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Abstract

Circulating conventional memory CD8* T cells (i.e. the effector memory (CD8* Tgy) and the
central memory (CD8" Tc)) subsets) and non-circulating tissue-resident memory CD8* T cell
subset (CD8* Trm) play a critical role in mucosal immunity. Mucosal chemokines, including the
recently discovered CXCL17, are also important in mucosal immunity because they are
homeostatically expressed in mucosal tissues. However, whether the CXCL17 chemokine
contributes to the mobilization of memory CD8* T cell subsets, to access infected mucosal tissues
remains to be elucidated. Herein, we report that after intravaginal herpes simplex type 1 (HSV-1)
infection of B6 mice, we detected high expression levels of CXCL17 and increased numbers of
CDA44NighCcDE2LWC D8 Ty and CD103MINCD8 Ty cells, expressing CXCRS, the cognate
receptor of CXCL17, in the vaginal mucosa (VM) of mice with reduced genital herpes infection
and disease. In contrast to wild type B6 mice, the CXCL17~/~ deficient mice developed: (/) fewer
CXCRS8*CD8* Tgpm and Trp cells associated with more virus replication in the VM and more
latency established in dorsal root ganglia (DRG); (//) reduced numbers and frequencies of
functional CD8" T cells in the VM. These findings suggest that the CXCL17/CXCR8 chemokine
pathway play a crucial role in mucosal vaginal immunity by promoting the mobilization of
functional protective CD8* Tgp and CD8* Try cells, within this site of acute and recurrent
herpes infection.
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INTRODUCTION

Infections with herpes simplex virus type 1 and type 2 (HSV-1 and HSV-2) cause genital
herpes disease, which affects more women than men (1-6). The prevalence of HSV-1 is
much higher than HSV-2 with a staggering 3.72 billion individuals worldwide currently
infected with HSV-1 (i.e., > 52% of the world population), (7, 8). HSV-1 is now becoming
an increasing cause of genital herpes that accounts for close to 50% of new cases in
developed countries (9, 10). After vaginal mucosa (VM) exposure, HSV-1 replicates in the
mucosal epithelial cells thereby causing genital herpetic lesions. After clearance by the
immune system the virus goes into a “steady-state” latent infection in the sensory neurons of
dorsal root ganglia (DRG) where, in symptomatic individuals, it reactivates sporadically
causing recurrent genital herpetic disease (7, 11). Recent work from our laboratory and
others has demonstrated that inducing HSV-specific memory CD8* T cells in the VM tissue
provides protection against genital herpes (10-13). However, the relative contribution of
circulating conventional memory CD8* T cells (i.e. the effector memory (CD8* Tgp) and
the central memory (CD8* T¢\ subsets) and non-circulating tissue-resident memory CD8*
T cell subset (CD8* Try) in controlling mucosal herpes infection remains to be elucidated.

The mechanisms that regulate the mobilization of memory CD8* Tgp, CD8* Ty, and
CD8* Trwm cells into infected vaginal mucosal tissues remain to be fully investigated (14,
15). Major gaps include the identity of chemokines that are involved and the underlying
mechanisms through which these chemokines and their receptors mobilize protective
memory CD8* T cell subsets into infected and inflamed mucosal tissues. Out of all 48
known human chemokines, CCL25, CCL28, CXCL14, and CXCL17 are especially
important in mucosal immunity because they are homeostatically expressed in mucosal
tissues (16, 17). Of these four mucosal chemokines, CXCL17 is the last member to have
been identified and hence relatively little is known about its physiology (18-20). Its
expression pattern suggests that it is a dual mucosal chemokine, with homeostatic and
inflammatory functions (19, 21). CXCL17 is a polypeptide of 119 amino acid CXC
chemokine whose cognate receptor was recently identified as GPR35/CXCR8 (19, 22).
However, no information is currently available regarding the role of the CXCL17/CXCR8
signaling axis in mobilization of memory CD8" Tgp, CD8* T, and CD8* Try cells into
infected or inflamed mucosal tissues. The vaginal mucosal tissues appear to be
immunologically restricted and remain “a closed immunological compartment” resistant to
accepting homing CD8* T cells that could be traveling from the draining lymph nodes and
circulation (23, 24). Given the prominent and homeostatic expression of CXCL17 in the
mucosal tissues, we hypothesized that: (/) CXCL17 may mobilize antiviral memory
CXCR8*CD8™* T cells into HSV-1 infected vaginal mucosa; and (/) such CXCR8*CD8* T
cells would contribute to protective immunity against genital herpes.
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Our results revealed that HSV-1 infected and protected B6 mice developed increased
frequency of HSV-specific IFN-y-producing cytotoxic CXCR8*CD8* T cells in the VM.
Among these cells, increased number of CXCR8*CD8* Tgy and Try cell subsets was
associated with less virus replication in the VM and less latency established in DRG. In
contrast, CXCL177/~ deficient mice developed fewer CXCR8+*CD8" Tgp and Trpy cells
associated with increased virus replication in the VM and more latency established in DRG.
Moreover, compared to wild type mice, reduced numbers and frequencies of functional
CD8* T cells were detected in the VM of CXCL17~/~ mice compared to wild type mice.
These observations strongly propose the CXCL17/CXCR8 axis as promoting anti-viral T
cell immunity at the vaginal mucosal tissue.

MATERIALS AND METHODS

Mice
CXCL17 deficient mice on the C57BL/6 background (CXCL17~/~ mice, 5-6 weeks old,
were kindly provided by Dr. Albert Zlotnik (University of California, Irvine). Female
C57BL/6 (B6) mice (5-6 weeks old), were purchased from The Jackson Laboratory (Bar

Harbor, ME). Animal studies conformed to the Guide for the Care and Use of Laboratory
Animals published by the US National Institute of Health (IACUC protocol #2002-2372).

Virus production

Herpes simplex virus type 1 (HSV-1, strain McKrae) was grown and titrated on rabbit skin
(RS) cells as previously described (10, 13, 14, 25).

Depo-Provera treatment

Mice were maintained on a 12-h dark and 12-h light cycle. Both groups of mice
(CXCL177"~ and B6) were injected subcutaneously (1X) with two mg progesterone (Depo-
Provera®), to synchronize the ovarian cycle and increase susceptibility to herpes infection,
and then received an IVAG HSV-1 challenge (26).

Intravaginal infection

After Depo-Provera® subcutaneous (SC) treatment, groups of age-matched female
CXCL177"~ and C57BL/6 mice were infected intravaginally (IVAG) with 2 x 10° plaque
forming units (PFU) of HSV-1 (strain McKrae). Twenty pl of virus suspension were instilled
intravaginally using a pipette with a sterile plastic tip.

Vaginal wash collection

Vaginal washes were collected on days 3, 5, 8, 12, and 18 post-infection by pipetting 30 pL.
of phosphate-buffered saline (PBS) in and out of the vagina three times and were frozen at
-80°C.

Viral titer assay

Vaginal washes were analyzed for viral titers by plaque assays. Vero cells were grown in a-
modified Eagle’s medium (ThermoFisher Scientific, Waltham, MA) supplemented with 5%
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fetal bovine serum and 1% penicillin-streptomycin, and L-glutamine (ThermoFisher
Scientific). For plaque assays, \Vero cells were grown to confluence in 24-well plates.
Vaginal wash samples were diluted and added to monolayers. Infected monolayers were
incubated for 1 h at 37°C and were rocked every 15 min for viral absorption. Infected
monolayers were overlaid with an overlay media containing carboxy-methyl cellulose.
Infection was allowed to occur for 72 h at 37°C. Monolayers were then fixed and stained
with crystal violet, and viral plaques were counted under a light microscope. Positive
controls were run with every assay with previously titered laboratory stocks of HSV-1.

Clinical Score

Mice were examined for vaginal disease after the HSV-1 challenge. Vaginal disease was
determined by a masked investigator on days 1, 3, 5, 8, 12, and 18 thereafter. A standard 0-4
scale was used: 0, no disease; 1, 25%; 2, 50%; 3, 75%; and 4, 100%, disease respectively.

Isolation of lymphocytes

Lymphocytes were isolated from the female vaginal mucosa (VM) tissues and treated with
calcium- and magnesium-free phosphate-buffered saline (PBS) for whole-body perfusion
prior to tissue harvest, as previously described (27). The vaginal mucosa was excised from
the group of mice and tissue was cut longitudinally and minced with a sterile scalpel in
complete tissue culture. Minced tissues were digested in complete medium containing 2.5
mg/ml collagenase type 1V (Sigma Chemical Co., St. Louis, MOQ.). Digestion was
accomplished by shaking incubation at 37°C for 30 min after which tissues and cells were
filtered through a sterile gauze mesh and washed with RPMI 1640 medium. Spleen and
draining lymph node homogenates were prepared by pressing the tissue through a sterile
mesh screen into ten mL of PBS under aseptic conditions.

Quantitative RT-PCR

Total RNA was extracted from each mouse vagina sample using TRIzol® (Invitrogen,
Carlsbad, CA). Equal concentrations of RNA were used for the reverse transcription reaction
to generate cDNA (Qiagen, Valencia, CA). Quantitative real-time PCR (g-PCR) data was
generated with a Roche LightCycler® 480 using a Universal Probe Library-based system.
Seventy ng of each cDNA was used per 40 cycle PCR run. Gene-specific primers and
corresponding Universal Probes were used in every reaction to quantify the amount of
CXCL17, CXCL14, CCL28, CXCL1, CXCL2, CXCLY, CXCL10, CCL2, CCL3 CCL5 and
actin gene transcripts in each tissue sample. Data was analyzed by performing relative
quantification and graphed using GraphPad Prism software (www.graphpad.com).

Flow cytometry

Single cell suspensions from the spleen, lymph node and vaginal mucosa, were prepared for
flow cytometric analysis. The following antibodies were used: anti-mouse CD8 PerCP
(clone 53-6.7, BD Biosciences, San Jose, CA), anti-mouse CD11a FITC (clone M17/4, BD
Biosciences), anti-mouse CD103 APC (clone M290, BD Biosciences) anti-mouse CD62L
AT700 (clone MEL-14, BD Biosciences) anti-mouse CD44 APC-cy7 (clone IM7, BioLegend,
San Diego, CA), anti-mouse CD69 PE-cy7 (clone H1.2F3, BD Biosciences), anti-mouse
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CCRY7 A647 (clone 4B12, BD Biosciences), TIGIT PE (clone GIGD7, eBioscience), VISTA
(clone 13f3, a gift from Dr. Noelle, Geisel School of Medicine at Dartmouth, Lebanon, NH),
TIGIT, CD1072 FITC (clone ID4B, BD Biosciences), CD107° FITC (clone M3/84, BD
Biosciences) and anti-mouse IFN-yPE-cy7(clone XMG1.2, BioLegend). For surface
staining, mAbs were added against various cell markers to a total of 1 x10° cells in
phosphate-buffered saline containing 1% FBS and 0.1% Sodium azide (fluorescence-
activated cell sorter [FACS] buffer) and left for 45 min at 4°C. For intracellular staining cells
were first treated with cytofix/cytoperm (BD Biosciences) for 30 min. Upon washing with
Perm/Wash buffer, mAbs were added to the cells and incubated for 45 min on ice and in the
dark. Cells were washed again with Perm/Wash and FACS buffer and fixed in PBS
containing 2% paraformaldehyde (Sigma-Aldrich, St. Louis, MO).

For the measurement of CD107#® and IFN-y, 1x10° cells were first transferred into 96-well
flat bottom plate in the presence of BD GolgiStop (10 pg/ml) for 6 h at 37°C.
Phytohemagglutinin (PHA) (5 pg/ml) (Sigma-Aldrich) was used as positive control. At the
end of the incubation period, the cells were transferred to a 96-well round bottom plate and
washed once with FACS buffer. Surface and intracellular staining were performed as
aforementioned. A total of 100,000 events were acquired by the LSRII (Becton Dickinson,
Mountain View, CA) followed by analysis using the FlowJo software (TreeStar, Ashland,
OR).

Statistical analysis

RESULTS

We examined the distribution of each immunological parameter as we previously described
(10). In the case of two group comparisons, we have considered the use of the parametric
two-sample Student’s £test or non-parametric Wilcoxon rank sum test. In addition, for
paired comparisons involving multiple peptides, we have adjusted for multiple comparisons
using the Bonferroni procedure. In the specific case of three groups (comparing two
subgroups with a baseline subgroup) we have used the General Linear Model procedure and
compared the least squares means using the Dunnett procedure for multiple comparisons.
Flow cytometry data were analyzed with FlowJo software (TreeStar). For analysis, we used
SAS® v.9.4 (Statistical Analysis System, Cary, NC). Graphs were prepared with GraphPad
Prism software (San Diego, CA). Data are expressed as the mean + SD. Results were
considered to be statistically significant at p < 0.05.

1. Frequent CD8* T cells, expressing CXCRS, the cognate receptor of CXCL17, are
detected in the vaginal mucosa of HSV-1 infected protected mice

Both HSV-1 and HSV-2 cause genital herpes lesion. We chose HSV-1 for this study because
it is present in more than 3.7 billion people worldwide and, besides HSV-2, HSV-1 is
becoming in recent years an increasing cause of genital herpes that accounts for half of new
cases in developed countries (9, 10).

We first performed a dose-response study of infection with HSV-1 (strain McKrae) in a
group of female B6 mice (7= 10) were using 1 x 10°, 2 x 10° or 5 x 10° plaque forming
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units (PFU), delivered intravaginally (IVAG) in PBS. An illustration of the infection scheme
and the timeline of subsequent immunological and virological assays are shown in Fig. 1A.
All three doses induced a similar magnitude of T cell responses in the vaginal mucosa (VM)
and in the spleen (SPL). Moreover, with the 2 x 105 PFU dose; about half of the animals
developed severe genital herpes disease (score above 1 on a scale of 0 to 4) (non-protected)
while the other half of the animals had no genital herpes disease (scored 0) (protected) (Figs.
1B and 1C). Most genital herpes lesions are associated to virus replication in the vaginal
mucosa. The lack of genital herpes lesions in protected mice was not due to a lack of
infection because the virus was readily detected in the vaginal swabs of most animals (Fig.
1D). Accordingly, intravaginal HSV-1 infections in all subsequent experiments were carried
out using the middle dose of 2 x 10° PFU.

In a subsequent experiment, a group of female B6 mice (7= 30) were infected intravaginally
with 2 x 10° PFU HSV-1 and then segregated into protected and non-protected groups as in
Figs. 1A and 1B, above. Cell suspensions (~10 x 106) derived from the vaginal mucosa
(VM) of HSV-1 infected mice were harvested and the levels of MRNA of nine T-cell
attracting and mucosal chemokines (CXCL1, CXCL2, CXCL9, CXCL10, CXCL14,
CXCL17, CCL2, CCL3, CCL5 and CCL28) were analyzed by PCR, as described in the
Materials and Methods section. As shown in Fig. 2A, compared to other eight mucosal
chemokines, the mRNA from CXCL17 was by far the highest chemokine expressed in the
vaginal mucosa of HSV-1 infected B6 mice. A low basal level of CXCL17, but relatively
higher compared to other chemokines, was also detected in the uninfected vaginal mucosa of
B6 mice (not shown).

Next, a group of female B6 mice (7= 30) were infected intravaginally with 2 x 10° PFU
HSV-1 and then segregated into protected and non-protected groups as in Figs. 1A and 1B,
above. We then compared by FACS the level of expression of CXCRS, the cognate receptor
of CXCL17 on CD8* T cells, and the frequencies of CXCR8*CD8" T cells in cell
suspensions from the VM and SPL (used as control) of protected (/7= 10) versus non-
protected mice (7= 10). Significantly high levels of CXCR8 were detected on CD8* T cells
from the VM of protected mice compared to non-protected mice (Figs. 2B and 2C).
Moreover, frequent CXCR8*CD8* T cells were also detected in the VM of protected mice
compared to non-protected mice (Figs. 2D and 2E). In contrast to VM tissue, levels of
CXCRS8 and similar frequencies of CXCR8*CD8* T cells detected in the SPL of protected
and non-protected mice were not significant. Taken together, these results suggest that the
recently discovered CXCL17 mucosal chemokine is associated with the mobilization of
protective memory CXCR8*CD8* T cells within inflamed and infected vaginal mucosal
tissue.

2. Frequent memory CD8* Tgy and CD8* Try cells detected in the vaginal mucosa of
HSV-1 infected protected, compared to non-protected mice

We next determined the relative contribution of the conventional memory CD8" T cells (i.e.
CD8* T¢m and CD8™ Tgpy) and the non-circulating tissue-resident memory CD8* Trp in
the protection against genital herpes. A group of female B6 mice (7= 30) were infected
intravaginally with 2 x 10° PFU HSV-1 and then segregated into protected and non-
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protected mice, as in Figs. 1A and 1B, above. Protected and non-protected animals were
sacrificed on day 21 and the frequencies of HSV-1 gBgs_s505 epitope-specific CD8* T,
CD8" Tgp and CD8* Trpy cells were compared by FACS in cell suspensions from the VM
(the site of acute HSV infection), the dorsal root ganglia (DRG, the site of HSV latency) and
SPL of protected (7= 10) and non-protected mice (n7= 10).

More CD44M9hCD62MINCDE* Ty were detected in the VM of non-protected compared to
VM of protected mice (Figs. 3A, 3B and 3G, £ = 0.04). In contrast, significantly higher
numbers of gBagg_s05-specific CD44NINCDE2LOWCD8* Tey (Figs. 3C, 3D and 3G) and
CD103MIhcCR7IWCDB2LIoWCD11aMNINCDB9NINCDE* TRy cells (Figs. 3E, 3F and 3G)
were detected in both the VM and DRG of protected as compared to non-protected mice (P
= 0.04). There were no differences in the number and percentage of gB4gg_505-specific Tem
and Ty cells in the SPL of protected vs. non-protected mice (Fig. 3G, right panels). As a
control, no significant CD8* T cells specific to the irrelevant target OVA,57_264 peptide were
detected in protected and non-protected mice, demonstrating the HSV specificity of the
CDS8™ T cells (data not shown). Altogether, these results indicate that mobilization of HSV-
specific CD44N9hCDE2LOWCD8* Tey and
CD103MINCCR7IOWCD6E2L'oWCD11aMIhCDB9NINCD8 TRy cells into vaginal mucosal and
dorsal root ganglia is associated with protection against genital herpes lesions.

3. Frequent HSV-specific IFN-y-producing cytotoxic CD8* T cells in the vaginal mucosa is
associated with protection against genital herpes

A group of female B6 mice (7= 30) were infected intravaginally with 2 x 10° PFU HSV-1
and then segregated into protected and non-protected groups as in Figs. 1A and 1B, above.
The VM and SPL (control) were harvested from 10 protected and 10 non-protected mice on
day 21 post-infection. The frequency of IFN-y(*) CD8* T cells and CD107(*) CD8" T cells
were compared in protected and non-protected mice by FACS using the gating strategy
shown in Fig. S2, as previously described (10). A significant increase in the percentage (P <
0.05) and numbers (P= 0.03) of HSV-1 gBagg_s05-specific CD107(HCD8* T cells (Figs. 4A
and 4B, left panel) and IFN-y(*) CD8* cytotoxic T cells (P= 0.03, Figs. 4C and 4D, middle
panel) were detected in the VM of protected mice vs. non-protected mice. As expected, cells
from both VM and SPL that were not stimulated with peptide showed non-significant
numbers of CD107(*) and IFN-y(*) CD8* T cells (Figs. 4A-4D, right panel). These results
suggest that a significant increase in functional IFN-y-producing cytotoxic CD8* T cells in
the VM is associated with protection against genital herpes.

4. CXCL177/~ deficient mice develop significantly less memory CXCR8*CD8" T cells and
more acute and latent herpes infection compared to wild type mice

We next determined whether the lack of CXCL17 would affect CD8" T¢p, CD8* Tgwm and
CD8* Trm cells mobilization, the viral titers in the vaginal mucosa and the load of latent
viral infection in the DRG of HSV-1 infected CXCL17~/~ deficient mice. A group of age-
matched CXCL177/~ deficient and wild type (WT) B6 mice (7= 10) were infected
intravaginally with 2 x 10° PFU of HSV-1 (Fig. 5A). Virus replication in the VM (the site of
HSV acute replication) and the level of latency that developed in the dorsal root ganglia
(DRG, the site of HSV latency) were compared in CXCL177~/~ deficient and wild type (WT)
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B6 mice. The frequency of HSV-specific CXCR8*CD8* T cells and the level of expression
of CXCR8 on CD8* T cells, the receptor of CXCL17 mucosal chemokine, were also
compared in the VM compartment of CXCL17~/~ and WT mice.

Viral titers measured in vaginal swabs taken on days 3, 5, 8, 12 and 18 post-infection (Fig.
5A) demonstrated a significant less control of virus replication leading to more genital
herpes infection in CXCL17~/~ mice compared to WT mice (P< 0.05, Fig. 5B). CXCL177/~
mice developed severe genital lesions (average score of 3 on a scale of 0 to 4) compared to
WT mice (average score of 2). Moreover, the level of latency established in DRG of
CXCL177"~ mice was also significantly high than that was established in DRG of WT mice
(P< 0.05, Fig. 5C). Moreover, significantly less CXCR8*CD8* T cells were detected in the
VM of CXCL17~/~ mice compared to WT mice (P= 0.04). (Figs. 5D and 5E). Compared to
CD8* T cells from WT mice, CD8* T cells in the VM of CXCL17~/~ mice expressed
significantly low levels of CXCR8 receptor (£ = 0.04, Figs. 5F and 5G). In contrast to VM
compartment, similar low frequencies of CXCR8*CD8* T cells and low level of CXCRS8
expression were detected in the SPL of CXCL177/~ compared to WT mice. These results
indicated that: (/) a CXCL17-dependent mobilization of HSV-specific CXCR8*CD8" T cells
in the vaginal mucosa following intravaginal infection with HSV-1; (/) lack of CXCL17
chemokine is associated with an increased genital herpes infection and more latency
established in the DRG.

5. Mobilization of memory CD8" T¢p, CD8* Ty, and CD8* Try cell subsets in the vaginal
mucosa of HSV-1 infected CXCL17~/~ deficient mice is compromised

We next determined whether the lack of CXCL17 chemokine would affect the mobilization
of conventional CD8* T cells (i.e. CD8" Ty cells and CD8* Ty cells) and tissue-resident
memory CD8* Ty cells in the VM (the site of HSV acute replication) and the dorsal root
ganglia (DRG, the site of HSV latency). The spleen (SPL) was used as control.

A group of age-matched CXCL177/~ deficient and WT mice (7= 10) were infected
intravaginally with 2 x 10° PFU of HSV-1, as in Fig. 5A above. All animals were sacrificed
on day 21 post infection and the frequencies of HSV-1 gB4gs_505 epitope-specific CD8*
Tcm, CD8* Ty and CD8* Trpy cells were compared by FACS in the VM, DRG and SPL
(control) of ten CXCL17~/~ and ten WT mice, using the gating strategy shown in Fig. S3.

Significantly lower numbers of gBagg_s05-specific CD44NMINCDE2MINCD8™ Ty cells (Figs.
6A, 6B and 6G) and CD44MINCDE2-OWCD8* Tey cells (Figs. 6C, 6D and 6H) were
detected in both the VM and DRG of CXCL177/~ deficient mice compared to WT mice (P =
0.04). Although the numbers of gB4g9g_505-specific Trpy cells detected in VM and DRG of
WT vs. CXCL177/~ deficient mice was low compared to Tcy and Tewm cells, there was
significantly lower percentages of Ty cells in CXCL17~/~ mice compared to WT mice (P=
0.04). (Figs. 6E, 6F and 61). Similar frequencies of memory CD8* T cell subsets were
detected in the SPL (control) of CXCL17~/~ mice compared to WT mice (Figs. 6G, 6H and
61, left panels). Altogether, these results indicate that mobilization of HSV-specific specific
Tcem, Tem and Tryy cells into the vaginal mucosal and dorsal root ganglia is CXCL17-
dependent.
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6. Reduced numbers and frequencies of functional CD8* T cells detected in the vaginal
mucosa of CXCL17~/~ deficient mice compared to wild type mice

A group of age-matched CXCL177/~ deficient and wild type (WT) B6 mice (/7= 10) were
infected intravaginally with 2 x 10° PFU HSV-1 as in Fig. 5A) above. All animals were
sacrificed on day 21 and the frequency of IFN-y*CD8* T cells and of CD107* CD8" T cells
were compared in the VM and SPL (control) of CXCL17~/~ and WT B6 mice by FACS
assay, as above. CD8* T cells were also analyzed by FACS for expression of markers of
exhaustion, including T cell Ig and ITIM domain (TIGIT) and V-domain Ig suppressor of T
cell activation (VISTA) (28-30).

A significant decrease in the percentage and numbers of both HSV-1 gB4gg_505-specific
CD107* CD8* T cytotoxic T cells and IFN-y*CD8* T cells were detected in the VM of
CXCL177"~ mice compared to WT mice (P< 0.04, Figs. 7A-7D, top panels). In contrast,
significant differences were not detected in the SPL of CXCL17~/~ mice compared to WT
mice (P> 0.05, Figs. 7A-7D, lower panels). There was a ~two-fold increase in VM-resident
TIGIT*CD8* T cells from CXCL17~/~ mice as compared to WT mice (P< 0.05, Figs. 7E
and 7F, ftop panels). There was also an approximately two-fold increase in VM-resident
VISTA*CDS8* T cells from CXCL177/~ as compared to WT B6 mice (2= 0.05, Figs. 7G and
TH, top panels). In contrast, no significant differences were detected in the SPL of
CXCL177"~ mice compared to WT mice (P> 0.05, Figs. 7E to 7H, lower panels).
Accordingly, the tetramer staining detected significantly lower percentage (P = 0.04) and
number (P = 0.03) of HSV-1 gB495_505 epitope-specific CD8* T cells in the vaginal mucosa
of CXCL177/~ deficient mice compared to the vaginal mucosa of WT mice (Fig. S1).

These results demonstrated that a lack of CXCL17 chemokine is associated with: (/) a
significant decrease in the effector functions (IFN-y production and CD1072/0
degranulation) of HSV-specific CD8* T cells in the VM of HSV-1 infected CXCL177/~
deficient mice; (/) a significant increase in the HSV-specific CD8* T cells expressing
markers of exhaustion in the VM of CXCL17~/~ mice. Thus, lack of CXCL17 appeared to
be associated with reduced numbers and frequencies of functional HSV-specific CD8* T
cells in the vaginal mucosa of CXCL17~/~ deficient mice.

DISCUSSION

In this study, we demonstrated that the CXCL17 mucosal chemokine is involved in the
mobilization of HSV-specific CXCR8*CD8* Tgy and Try cells within the vaginal mucosa
and this was associated with protection against genital herpes. Strong local production of
CXCL17 appeared to be associated with the mobilization CXCR8*CD8* Ty and Try cell
subsets within the VM of B6 mice with impaired HSV-1 replication in the VM, less severe
genital lesions and reduced latency established in DRG. In contrast, when compared to WT
B6 mice, the CXCL17~/~ deficient mice developed significantly less frequent CXCR8*CD8*
Tem and Tr cell subsets in the vaginal mucosa associated with more HSV-1 replication,
severe genital lesions and more latency established in DRG. Furthermore, a significant
deficiency in the functions (IFN-y production and CD107% degranulation) of CD8* T cells
was observed in the VM of CXCL177/~ deficient mice, which failed to contain genital
herpes infection and disease. These results demonstrate for the first time that the CXCL17/
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CXCRS8 chemokine axis is of paramount importance in the mucosal immunity, mobilizing
protective CXCR8*CD8™* Tgp and Trp cells to the mucosal tissues associated with
clearance of genital herpes infection and disease. The results also suggest an opportunity to
develop a T-cell based genital herpes prime/pull vaccine based on immunization that would
specifically induce functional HSV-specific CD8* Tgp and Tr cell subsets combined with
an intravaginal delivery of mucosal chemokines, such as CXCL17, that would mobilize
these CD8* Tgp and Ty cells into infected vaginal mucosa.

Following the resolution of viral mucosal infections, long-lived heterogeneous memory
CDS8™ T cell population is generated (38-42). This heterogeneous memory CD8* T cell
population can be divided into three major subsets: Circulating conventional (1) effector
memory (CD8" Tgp) and (2) central memory (CD8* Tcp) subsets and (3) the non-
circulating tissue-resident memory CD8* T cell subset (CD8* Trp) (23). The three subsets
of memory T cells differ in their phenotype, function, and anatomic distribution. The T¢p
cells are CD103!°¥CD62LNINCCR7NIN, The Ty cells are CD103'°WCD62LIOWCCR7IOW,
The Trym cells are CD103M9NCDE2LIWCCR7IWCD11aMINCDEINYN (23, 43-45). Once
formed, Trp cell subset do not re-enter the circulation and therefore play an essential role in
locally guarding mucosal tissues from secondary infections. The precise mechanisms by
which the three memory CD8* T cell subsets are formed, maintained, and expanded remains
to be elucidated. In humans, CD8* T cells are rapidly recruited into the vaginal mucosal
following infection. After clearance of primary infection, the memory CD8" T cells then
develop and persist in the vaginal mucosal tissue, at the dermal-epidermal junction (35). In
this study, we found that high frequencies of HSV-specific memory CD8" Tgpy and CD8*
Trm cells get retained in the vaginal mucosa of HSV-1-infected and protected WT mice,
impairing HSV-1 replication in the VM and causing less severe genital lesions with reduced
latency established in DRG. This is in sharp contrast to HSV-1-infected and non-protected
CXCL17 deficient mice, with more HSV-1 replication in the VM causing severe genital
lesions and increased latency established in DRG. This suggests that these HSV-specific
memory CD8* Tgym and CD8™ Ty cells may control local viral replication and disease at
the site of vaginal mucosal herpes lesions which consequently led to lower level of latent
viral load established in DRG.

The expression pattern of CXCL17 in human tissues and cells indicates that it is a mucosa-
associated chemokine (19, 21). In this study, our data revealed that CXCL17 is the most
highly expressed chemokine in the vaginal mucosa of HSV infected mice. This novel
observation points to a unique role of CXCL17 chemokines in vaginal T cell immunity and
prompted us to focus on its role in the mobilization of memory CD8" Tgp, CD8" T and
CD8* Trwm cells into the vaginal mucosal tissue (23). Only a handful of reports have
described the immune-biology of CXCL17 because it is the last mucosal chemokine to be
identified (18-20). CXCL17 is regulated by vascular endothelial growth factor and is
chemotactic for both macrophages and dendritic cells (46). CXCL17 signals through the
previously identified orphan G protein-coupled receptor-35 (GPR35), which has been
renamed CXCR8 (19). Human and mouse CXCL17, which share 71% sequence identity at
the amino acid level, are homeostatically expressed in certain mucosal sites (trachea,
bronchus and stomach), but induced upon inflammation in others (intestine) (21). It is
therefore a dual (homeostatic/inflammatory) chemokine (16, 17). We also found CXCR8 to
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be highly expressed on vaginal mucosa-resident CD8* T cells of HSV-1 infected protected
mice as compared to non-protected mice. Intravaginal HSV infection resulted in the
recruitment of more CXCR8*CD8™ T cells to the inflamed vaginal mucosa of protected
mice compared to non-protected mice. These intriguing results allow us to suggest that the
CXCL17/CXCR8 axis plays a crucial role in the mobilization of functional HSV-specific
CXCRS8*CD8* Tgp cells and HSV-specific CXCR8*CD8* Trpy cells to the infected vaginal
mucosa. Such mobilization was associated with significantly less HSV-1 replication in the
vaginal mucosa and less latency established in DRG. While chemokine selection in the
present study was narrowed to a small panel of chemokines, the expression of all other
known 48 chemokines in the vaginal mucosa will be studied using NanoString and Luminex
assays and their functional role in herpes T cell immunity will be subject to future reports.

CDS8™ T cells are maintained in the dermal-epidermal junction in women’s vaginal mucosa
and mediate protection against genital herpes (10, 13, 31-37). The small number of
gB4gs-505-specific CD8* T cells detected in the vaginal mucosa could be related to the route
of infection used (i.e. intravaginal instead of skin infection) and to the slight
compartmentalization of T cells in the vaginal mucosa, which seems to be a “closed
immunological compartment”. Compartmentalization of HSV-specific CD8* T cells in the
vaginal mucosa might require stronger activation, mobilization and retention compared to
other compartments such as skin and lymphoid organs (e.g. genital tract draining lymph
nodes). Moreover, exhaustion of these CD8" T cells is likely a major factor that interferes
with T cell-mediated immune surveillance at the VM and contributes to failure to control
persistent infections, such as HSV-1. High expression of T-cell co-inhibitory receptors,
including VISTA, TIGIT, PD-1 and TIM-3 might be associated with functional exhaustion
of T cells. TIGIT and VISTA are newly discovered T-cell co-inhibitory receptors (28-30).
TIGIT binds with high affinity to CD155 on dendritic cells (DC) and macrophages (M®).
During HIV infection, TIGIT expressing CD8* T cells are associated with clinical markers
of HIV disease progression (47). It has recently been demonstrated that VISTA is also an
immune checkpoint molecule for human T cells (29). VISTA-Ig interaction suppresses
activation of tumor-specific T cells (29). In the present study, we found high expression
levels of both VISTA and TIGIT on vaginal mucosa-resident CD8* T cells that reside in the
VM of CXCL177/~ deficient mice as compared to WT mice. These CD8* T cells retained a
reduction in both IFN-y production and cytotoxic activity associated with a lack of
protection against genital herpes infection and disease. These results suggest a persistent
antigenic stimulation in CXCL17~/~ deficient mice. To the best of our knowledge, this is the
first study to show that expression of VISTA and TIGIT on HSV-specific memory CD8* T
cells is associated with a lack of protective immunity against genital herpes. It is likely that a
CXCL17-dependent exhaustion of the existing CD8* T cells might reduce their proliferation
which in turn might contribute to a low number of CXCR8*CD8" T cells seen in the vaginal
mucosa of CXCL17~/~ mice. Nevertheless, the mechanism by which the lack of CXCL17
mucosal chemokine led to increased expression of VISTA and TIGIT on vaginal mucosa-
resident CD8* T cells remains to be elucidated. Our results suggest that the co-blockade of
VISTA and TIGIT pathways should further be explored to elicit potent anti-viral CD8* T
cell effector functions to potentially control genital herpes.
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In this study, mice were treated with Depo-Provera®, a progestational formulation.
Progesterone is widely used to synchronize the ovarian cycle and to increase susceptibility to
genital herpes infection in mice (1, 2). Vaginal infection in the progesterone-treated mouse
model appears to mimic the infection in humans (3, 4). Since both protected mice and
unprotected mice were similarly treated with Depo-Provera, it is unlikely that the proportion
of “protected” and “unprotected” mice was directly related to the progesterone treatment.
Nevertheless, one might not exclude some variations in susceptibility to genital herpes
infection within the same group of progesterone-treated mice (e.g. Fig. 1C). Moreover, it is
possible that the timing of Depo-Provera® treatment relative to infection might affect
susceptibility to genital herpes infection and, hence, the level of protection. However, Kinetic
studies to determine whether timing affects the effect of progesterone treatment on
susceptibility to genital herpes infection remains outside the scope of the present study, and
hence should be addressed in future studies.

Some dichotomous results in protection within same group of mice are recorded. As shown
in Fig. 1C, although the majority of mice in the protected group had low genital lesion (score
1) to no disease (score 0), it occurs that one mouse did show a medium score of 2. Although
(i) the viral inoculum is constant as the same batch was used throughout the experiments,
and (ii) the scoring of genital lesions was performed by the same person; one cannot not
exclude some variations within the same group of mice. These variations could be related to
lack of synchronized ovarian cycle within the same group of progesterone-treated mice,
and/or to intrinsic experimental effects, for instance, due to mechanical lesions of the
mucosa during the vaginal instillation of the viral inoculum. These variations can occur even
when an inbred B6 mouse strain are used.

Once the acute infection is cleared in the vaginal mucosa, the site of acute infection, the
virus stays dormant in DRG, the site of latent infection. In CXCL17~/~ deficient mice, we
detected high levels of viral replication in the vaginal mucosa and high level of latency in
DRG. The differences in viral load in the vaginal mucosa and DRG of CXCL177/~ deficient
mice vs. WT mice are associated to quantitative and qualitative differences in CXCL17-
dependent mobilization of memory CXCR8*CD8" Tgp and Trpy cells. Since only hundreds
of neuronal cells are latently infected in DRG, fewer T cells might be needed in DRG
compartment, compared to vaginal mucosa compartment, to reduce the level of latent viral
load. Thus, although lower frequency of CD8* Tgp and Trp cells was detected in the DRG
compared to the vaginal mucosa of CXCL177/~ deficient mice, these fewer cells seem to be
sufficient to reduce the level of latent viral load in DRG. However, in the vaginal mucosa,
where there is an abundance of infected cells, more CD8" Tgp and Trpy cells might be
required to significantly reduce the level of viral load. Moreover, it is likely that CXCL17
might not be the only chemokine that operates in attracting Ty and Ty cells to vaginal
mucosa. Besides, CXCL17, other mucosal chemokines, including CCL14, CCL25 and
CCL28, might also be involved in T-cell recruitment to the vaginal mucosa. Hence, CXCL17
might synergistically or additively operate with other mucosal chemokines to attract Tgp
and Trp cells to the vaginal mucosa. Although a decrease in Ty cells is also detected in
the vaginal mucosa of CXC177~/~ mice, this decrease was not as pronounced as for the other
two subsets of T cells (i.e. Tgpm and Ty cells).
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Mucosal surfaces represent the entry route of many viral pathogens, such as HSV-1 and
HSV-2. Although both HSV-1 and HSV-2 cause genital herpes lesion, we chose HSV-1 for
this study because it is present in more than 3.7 billion people worldwide and is becoming
an increasing cause of genital infection in developed countries (9, 10). HSV-1 is also the
cause of cold sores around the mouth and most serious HSV-1 infection of the eye that can
lead to potentially blinding ocular herpetic disease (11). Controlling the spread of genital
herpes remains a challenge despite the availability of many intervention strategies, such as
sexual behavior education, barrier methods, and the daily guanine nucleoside anti-viral drug
therapies (e.g. Acyclovir and derivatives) (10, 48-51). The morbidity and socioeconomic
burden associated with genital herpes, as well as the alarming relationship between genital
herpes and HIV susceptibility, transmission and acquisition, all underscore the need for
developing an effective HSV vaccine. The current medical opinion is that an effective
clinical vaccine will constitute the best and cost-effective approach to protect the human
population from genital herpes (50, 52, 53). Moreover, such a vaccine will likely have the
greatest impact in both developed and developing regions of the world (49, 51, 52). To date,
however, no prophylactic or therapeutic HSV vaccines for the prevention or treatment of
genital herpes are available (53). Direct experiments in animal models (10, 54, 55) and
indirect immunological observations from HSV infected human patients (56, 57) suggest
that successful control of herpes infection is associated with induction of robust and
polyfunctional CD8" T cells that reside within the vaginal sub-mucosal tissues (58). Our
inability to efficiently design and deliver herpes antigens to stimulate strong local mucosal
HSV-specific CD8* T cell responses remains a major obstacle in the development of an
effective herpes vaccine. Given the limited success of antibody-mediated herpes vaccine in
recent clinical trials, using protein-in-adjuvant vaccines delivered parenterally, it is an
especially important finding that the CXCL17 mucosal chemokine promotes protective IFN-
v-producing cytotoxic CXCR8*CD8* Tgy and Try cells in the VM (59). Consequently, the
present findings are encouraging as they indicate CXCL17 chemokine as a possible mucosal
adjuvant that can be included in a potential herpes prime/pull herpes vaccine to induce
stronger mucosal immunity against genital herpes. Such prime/pull mucosal vaccine would
be based on immunization with CD8" T cell epitopes to specifically induce functional HSV-
specific CD8* Tgym and Try cell subsets combined with an intravaginal delivery of mucosal
chemokines, such as CXCL17, that would mobilize these CD8* Tgp and Trp cells into
infected vaginal mucosa. The importance of CXCL17-CXCR8 is demonstrated in this study
in B6 mouse strain, a genetic background on which CXCL177/~ deficient mice are currently
available. It is important to demonstrate the importance of CXCL17-CXCRS8 in other strains
of mice once CXCL17~/~ deficient mice are available on those genetic backgrounds.

In conclusion, our study represents the first in-depth analysis on the role of the CXCL17/
CXCR8 pathway in anti-herpes T cell responses in the vaginal mucosa. Herein, we
demonstrated that following intravaginal HSV-1 infection of B6 mice, a high production of
CXCL17 chemokine in the vaginal mucosa was associated with the formation and the
protective function of anti-viral IFN-y-producing cytotoxic CXCR8*CD8* Tgp and Trm
cells in the vaginal mucosa. In contrast, HSV-1 infection of CXCL17~/~ deficient mice
resulted in reduced numbers and frequencies of functional CXCR8*CD8* Tgp and Trm
cells in the vaginal mucosa, which express markers of exhaustion, such as TIGIT and
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VISTA. Less functional CXCR8*CD8* Ty and Try cells in the vaginal mucosa was
associated with a failure to contain genital herpes infection and disease. Such observations
could inform a combinatorial vaccine or immunotherapeutic approaches for genital herpes
that would include intravaginal delivery of herpes antigens together with mucosal
chemokines, such as CXCL17, and an immune checkpoint co-blockade. Such a
combinatorial strategy would mobilize more functional CD8" Tgp and CD8* Trpy cells
locally in the vaginal mucosa and, as such, would have a significant impact on genital herpes
infection and disease.
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Figure 1. Intravaginal infection of B6 mice with a 2 x 10° dose of HSV-1 (strain McKrae) leads to
protected animals, with no herpetic disease, and non-protected animals with severe genital
herpetic disease

(A) Schedule of HSV-1 intravaginal infection and subsequent immunological and virological
analyses. B6 mice (5-6 wk. old, /7= 30) were treated with Depo-Provera® and then infected
intra-vaginally on day 0 with 2 x 10° pfu of HSV-1 (strain McKrae). Vaginal washes were
collected from day 3 to day 18 post infection. The presence of infectious virus in the vaginal
washes was determined by plaque assay. (B) Representative pictures of an infected/protected
mouse with no genital lesions (Zgp) and of infected/non-protected mouse with genital acute
herpetic lesions (bottom). (C) Starting on day 3 post-infection with HSV-1, the severity of
acute genital herpetic disease is scored daily on a scale of 0 to 4. (D) Vaginal washes were
collected from day 3 to day 18, during the acute phase of infection, from both protected and
non-protected mice. Shown are optimal infectious virus particles quantified, on day 6 post-
infection, by plaque assay in the vaginal wash samples of protected and non-protected mice.
The data are representative of two independent experiments and the bars represent SD
between the experiments. Differences between the groups were identified by ANOVA,
multiple comparison procedures, as we previously described (10). The indicated Pvalues
show statistical significance between protected and non-protected mice.
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Figure 2. High levels of CXCL17 chemokine and frequent CD8™ T cells, expressing CXCRS, the
cognate receptor of CXCL17, are detected in the vaginal mucosa of HSV-1 infected and
protected mice

(A) Levels of mucosal and T-cell attracting chemokines detected in the vaginal mucosa of
HSV infected mice. Mice (/7=10) were intravaginally infected with HSV-1, euthanized on
day 21 post infection and single cell suspension from vaginal mucosa were obtained after
collagenase treatment. Vaginal cell suspensions (~10 x 10%) were analyzed by PCR for the
indicated chemokines. (B to E) Mice were euthanized on day 21 post infection and single
cell suspension from vaginal mucosa and spleen (control) were stained for CXCR8 and
CD8™ T cells markers and analyzed by FACS. Representative (B) and (C) average levels of
expression of CXCRS receptor on CD8* T cells from the vaginal mucosa (fop panels) and
spleen (bottom panels) of protected versus non-protected mice. (D) Representative FACS
plot of the frequency of CXCR8*CD8* T cells detected in the vaginal mucosa (fop panels)
and spleen (bottom panels) of protected versus non-protected mice. (E) Average frequencies
(/ef?) and absolute numbers (righf) of CXCR8*CD8* T cells in the vaginal mucosa and
spleen of protected versus non-protected mice. Differences between the groups were
identified by ANOVA, multiple comparison procedures. The data are representative of two
independent experiments. The indicated Pvalues show statistical significance between
protected and non-protected mice.
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Figure 3. Frequent CD44M9hCCR7I9WC D8 Ty and CD103M9NCCR7IOWED62L1WCDS* TR
cells detected in the vaginal mucosa of HSV-1 infected/protected B6 mice

(A) Representative FACS data of the frequencies of HSV-1 gB4gg_505-specific
CD44highcDe2LNINCD8* T cells detected in the vaginal mucosa (VM) from one HSV-1
infected protected and one non-protected mouse. (B) Average frequencies (/eff) and absolute
numbers (right) of Ty cells detected in the VM from 10 HSV-1 infected protected and non-
protected mice. (C) Representative FACS data of the frequencies of HSV-1 gB4gg_505-
specific CD44N9hCDE2L1OWCD8* Tgy cells detected in the VM from one HSV-1 infected
protected and one non-protected mouse. (D) Average frequencies (/eff) and numbers (right)
of Tgwm cells detected in the VM from 10 protected and 10 non-protected mice. (E)
Representative FACS data of the frequencies of HSV-1 gBagg_505-specific
CD103MIhCCR7IWCDE2L!OWCD8* TR\ cells detected in the VM from one HSV-1 infected
protected and one non-protected mouse. (F) Average frequencies (/ef?) and numbers (right)
of CD8" Ty cells detected in the VM from 10 protected and 10 non-protected mice. (G)
Each pie chart and bar graphs represents the overall mean of absolute numbers of different
subsets of HSV-1 gB4ggs_505-specific memory CD8*T cells (Tcm, Tem and Try) detected in
vaginal mucosa (VM), dorsal root ganglia (DRG) and spleen (SPL) of protected versus non-
protected mice. The results are representative of two independent experiments. Differences
between the groups were identified by ANOVA, multiple comparison procedures. The
indicated P values show statistical significance between protected and non-protected mice.
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Figure 4. Functional CD8" T cells in the vaginal mucosa of HSV-1 infected/protected B6 mice
Single cell suspension from the VM, obtained after collagenase treatment, and SPL were

harvested from protected and non-protected B6 mice on day 21 post-infection. The VM and
SPL cell were stained for CD8* T cells, tetramer specific for the HSV-1 gB4gg_s505 epitope
and for CD107 marker of cytotoxicity and IFN-y production and then analyzed by FACS.
(A) Representative FACS data of the frequencies of CD107+*CD8* T cells detected in the
VM (top panels) and SPL (bottom panels) of protected versus non-protected mice and
control cells from VM and SPL that were not stimulated with peptide (right panels) (B)
Average frequencies (/eft panels) and absolute numbers (middle panels) of CD107*CD8* T
cells in the VM and SPL of 10 protected and 10 non-protected mice. (C) Representative
FACS data of the frequencies of IFN-y*CD8* T cells detected in the VM (fop panels) and
SPL (bottom panels) of protected versus non-protected mice. (D) Average frequencies (/eft
panels) and absolute number (middle panels) of IFN-y*CD8" T cells in the VM and SPL of
10 protected and 10 non-protected mice. Control cells from VM and SPL that were not
stimulated with peptide are shown in (right panels). Results are representative of two
independent experiments. Differences between the groups were identified by ANOVA,
multiple comparison procedures. The indicated Pvalues show statistical significance
between protected and non-protected mice.
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Figure 5. Lack of CXCL17 compromises the mobilization of memory CXCR8*CD8" T cells in
the vaginal mucosa of HSV-1 infected cxcL17¢7) mice

(A) Schedule of HSV-1 intravaginal infection and subsequent immunological and virological
analyses. CXCL17(-"") deficient mice and B6 wild type (WT) mice (5-6 wk. old, 7= 10)
were treated with Depo-Provera® and then infected intra-vaginally on day 0 with 2 x 10° pfu
of HSV-1 (strain McKrae). (B) Average virus titers detected in the vaginal washes collected
from day 3 to day 18 post infection from CXCL17("") and WT mice. The presence of
infectious viral particles in the vaginal mucosa (VM) was determined by plaque assay. (C)
The level of latency in the dorsal root ganglia (DRG) was determined by assessing
expression level of latency associated transcript (LAT) gene (/eft panel). B-actin gene was
used as control (right panel, control). Results are plotted as real-time PCR Cy(cycle of
threshold) values. The dotted arrow lines indicate lack transcript amplification around 40
PCR cycles. (D-G) Show frequency of CXCR8*CD8" T cells and level of expression of
CXCL17 receptor on CD8" T cells were analyzed by FACS in the vaginal mucosa. HSV
infected CXCL17(-") versus WT mice were euthanized on day 21 post-infection and single
cell suspension obtained from the VM and SPL (control). (D) Representative FACS plot of
the frequency of CXCR8*CDS8™ T cells detected in the VM (fop panels) and SPL (bottom
panels) of one WT mouse versus one CXCL17() mouse. (E) Average percentages (/eft
panels) and absolute numbers (right panels) of CXCR8*CD8* T cells in the VM (top panels)
and SPL (bottom panels) of ten WT mice and ten CXCL17(/7). (F and G) Levels of
expression of CXCR8 receptor on CD8* T cells from VM (fop panels) and SPL (bottom
panels) of WT versus CXCL17("") mice. The data are representative of two independent
experiments. Differences between the groups were identified by ANOVA, multiple
comparison procedures. The indicated P values show statistical significance between
CXCL17") versus WT mice.
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Figure 6. Less CD8* Tcm, Tem and Tryv cells are mobilized in the vaginal mucosa of HSV-1
infected CXCL17("") deficient mice compared to WT mice

A group of 10 age-matched CXCL17(-") and WT female mice were treated with Depo-
Provera® and subsequently infected intra-vaginally on day 0 with 2 x 10° pfu of HSV-1 (as
in Fig. 5A). Mice were euthanized on day 21 post infection and single cell suspension from
vaginal mucosa (VM), dorsal roots ganglia (DRG) and spleen (SPL) were stained for the 3
major subsets of memory CD8* cells (i.e. Tcm Tem and Try cells) and analyzed by FACS.
(A) Representative FACS data of the frequencies of HSV-1 gB4gg_s05-specific
CD44highcpe21 NICD8* Ty cells detected in the VM from one HSV-1 infected WT
mouse and one CXCL17(") mouse. (B) Average frequencies (/eft panel) and numbers (right
panel) of CD8* Ty cells detected in the VM from 10 HSV-1 infected WT mice and 10
CXCL17C7) mice. (C) Representative FACS data of the frequencies of gBagg_sos-specific
CD44highcDE2L1oWC D8 Tgp, cells detected in the VM from one HSV-1 infected WT and
one CXCL17(/") mouse. (D) Average frequencies (/eft panel) and numbers (right panel) of
CD8* T cells detected in the VM from 10 HSV-1 infected WT and CXCL17(/") mice.
(E) Representative FACS data of the frequencies of HSV-1 gB4gg_505-specific
CD103NghCCR7IOWCDB2L!OWCD8* TRy cells detected in the VM from one HSV-1 infected
WT and one CXCL17(-"") mouse. (F) Average frequencies (/eft panel) and numbers (right
panel) of CD8" Ty cells detected in the VM from 10 HSV-1 infected WT and
CXCL17C77) mice. The percentages (pfe charts) and the mean of absolute numbers (bar
graphs) of memory CD8* Ty cells (G), of memory CD8* Tgy cells (H), and of memory
CD8* Trwm cells (1) detected in the VM, DRG and SPL compartment of WT mice (white) vs.
CXCL17C7) mice (black). The results are representative of 2 independent experiments.
Differences between the groups were identified by ANOVA, multiple comparison
procedures. The indicated 2 values show statistical significance between CXCL17(/") and
WT mice.
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Figure 7. CXCL17 deficiency resulted in reduction in the number and frequency of functional
CD8™ T cells in the vaginal mucosa

Single cell suspension from VM and SPL were obtained on day 21 post-infection and
stained for CD107, marker of cytotoxicity, IFN-y, and two markers of exhaustion TIGIT and
VISTA, and then analyzed by FACS. (A) Representative dot plots of the frequencies of
CD107*CD8* T cells detected in the VM (fop panels) and SPL (bottom panels) of HSV-1
infected CXCL17(-/") vs. WT mice. (B) Average frequencies (/eft panels) and absolute
number (right panels) of CD107*CD8* T cells in VM (fop panel) and in SPL (bottom panel)
of 10 CXCL17(/) vs. 10 WT mice. (C) Representative dot plots of the frequencies of IFN-
v*CD8* T cells detected in the VM (fop panels) and SPL (bottom panels) of HSV-1 infected
CXCL1707") vs. WT mice. (D) Average frequencies (/eft panels) and absolute number (right
panels) of IFN-y*CD8" T cells in VM (fop panel) and in SPL (bottom panel) of 10
CXCL17(77) vs. 10 WT mice. (E) Representative dot plots of the frequencies of TIGIT
*CD8* T cells detected in the VM (top panels) and in the SPL (bottom panels) of HSV-1
infected CXCL17() vs. WT mice. (F) Average frequencies (/eft panels) and absolute
number (right panels) of TIGIT*CD8* T cells in VM (fop panel) and in SPL (bottom panel)
of 10 CXCL17(/") vs. 10 WT mice. (G) Representative dot plots of the frequencies of
VISTA*CDS8* T cells detected in the VM (top panels) and in the SPL (bottom panels) of
HSV-1 infected CXCL17(") vs. WT mice. (F) Average frequencies (/eft panels) and
absolute number (right panels) of VISTA*CD8* T cells in VM (top panel) and in SPL
(bottom panel) of 10 CXCL17(-7) vs. 10 WT mice. The results are representative of 2
independent experiments. Differences between the groups were identified by ANOVA,
multiple comparison procedures. The indicated P values show statistical significance
between CXCL17("") vs. WT mice.
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