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Abstract

Th17 cells are principal mediators of many autoimmune conditions. Recently, memory Th17 cells
have been revealed as crucial in mediating the chronicity of various refractory autoimmune
disorders; however, the underlying mechanisms maintaining memory Th17 cells have remained
elusive. Here, using a preclinical model of ocular autoimmune disease we show that both IL-7 and
IL-15 are critical for maintaining pathogenic memory Th17 cells. Neutralization of these cytokines
leads to substantial reduction of memory Th17 cells; both I1L-7 and IL-15 provide survival signals
via activating STAT5, and IL-15 provides additional proliferation signals via activating both
STATS and Akt. Topical neutralization of ocular IL-7 or IL-15 effectively reduces memory Th17
cells at the inflammatory site and draining lymphoid tissues, while topical neutralization of IL-17
alone, the major pathogenic cytokine secreted by Th17 cells, does not diminish memory Th17
cells at the draining lymphoid tissues. Our results suggest that the effective removal of pathogenic
memory Th17 cells via abolishing environmental I1L-7 or IL-15 is likely to be a novel strategy in
the treatment of autoimmune diseases.
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1. INTRODUCTION

Antigen-experienced memory T cells survive the acute phase and can exert a more rapid and
strong memory response to repeated exposures to the same antigen. Immunological memory
is therefore a defining feature of adaptive immunity, and is additionally crucial for the
development of vaccines. However, it can also be the underlying pathogenic process
enabling chronic inflammation in autoimmunity. Thus, identifying critical factors that

Corresponding author: Reza Dana, MD, MSc, MPH, Schepens Eye Research Institute, Massachusetts Eye and Ear Infirmary, 20
Staniford Street, Boston, MA 02114, USA. Phone: 617-912-7401; reza_dana@meei.harvard.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

The authors have declared that no conflict of interest exists.

AUTHOR CONTRIBUTIONS YC, SKC, and RD designed research; YC and XT performed research; YC, SKC, and RD analyzed
data; and YC, SKC, and RD wrote the paper.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chenetal.

Page 2

maintain pathogenic memory T cells may lead to the development of novel immunotherapies
in autoimmunity.

T helper 17 (Th17) cells play a major immunopathogenic role in numerous autoimmune
diseases, such as multiple sclerosis (MS) (1), rheumatoid arthritis (RA) (2), inflammatory
bowel disease (3), uveitis/scleritis (4), dry eye disease (5), and their respective experimental
models (2, 4, 6-11). A recent study has demonstrated the existence of human memory Th17
cells in graft-versus-host disease, ulcerative colitis, and cancer (12). However, little is known
about the mechanisms involved in the maintenance of memory Th17 cells. Because of very
low frequency, general “memory phenotype” (MP, CD44"MCD62L ") cells from
unmanipulated subjects have been widely used to study memory CD4" T cell generation and
maintenance (13). To avoid their unknown history of activation, later studies used an
adoptive transfer of T cells expressing a transgenic T cell receptor (TCR Tg) into
lymphopenic hosts to generate antigen-specific memory CD4* T cells (13, 14). However,
neither MP nor TCR Tg memory CD4* T cells represent natural memory T cells in human
diseases. Here, we used a preclinical model of autoimmune ocular disease and generated
disease-specific pathogenic memory Th17 cells within intact lymphoid compartments (11) to
study the mechanisms of memory Th17 cell maintenance.

Recently, blockade of interleukin (IL)-7 receptor has been shown to improve EAE (15), CIA
(16) and colitis (17), indicating an association between IL-7 signaling and autoimmunity. A
proof-of-concept study has shown disease improvement in RA patients who were treated
with anti-1L-15 Abs (18), suggesting a potential role of I1L-15 signaling in Th17 response.
IL-15 has been reported to promote (19) as well as inhibit (20) the differentiation of effector
Th17 cells. But, the specific roles of IL-7 and IL-15 in maintaining pathogenic memory
Th17 cells have not yet been defined. Here, we demonstrate for the first time that both IL-7
and IL-15 are non-redundant for maintaining functional memory Th17 cells via providing
essential survival and proliferation signals. Furthermore, in vivo blockade of either IL-7 or
IL-15 significantly abolishes the maintenance of memory Th17 cells and thus prevents
chronic disease development. Our results suggest targeting IL-7 and IL-15 signaling as a
novel therapeutic approach to treat memory Th17 cell-mediated inflammatory diseases.

2. MATERIALS AND METHODS

2.1 Animals

Female 6- to 8-week old C57BL/6 mice (Charles River Laboratories) were used for this
study. All animal experiments were approved by the Schepens Eye Research Institute
Animal Care and Use Committee, and adhered to the Association for Research in Vision and
Ophthalmology Statement for the Use of Animals in Ophthalmic and Vision Research.

2.2 Preclinical model of autoimmune DED

Chronic dry eye disease (DED) developed in C57BL/6 mice to mirror the long-term
fluctuating course of human DED as described previously (11) with some modifications. In
brief, following the initial 14 days of environmental desiccating stress (relative humidity: <
20%, airflow: 15 L/min, temperature: 21 ~ 23°C) without administering scopolamine (a tear
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secretion inhibitor), mice were housed in the standard non-desiccated vivarium (relative
humidity: 40 ~ 60%, no airflow, temperature: 21 ~ 23°C) for additional 14 days. Corneal
epithelial disease was evaluated using fluorescein (Sigma-Aldrich) staining and scored using
the National Eye Institute grading system (NEI, Bethesda, MD). Briefly, 1 pl of 2.5%
fluorescein was applied into the lateral conjunctival sac of the mice and after 3 minutes
corneas were examined with a slit lamp biomicroscope under cobalt blue light. Punctate
staining was recorded in a masked fashion with the standard National Eye Institute grading
system of 0 to 3 for each of the five areas of the cornea — central, superior, inferior, nasal and
temporal. In the topical in vivo blocking experiments, DED mice were divided into 4 groups
at day 14 and received the following Abs three times daily: 10ug of topical anti-1L-7
(AB-407, R&D Systems), anti-IL-15 (Clone # AlO.3, eBiosceience), anti-1L-17 (Clone #
TC11-18H10.1, Biolegend), or control IgG (Abcam) for up to day 28.

2.3 Tissue and cell culture

Draining lymph nodes (DLN) and conjunctivae were collected from DED mice and cultured
in RPMI (Invitrogen) supplemented with 10% FBS. Alternatively, single cell suspensions
were prepared from DLN and CD4" T cells were enriched using the negative isolation kit
(Miltenyi Biotec). Subsequently, the CD44MNCD62L~ subpopulations were further sorted
using MoFlo FACS sorter (Dako Cytomation). The tissue explants or CD44MNCD62L-CD4*
cells were treated with anti-1L-7 (10 pg/ml, R&D Systems), anti-1L-15 (5 pg/ml,
eBioscience), anti-IL-7 (10 pg/ml) + anti-1L-15 (5 pg/ml), anti-IL-7Ra. (10 pg/ml, R&D
Systems) + anti-IL-15Ra. (10 pg/ml, R&D Systems) Abs, IL-7 (20 ng/ml, PeproTech),
IL-15 (20 ng/ml, PeproTech), or IL-7 (20 ng/ml) + IL-15 (20 ng/ml) for 72 hours. Memory
Th17 cells were then examined by flow cytometry.

2.4 Flow cytometry analysis

Conjunctivae tissues were first digested in RPMI (Invitrogen) with 2mg/ml DNase and
2mg/ml Collagenase (Roche) at 37°C. The following Abs were used for flow cytometry
analysis: FITC-conjugated anti-CD4, PerCP-Cy5.5-conjugated anti-CD44, PE-conjugated
anti- IL-7Ra, APC-conjugated anti- IL-15Ra., PE- conjugated anti-CD62L, FITC-
conjugated anti-Ki-67, Brilliant Violet 421-conjugated anti-Annexin V (BioLegend), PE-
Cy7-conjugated anti- IL-17, and PE-conjugated anti- IL-17 (eBioscience). For intracellular
IL-17 staining, cells were stimulated with 50 ng/mL phorbol 12-myristate 13-acetate and
500 ng/mL ionomycin (Sigma-Aldrich) for 6 hours at 37°C and 5% CO in the presence of
GolgiStop™ (4 ul per 6 mL cell culture, BD Biosciences) to inhibit cytokine secretion.
Stained cell were examined with an LSR 11 flow cytometer (BD Biosciences), and the results
were analyzed using FlowJo software (Tree Star).

2.5 Real-time PCR

Draining lymph nodes and conjunctivae were harvested from mice, frozen in TRIzol®
Reagent (Invitrogen) and stored at —80°C until use. Total RNA was isolated with an
RNeasy® Micro kit (Qiagen) according to the manufacturer's recommendations and reverse
transcribed using a SuperScript™ 111 kit (Invitrogen). Real-time PCR was performed using
TagMan® Universal PCR Master Mix and predesigned primers for IL-7
(Mm01295803_m1), IL-15 (Mm00434210_m1), and glyceraldehyde 3-phosphate
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dehydrogenase (GAPDH, Mm99999915 g1) (Applied Biosystems) in a LightCycler® 480
I1 System (Roche Applied Science). The GAPDH gene was used as an endogenous control
for each reaction. The results of quantitative PCR were analyzed by the comparative Ct
method in which the target change = 2722CT_ The results were normalized by the Ct value
of GAPDH, and the mean C+ of relative mRNA level in the normal group was used as the
calibrator.

For protein extraction, draining lymph nodes and conjunctivae were harvested and stored in
cold sterile PBS containing protease inhibitors (Sigma-Aldrich) at —80°C until used. The
samples were homogenized on ice and centrifuged. The supernatant was assayed using
commercial ELISA kits for levels of the total protein (Thermo Scientific), IL-7, and 1L-15
(eBioscience).

2.7 Statistical analysis

An unpaired, two-tailed Student's t test was used, and differences were considered
significant at p < 0.05.

3. RESULTS

3.1 Pathogenic memory Th17 cells express IL-7 and IL-15 receptors

Using our well-established preclinical model of autoimmune dry eye disease (DED) in wild-
type mice (11), we observed a prominent memory Th17 (CD44M|L-17+CD4*) population at
both the peripheral inflamed site (conjunctivae) and draining lymph nodes (Fig. 1A).
Effector IFN-y*IL-17" or IFN-y*IL-17* CD4* T cells were not significantly increased in
chronic DED (data not shown). Further analysis of these memory Th17 cells showed that
they expressed the specific IL-7 receptor subunit a (IL-7Ra) and I1L-15 receptor subunit a
(IL-15Ra; Fig. 1B), suggesting a potential role of IL-7 and IL-15 in maintaining memory
Th17 cells.

We next examined IL-7 and IL-15 cytokine levels in conjunctivae and draining lymph nodes.
Conjunctivae of DED mice exhibited a significant 2-fold up-regulation of both IL-7 and
IL-15 mRNA (Fig. 1C). Protein levels of these two cytokines in DED conjunctivae were
increased even more dramatically; especially the IL-7 level increased almost 20-fold
compared to normal conjunctivae (Fig. 1C). In draining lymph nodes, we found a moderate
up-regulation of both cytokines. However, the absolute levels of both cytokines were high in
the lymph nodes of normal and DED mice (Fig. 1D), indicating that both IL-7 and IL-15 are
constitutively expressed by lymphoid tissues, consistent with the concept that both cytokines
are required for the maintenance of naive T cells (21) in lymphoid tissues.

3.2 IL-7 and IL-15 are essential in maintaining memory Th17 cells

To determine whether IL-7 and/or IL-15 play a role in maintaining memory Th17 cells, we
cultured draining lymph nodes from DED in the presence of anti-IL-7, anti-IL-15, or both

Abs. After 72 hours we assessed the frequencies of memory Th17 cells by flow cytometry,
and found that blocking IL-7, IL-15, or both leads to a 20~30% reduction of memory Th17
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cells without significant differences among these three groups (Fig. 2A). When we added
recombinant IL-7, IL-15, or both to our culture frequencies of memory Th17 cells
significantly increased in all groups after the 72 hours (Fig. 2A).

In addition, we cultured conjunctivae from DED mice in the presence of anti-I1L-7, anti-
IL-15, or both Abs for 72 hours, and found a dramatic reduction in memory Th17 cells (Fig.
2B).

3.3 Distinct roles of IL-7 and IL-15 in regulating proliferation and survival of memory Th17

cells

To determine how IL-7 and IL-15 maintain memory Th17 cells, we isolated memory CD4*
T cells (CD44MNCD62L~CD4") from draining lymph nodes of DED mice and cultured them
in the presence of different cytokines, antibodies, and signaling inhibitors. Here, we used
sorted memory CD4* T cells to exclude the effects of endogenous IL-7 and IL-15 and their
potential indirect effects on T cells via dendritic cells or B cells. It has been reported that
both Janus kinase 1/3-signal transducer and activator of transcription 5 (Jak1/3-STAT5) and
phosphoinositide 3-kinase—Akt (P13K-Akt) signaling pathways are involved in naive and
memory CD8* T cell maintenance (21, 22-25). Thus, we cultured DED-pathogenic memory
CD4* T cells with: IL-7 and IL-15, IL-7 and anti-1L-15 Ab, IL-15 and anti-IL-7 Ab, IL-7,
IL-15 and STATS5 inhibitor (pimozide) (26, 27), IL-7, IL-15 and Akt inhibitor (MK-2206)
(27 - 29), IL-7, IL-15, STAT5 and Akt inhibitors. After 72 hours, we collected the cells and
determined the frequencies of Th17 cells. In comparison with the IL-7 and IL-15-treated
group, all groups showed significantly lower Th17 cells (Fig. 3A), demonstrating that both
IL-7 and IL-15 are required for the maintenance of memory Th17 cells, and further
indicating that IL-7 and IL-15 maintains memory Th17 cells via both the Jak1/3-STATS5 and
PI3K-Akt signaling pathway.

We next delineated differential signals provided by IL-7 and IL-15 for the maintenance of
memory Th17 cells. Th17 proliferation was assessed by staining Ki-67* cells in cultures
treated as above; IL-7 and IL-15-treated cultures (62.3+7.2%) as well as IL-15 and anti-1L-7
Ab-treated cultures (62.1+7.9%) showed significantly more proliferation than those treated
with IL-7 and anti-IL-15 Ab (2.6+2.6%). Increased proliferation due to IL-15 was not
blocked by either STATS5 or Akt inhibitor alone, but by their combined treatment (Fig. 3B).

In addition, Th17 survival was assessed by staining apoptotic Annexin V* cells in cytokine-
treated cultures. As compared to IL-7 and IL-15-treated cells the frequencies of Annexin V*
memory Th17 cells were increased when cells were cultured with either IL-7 or IL-15 alone
(Fig. 3C), indicating that both I1L-7 and IL-15 contribute to the survival of memory Th17
cells. Addition of STATS5 inhibitor, but not Akt inhibitor to the IL-7 and IL-15 culture
significantly increased Annexin V* Th17 cell frequencies. A combination of STAT5 and Akt
inhibitors treatment showed a similar increase in Annexin V* cell frequencies as STAT5
inhibitor alone (Fig. 3C). Thus, both IL-7 and IL-15 promoted the survival of memory Th17
cells via the STATS5 signaling pathway.
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3.4 Topical blockade of IL-7 or IL-15 provides sustained amelioration of DED

Finally, to test the functional effect of IL-7 and IL-15 in DED ocular surface autoimmunity,
we examined the therapeutic effects of topical treatment with anti-IL-7 and anti-1L-15 Abs
in DED mice. Because our ex vivo data indicated that both IL-7 and 1L-15 are required for
the maintenance of memory Th17 cells, we blocked either IL-7 or IL-15. We started
treatment at the time of disease progressing into the chronic phase on day 14 (11) and
continued the treatment until day 28. Control 1gG was used as a negative control and anti-
IL-17 treatment as positive control. Topical anti-1L-17 Ab has been shown effective in
treating DED by our group (30). We found that both topical anti-IL-7 and anti-1L-15
monotherapies resulted in a significant reduction of disease severity assessed by the corneal
epithelial disease score, and that their efficacies were comparable to topical anti-1L-17
treatment (Fig. 4A). Topical IL-7 or IL-15 blockade consistently decreased the principal
DED mediator — memory Th17 cells in the draining lymph nodes and at the ocular surface
(conjunctivae); in contrast, topical anti-I1L-17 treatment showed an increase of memory Th17
cells compared to the control group on day 28 (Fig. 4B).

To determine whether anti-1L7 or anti-1L-15 but not anti-IL-17 treatment has a long-term
effect on diminishing DED pathogenesis, we re-challenged those treated DED mice by
placing them back into the desiccating environment for 8 days without any further Ab
treatment, to mimic the exacerbation observed in the human chronic disease. All groups
received no treatment during re-challenge, and an additional group of naive mice served as a
primary challenge control. Both anti-1L-7 and anti-1L-15 Ab pre-treated groups showed
significantly reduced disease progression and severity as compared to control IgG or anti-
IL-17 Ab pre-treated groups (Fig. 4C, left). Although anti-IL17 Ab treatment diminished
disease severity, this group exhibited rapid disease deterioration to an even higher level than
seen in control 1gG pre-treated mice once we stopped the Ab treatment and re-challenged
these mice with desiccating stress. This effect was accompanied by re-infiltration of Th17
cells to the ocular surface, suggesting that blocking IL-17 does not eliminate memory Th17
cells. In contrast, no Th17 cell infiltration was observed in either anti-IL-7 or anti-1L-15 Ab
pre-treated groups (Fig. 4C, right).

4. DISCUSSION

It is known that the immunological memory response is critical to chronical inflammation in
autoimmune diseases (11, 12, 31, 32). Despite extensive investigations on various factors
involved in the differentiation and expansion of effector Th17 cells, very little data is
available on maintenance of memory Th17 cells (12). In this study, we demonstrate for the
first time that two cytokines, IL-7 and IL-15, are required for the maintenance of
immunopathogenic memory Th17 cells. They provide survival and proliferation signals via
activating STAT5 and Akt pathways. Local neutralization of either of these two cytokines
shows significant and long-lasting therapeutic effects.

To date, memory Th17 cells have been identified in the human (12, 33) and experimental
autoimmune diseases (11, 32). However, the functionality of memory Th17 cells and their
persistence requirements in pathophysiological conditions have been poorly investigated in
either humans or animals. Animal studies have discovered memory Th17 cells as the
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principal mediators in sustaining chronic central nerve system inflammation (32) and ocular
inflammation (11). Herein we explored the mechanisms by which memory Th17 cells are
maintained in ocular surface autoimmune disease. Our results demonstrate that memory
Th17 cells express receptors for IL-7 and IL-15. In contrast, effector CD4* T cells do not
express the IL-7 receptor (34). The expression of the IL-15 receptor on effector CD4* T
cells is unknown, although it is expressed by effector CD8* T cells (35, 36). In addition,
previous studies have shown that total memory CD4* T cells express high levels of IL-7
receptor (37, 38) but low levels of 1L-15 receptor (38). It has been suggested that IL-15 plays
a less prominent role than IL-7 in the maintenance of memory CD4* T cells (21, 38), and
that IL-15 is only essential for the homeostasis of memory CD4* T cells in the absence of
IL-7 (39). However, our current findings show comparable expression levels for IL-7 and
IL-15 receptors by memory Th17 cells, indicating that heterogeneous memory CD4* T cell
subsets may have distinct maintenance mechanisms. Additionally, our results documenting
dramatically up-regulated IL-7 and IL-15 levels at the inflammatory site, and high levels in
draining lymphoid tissues, further suggest that both cytokines are critical for long-term
maintenance of pathogenic memory Th17 cells in autoimmunity. In fact, ex vivo treatment
with either anti-I1L-7 or anti-IL-15 Ab in lymph node cultures leads to a comparable
significant reduction of memory Th17 cells, demonstrating that both cytokines are required
for the maintenance of memory Th17 cells.

Studies on CD8* memory T cells have demonstrated that both proliferation and survival
mechanisms are involved in their maintenance. It has been reported that IL-15, but not IL-7,
is essential to homeostatic proliferation of memory CD8* T cells, while IL-7 plays a more
prominent role in supporting memory CD8" T cell survival (22, 36, 40). Large amounts of
IL-7 alone can promote homeostatic proliferation of memory CD8" T cells (38, 41). On the
other hand, data derived from MP or TCR Tg memory CD4" T cells are limited and
controversial. Originally, neither IL-7 nor IL-15 was thought essential for proliferation or
survival of memory CD4* T cells (42, 43). Later, IL-7 was shown as an important survival
factor for memory CD4™ T cells (37, 44). In a memory CD8* T cell-dominant virus infection
model, IL-7 was found to promote both survival and proliferation of antigen-specific
memory CD4* T cells, while IL-15 was found to play only accessory functions in the
homeostasis of memory CD4* T cells (using I1L-15 deficient mice as a tool) (38), or it was
required for memory CD4* T cell proliferation when IL-7 was deficient (using TCR Tg cells
as a tool) (39). In our autoimmune disease model, we use wild-type animals and found that
both IL-7 and IL-15 are equally critical for maintaining pathogenic memory Th17 cells.
Specifically, IL-7 mainly promotes memory Th17 cell survival via activating STAT5
signaling, and IL-15 provides signals for both cell survival (via STAT5 activation) and
proliferation (via STAT5 and Akt activation).

Neutralization of different components of the Th17 pathway have been shown effective in a
diverse group of immunoinflammatory diseases, such as animals with EAE (6, 45), CIA (2),
and colitis (8). Clinical trials targeting IL-17 have also demonstrated promising efficacy in
psoriasis, psoriatic arthritis, MS, Crohn's disease, RA, uveitis (non-infectious), and
ankylosing spondylitis (45). Our current results suggest to target “memory” pathogenic Th17
cells as a novel strategy in autoimmunity. Although a recent study showed the requirement
of 1L-23 in the recall response of memory Th17 cells in EAE, it is unclear whether IL-23 is
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required for the maintenance of memory Th17 cells (32). In the present study, we not only
show the comparable efficacy of topical neutralization of either IL-7 or IL-15 in
ameliorating ocular inflammation as blockade of IL-17, but we also demonstrate a longer
lasting effect of anti-1L-7 or anti-IL-15 treatment than anti-IL-17 treatment. Our result
showing that topical neutralization of 1L-17 significantly diminishes Th17 cells at the
inflammatory site is consistent with findings from a clinical trial in patients with psoriasis
(46), suggesting a positive self-feedback of IL-17 to Th17 cells. However, this feedback
effect seems only limited to the local area because topical anti-1L-17 treatment at the
inflammatory site cannot inhibit memory Th17 cells in draining lymphoid tissues, which
significantly compromises its clinical efficacy, evidenced by faster and more severe disease
exacerbation in the recall response. In contrast, topical anti-IL-7 or anti-IL-15 treatment can
reduce memory Th17 cells in both inflammatory site and the draining lymphoid tissues, and
thus provides a sustained inhibition of disease progression even after the treatment is
stopped.

5. CONCLUSIONS

Our new compelling findings have established the critical roles of both IL-7 and IL-15 in the
maintenance of memory Th17 cells, and the previously undescribed therapeutic advantages
of targeting IL-7 and IL-15 further support a promising clinical translation in Th17 cell-
mediated autoimmune and inflammatory disorders.
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Highlights
. Pathogenic memory Th17 cells express both IL-7 and IL-15 receptors.
. Neutralization of local IL-7 or IL-15 diminishes memory Th17 cells in
autoimmunity.
. IL-7 and IL-15 maintain pathogenic memory Th17 cells via STAT5 and Akt.

. Targeting IL-7 and IL-15 may be useful for treating Th17 cell-mediated
autoimmunity.
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Figure 1. Memory Th17 cells express IL-7 and IL-15 receptors in an inflamed environment
(A) Compared to the normal control (NL), there was a significant memory Th17 population

(CD44N|L-17*CD4™) at both the inflamed eye (conjunctivae, CONJ) and the draining lymph
nodes (DLNSs) in autoimmune dry eye disease (DED). Representative flow cytometry dot
plots are shown on the left. Data presented on bar graphs are combined results from three
independent experiments (n = 5 mice / experiment) and represent mean+SEM. (B)
Representative histographs showing IL-7Ra and IL-15Ra expression (blue lines) on
memory Th17 cells from DED mice. Gray areas represent isotype controls. IL-15Ra
expression on memory Th17 is highly variable. (C) mRNA and protein expression of IL-7 in
CONJ were quantified by real-time RT-PCR and ELISA, respectively, and mRNA data were
normalized to normal mice (NL). (D) mRNA and protein expression of IL-15 in DLN were
quantified by real-time RT-PCR and ELISA, respectively, and mRNA data were normalized
to normal mice (NL). Data shown in (C) and (D) are combined from two independent
experiments (n = 5 mice / experiment) and represent mean+SEM. *, p < 0.05.
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Figure 2. Memory Th17 cells are maintained by both IL-7 and IL-15
(A) Whole and intact DLNs were collected from autoimmune DED and cultured in complete

RPMI-1640 with anti-IL-7, anti-IL-7 and exogenous IL-15, anti-IL-15, anti-IL-15 and
exogenous IL-7, anti-IL-7 and anti-1L-15 Abs, exogenous IL-7, IL-15, or IL-7 and IL-15 for
72 hours. Thereafter, the DLNs were analyzed for memory Th17 cell (mTh17) frequencies
by flow cytometry. Representative flow cytometry graphs are shown on the bottom. Data
presented on the top bar graphs are normalized to medium only group and combined from
two independent experiments (n = 4-5 wells in each group in each experiment) and
represent mean+SEM. *, decrease with p < 0.05 as compared to medium control (with
isotype 1gG); t, increase with p < 0.05 as compared to medium control. No significant
differences were observed between anti-IL-7 and anti-1L-7 + IL-15, between anti-IL-15 and
anti-1L-15 + IL-7, or between IL-7, IL-15, and IL-7 + IL-15 groups. (B) CONJ were
collected from DED mice and cultured in complete RPMI-1640 with anti-1L-7, anti-1L-15,
or anti-IL-7 and anti-1L-15 Abs for 72 hours. Thereafter, CONJ were analyzed for memory
Th17 cell (mTh17) frequencies by flow cytometry. Data are representative of 2 experiments
(n =5 pooled eyes in each group).
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Figure 3. Mechanisms by which IL-7 and 1L-15 maintain memory Th17 cells
Memory CD4* T cells (CD44NCD62L-CD4*) were isolated from the draining lymph nodes

of DED mice and then cultured in the presence of different cytokines, Abs, and signaling
inhibitors as listed in the table. After 72 hours, the cells were collected and analyzed by flow
cytometry. Representative flow graphs (top) and bar graphs (bottom) show frequencies of
memory Th17 cell (A), frequencies of proliferating Ki-67* memory Th17 cell (B), and
frequencies of Annexin V* memory Th17 cell (C). Data represent mean+SEM (n = 4 wells
in each group). *, p < 0.05 as compared to IL-7+IL-15 group.
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Figure 4. Sustained efficacy of topical anti-IL-7 or anti-IL-15 Ab treatment on ameliorating DED
Autoimmune DED was induced on day 0 and treated with anti-IL-7, anti-IL-15, anti-IL-17

Ab, or control IgG from day 14 to 28. (A) Clinical disease severity was evaluated by corneal
fluorescein staining with the representative images exhibited. The summary data shown
represent mean=SEM from one representative experiment out of two performed (n = 10-14
eyes in each group). *, p < 0.05 as compared to IgG control. (B) Frequencies of memory
Th17 cells (mTh17) at both CONJ and DLN were assessed by flow cytometry. *, p < 0.05 as
compared to 1gG control; T, p < 0.05 as compared to anti-1L-17 Ab. (C) At the end of the
treatment (day 28), all groups were re-challenged with desiccating stress for 8 days. Naive
mice served as a primary challenge control. Ocular disease severity was evaluated by corneal
fluorescein staining with the disease score changes calculated as A epithelial disease score =
disease score after re-challenge - disease score before re-challenge (left) and the
representative images shown (right). Summary data represent mean+SEM from 6-8 eyes.
Conjunctivae tissues were analyzed for Th17 cell frequencies by flow cytometry after 8 days
of re-challenge. *, p < 0.05 as compared to non-pre-treated, new onset DED group; T, p <
0.05 as compared to anti-IL-17 Ab pre-treatment.

J Autoimmun. Author manuscript; available in PMC 2018 February 01.



	Abstract
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1 Animals
	2.2 Preclinical model of autoimmune DED
	2.3 Tissue and cell culture
	2.4 Flow cytometry analysis
	2.5 Real-time PCR
	2.6 ELISA
	2.7 Statistical analysis

	3. RESULTS
	3.1 Pathogenic memory Th17 cells express IL-7 and IL-15 receptors
	3.2 IL-7 and IL-15 are essential in maintaining memory Th17 cells
	3.3 Distinct roles of IL-7 and IL-15 in regulating proliferation and survival of memory Th17 cells
	3.4 Topical blockade of IL-7 or IL-15 provides sustained amelioration of DED

	4. DISCUSSION
	5. CONCLUSIONS
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4

