facilitate HSV-1/2 reactivations. (4) More reactivated
HSV-1/2 may lead to immune evasion (e.g. interference with the antigen presenting
machinery) which, in turn, enhances ongoing HIV dissemination and induces viral
replication from latently infected CD4+ T cells. Thus, HSV and HIV cross talk and the
apparent negative immuno-synergy leads to dramatic transmission and dissemination of both
viruses.
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Figure 3.
Illustration of the Impact of HSV infection/reactivation on HIV-1 infection, replication,
transmission, and disease progression (see details in [7]).
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Figure 4. Schematic representation of a prototype multi-epitope chimeric (bi-valent) HIV-HSV
lipopeptide vaccine
Several pairs of CD4–CD8 epitopes from both HSV-1 and HIV-1 proteins are synthesized in
tandem with GPGPG sequences (spacers) and covalently linked at the N-terminal with a
lysine (K) that is pre-coupled with a palmitic acid moiety (PAM).
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Figure 5. Illustration of mucosal (e.g. intravaginal) immunization with a mono-valent herpes
lipopeptide
Lipopeptide antigens applied to intravaginal mucosal epithelium are taken up by mucosal
resident APC (e.g. DC/LC), which are activated and migrate into the mucosal effector sites
of the draining lymph nodes where antigen presentation to T cells occurs, resulting in
subsequent local mucosal immune response.
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