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Abstract
PROBLEM—Genital herpes simplex infections are generally limited to epithelia and neurons.
Vaccines have had activity in herpes simplex virus (HSV)-seronegative women only. Understanding
how HSV-specific T cells traffic to infected sites may assist in vaccine design.

METHOD OF STUDY—Herpes simplex virus epitopes recognized by HSV-specific CD8 T cells
were identified and used to make fluorescent human leukocyte antigen (HLA)-peptide tetramers.
Molecules related to lymphocyte rolling adhesion were studied by flow cytometry and cell binding.
HSV-specific CD4 T cells identified ex vivo by cytokine accumulation or activation marker
expression, or detected in vitro by 5-(and-6)-carboxyfluorescein diacetate, succinimidyl ester (CFSE)
dilution, were similarly investigated.

RESULTS—Herpes simplex virus-specific T cells are 10- to 100-fold more prevalent in lesional
skin compared with blood and greatly enriched in lesions compared with normal skin. Diverse viral
antigens are recognized by HSV-specific T cells. Functionally active E-selectin ligand, and cutaneous
lymphocyte antigen (CLA), are expressed by circulating HSV-2-specific CD8 cells. CD4 cells
display lower levels of CLA that are dramatically up-regulated upon re-stimulation with antigen.

CONCLUSIONS—Herpes simplex virus-2-specific CD8 and CD4 T cells differ in constitutive
expression of skin homing molecules. Vaccines designed to induce proper homing are postulated to
have increased efficacy.
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INTRODUCTION
Some sexually transmitted infections (STI) are caused by non-invasive microbes that
preferentially infect epithelia. Chlamydia trachomatis infects cervical and urinary tract
epithelia. After inoculation of genital strains of human papillomavirus or herpes simplex virus
(HSV) in the genital region, infection is typically restricted to the epidermis or cervicovaginal
epithelium. These cell and tissue tropisms, because of complex, organism-specific
pathogenesis factors, require adaptations by the immune response. While humoral innate and
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acquired immune effector molecules such as complement and antibody can act at a distance,
cellular effectors such as natural killer (NK) and T cells must localize to infected areas. This
report, based on a presentation at a recent meeting, includes new data on the preferential
expression of a functional E-selectin ligand by circulating HSV-2-specific CD8 T cells. A brief
review of published and in press data on acquired, cellular immunity to HSV type 2 (HSV-2)
is presented, emphasizing factors that modulate lymphocyte trafficking to infected skin and
genital tract areas. Finally, T-cell homing literature relevant to STI and the genital tract are
briefly reviewed.

The multi-step model of lymphocyte homing of Campbell et al.1 is useful for discussing local
immunity to STI. The traditional initial step is the rolling adhesion of leukocytes to the lumenal
surface of vascular endothelium, typically in post-capillary venules. In the skin, lymphocyte
E-selectin ligand (ESL) interacts with E-selectin expressed on the lumenal surface of post-
capillary venular endothelium. E-selectin, constitutively expressed at low levels in dermal
venules, is assumed to be involved in baseline surveillance circulation of lymphocyte through
normal skin.2 Tumor necrosis factor (TNF)-α and interleukin (IL)-1β, which are increased in
vivo and in vitro in response to HSV, can increase E-selectin expression by endothelial cells
through an NF-κB-mediated pathway.3,4 Chemokines, locally concentrated because of charge
interactions with the endothelium, are assumed to trigger, via ‘inside out signaling’, the
maturation of extracellular domains of integrins on the surface of loosely adherent
lymphocytes. These structural changes promote tight adhesion. Finally, chemokines are again
involved in diapedesis and further chemotaxis in the stroma towards the region of infection.
Candidate chemokines and receptors involved in skin homing are discussed below.

The model above is relevant to memory T cells. Naïve T cells express the adhesion molecule
l-selectin (CD62L) and chemokine receptor CCR7 to promote trafficking to lymph nodes,
where priming with exogenous antigens can occur, and typically lack adhesion and chemotaxis
molecules for migrating to peripheral tissues. There is increasing evidence that ‘programming
for homing’ occurs, perhaps simultaneous with priming as traditionally understood.
Immunologic priming may be the true ‘step zero’ for T-cell homing. For example, cutaneous
sensitization, followed by priming in skin-draining lymph nodes, leads to ESL expression by
resultant memory CD4 T cells.5 Priming in the gastrointestinal (GI) tract leads to the expression
of the adhesion molecule A4B7 integrin and CCR9, and chemical factors in the Peyer’s patch
microenvironment elaborated by gut dendritic cell (DC) that imprint this phenotype were
recently described.6 Less data are available concerning programming for homing to skin. Some
data suggest that plasmacytoid dendritic cells (pDC), which have a strong innate response to
HSV perhaps mediated through TLR9,7 may influence programming for homing during T-cell
priming to promote expression of skin-homing molecules.8

Many studies of skin homing have used ex vivo systems, recombinant mice, or non-infectious
antigens. We have studied the classically HLA-restricted T-cell receptor (TCR) αβ cellular
immune response to HSV, with the aims of understanding fine specificity, vaccine design, and
disease correlation. While manipulation of the pathogen or host are not possible, markers of
T-cell homing can be measured in a physiologically relevant human system. Tools developed
in our HSV studies, and reagents and concepts from many other laboratories, have lead to data
that reinforce findings from previous studies and call other models into question.

METHOD OF STUDY
Sampling of human genital herpes lesions by vesicle fluid harvest and biopsy, cervical and
corneal T-cell recovery, and processing of blood to obtain peripheral blood mononuclear cells
(PBMC) have been described.9–12 Interrogation of genomic HSV-2 DNA libraries to discover
HSV-2 peptide epitopes recognized by CD4 and CD8 T cell clones has been detailed.12,13 To
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measure CLA and ESL on the surface of antigen-specific CD8 T cells, 5 × 106 PBMC in 70
μL T-cell medium9 were stained for 60 min at room temperature with allophycocyanin (APC)-
labeled HLA B*0702 tetramers loaded with peptide HSV-2 VP22 amino acids 49–57 or HLA
A*0201 tetramers loaded with peptide cytomegalovirus (CMV) pp65 amino acids 595–603 or
Epstein–Barr virus (EBV) BMLF-1 amino acids 280–288.14 Tetramers were from the Immune
Monitoring Core facility at Fred Hutchinson Cancer Research Center or the National Institutes
of Health Tetramer Core at Emory University. Optimal dilutions determined in preliminary
experiments. After two washes in PBS with 0.5% fetal bovine serum (FBS), cells were stained
for 30 min, 37°C with 1 μg of human E-selectin-Fc (R&D Systems, Minneapolis, MN, USA)
in the presence or absence of 10 mm ethylenediam-inetetraacetic acid (EDTA), washed twice
as above, and stained with anti-CD8-PerCP (Caltag, Burlingame, CA, USA), anti-CLA-FITC
(Pharmingen, Burlingame, CA, USA) and goat anti-human Fc-PE (Coulter, Fullerton, CA,
USA) as described.15 Analyses used a FacsCalibur (Becton Dickenson, San Jose, CA, USA)
flow cytometer and WinMDI 2.8 (http://facs.scripps.edu/software.html).

Studies of virus-reactive CD4 T cells were performed as described.15 Briefly, PBMC were
stained with CFSE, a vital dye that is diluted in proportion to the number of cell divisions and
is detectable by flow cytometry. CFSE-labeled PBMC were stimulated by the continual
presence of whole Vero-cell derived, cell-associated UV-inactivated HSV-2 antigen, gradient-
purified inactivated CMV virions or dialyzed influenza vaccine as control viral recall antigens,
or phytohemagglutinin (PHA). After 5 days, virus-reactive CD4 T cells were identified by
gating on large, granular lymphoblasts, and then on CD4+ cells with low CFSE fluorescence.
Expression of CLA and ESL were detected as outlined above for CD8 cells. In some
experiments, CLA+ cells were depleted prior to addition of antigen or mitogen by incubation
of PBMC with biotinylated anti-CLA followed by negative selection with avidin-coated
paramagnetic beads (Miltenyi, Auburn, CA, USA).

Subjects were studied after obtaining informed consent from the University of Washington
Institutional Review Board. Skin biopsies were stained for E-selectin and CLA as previously
described.14

RESULTS
HSV-2-specific CD4 and CD8 T Cells Localize to Sites of Infection

Genital HSV-2 is characterized by groups of small vesicles that evolve to pustules, erosions,
and then crusts. Cells were recovered from vesicles and pustules by breaking them with a
needle, and transferred with a cell scraper into a tube of cell media. When these cells were
cloned immediately by limiting dilution, using PHA and IL-2 as mitogen and growth factor
under standard conditions, respectively, HSV-2-specific CD4 T cells were readily obtained.9
These clones strongly proliferate with autologous γ-irradiated PBMC as antigen-presenting
cells (APC) and UV-killed HSV-2 as antigen, compared with mock viral antigen, using a 3H-
thymidine incorporation readout. The clones show classical HLA class II restriction. For many
clones, the specific HSV-2-encoded proteins and constituent short peptides recognized by these
clones were defined, confirming their reactivity with the virus.16 On a clonal frequency basis,
HSV-2-specific CD4 T-cell clones comprised 6–10% of all clones recovered from HSV-2
vesicles.

To compare the abundance of HSV-specific T cells in lesions and blood, and therefore
determine if specific trafficking occurs, it would be ideal to apply identical methods such as
clonal frequency, ELISPOT, intracellular cytokine cytometry (ICC), or CD40L up-regulation
to blood and local specimens. However, direct cloning of PBMC for clonal frequency is
impractical given the expected rarity of HSV-specific cells, and direct ELISPOT, ICC, or
CD40L tests on lesion-derived cells is limited by the small sample. We used limiting dilution
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assays (LDA), in which decreasing numbers of PBMC, with many replicates at each input
number, were assayed for proliferative responses to HSV-2 (or mock control) antigen and APC.
Typically, HSV-2-seropositive persons have LDA responder cell frequencies on the order of
1 in 1000 PBMC.17 ICC assays for interferon-γ and CD40L up-regulation assays, performed
as described, both show somewhat higher net responder frequencies, in the order of 0.2–0.5%
of CD4 T cells, are detected.15,18 Depending on the assay methodology, our data indicate that
HSV-2-specific CD4 T cells are 10- to 100-fold enriched in genital lesions compared with
blood.

We also analyzed the abundance of HSV-1-reactive CD4 T cells in corneas for patients with
end-stage herpes stromal keratitis (HSK) requiring cornea transplant. Despite prolonged pre-
operative antiviral therapy, HSV-specific CD4 cells are at least 100-fold enriched compared
with blood in this disease state,10 which may be related to autoimmune or bystander damage
to the cornea.19 Similar recovery of HSV-1-specific CD4 T cells from HSK corneas was
reported by Verjans et al.20 Some evidence21 suggests that T cells that home to the eye express
CD103 (AEB7 integrin, also known as human mucosal lymphocyte antigen or HML). CD103
and its ligand, E-cadherin, are of interest with regard to homing to the vagina and cervix, as
lymphocytes freshly isolated from these epithelia preferentially express CD103.22,23

Local enrichment of HSV-2-specific CD8 T cells has been somewhat harder to measure. Direct
cloning of vesicle fluid cells, or of biopsies of genital HSV-2 lesions that are immediately
digested with collagenase, yield classically HLA class I-restricted CD8 CTL clones upon
screening relatively small numbers of clones.12,24 Measure of the integrated abundance of
virus-specific CD8 T cells in PBMC remains challenging: expansive peptide sets and large
blood samples can cover the proteome in ICC surveys,25 but LDA with CTL readout, despite
many shortcomings,26 remains the most practical tool for complex pathogens. Using LDA,
we detect abundances on the order of 1 in 1000 PBMC for HSV-2-specific CD8 CTL.17 Direct
tetramer analyses have yielded abundances, for T cells specific for a single HSV-2 epitope, of
up to 0.6% of CD8 T cells (about 1 in 500 PBMC).14 The discrepancy between these two
measures may be partially explained by the differential requirements for detection in the LDA
assay (expansion in culture and cytotoxicity) and by tetramer (binding to peptide HLA).
Regardless, the ease of recovery of HSV-2-specific CD8 CTL from lesions is consistent with
some degree of local enrichment and therefore trafficking of these cells to sites of infection.

Perhaps the strongest evidence of local enrichment of HSV-specific T cells comes from biopsy
studies including normal skin controls. Subjects with recurrent genital HSV-2 on skin surfaces
acceptable for biopsy underwent two to three biopsies over several days, in the absence of
antiviral therapy as well as at least one normal skin biopsy. Skin-infiltrating T cells were
expanded in bulk with PHA and IL-2, conditions documented T and NK lymphocytes in a
relatively unbiased fashion. After a single 2–3-week cycle of cell replication, the functional
activities (HSV-specific CTL and proliferative responses, and NK activity represented by K562
killing) and cell-surface phenotypes of the bulk cultures were compared. There was always a
markedly increased HSV-specific CTL and proliferative activity in the HSV biopsy-derived
cultures. The CTL activity contained both CD4 and CD8 effector components.27 Cloning of
these bulk cultures easily lead to large panels of HSV-2-reactive CD4;12,27 CD8 CTL clones
were also readily derived after positive selection of bulk CD8-expressing cells. These results
indicate that HSV-2-specific CD4 and CD8 T cells traffic to recurrent genital HSV-2 lesions
in preference to normal skin. Interestingly, local NK cell activity and number was markedly
higher in HSV lesions than in normal skin. A subset of NK cells express skin homing-related
markers,28 but little is known about their homing to skin.
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Circulating HSV-specific CD8 T Cells Express Skin-homing Markers
In 1990, Picker et al.29 described HECA-452, a monoclonal antibody (mAb)-reactive with an
antigen selectively expressed on skin-infiltrating lymphocytes. The HECA-452-reactive
epitope has been named CLA. The precise molecular structure of CLA has not been determined,
although synthetic glycopeptides reactive with HECA-452 have been described.30 CLA is a
fucose-containing carbohydrate structure structurally related to sialyl-lewis X.30 In this
review, CLA is considered to be the set of HECA-452-reactive structures. ESL are functionally
defined as structures that bind E-selectin. The precise structure(s) of ESL(s) are also unknown.
Most data suggest that CLA and ESL are very tightly linked for T lymphocytes. HECA-452
can inhibit the binding of T cells to E-selectin-transfected cells.31 Other data, however suggest
that some CLA and ESL are not identical. Stimulated naïve CD4 T cells acquire CLA and ESL
with differing kinetics.32 Both CLA and ESL are thought to occur on memory T cells mainly
as post-translational modifications of the transmembrane protein P-selectin glycoprotein
ligand-1 (PSGL-1) (CD162).30 Transfection and other experiments have established a role for
fucosyltransferases (FUT) VII and IV in the synthesis of CLA and ESL, focusing research on
the regulation of skin homing onto the molecular control of FUTVII and FUTIV.33,34

Cloning of HSV-2-specific CD8 T cells from lesions enable the use of genomic libraries of
HSV-2 DNA to determine their fine peptide specificity. HSV-2 has a large genome, encoding
approximately 85 polypeptides. Expression cloning has defined many of these open-reading
frames, encoding structural proteins in the viral scaffold, tegument, and envelope, as well as
non-structural regulatory proteins, as CD8 antigens.12,35 Definition of minimal nine to 10
amino acid peptide epitopes in turn allowed the synthesis of fluorescent HLA class I-peptide
tetramers to detect these cells directly in blood. CD8 T cells reactive with selected HSV-2
epitopes are abundant enough in the blood of HSV-2-infected, HLA-appropriate subjects to be
detectable by flow cytometry of unmanipulated blood samples (Fig. 1).

Expression of putative skin-homing markers was studied by multi-color flow cytometry. We
found that 50–70% of circulating HSV-2-specific CD8 T cells expressed pre-formed CLA (Fig.
1). In contrast, only 5–10% of circulating CMV- or EBV-specific CD8 cells express CLA.14
While CMV is sometimes shed from the cervix and EBV from oral mucosa, neither agent is a
typical STI pathogen.

When HSV-2-specific CD8+ lymphocytes in blood are stained for ESL, over-expression of
ESL in comparison with bystander CD8 T cells or CD8 T cells specific for CMV (or EBV, not
shown) is also detected. Inclusion of EDTA abrogates binding of E-selectin-chimeric protein
to T cell (not shown) as expected, as selectin-ligand interactions require calcium ions.
Comparing CLA and ESL, only the CLA-bright fraction express ESL. This is similar to the
finding of Takahashi et al.32 for PBMC of undefined specificity. Functional binding assays
also showed that HSV-specific CD8 T cells bind to E-selectin-expressing cell lines.14 CLA
expression is also useful in a one-step enrichment of HSV-2-specific CD8 CTL directly from
unmanipulated blood.35 We have no evidence to date that CD103, mentioned above in the
context of the corneal and genital epithelia, is overexpressed by circulating. Overall, HSV-2-
specific circulate ‘pre-armed’ with an adhesion molecule, ESL/CLA, involved in homing to
skin. It remains to be determined how, when, and where this expression is programmed into
these resting cells and how durable this phenotype might be in memory in the absence of
periodic re-stimulation.

Expression of CLA by Circulating HSV-2-specific CD4 T Cells
Skin biopsy functional27 and immunohistologic36 studies show that CD4 T cells infiltrate
recurrent genital HSV-2 lesions prior to CD8 CTL. We therefore predicted that circulating
HSV-2-specific CD4 T cells would also highly express CLA and ESL. HLA class II tetramers
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can identify culture-enriched HSV-2-specific CD4 T cells, but not yet isolate these cells from
PBMC, perhaps because of the low frequency of cells reactive with single epitopes.37 We
identified circulating HSV-2-specific CD4 T cells by two ex vivo methods: accumulation of
intracellular interferon-γ in response to HSV-2 antigen, or upregulation of surface CD40L after
stimulation by HSV-2. In both assays, cells were stained on the surface with anti-CD4 and
anti-CLA, and CMV stimulation was used as a control for a non-skin-tropic pathogen. These
methods yielded similar results, with generally 15–25% of HSV-2-reactive T cells expressing
CLA. This was in contrast to 5–10% for non-reactive ‘bystander’ CD4+ lymphocytes, and <2%
for CMV-reactive lymphocytes.15 These data are consistent with some programming for
HSV-2-specific CD4 T cells to express CLA, but do not explain their faster trafficking to
herpetic lesions when compared with CD8 cells.

To further investigate this issue, we exposed PBMC to viral recall antigens in vivo and
measured CLA and ESL expression after 5 days. The media conditions used had previously
been found not to allow generalized, non-specific CLA expression.38 Many cytokines and
small molecules have been found to promote [IL-12, IFN-α, transforming growth factor (TGF)-
β], or decrease (IL-4, retinoids) CLA/ESL expression when T cells are stimulated through TCR
or a surrogate.6,33 We observed that CD4+ lymphoblasts reactive with whole HSV-2 antigen
were highly (40–60%) positive for CLA (Fig. 2), and also positive for ESL, while cells reactive
with whole CMV antigen were not.15 These reactive cells also specifically bound to E-selectin-
expressing cells. Depletion of all CLA+ cells from the starting population only slightly reduced
the expression of CLA by CD4 T cells reacting to HSV-2 antigen, indicating that there is no
strict precursor-product lineage relationship between circulating CLA+ cells and CLA+
progeny after exposure to recall antigen. At least two hypotheses can explain these data. In the
first, HSV-2-specific memory T cells are somehow programmed to express CLA/ESL after re-
stimulation through TCR, regardless of their CLA expression in the resting state. Re-
stimulation might occur in draining lymph nodes during recurrent genital herpes, equipping
cells to traffic to the skin. The second hypothesis is that innate immunity, stimulated by the
presence of HSV, signals T cells reacting to cognate antigen to express adhesion molecules.
These hypotheses are under investigation.

E-selectin is Overexpressed in HSV-2 Genital Herpes Lesions
As discussed in the ‘Introduction’, E-selectin (ELAM, CD62E) is a transmembrane
glycoprotein specifically expressed in inflamed skin. It has also been reported to be expressed
in the human vagina.39 We processed biopsies for cutaneous recurrent HSV-2 lesions and
normal skin for E-selectin and CLA by immunohistochemistry (Fig. 3). Linear structures
consistent with vasculature were stained with anti-E-selectin. The intensity of staining was
lower in normal skin. Many cells stained with anti-CLA in the herpetic skin, while positive
outlines were fewer in normal skin.

DISCUSSION
This review has focused on the traditional initial stage of T-cell homing, rolling adhesion.
Similar to T cells specific for melanoma antigens,40 CD8 T cells specific for HSV-2 are pre-
armed with CLA and functional ESL while circulating in the blood. As forced expression of
FUTVII is sufficient to cause CLA expression,33 our data imply that FUTVII and perhaps
FUTIV are overexpressed in HSV-2-specific T cells. Experiments based on cell sorting and
mRNA expression will hopefully determine if this is the case. CD4 cells may be different, more
rarely expressing CLA while circulating in the blood. The regulation of FUT enzymes in these
cells is clearly of interest.

The next stage in the multi-step model of T-cell trafficking is tight adhesion. This process is
thought to be mediated by lymphocyte integrins that change conformation in response to stimuli
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received in the vasculature, such as endothelial-bound chemokines.1 Chemokines may also be
involved in directed migration of cells through the vessel wall and into tissues. Based on co-
expression by circulating CLA+ T cells, CCR4 and CCR10 are candidate skin homing-
associated chemokine receptors.41,42 Ligands for these cytokines are variably specifically
associated with the skin. These analyses are complicated by the association of some chemokine
receptors with specific cytokine expression profiles. Detection of chemokine receptors on cells
with a proven, physiologically appropriate ability to home to skin may resolve this issue. Using
tetramers, we sought evidence for expression of these chemokine receptors on circulating
HSV-2-specific CD8 T-cells. Our preliminary work is negative, but corroboration with another
modality, such as mRNA expression, is required. CXCR3, CCR6, and CCR8 have also been
implicated in homing to skin,43–46 and measurement of their expression is also underway.

In addition to tropism for skin and genital mucosal, HSV infects neuronal ganglia. In mice, a
subtle but definite inflammatory state including T-cell cytokines persists in latently infected
ganglia, with some evidence for low-grade HSV protein expression as reviewed by Hendricks
et al.47 A striking finding by this group is that HSV-specific CD8 T cells persist long-term in
latently infected ganglia.48 Little is known concerning homing mechanisms to neural ganglia
or of the turnover and trafficking of these infiltrating T cells, but they seem to be functionally
important in the maintenance of latency.49,50 Recent evidence suggests that latently infected
human ganglia may also contain inflammatory cells.51

Studies of the GI tract have indicated that homing to epithelia and subepithelial layers may
involve different molecules. In this skin, dermal infiltration of lymphocytes is common, while
epidermal localization is rare and little is known about differential mechanisms of home. With
regards to HSV, infection is strictly localized to the vaginal epithelium in mice after
experimental inoculation of progesterone-prepared mice,52 and also limited to the epidermis
after antero-grade transport down axons.53 Human immunohistologic data are generally
similar, with viral antigen detection in the epidermis only.36 Interestingly, the lymphocyte
infiltrate is largely dermal. While CD8 T cells recovered from the skin can kill HSV-infected
keratinocytes in vitro,12 it is not clear if the relevant effector functions in vivo involve direct
cytotoxicity or action at a distance mediated by cytokines.

Animal models of T cell homing have been very powerful. For example, deficiency of FUTIV
and FUTVII eliminates delayed-type hypersensitivity reactions that involve lymphocyte
homing to skin.33 It has recently been demonstrated that specific retinoids, preferentially made
by gut-derived DC, may ‘imprint’-naïve CD4 T cells during priming to express a gut-homing
phenotype (expression of A4B7 integrin), and also to downregulate ESL.6 Similar mechanisms
for imprinting for skin homing are currently unknown.

Most models of HSV infection differ in important ways from human infection, restricting
fusion of HSV infection and T-cell homing models. Mice do not have spontaneous recurrences,
and heat- or stress-induced reactivations from latency are typically only detectable at the
ganglionic level, failing to yield peripheral lesions.54 The guinea pig vaginal model has
recurrent disease, but immunologic markers are limited. The zosteriform spread model, in
which virus spreads acutely to epidermis, via the ganglia, after peripheral inoculation may be
useful in future investigations.53

It is not yet clear if T-cell homing characteristics are important for vaccine efficacy, nor how
to manipulate programming for homing in a clinically acceptable manner. Retrospective
studies comparing intramuscular and oral typhoid vaccination detect differences in B-cell
expression of candidate gastrointestinal tract homing markers.55 Mucosal vaccination with a
retro-virus leads to expression of A4B7 integrin in resultant vaccine-induced T cells.56 A
candidate HSV-2 vaccine, composed of recombinant gD2 protein in ASO4 adjuvant, is
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administered intramuscularly and would not be ‘expected’ to prime for skin- or genital tract-
homing memory CD4 T cells. Despite this, the vaccine is partially effective in preventing
HSV-2 infection and disease in HSV-uninfected women.57 Interestingly, a papillomavirus
vaccine with clinical activity in preventing infection with genital strains was administered
intramuscularly.58

CONCLUSIONS
Memory T lymphocytes may be most effective in response to local episodes of recurrent
infection if they are equipped to travel efficiently to sites of antigen load. Evidence has been
presented in this review that naturally occurring HSV-2-specific memory CD8 and CD4 T cells
preferentially express CLA and functional E-selectin ligand. While these cells do not prevent
all recurrences of genital herpes, their infiltration is temporally associated with clearance of
infectious virus. HSV-specific lymphocytes are potentially frequently re-exposed to antigen,
59 a distinction from some other STI that clear spontaneously or with therapy. It remains an
open but important question whether administration of vaccines via specific routes, or with
defined adjuvants, may influence the homing phenotype of vaccine-induced T cells and perhaps
increase vaccine efficacy for STI and other infections.
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Fig. 1.
Expression of CLA and ESL by circulating HSV-2-specific CD8 T cells. Top: PBMC were
stained with fluorescent tetramer of HLA B*0702 complexed with HSV-2 VP22 amino acids
49–57, followed by anti-CD8, anti-CLA, and soluble E-selectin as per Method of Study. Gating
on lymphocytes (not shown) and either HSV-2-specific CD8 cells (middle) or bystander CD8
cells (right) was done and expression of CLA and ESL plotted. Numbers are percentages of
cells in each quadrant. Bottom: similar analyses including PBMC stained for T-cells specific
for cytomegalovirus pp65 amino acids 595–603 or Epstein–Barr virus BMLF-1 amino acids
280–288 in the context of HLA A*0201.
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Fig. 2.
Expression of CLA by virus-reactive CD4 T lymphoblasts after 5 days of in vitro culture.
PBMC were labeled with CFSE as described.15 They were cultured with UV-treated HSV-2
whole virus or purified CMV antigen (ABI, Bethesda, MD, USA), or dialyzed 2002–2003
influenza vaccine (Aventis Pasteur, Swiftwater, PA, USA) at 1:1000 for 5 days in human
serum-based T-cell medium.27 The level of CLA expression was analyzed on gated CFSE-
low (divided), CD4+ cells in the lymphoblast forward/side scatter gate (not shown). HSV-2-
reactive cells expressed CLA to a greater extent than did influenza or CMV-reactive cells.
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Fig. 3.
Expression of E-selectin and CLA in frozen sections of human skin. (A) HSV-2 skin lesion
stained for E-selectin (brown) and counterstained with hematoxylin. Epidermis/dermis
junction at upper right. 10× original magnification. (B) HSV-2 skin lesion stained for CLA.
Epidermis at lower left with hair follicle (4× original magnification). Light counterstain with
hematoxylin. (C) Normal skin lesion stained for E-selectin with no counterstain. Epidermis at
right (4× original magnification). (D) HSV-2 skin lesion prepared similarly. Epidermis at top
(43× original magnification).
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