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Herpes Simplex Virus Type 2 Vaccines: New Ground for Optimism?

L. Aurelian*

Virology and Immunology Laboratories, Department of Pharmacology and Experimental Therapeutics,
University of Maryland School of Medicine, Baltimore, Maryland 21201

The development of effective prophylactic and therapeutic vaccines against genital herpes has proven
problematic. Difficulties are associated with the complexity of the virus life cycle (latency) and our relatively
poor understanding of the mechanism of immune control of primary and recurrent disease. The types of
effector cells and the mechanisms responsible for their activation and regulation are particularly important.
Studies from my and other laboratories have shown that recurrent disease is prevented by virus-specific T
helper 1 (Thl) cytokines (viz., gamma interferon) and activated innate immunity. Th2 cytokines (viz., inter-
leukin-10 [IL-10]) and regulatory (suppressor) T cells downregulate this immune profile, thereby allowing
unimpeded replication of reactivated virus and recurrent disease. Accordingly, an effective therapeutic vaccine
must induce Thl immunity and be defective in Th2 cytokine production, at least IL-10. These concepts are
consistent with the findings of the most recent clinical trials, which indicate that (i) a herpes simplex virus type
2 (HSV-2) glycoprotein D (gD-2) vaccine formulated with a Thl-inducing adjuvant has prophylactic activity in
HSV-2- and HSV-1-seronegative females, an activity attributed to the adjuvant function, and (ii) a growth-
defective HSV-2 mutant (ICP10APK), which is deleted in the Th2-polarizing gene ICP10PK, induces Thl
immunity and has therapeutic activity in both genders. The ICP10APK vaccine prevents recurrent disease in
44% of treated subjects and reduces the frequency and severity of recurrences in the subjects that are not fully

protected. Additional studies to evaluate these vaccines are warranted.

Herpes simplex virus type 2 (HSV-2) is the primary cause of
genital herpes, a common sexually transmitted disease with at
least 40 to 60 million infected individuals in the U.S. alone.
Significant morbidity and mortality are associated with HSV-2
transmission to the neonate; a minimum of 2,500 cases occur
annually (3, 113). HSV-2 infection increases the risk of human
immunodeficiency virus (HIV) acquisition (8, 59, 77). Follow-
ing primary infection at skin or mucosal surfaces, viral DNA is
rapidly transported to the innervating ganglia by retrograde
axonal transport. Here the viral genome circularizes and es-
tablishes a life-long latency in sensory neurons. During latency
the viral genome is largely transcriptionally inactive. Low-level
transcription of viral sequences known as latency-associated
transcripts occurs, but their function is a point of contention in
the field. Infection induces both humoral and T-cell immunity.
Stress stimuli trigger the resumption of virus gene transcription
and replication, resulting in clinically overt skin and mucosal
lesions and/or asymptomatic shedding. Approximately two-
thirds of HSV-2-infected subjects develop clinically overt re-
current disease (12). Latency-associated transcripts as well as
other viral and inducible cellular genes were implicated in
latency reactivation (12, 13, 47, 49, 57, 75, 106, 111). Regard-
less of the mechanism of latency reactivation, at least 37 to
57% of infected subjects claim that HSV-2 interferes with
sexual relationships, triggers anxiety and depression, and ruins
their lives (103). The worldwide social and economic burden
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created by HSV-2 infection (35) has stimulated major interest
in vaccines that prevent infection and/or recurrent disease.
However, success has been elusive. This work is a brief review
of the present status of HSV-2 vaccines, emphasizing the role
of immunity in the control of infection and recurrent disease.
Recent promising developments are stressed.

IMMUNE CONTROL OF HSV INFECTION

Studies of animal models have shown that neutralizing an-
tibody is inefficient in preventing the axonal spread of the virus.
Innate immunity (natural killer [NK] cells, interferon [IFN],
and macrophages) is an important component of protection
from HSV infection (1, 6, 12), but T cells, primarily CD8"-
cytotoxic T cells (CTL), are a major determinant of protective
immunity (68). This is a particular challenge for the immune
system, because HSV has developed various immune evasion
mechanisms. Notable among these is the direct targeting of
antigen presentation by major histocompatibility complex
(MHC) class I through binding (by viral protein ICP47) of the
cellular protein that transports antigenic peptides into the en-
doplasmic reticulum (50, 104). Other immune evasion mecha-
nisms include resistance to attack by complement, mediated by
viral glycoprotein C (36); prevention of antibody binding, me-
diated by the viral glycoproteins gE and gI (72); and blocking
of CD8" CTL activity through US3-mediated inhibition of
caspase activation (25). However, most of the HSV-specific T
cells in human lesional skin secrete IFN-y (55, 67), which
partially restores MHC class I expression. IFN-y also stimu-
lates expression of MHC class II by infected keratinocytes
(KC), thereby leading to their recognition and destruction by
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CD4™" T cells (28). Accordingly, the role of the immune eva-
sion mechanisms in recurrent disease remains unclear.

Latency-reactivated virus presumably circumvents immune
inhibition by replicating before immunity is alerted or by shift-
ing the immunological balance towards tolerance via the in-
duction of responses which downregulate Thl antiviral immu-
nity. For example, Th2 cytokines (viz., interleukin-10 [IL-10])
downregulate costimulatory molecules and the maturation and
function of antigen-presenting dendritic cells (DC) (2, 31, 40).
Virus infection of DC inhibits their maturation and migration,
which are necessary for efficient CTL priming (76, 82). Regu-
latory (suppressor) T cells, which were previously discredited
as a mechanism of immune regulation, are also gaining in-
creasing support. They include CD4* CD25" cells that func-
tion via cell-to-cell interaction and the production of trans-
forming growth factor B (TGF-B) and Trl cells that function
via secretion of TGF-B and IL-10 (33, 56), and they are con-
sistent with earlier reports that reactivated virus escapes im-
mune inhibition by inducing suppressor T cells (7, 8, 48, 84—
87). KC infected by the reactivated virus can act as potent
inducers of immune suppression by shifting the profile of cy-
tokine production towards Th2 (24, 44).

TH1 IMMUNITY PREVENTS RECURRENT DISEASE

In the 1980s researchers had already attempted to determine
the role of immunity in preventing recurrences by elucidating
the T-cell responses of infected subjects who do not develop
recurrent disease. To ensure functional relevance these re-
sponses were compared to those of patients with recurrent
disease, studied during the acute episode (days 1 to 3 poston-
set), at convalescence (days 4 to 9 postonset) and in the interim
between recurrences (quiescence) (4, 8, 84-87). It was found
that HSV-stimulated T cells from patients who do not develop
recurrent disease produce IFN-y and stimulate NK lytic activ-
ity. IFN-y was not produced by T cells collected during recur-
rences or at prodrome (24 to 48 h before a clinical outbreak),
but its production was restored during quiescence (Fig. 1).
Similar results were obtained with the guinea pig model of
recurrent disease (32, 48). The IFN-y-producing immune pro-
file of patients who do not suffer from recurrent disease was
called relevant immunity in order to distinguish it from the
immunity exhibited by patients with recurrent disease, and it
was shown that during recurrences this profile is replaced by an
IL-6-IL-10-producing profile (7, 8, 69). Since that time, IFN-y
has been identified as a Th1 cytokine that has antiviral poten-
tial, activates NK cells, and induces CD8" CTL. Numerous
independent studies confirmed that Thl cytokines are over-
produced during recurrence-free episodes, while downregula-
tory Th2 cytokines (viz., IL-10) are overproduced during re-
current episodes (27, 30, 61, 92, 114). Accordingly, it was
concluded that the onset of recurrent disease is regulated at
two checkpoints. The first is the decision for resumed tran-
scription of latent HSV DNA. This checkpoint is under the
control of stress-induced cellular proteins, such as the AP-1
transcription factor (106). Virus genes that respond to AP-1
(viz., the large subunit of HSV-2 ribonucleotide reductase, also
known as ICP10) initiate the resumption of virus replication
(13, 112, 115). The second is the decision to allow unimpeded
replication of the reactivated virus through downregulation of
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FIG. 1. Recurrent disease is associated with inhibition of IFN-y-
mediated NK cell activation. T cells were collected from HSV-2-in-
fected subjects who do not develop recurrent disease (control) and
from those with recurrent disease during a clinical outbreak, conva-
lescence, or the interval between recurrences (quiescence). They were
cultured with HSV-2 antigen (20 pg/ml) in the presence or absence of
rabbit IFN-y antibody (10* neutralizing U/ml) for 1 and 7 days. At this
time the cells were pelleted by centrifugation, the IFN-y antibody
complex in the supernatants was removed by adsorption with agarose
beads coated with goat antibody to rabbit immunoglobulin G, and the
supernatants were used in NK-enhancing assays. The NK assay used
peripheral blood leukocytes from normal healthy volunteers as effec-
tors and K562 cells as targets (40:1 ratio). NK enhancement was
calculated from the following formula: % NK enhacement = 1 — (%
specific lysis effector cells/% specific lysis effector cells + supernatant)
X 100 (86). In this assay the percent specific lysis by effector cells was
24% * 3%. The average percent NK enhancing activity by effector
cells exposed to 50 U of standard IFN-y was 40% * 5%. IFN-y levels
in culture supernatants (determined by enzyme-linked immunosorbent
assay) were 1,024 U/ml in the patients without recurrent disease and 16
U/ml during recurrent disease.

the antiviral Th1 immunity. This checkpoint is under the con-
trol of a newly synthesized viral protein(s) that is Th2 polariz-
ing.

Based on these interpretations, it was predicted that a leak
in the first, but not second, regulatory checkpoint would result
in asymptomatic virus shedding, and the existence of such
shedding was first demonstrated in 1985 (5, 9). Today, asymp-
tomatic shedding is an established aspect of HSV pathogene-
sis. The second prediction implicit in the two-checkpoint in-
terpretation is that clinical recurrences are associated with the
suppression of virus-specific Thl responses. Remaining ques-
tions relate to the role of downregulatory Tr cells in recurrent
disease and the contribution of asymptomatic shedding to im-
mune downregulation. Regardless, the available data suggest
that for a therapeutic vaccine to be effective, it must (i) induce
Th1 immunity, including CD8" CTL; (ii) activate innate im-
munity (viz., NK activity); (iii) fail to induce appropriate levels
of Th2 cytokines; and (iv) overcome the effects or inhibit the
function of regulatory (suppressor) T cells.

VIRAL PROTEIN TARGETS FOR VACCINE
CONSTRUCTION

Two approaches were taken to identify viral proteins that
are targets for vaccine development. The first was a positive
selection approach directed at identifying the most immuno-
genic HSV proteins to be used in vaccine construction. One
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experimental protocol to identify such proteins examined the
specificity of T cells from infected animals or humans by stim-
ulation with vaccinia virus recombinants that express various
HSV proteins. This approach led to the conclusions that gly-
coproteins gD and gB are key targets for the activation of
CD4™" T cells and that ICP27 is a key target for the activation
of CD8* T cells (14, 67). It also showed that glycosylation is
essential for T-cell activation by viral glycoproteins and dem-
onstrated that DC play a determining role in the generation of
protective immunity (10, 107-109). Another experimental pro-
tocol to identify the most immunogenic HSV proteins exam-
ined the response of T cells from HSV lesions to HSV-1- and
-2-infected B cells. It identified several tegument proteins as
the major T-cell targets (54), confirming widely held beliefs
that many viral proteins can induce T-cell responses.

The second approach to identify viral targets for vaccine
construction was a negative selection effort. It was directed at
identifying the Th2-polarizing proteins so that they can be
deleted from a potential vaccine construct. This latter ap-
proach was used, and it showed that the functionally indepen-
dent protein kinase (PK) domain of the HSV-2 large subunit of
ribonucleotide reductase (known as ICP10) has Th2-polarizing
activity. In infected cells, including KC, ICP10PK upregulates
the Th2 cytokines IL-6, IL-10, and IL-13 and downregulates
RANTES, which is a chemoattractant for Th1 but not Th2 cells
(C. C. Smith, B. B. Goswami, M. Gober, E. F. Pereira, and L.
Aurelian, submitted for publication). Significantly, ICP10PK is
required for virus replication and latency reactivation (13, 47,
49, 93), suggesting that its deletion will interfere with virus
replication and latency establishment while reducing or elim-
inating Th2 polarization and toleragenic potential.

HSV-2 VACCINE CANDIDATES

All the presently developed HSV-2 vaccine candidates are
based on the targets described above. They include protein
subunits, killed virus, live recombinant or attenuated viruses,
and viral DNA preparations. Because the formulation (viz.,
adjuvant or conjugate vaccine vehicle), route of delivery (viz.,
subcutaneous or mucosal), and protocol (viz., prime and boost)
affect the magnitude, composition, duration, and compartmen-
talization of the immune response, various modifications were
examined. The vaccination goals and target populations also
have defining roles in the selection of a specific composition. In
the case of HSV-2, the original goals were to develop a pro-
phylactic vaccine that induces local (mucosal) and systemic
immunity which prevents infection and, thereby, virus trans-
mission. This goal was predicated on the belief that neutraliz-
ing antibody and activated T cells at mucosal surfaces are the
likeliest means to prevent infection, and its construction tar-
gets the viral glycoproteins gD and gB, which are involved in
cell entry (21). However, it is becoming increasingly evident
that the original vaccination goals may be unrealistic. Accord-
ingly, the more recent goals of prophylactic vaccination are to
prevent or reduce the clinical symptoms of primary infection.
In this context, efforts focus on the selection of ideal adjuvants
and the definition of optimal immunization route and protocol
(17, 19, 89).

(i) Subunit vaccines. Significant effort has been invested in
the development of subunit HSV-2 vaccines. Their advantages
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are that they are safe (in HIV-infected subjects as well), chem-
ically defined, selective, and stable at ambient temperature.
Their production is simple, easily standardized, and cost-effec-
tive. Glycoproteins were selected as antigenic targets for these
vaccines because they are localized on the surface of infected
cells and virions and because they are immunogenic (see
above). Immune-stimulating complexes (ISCOM) consisting of
glycoproteins gB, gC, gD, and gE prepared from infected cells
with the zwitterionic detergent Empigen BB and glycoside Quil
A induced antibody and provided protection from lethal
HSV-1 and -2 infection in mice. They also reduced the symp-
toms of vaginal HSV-2 infection in guinea pigs (63, 70, 88).
Glycoproteins gD and/or gB prepared from infected cells or
constructed by recombinant methods reduced HSV-2 disease
in animal models (16, 23, 74, 97, 105), modestly decreased the
frequency and severity of recurrences, and reduced the inci-
dence of virus shedding, but only when given together with
potent adjuvants (46, 79). The adjuvant effect was also strong
in vaccination by the mucosal route (37).

Several human trials were done with the subunit vaccines. A
vaccine prepared from purified envelope glycoproteins
(Merck, Sharp & Dohme) was studied in sexual partners. In a
phase IIa trial the numbers of individuals developing infection
were similar between the vaccine and placebo groups (65). A
vaccine consisting of recombinant gB-2 and gD-2 formulated
with the adjuvant MF-59 (Chiron) induced specific neutraliz-
ing antibody and T-cell lymphoproliferative responses in phase
I studies. However, in two phase III studies that assessed pre-
vention of HSV-2 infection, the overall efficacy was 9% and
vaccination had no significant effect on the duration of the first
clinical episode of genital HSV-2 or the frequency of subse-
quent recurrences (22, 100). The most recently studied subunit
vaccine is from GlaxoSmithKline (GSK), and it is gD-2 formu-
lated with a mixture of alum and 3-deacylated monophospho-
1yl lipid A (3-dMPL) as adjuvant. In two phase III trials, this
vaccine reduced clinical symptoms of primary HSV-2 infection
(approximately 70% efficacy), but only in women and only if
they were initially HSV-1 and HSV-2 seronegative (98). The
effect of gender is unlikely to be due to gender-specific immu-
nological differences, because similar immunity was induced in
males, although they were not protected (98). The absence of
efficacy in HSV-1-infected women suggests that previously es-
tablished immunity may interfere with vaccination or that the
latter does not enhance the levels of protection provided by
the previous HSV-1 infection. In either case, a significant effect
on the proportion of the disease is unlikely, because approxi-
mately 80 to 95% of adults are infected with HSV-1 (113). The
GSK vaccine did not seem to provide protection from HSV
infection, and activity was attributed to the adjuvant used in its
composition (98). Consistent with this interpretation, symptom
reduction was seen for the 3-dMPL, but not MF-59, formula-
tion, and infection was not prevented by either formulation in
guinea pig studies (19). Moreover, disease symptoms are also
reduced by immune modulators (viz., imiquimod and resiqui-
mod) (42, 96). The subunit vaccines do not have therapeutic ac-
tivity in humans (30, 101).

(ii) Killed and live attenuated virus vaccines. Most human
studies of killed virus vaccines suffer from the absence of ap-
propriate controls. The few studies that were placebo con-
trolled yielded conflicting results, with evidence of therapeutic
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activity in some studies but not others (34, 60, 73). Live atten-
uated viruses have the advantage of imparting long-lasting and
broad immunity. Their disadvantages are safety concerns, in-
cluding the risk of homologous recombination during produc-
tion in cell lines engineered to supply the absent viral gene
product(s) in trans. Two strategies were used to develop live
HSV-2 vaccines. The first strategy used viral vectors that ex-
press HSV glycoproteins. Recombinant HSV-1 strains express-
ing the HSV-2 glycoproteins gD-2, gE-2, and gG-2 and part of
gl-2 were studied in guinea pigs, owl monkeys, and human
clinical trials with limited success (64). A human adenovirus
recombinant expressing HSV-2 glycoprotein gB-2 was studied
in the mouse genital model (60), and the severity of HSV-2
infection in the guinea pig genital model was decreased by
immunization with the Oka vaccine strain of varicella-zoster
virus expressing gD-2 (43). Vaccinia virus recombinants ex-
pressing gD-2 were studied in the mouse and guinea pig
models. These studies showed that glycosylation epitopes and
DC-mediated antigen presentation play determinant roles in
protective immunity (10, 107-109).

The second strategy used to develop live vaccines was to
generate mutants rendered nonvirulent by the deletion of one
or more genes while retaining the viral glycoproteins previ-
ously identified as immunogenic targets. An HSV-2 mutant
with deletions of both copies of the y,34.5 gene and the ULSS5
and UL56 open reading frames reduced disease severity and
frequency in guinea pigs (95). Another HSV-2 mutant with a
deletion of ICP8, a gene required for viral DNA synthesis,
reduced HSV-2 replication, disease severity, and the frequency
of recurrent disease in the guinea pig (29). An HSV-1 mutant
deficient in virion host shutoff protein (vhs) reduced recurrent
stromal keratitis but not virus shedding after intraperitoneal
inoculation in mice (51) (presumably related to vhs-mediated
DC inactivation [83]; however, the mutant retained virulence
[51]). An HSV-2 mutant deficient in glycoprotein gH, known
as DISC (disabled infectious single cycle), reduced HSV-2
replication and provided protection from HSV-2-induced dis-
ease (62). DISC also caused a 36% reduction in recurrent
lesions in the guinea pig when given systemically but not when
administered by the mucosal route (20, 62). In phase I clinical
trials done by Cantab (now Xenova/GSK), DISC was well
tolerated and induced neutralizing antibody and lymphoprolif-
erative T-cell responses. Eighty-three percent of the vaccine
recipients also developed HSV-specific CTL. However, clinical
endpoints were not met in phase II trials to assess DISC’s
efficacy as a therapeutic vaccine, and further development was
halted (Xenova Press Release, 19 February 2002, http:/www
xenova.co.uk/Press Releases/pr_20020219_01.html).

(iii) Viral DNA vaccines. Plasmid DNA encoding glycopro-
teins gD and/or gB or the immediate-early protein ICP27 in-
duced protective immunity in some animal models. Immunity
was incomplete in other models (18, 38, 81). Expression of
cell-associated forms of gD-2 induced primarily Th1 responses,
whereas expression of secreted gD-2 resulted in a Th2 re-
sponse (45). In guinea pigs, immunization with DNA encoding
cytosolic gD-2 did not protect from acute or recurrent disease,
whereas protection was seen in mice. The vaccines did not
improve virus clearance from the inoculation site or signifi-
cantly reduce recurrent disease in guinea pigs when used for
therapeutic vaccination (99). Protection, when present, was
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mediated by CD4™" T cells (58), and coadministration of DNA
encoding Th1 cytokines (90), IFN-a1 (41), or chemokines for
Thl cells (91), increased the potency of these agents. DNA
vaccine potency was also increased by coadministration of
DNA encoding antiapoptotic proteins (53) or by prime-boost
immunization with DNA and modified vaccinia virus vectors
expressing gD-2 (66). Bacterial artificial chromosomes contain-
ing a replication-competent packaging-defective HSV-1 ge-
nome were also shown to induce protective immunity in the
mouse model of fatal disease, representing a new generation of
DNA-based vaccination strategies (102).

ICP10APK HAS THERAPEUTIC ACTIVITY IN ANIMALS

The negative selection approach that was chosen in order to
identify targets for vaccine construction was designed to iden-
tify viral proteins with Th2-polarizing capability to be deleted
in vaccine construction. The choice of this approach was based
on previous findings, which are discussed above, that Th2 po-
larization plays a pivotal role in the onset of recurrent disease.
Because it was found that ICP10PK is Th2 polarizing (Smith et
al., submitted), it was deleted from the vaccine candidate
ICP10APK. The data also indicated that ICP10PK is required
for virus replication and latency establishment and reactivation
(13, 93), leading to the conclusion that ICP10APK will meet
safety criteria for vaccine development.

(i) Safety considerations. As predicted, ICP10APK was
growth and latency compromised. In cultured cells, growth
onset was significantly delayed and virus titers were signifi-
cantly reduced (93). ICP10APK did not replicate or cause
disease in infected animals (mice and guinea pigs), even when
given at very high titers (1 X 107 to 5 X 107 PFU). It was
latency defective, with only 12% of the ganglia containing viral
DNA, and had 100-fold lower DNA levels than those in ganglia
from HSV-2-infected animals (11, 110). Because latency reac-
tivation is related to HSV DNA copy number, the latency
defect of ICP10APK is, at least, partially related to its impaired
replication. However, ICP10-specific antisense oligonucleo-
tides inhibited the reactivation of the wild-type virus (13),
suggesting that ICP10APK also has a specific reactivation de-
fect. Additional safety considerations that make ICP10APK
particularly promising as a vaccine candidate include (i)
growth complementation by a cellular (rather than viral in
trans) function, thereby avoiding the risk of virulence-restoring
recombination during production; (ii) failure to reactivate
upon HSV-2 infection; and (iii) loss of transforming activity
(11, 12). The latter is clinically relevant, because HSV-2 can
cause extensive hyperproliferative lesions in infected humans
(15) and because it increases the risk of cervical cancer (94).
Because ICP10APK is latency compromised, the risk of poten-
tial recombination with latent HSV-2 DNA carried by the
patient is also relatively low.

(ii) Prophylactic and therapeutic activity. In the mouse,
ICP10APK vaccination inhibited HSV-2 replication (Fig. 2A)
and provided virtually absolute protection from fatal and cu-
taneous HSV-2 disease (Fig. 2B) (11). In the guinea pig, it
reduced HSV-2 cutaneous lesions (6% with disease versus
100% in the placebo group) and vaginal disease (10% with
disease versus 100% in the placebo group). The proportion of
ganglia positive for HSV-2 DNA (8 out of 25 [32%]) and the
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FIG. 2. ICP10APK immunization prevents HSV-2 replication and disease. (A) Mice (Swiss Webster, 5 weeks old, groups of 10) were given two
doses of ICP10APK (3 X 10° PFU) or phosphate-buffered saline (control) by subcutaneous inoculation in the rear right footpad at 10-day intervals
and were challenged with HSV-2 (107 PFU) in the contralateral footpad. HSV-2 titers (PFU) in the footpad were determined by plaque assay at
various times after challenge. (B) Mice were immunized with ICP10APK or phosphate-buffered saline (control) and were challenged with HSV-2
(5 X 107 PFU) at 10 or 40 days after the last immunization. They were monitored for skin lesions, paralysis, and/or death. Similar protection was

observed for animals challenged with HSV-1 instead of HSV-2.

levels of HSV-2 DNA/ganglion (3 X 10° molecules) were also
significantly lower in immunized than control animals (70%
latently infected ganglia; 2 X 10° molecules/ganglion). Similar
results were obtained with animals challenged with HSV-1,
indicating that protection is not restricted to HSV-2 (11). The
ability of the vaccine to decrease latency establishment is epi-
demiologically relevant, because over time it should lead to a
general reduction in virus transmission in the population at
large and decrease disease prevalence, even in unvaccinated
subjects. ICP10APK also had therapeutic activity. Vaccination
of guinea pigs previously infected with HSV-2 caused a 75 to
90% reduction in the number of animals with recurrent disease
and reduced the frequency and duration of the recurrent epi-
sodes experienced by the rare animals that were not absolutely
protected (110).

(iii) Mechanism of protection. ICP10APK was defective in
Th2 cytokine production in infected keratinocytes, and it
elicited a Thl response in infected animals (Fig. 3). This
response included CD8" CTL (39). Its generation involved
increased DC activation (IL-12 production) (39), which is
Th1 polarizing (71, 78, 80, 116). This immune profile is
responsible for vaccine activity, because HSV-2 replication
and disease were inhibited by adoptive transfer of the CD8"
CTL and/or CD4" Th1 cells (39). CD4™ T cells that infil-
trate the HSV lesions likely function by producing IFN-v,
which is also found in human lesional skin (55). However,
because HSV blocks recognition by CD8 T cells (50, 104),
it is likely that the infiltrating CD8" T cells provide addi-
tional signals that contribute to their protective function in
adoptive transfer, such as chemokines (viz., IL-8, stroma-
derived factor la, macrophage inflammatory protein la,
and macrophage inflammatory protein 1B) that function
collectively to drive and expand immunity (52). By contrast
to ICP10APK, HSV-2 upregulates IL-6, IL-13, and IL-10
and downregulates the Thl-specific chemokine RANTES
(Smith et al., submitted), inhibiting IL-12 production by DC
(39) and polarizing the response in favor of Th2 (78).

ICP10APK HAS THERAPEUTIC ACTIVITY IN PHASE I
AND PHASE II CLINICAL TRIALS

The results of a phase I and II clinical trial of ICP10APK
were recently reported (26). In this study the vaccine (2 X 10°
PFU) or its vehicle formulation (placebo) was given subcuta-
neously at 7 days after the initiation of the presenting lesion,
followed by additional injections at days 14 and 28. Recur-
rences were considered ended when all the symptoms disap-
peared. The vaccine was tolerated well. At 6 months after
treatment, HSV-2 recurrences were completely prevented in
37.5% of the vaccinated patients but were prevented in none of
the placebo-treated patients. Vaccinated patients who experi-
enced disease had significantly lower frequency of episodes
and mean total illness days relative to the placebo group (P =
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FIG. 3. ICP10APK induces Th1 immunity and is defective in IL-10
production. T cells from lymph nodes of mice (Swiss Webster, 5 weeks
old) given ICP10APK or HSV-2 (10° PFU) were cultured with HSV-2
antigen (10 pg/ml) for 2 days, and supernatants were assayed for IFN-y
(Th1 cytokine) and IL-10 (Th2 cytokine) by enzyme-linked immu-
nosorbent assay. Results are expressed as cytokine levels.
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FIG. 4. ICP10APK immunization decreases the severity of the
HSV-2 recurrences in humans. Results are shown for patients in the
2 X 10°-PFU trial.

0.028). The severity of the observed episodes was also reduced
in the vaccinated patients compared to that in the placebo-
treated patients. This was expressed in a reduction of vesi-
cles, pain, and itching (Fig. 4). The mean number of recurrent
episodes/month for the vaccinated patients was significantly
reduced compared to that documented for the previous year
(P < 0.001), and similar protection was still seen at 12 months
after treatment (G. Casanova, unpublished results).

A second trial used the vaccine at a dose of 2 X 10° PFU,
with injections at 10 and 28 days after the initiation of the
presenting lesions and a 1-year follow-up. Again the vaccine
was tolerated well. Recurrences were completely eliminated in
43.5% of the vaccinated patients, while the placebo group had
13% without recurrences (P = 0.024). There was also a signif-
icant reduction in the number of episodes per patient (P =
0.04), the number of episodes relative to the previous year (P
< 0.001), and the number of recurrent episodes in the vacci-
nated group relative to the placebo group (P = 0.04) (G.
Casanova, R. Cancela, L. Alonzo, R. Benuto, C. Mdel Magana,
D. R. Hurley, E. Fishbein, C. Lara, T. Gonzalez, R. Ponce, J.
W. Burnett, and G. J. Calton, unpublished data). The safety
and efficacy of the vaccine in HIV-infected subjects have not
been determined, but recent studies suggest that ICP10APK
does not cause disease in nude mice even at the high dose
(G. Calton, personal communication). Additional studies are
needed in order to perfect the dosage necessary to further
reduce the frequency of recurrent episodes, establish the max-
imal duration of protection in larger numbers of patients, and
define the effect of the vaccine on asymptomatic virus shed-
ding.

CONCLUSIONS

Difficulties associated with the development of effective
HSV vaccines include the virus life cycle and our relatively
poor understanding of the role of immunity in preventing in-
fection, clinical symptoms, and/or unimpeded replication of
reactivated endogenous virus. The role of distinct effector T
cells in preventing infection as opposed to recurrent disease,
the effect of previously acquired immunity on vaccine efficacy,

CLIN. DIAGN. LAB. IMMUNOL.

and the function of the adjuvants are important considerations.
A wealth of information indicates that recurrent disease is
prevented by virus-specific Thl immunity, most notably by
IFN-v, and its ability to enhance the innate immunity, partic-
ularly NK cell lytic activity. Tr cells and Th2 cytokines (viz.,
IL-10) downregulate this immune profile, thereby allowing for
unimpeded replication of reactivated virus and recurrent dis-
ease. Accordingly, an effective therapeutic vaccine must induce
Th1l immunity and lack toleragenic epitopes, including those
that elicit IL-10 production. Guarded optimism is generated by
recent findings for a prophylactic (gD-2; GSK) and a thera-
peutic (ICP10APK; AuRx) vaccine, supporting their further
evaluation.
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