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Abstract

Allergic conjunctivitis from an allergen-driven Th2 response is characterized by
conjunctival eosinophilic infiltration. Although CCL20-CCR6 axis has been reported to play
a proinflammatory role in several murine models of autoimmune diseases including allergic
diseases, their underlying mechanism need to be investigated. We here examined whether
CCL20-CCR6 axis could play a role in the development of allergic conjunctival
inflammation using murine experimental allergic conjunctivitis (EAC) model induced by
ovalbumin (OVA) allergen. Mice were challenged with consecutive 10 days of OVA via
conjunctival sac after systemic challenge with OVA and cholera toxin in alum. Several
indicators for allergy were comparatively evaluated in wild-type and CCR6 KO EAC mice.
Wild-type mice challenged with OVA via conjunctival sac following systemic challenge with
OVA in alum had severe allergic conjunctivitis. The absence of CCR6 suppressed IgE
secretion and allergic conjunctival inflammation. Reduced allergic inflammation was
ascribable to reduced cytokine responses from Th-2 type in draining lymph node although
Th17, regulatory T cells and dendritic cell subsets are not affected by the absence of CCR6.
In addition, neutralization of CCR6 ligand, CCL20 could repress allergic conjunctival
inflammation. Our findings suggested that CCR6 might be crucial for optimal development

of Th2 immune responses and further allergic conjunctival inflammation in EAC model.
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1. Introduction

Allergic conjunctivitis (AC) is one of the most common ocular surface diseases and the
incidence of allergic conjunctivitis has increased steadily in the past 30 years. The disease
ranges in severity from mild forms, such as seasonal and perennial AC to severe cases, such
as vernal and atopic keratoconjunctivitis which may be complicated by corneal damage and
may have the potential to cause permanent visual loss.[1]

The immunopathogenic mechanisms in these allergic disorders involve a combination of
immunoglobulin E (IgE)-mediated and Th2 cell-mediated responses.[2, 3] The IgE-mediated
conjunctival allergic reaction can be reproduced easily by specific conjunctival provocation.
It induces an early reaction and degranulation of ocular mast cells leading to release of
inflammatory mediators followed by infiltration of inflammatory cells.[4, 5] Eosinophils are
the hallmark of allergic disease, particularly in severe chronic ocular allergy where they are
easily found in quantity in tears and tissues.[6, 7]

CCL20 (MIP-3a) is a chemokine that regulates the homeostatic and inflammatory
trafficking of leukocytes to mucosal tissue including conjunctiva[8] and chemokine receptor
6 (CCRG6) is unique that binds only one chemokine CCL20.[9] CCR6 was found to be
expressed on memory T and B, dendritic cells, IL-22 producing NK cells, IL-17 producing yd
T cell, and Treg cells.[9] The CCL20-CCR®6 axis has been reported to play a proinflammatory
role in several murine models of allergic diseases, such as allergic diarrhea,[10] and allergic
dermatitis.[11] CCR6 KO mice have impaired mucosal but not systemic humoral responses to
immunization and rotavirus infection.[12] The CCL20 mRNA expression in the conjunctiva

increased in EAC[13] and severe chronic allergic conjunctivitis patients.[14]



In the current study, we hypothesized that this ubiquitous mucosal chemokine CCL20
would play a role in the development of allergic conjunctival inflammation and tested this

hypothesis via comparative analysis between wild-type and CCR6 KO mice.



2. Materials and Methods

2.1. Animals

Throughout the study, we followed the protocol of the “ARVO Statement for the Use of
Animals in Ophthalmic and Vision Research”. C57BL/6 female mice (8- to 12-wk-old
females) were purchased from Charles River Laboratories (Orient Co., Sungnam, Korea).
CCR®6 gene deficient (CCR6 KO) mice on a C57BL/6 background were purchased from
Jackson Laboratories (Orient Co., Sungnam, Korea). All mice were maintained under
pathogen-free conditions at the animal facilities of the Catholic University of Korea (Seoul,
Korea), where they received sterilized food and water ad libitum. All procedures were

approved by the Institutional Animal Care and Use Committee.

2.2. Experimental allergic conjunctivitis (EAC)

To generate experimental allergic conjunctivitis (EAC), mice were sensitized i.p. with 10
ug of OVA (Grade V; Sigma-Aldrich), 300 ng of cholera toxin (Sigma-Aldrich) and 200 pl of
1.5% aluminum hydroxide (ALUM; Pierce), on days 0 and 7, and then challenged daily from
day 9 to 18 for 10 days in the conjunctival sac with 250 pg of OVA according to models from
literatures[15, 16] with modifications (Fig. 1A). Control mice were given same doses of OVA,
ALUM, and cholera toxin in sensitization stages and PBS in place of OVA in challenge stages.

Twenty-four hours after the final challenge with OVA, mice were analyzed to evaluate EAC.

2.3. RNA isolation and Real-Time PCR

Total RNA was isolated using the TRIzol reagent (Gibco-Invitrogen, Grand Island, N.Y.,
USA) from conjunctiva and CLN. The first strand of complementary DNA (cDNA) was
synthesized with random hexamers using SuperScript IHITM reverse transcriptase
(Invitrogen). A SYBR Green | real-time PCR method was used and the average threshold
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cycle (CT) values for GAPDH were used for internal calibration, to correct for differences in

27AACt

the integrity and amount of total RNA among reactions. We used the method for

relative quantification.[17, 18]

2.4, Histologic analysis of conjunctiva

The eyes including eyelids and the conjunctivas were exenterated. They were harvested
and fixed in 10% buffered formalin, cut into horizontal 4 pm-thick sections and stained with
toluidine blue stain for mast cells, and acid giemsa stain for detection of eosinophils. In each
section, infiltrating cells in the lamina propria mucosae of the tarsal and bulbar conjunctivas
were counted by two masked observers.[17] The sections counted were those of the central
portion of the eye, which included the pupil and optic nerve head.

Four-um sections were dewaxed by immersion in xylene (twice for 5 min each time) and
hydrated by serial immersion in 100%, 90%, 80%, and 70% ethanol and PBS. Antigen
retrieval was performed by microwaving sections for 20 min in Target Retrieval Solution
(DAKO, Carpinteria, CA). Sections were washed with PBS (twice for 10 min each time), and
blocking buffer (10% BSA in PBS) was added for 1 h. Sections were incubated with rat anti-
mouse CD4-FITC, CD11c-PE, or F4/80-PE from BD Pharmingen in blocking buffer
overnight at 4 °C. The sections were washed with 0.01 M PBS three times and mounted in
Vectashield mounting medium with DAPI (Vector Laboratories, Burlingame, CA). The

sections were viewed with Zeiss LSM 510 confocal microscopy (Carl Zeiss, Germany).

2.5. ELISA for OVA-specific IgE and 1gG antibodies in serum
Twenty-four hours after OVA challenge of immunized mice, blood was collected and kept
at room temperature to allow coagulation. Serum was separated via centrifugation and then

collected and stored at -70°C until analyzed. For OVA-specific IgE detection, samples were



analyzed in triplicate using a 96-well format using an OVA-specific mouse IgE ELISA kit
(AbD Serotec, Raleigh, NC, USA) performed according to the manufacturer’s instructions.
For OVA-specific IgGl, 1gG2a, or IgG detection, the immunoplates (Nalge Nunc
International, Naperville, IL) were coated with OVA (1 mg/ml) overnight at 4 °C. After
blocking with 1% BSA in PBS for 1h at room temperature, serial dilutions of serum samples
were added and incubated for 4 h at room temperature. The plates were then washed with
PBS plus 0.05% Tween (PBS/T) and incubated for 2 h at room temperature with horseradish
peroxidase (HRP)-conjugated rat anti-mouse IgG1, IgG2a, or IgG antibodies (Southern
Biotech, Birmingham, AL). After a wash with PBS/T, color reaction was developed with 3,

3¢, 5, 5¢- tetramethyl-benzidine (Moss Inc., Pasadena, CA) and stopped with 0.1N HCI.

2.6. Lymphoid cell culture and cytokine analysis

Cervical lymph nodes (CLN) were harvested, and a single cell suspend was cultured in
RPMI 1640 medium supplemented with 2 mM L-glutamine, 50 mM 2-mercaptoethanol, and
10% heat-inactivated fetal calf serum (all from Invitrogen Life Technologies, Carlsbad, CA,
USA). Cells were cultured 1 x 10° cells/ml with 1 mg/ml OVA for 96 h in 96-well plates
(Nunc, Rochester, NY, USA). To analyze cytokine secretion from helper T cells and
regulatory T cells, CD4" T cells were isolated from the CLN and purified using CD4"
MicroBeads (Miltenyi Biotec) as per the manufacturer instructions. Isolated CD4" T cells
were stimulated with plate-bound CD3 antibody (10 pg/ml) and soluble CD28 antibody (1
ug/ml) for 3 days. Cytokine levels (IFN-y, IL-4, IL-5, IL-13, and IL-10) of culture
supernatants were assayed using BD™ Cytometric Bead Array (CBA) Mouse Th1/Th2
cytokine kit (BD Biosciences, San Diego, CA, USA) for IFN-y, IL-4, and IL-5, and

commercial ELISA kit (BD Biosciences) for IL-13 and IL-10.



2.7. CCL20 Neutralization

WT mice were sensitized i.p. with 10 ug of OVA, 300 ng of cholera toxin and 200 ul of
1.5% aluminum hydroxide on days 0 and 7, and then challenged daily from day 9 to 18 in the
conjunctival sac with 250 ug of OVA. Mice were randomly assigned to receive either anti-
CCL20 neutralizing antibody (1% concentration, R&D systems, Minneapolis, MN) or Rat
IgG isotype control (1% concentration, R&D systems). LPS concentration of anti-CCL20
neutralizing antibody or rat 1gG isotype control was below 0.01 EU according to the
manufacturer. On days 9, 14, and 18 mice were anesthesized and 10 pl of anti-CCL20
neutralizing antibody or Rat 1gG was administered via subconjunctival injection (Fig. 7A).

Twenty-four hours after the final challenge with OVA, mice were analyzed to evaluate EAC.

2.8. Statistical analysis

Statistical significance between groups was examined by a nonparametric, two-tailed Mann-
Whitney t-test using SPSS 14.0 version. We regarded p < 0.05 as significant, p < 0.01 highly
significant, and p <0.001 extremely highly significant. Data are representative of three

independent experiments with six mice in each group.



3. Results

3.1. CCL20 expression at the conjunctiva and cervical lymph node (CLN) is upregulated
in experimental allergic conjunctivitis (EAC) regardless of CCR6.

Immune cells migrate via the process of chemotaxis, in which cells expressing chemokine
receptors are attracted to chemokine ligands in the environment.[19] We investigated the
expressions of the corresponding CCR6 ligand, CCL20, in the conjunctiva and draining CLN
of normal and allergic conjunctivitis mice. Using real-time PCR, we found that mRNA levels
encoding CCL20 in the conjunctiva and CLN of allergic conjunctivitis mice are upregulated
approximately 4.61 and 1.87 fold compared with that of PBS control mice, respectively.
(Fig.1). In CCR6 KO mice, mRNA levels encoding CCL20 in the conjunctiva and CLN of
allergic conjunctivitis mice are also upregulated approximately 4.32 and 1.95 fold compared
with that of PBS control mice, respectively (Fig.1). CCL20 expressions were increased in

allergic conjunctivitis regardless of CCR®.

3.2. The absence of CCR6 attenuates development of OVA-induced allergic conjunctival
inflammation.

To investigate whether CCR6 might be involved in adaptive immune responses to
conjunctival allergens, wild type (WT) and CCR6 KO mice were sensitized intraperitoneally
with OVA in combination with alum and cholera toxin at days 0, and 7, and then challenged
via conjunctival sac with OVA for 10 days. Interestingly, CCR6 KO EAC mice exhibited
reductions in macrophage and dendritic cells in conjunctiva (Supplementary Fig. 1). As
expected, histologic finding demonstrated significant infiltration of mast cells and eosinophils
in the conjunctiva of OVA-challenged mice after systemic priming in WT and CCR6 KO
EAC mice (Fig. 2A and 2C). There was a 35.9£13.7% reduction in mast cell counts in CCR6
KO EAC mice compared to those in WT EAC mice (104.5£20.5 vs. 163.1+16.8) (p<0.05)
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(Fig. 2B). Eosinophil counts in the conjunctiva after allergen challenge was also reduced by
50.6£12.2% in CCR6 KO EAC mice compared to those in WT EAC mice (160.2+£15.2 vs.
320.1+25.8) (p<0.01) (Fig. 2D). The infiltration of CD4" T cells in the conjunctiva after
allergen challenge was also decreased in CCR6 KO EAC mice compared to those in WT
EAC mice (Fig. 2E). These results indicate that the OVA-induced mast cell, eosinophil, and

CD4" T cell infiltration in the conjunctiva is dependent on CCR6-CCL20 axis.

3.3 Selective reduction of OVA-specific IgE Ab and OVA-specific IgG1/G2a in serum of
CCR6 KO EAC mice.

In order to further clarify the role of CCR6 on severity of EAC, we assessed levels of OVA-
specific IgE Abs in sera. A combination of systemic priming and local boosting with OVA
resulted in significantly higher levels OVA-specific IgE Ab secretion in WT mice (p<0.001)
(Fig. 3A). However, OVA-specific IgE Ab concentrations in serum after allergen challenge
was reduced by 75.3+15.1% in CCR6 KO EAC mice compared to those in WT EAC mice
(p<0.001). To address overall immunosuppression in CCR6 KO EAC mice, we also assessed
levels of OVA-specific 1gG antibodies in sera. OVA-specific IgG antibody levels in sera did
not decrease in CCR6 KO EAC mice (Fig. 3B). However, OVA-specific 1gG1/1gG2a in sera

decreased in CCR6 KO EAC mice compared to WT EAC mice (Fig. 3C).

3.4. Th-2 type cytokine responses are inhibited in CLN of CCR6 KO EAC mice.

To investigate the mechanism for specific reduction of IgE response in absence of CCR6,
cytokine profiles from T cells were analyzed. Mononuclear cells isolated from CLN of WT
EAC mice elicited significantly higher levels of Thl-type cytokine (i.e., IFN-y), Th2-type
cytokine (i.e., IL-4, IL-5, and 1L-13), and Treg type cytokine (i.e., IL-10) after re-stimulation

with OVA in vitro than those from PBS control group (Fig. 4). Th2 type cytokines (i.e., IL-4,
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IL-5, and IL-13) were reduced by 50.6£7.2%, 78.3+14.1% and 77.4+11.3% respectively in

mononuclear cells isolated from CLN from CCR6 KO compared to those from WT EAC

mice (Fig. 4). Thl type cytokine (i.e., IFN-y) was reduced by 90.4+15.2% in CCR6 KO mice.

Treg type cytokine (i.e., IL-10) was also reduced by 71.2+10.2% when compared with those
from WT EAC mice. However, IL-6 and IL-1B expressions in the conjunctiva and CLN did
not differ between WT and CCR6 KO EAC mice (Fig. 5).

To clarify cytokine responses of helper T cells, the cytokine levels of CD4" T cells
isolated from CLN were analyzed following T cell specific stimulation. CD4" T cells from
CLN from CCR6 KO EAC mice produced significantly less Thl, Th2, and Treg type
cytokine responses compared with those from WT EAC mice (Fig. 6). Especially, OVA-
induced Th2 cytokine responses, IL-4, IL-5 and IL-13 were reduced by 55.6+9.4%,
60.4+12.1% and 80.4+11.4% respectively in CCR6 KO EAC mice. Taken together, these data
demonstrate that the CCR6 during development of EAC is committed to the generation of
preferential Th2 cells. These findings indicate that CCR6 is required for optimal development
of Th2 immune responses in EAC model. These results indicate that CCR6 deficiency could
inhibit Th-2 mediated immune responses resulting in decrease of IgE production without

impairment of overall systemic immune responses in EAC model.

3.5. Lack of CCR6 did not influence dendritic cell subsets, Th17 and Treg in EAC mice
CCRG6 expression could be found on Treg and Th17 and modulate their function. Especially,
Th1l7 was well-known to be crucial for inflammatory disease and CCR6 expression is
representative marker for Th17 in the gut.[20, 21] However, Th17 cells were not changed in
the CCR6 KO EAC mice (Supplementary Fig. 2A and 2B). The population of Foxp3™ Treg

cells were not changed in the CCR6 KO EAC mice although IL-10 cytokines were reduced in
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the CCR6 KO mice (Supplementary Fig. 2C and 2D).

Several mucosal dendritic cell (DC) subsets could utilize CCR6 receptor for the migration
between draining lymph node and mucosal periphery.[22] CD8a’CD11b"CD11c" DCs might
be migratory subsets from mucosal peripheral tissue to CLN to ferry antigen. CD8a'CD11c”
DCs were regarded as lymph node (LN) resident DCs. When DC subsets were analyzed in
CLN of EAC mice, CD8a."CD11c” DCs in WT mice was 17.6% and decreased to 12.7% in
EAC mice whereas CD11b"CD11c” DCs in WT was 70.8% and slightly increased to 75.7%

in EAC mice. However, the DC subsets were not changed in absence of CCR6 (data not

shown).

3.6. Anti-CCL20 treatment inhibits the development of EAC
To evaluate whether treatment with anti-CCL20 antibody had any effect on the development
of EAC, we treated mice with anti-CCL20 antibody or isotype control via subconjunctival

injection. Treatment with anti-CCL20 antibody could significantly reduce OVA-specific IgE

by 63.5+£10.2. Th1l type cytokine (i.e., IFN-y) secretion was reduced by 80.6+19.4% and Th2

type cytokines (i.e., IL-4, IL-5, and IL-13) were reduced by 36.2+6.2%, 50.2+11.6% and
38.2+13.4% respectively in the EAC mice after treatment with anti-CCL20 antibody (Fig. 7).
Conjunctiva of mice treated with anti-CCL20 antibody showed significantly reduced numbers
of mast cells and eosinophils by 63.9£12.2% and 51.2+8.3% respectively (Fig. 8). These
results suggested that the allergic inflammation in the conjunctiva is dependent on CCR6-
CCL20 axis. Further blockade of CCR6-CCL20 such as neutralization of CCL20 could be an

additive strategy to alleviate allergic conjunctivitis.

12



4. Discussion

Our findings provide strong evidence for a role of CCR®6 in the development of allergic
conjunctivitis in OVA-induced EAC model. The present work provides data indicating that
CCR6 was necessary for Th2-driven allergic conjunctival inflammation. CCL20, CCR6
ligand is expressed at high levels in the conjunctiva of EAC model. CCR6 KO mice were
significantly protected from allergic conjunctival inflammation as reflected in the cytokine
profile and production of antigen-specific IgE Ab. Blockade of CCR6 signaling resulted in an
abrogation of significant decrease of allergic conjunctival inflammation via reduced Th2-type
immune responses.

The main pathophysiological changes in conjunctival allergic reactions involve a
combination of IgE-mediated and Th2 cell-mediated responses resulting in chronic
inflammatory cells infiltration into the conjunctiva.[1-3] The IgE-mediated conjunctival
allergic reaction induces an early reaction and degranulation of ocular mast cells leading to
release of inflammatory mediators in allergic conjunctivitis.[1, 4] In allergic conjunctivitis
patients and mice, upregulation of ICAM-1 expression was reported.[23, 24] Mast cells are
potent regulator of ICAM-1 and previous study demonstrated that antibody against ICAM-1
significantly inhibited development of allergic conjunctivitis and infiltration of mast cell and
eosinophils in EAC.[25] Chronic pathologic processes of allergic conjunctivitis are thought to
be mediated by Th2-type cells, which preferentially produce IgE-enhancing cytokines such as
IL-4, IL-5, and IL-13.[2, 3, 26] We hypothesized that recruitment of T cells to the
conjunctiva through chemokine-driven pathways would be necessary to the development of
allergic conjunctival inflammation. We examined the role of mucosal chemokine CCL20 and
its receptor CCR6 in the development of EAC using CCR6 KO mice and neutralization of
CCL20.

Our study demonstrated for the first time that the absence of CCR6 attenuates Th2
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responses in EAC model. When CCR6 KO mice sensitized with OVA on to alum and cholera
toxin, OVA-induced Th2-mediated allergic responses, mast cells and eosinophilic infiltration
into conjunctiva, Th2 type cytokine secretion, and serum levels of OVA-specific IgE
antibodies were impaired in these CCR6 KO EAC model. Previous report in Th2 dependent
allergic diarrhea model indicated a mast-cell- and IgE-independent role of CCR6-bearing T
cells.[10] CCR6 KO mice were protected from OVA-induced diarrhea but surprisingly were
not impaired in mastocytosis or allergen-specific IgE, and showed normal Th2 cytokine
expression in draining lymph node.[10] However, in our EAC model, allergen-induced Thl
and Th2 cytokine expression in the draining CLN is dependent on CCR6. A reduction of Th2
responses in CCR6 KO EAC mice was supported by the substantially lower circulating level
of OVA-specific IgE antibodies. When mononuclear cells and CD4" T cells from CLN were
cultured in the presence of OVA in vitro, cells from CCR6 KO EAC mice produced
significantly lower amounts of IL-4, IL-5, and IL-13 compared with wild-type EAC mice. Of
interest, Th1 type cytokine secretion from CD4" T cells in CLN was not increased in reaction
to decreased Th2 type immune responses. These results suggest that allergen—induced Th2
responses were compromised in the absence of signaling via CCR6 in EAC model. Taken
altogether, OVVA-induced allergic conjunctivitis and immune responses to OVA are dependent
on CCR6 signaling.

It has been shown that Treg cells can affect the severity of colitis[27] and CCR6 expression
on Treg cells was required for full function of Treg cell-mediated suppression in a model of
colitis.[28] Therefore, we evaluated the Treg frequency and IL-10 expression in CLN of WT
and CCR6 KO EAC mice. Mononuclear cells and CD4" T cells from CLN of WT and CCR6
KO EAC mice produced more IL-10 compared with those from PBS control mice. Cells from
CLN of CCR6 KO EAC mice produced significantly less IL-10 compared with those from

WT EAC mice. However, Treg cell differentiation in CLN is not altered after allergen
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challenge in both WT and CCR6 KO mice. These results indicate that lack of CCR6 did not
change Treg population in EAC model.

Recently, circulating follicular helper T (Tfh) cells (CD3"CD4*CXCR5") are classified into
type 1 Tfh (Tfhl), type 2 (Tfh2), and IL-17 producing Tfth (Tfh17) cells based on expression
profiles of the chemokine receptors CCR6 and CXCR3, which are shared by Thl cells and
Th17 cells, respectively.[29, 30] In recent study regarding on allergic rhinitis (AR),
polarization of Tfh2 (CD3'CD4'CXCR5'CXCR3CCR6) cells and preserved Tfhi7
(CD3"CD4'CXCR5'CXCR3 CCR6") cells were observed.[31] In our CCR6 KO EAC model,
imbalance of circulating Tfh cells might contribute to the direct pathogenesis of allergic
inflammation mediated by IgE, which needs to be evaluated in the future.

In a model of allergic airway inflammation induced by cockroach allergen in CCR6 KO and
WT mice, the authors demonstrated that high levels of CCL20 are released within hours after
allergen challenge and directly regulates the recruitment of conventional DCs into lung and
subsequent T cell activation in a Th2 dependent manner.[32] CCR6 expressing DCs could
induce more IL-5 producing CD4" T cells in the pulmonary allergic inflammation model.
CLN comprises both LN-resident and migratory DCs from mucosal tissue.[32] When CLN
DC subset was analyzed, CCR6 had no influence of the ratio of CD11b* DCs, migratory
subsets from mucosal peripheral tissue to CLN to ferry antigen and CD8a." DCs, LN-resident
subsets.

The limitation of this study is that CCR6 KO may change tissue organization. Several
studies demonstrated that loss of CCR6/CCL20 signals can have a profound impact on innate
immune cells in mucosal tissues with significant modulation in other lymphoid
populations.[33] CCR6 identifies lymphoid tissue inducer cells within cryopatches[34] and
CCR6 KO mice inhibits Treg and M-cell formation inside Peyer’s patch.[35] CCR6 KO mice

have impaired antibody responses to both oral immunizations and mucosal infections.[19] In
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our study, CCR6 KO EAC mice exhibited reductions in both macrophage and dendritic cells
in conjunctiva compared to WT EAC mice. We speculate that reduction of innate immune
cells in the conjunctiva of CCR6 KO mice may contribute to impaired adaptive immunity in
response to OVA challenge. Our previous studies have demonstrated that activation of
TLR2 signal by Staphylococcus Aureus induced Th2-type immune responses and accelerated
EAC.[17]

To evaluate the functional relevance of the CCR6/CCL20 axis in the development of
allergic conjunctivitis, we disrupted CCR6 and CCL20 interactions using a CCL20
neutralizing antibody. After treatment with anti-CCL20 antibodies via subconjunctival
injection in EAC model, the severity of allergic conjunctival inflammation, OVA-specific IgE
secretion, and degree of Thl and Th2-type immune response was partially decreased.
Interestingly, reduction of mast cells was higher in WT EAC mice with anti-CCL20
antibodies compared to that in CCR6 KO EAC mice. In vitro study showed that mast cell-
conjunctiva epithelial cell interaction induces CCL2 expression in mast cells and increased
CCL2 expressions in conjunctiva of EAC and human chronic allergic conjunctivitis tissue.[13,
14] Therefore, neutralization of CCL2 partially prevents allergic conjunctival inflammation in
EAC model.

In summary, we show that CCR6 plays a role in the development of allergic conjunctival
inflammation through Th2 cytokine expression in CLN. Our results demonstrate that CCR6
KO mice attenuate mast cell and eosinophil infiltration into the conjunctiva and allergen-
specific IgE antibody secretion in serum by decreasing Th2 immune response in CLN.
Therefore, it seems reasonable to consider that CCR6 signaling is required for optimal

development of polarized Th2 cell-mediated conjunctival inflammation in humans.
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Abbreviations
AC Allergic conjunctivitis
AR Allergic rhinitis
ALUM Aluminum hydroxide
CLN Cervical lymph node
DC Dendritic cell
EAC Experimental allergic conjunctivitis
LN Lymph node
OVA Ovalbumin

WT Wild type
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Figure 1. Time course for development of experimental allergic conjunctivitis (A). CCL20
expression at the conjunctiva (B) and cervical lymph node (CLN; C) is upregulated in wild
type and CCR6 KO experimental allergic conjunctivitis mice. WT and CCR6 KO mice were
sensitized to OVA and challenged with OVA or PBS (control). ALUM; aluminum hydroxide,

CT; cholera toxin, *, p<0.05, **, p<0.01 (n=3 in each group, three independent experiments)

Figure 2. The absence of CCR6 attenuates development of OVA-induced allergic conjunctival
inflammation. Infiltration of the mast cells, eosinophils, and CD4" T cells into the
conjunctiva decreased in CCR6 KO experimental allergic conjunctivitis (EAC) mice than WT
EAC mice. A, C, and E. Representative image of infiltration of mast cells (A), eosinophils
(C), and CD4" T cells (E). B and D, Number of mast cells and eosinophils. Bars = 20 um. *,

p<0.05, **, p<0.01 (n=6 in each group, three independent experiments)
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Figure 3. Selective reduction of IgE Ab secretion in serum of CCR6 KO experimental allergic
conjunctivitis (EAC) mice. A, The absence of CCR6 led to a profound decrease of Ag-
specific IgE Ab secretion in serum. B, OVA-specific IgG antibody levels in sera did not
decrease in CCR6 KO EAC mice. C, OVA-specific 1gG1/G2a in sera decreased in CCR6 KO
EAC mice compared to WT EAC mice. *, p<0.05, **, p<0.01, ***, p<0.001 (n=6 in each

group, three independent experiments)

Figure 4. OVA-induced Th2 cytokine responses in the cervical lymph nodes (CLN) are
impaired in CCR6 KO experimental allergic conjunctivitis (EAC) mice. CLN cells were
restimulated with OVA, and IFN-y, IL-4, IL-5, IL-13, and IL-10 were measured in culture
supernatants. CLN cells from CCR6 KO EAC mice produced significantly less IFN-y (A),
IL-4 (B), IL-5 (C), IL-13 (D), and IL-10 (E) compared with those from WT EAC mice. *,

p<0.05, **, p<0.01, ***, p<0.001 (n=6 in each group, three independent experiments)
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Figure 5. IL-6 and IL-1[3 expressions in the cervical lymph nodes (CLN) and conjunctiva

does not differ between WT and CCR6 KO experimental allergic conjunctivitis (EAC) mice.

Figure 6. OVA-induced Th2 cytokine responses from CD4" T cells in the cervical lymph
nodes (CLN) are impaired in CCR6 KO experimental allergic conjunctivitis (EAC) mice.
CD4" T cells from CLN from CCR6 KO EAC mice produced significantly less IFN-y (A),
IL-4 (B), IL-5 (C), IL-13 (D), and IL-10 (E) compared with those from WT EAC mice.*,

p<0.05, **, p<0.01, ***, p<0.001 (n=6 in each group, three independent experiments)
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Figure 7. The treatment of anti-CCL20 antibody via subconjunctival injection inhibited
experimental allergic conjunctivitis. (A) OVA-specific IgE secretion in serum and (B-E)
OVA-induced cytokine responses in the cervical lymph nodes (CLN).*, p<0.05, **, p<0.01,

(n=6 in each group, three independent experiments)

Figure 8. The treatment of anti-CCL20 antibody via subconjunctival injection attenuates
development of OVA-induced allergic conjunctival inflammation. Infiltration of the mast
cells and eosinophils into the conjunctiva decreased after treatment with anti-CCL20 antibody.
A and C, Representative image of infiltration of mast cells (A) and eosinophils (C). B and D,
Number of mast cells and eosinophils. Bars = 20 um. **, p<0.01 (n=6 in each group, three

independent experiments)
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Highlights
Allergic conjunctivitis from an allergen-driven Th2 response is characterized by

conjunctival eosinophilic infiltration.
C-C Chemokine receptor 6 mice were significantly protected from allergic conjunctival
inflammation as reflected in the cytokine profile and production of antigen-specific IgE Ab.
Neutralization of CCR6 ligand, CCL20 inhibits the development of experimental allergic

conjunctivitis.
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