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Abstract

Background: Endogenous IL-17 is needed for the Ag sensiti-
zation that results in murine allergic asthma, a Th2-mediated
disease. Here, we aimed to investigate the role IL-17 plays in
the development of murine experimental allergic conjuncti-
vitis (EC) which is also a Th2-mediated disease. Methods:
To induce EC, wild-type (WT) and IL-17-deficient (IL-17 KO)
mice on the BALB/c and C57BL/6 backgrounds were immu-
nized with ragweed (RW) in alum and challenged with RW
in eye drops. Alternatively, EC was induced by adoptively
transferring RW-primed splenocytes followed by challenge
with RW-containing eye drops. Twenty-four hours after the
RW challenge, the conjunctivas and spleens were harvested
for histological analyses and cytokine assays, respectively.
Results: The WT and IL-17 KO mice on both backgrounds did
not differ in terms of the severity of actively induced EC, as
evaluated by the conjunctival eosinophil infiltration. They
also did not differ with regard to the phenotypes of the
inflammatory cells infiltrating the conjunctivas, although
primed IL-17 KO splenocytes stimulated in vitro with RW
extract did produce significantly higher amounts of IL-4,
IL-13 and IFN-vy than WT splenocytes. Reciprocal adoptive
transfer experiments also demonstrated that the IL-17 from
both the donor splenocytes and the recipient mice is not

involved in the development of EC. Conclusions: Endoge-
nous IL-17 does not appear to play a significant role in the

development of EC. Copyright © 2008 S. Karger AG, Basel

Introduction

Allergic conjunctivitis (AC) is a disease the severity of
which ranges from mild seasonal AC to vernal keratocon-
junctivitis [1]. In the conjunctivas of vernal keratocon-
junctivitis patients, inflammatory cells that include eo-
sinophils are abundant [2]. The correlation between eo-
sinophil numbers in tear fluid and the severity of AC in
atopic patients [3] suggests that eosinophils play a role in
the development of severe AC.

Our group has used an experimental AC (EC) model
in rats [4-7] and mice [8-10] to investigate how eosino-
phils infiltrate the conjunctiva during the development
of AC. We found that T cells, not IgE, play a prominent
role in conjunctival eosinophil infiltration [8]. Further-
more, it appears that Ag-specific Th2 cells, not Th1 cells,
initiate the conjunctival eosinophil infiltration in EC
[9].

Recently, IL-17-producing Th17 cells were shown to
play a crucial role in the development of organ-specific
autoimmune diseases that are believed to be mediated by
Thl cells, such as experimental autoimmune encephalo-
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myelitis [11] and collagen-induced arthritis [12]. With re-
gard to the role Th17 cells play in Th2-mediated allergic
diseases, IL-17-deficient (IL-17 KO) mice have only insig-
nificant differences compared to wild-type (WT) mice
with regard to airway hyperresponsiveness, total cell
number in the bronchoalveolar fluid, pulmonary pathol-
ogy and antigen-specific Iglevels [13]. In contrast, a study
examining IL-17 receptor-deficient mice has shown that
endogenous IL-17 is needed for the Ag sensitization that
results in allergic asthma [14]. Thus, it is still controver-
sial whether Th17 cells participate in Th2-mediated dis-
eases. To address this question, we induced EC in WT
and IL-17 KO mice to determine whether endogenous IL-
17 is required for the development of EC, a Th2-mediated
disease.

Materials and Methods

Mice

Inbred WT mice on BALB/c and C57BL/6 backgrounds were
purchased from Japan SLC (Hamamatsu, Shizuoka, Japan). Ho-
mozygous IL-17 KO mice on BALB/c and C57BL/6 backgrounds
were established as previously reported [13]. The mice were kept
in specific pathogen-free conditions at the animal facility of the
Kochi Medical School and age- and gender-matched mice were
used when they were 6 to 12 weeks old. All research adhered to
the Association for Research in Vision and Ophthalmology State-
ment for the Use of Animals in Ophthalmic and Vision Re-
search.

Reagents

Short ragweed pollen (RW) was purchased from Polysciences
(Warrington, Pa., USA). RW extract was obtained from LSL (To-
kyo, Japan). Aluminum hydroxide (alum) was purchased from
Sigma (St. Louis, Mo., USA).

Induction of EC by Active Immunization

RW adsorbed on alum was injected into the left hind footpad
and at the base of the tail of WT and IL-17 KO mice (n = 13/group
on the BALB/c background and n = 10/group on the C57BL/6
background). Fifty microliters of the emulsion (50 g of RW and
675 g of alum) was injected into each site. The eyes of the im-
munized mice were challenged on day 10 (BALB/c) or days 7-10
(C57BL/6) with RW in PBS (2 mg in 10 p.l/eye). Twenty-four hours
after the (last) challenge, the eyes and spleens were harvested for
histological analysis and cytokine production, respectively.

Induction of EC by Adoptively Transferring

in vitro-Stimulated RW-Primed Splenocytes

WT and IL-17 KO mice on the BALB/c background were ac-
tively immunized and challenged as described above and their
day 11-harvested splenocytes were cultured with RW extract at a
final concentration of 5 pg/ml in 75-cm? flasks at a concentration
of 107 cells/ml in a final volume of 20 ml RPMI 1640 medium
supplemented with 10% fetal calf serum (ICN Biomedical Japan,

Allergic Conjunctivitis in IL-17-Deficient
Mice

Tokyo, Japan), 2-mercaptoethanol (5 X 107> M), L-glutamine
(2 mM), sodium pyruvate (100 pg/ml), penicillin (100 U/ml), and
streptomycin (100 pwg/ml). After incubation for 72 h at 37°Cin a
humidified atmosphere with 5% CO,, 2 X 107 splenocytes/mouse
were injected intraperitoneally into naive WT or IL-17 KO mice.
In one experiment, 6 WT recipients and 6 IL-17 KO recipients re-
ceived the same WT donor cells. In a separate experiment, two
groups of 7 WT recipients received either WT or IL-17 KO donor
cells. In both experiments, the eyes of the recipient mice were
challenged 4 days after the transfer with RW in PBS (2 mg in 10
wl/eye). Twenty-four hours later, the eyes were harvested for his-
tological analysis.

Histological Analysis

The eyes including the conjunctivas were harvested and fixed
in 10% buffered formalin. Vertical 2-pm-thick sections were cut
and stained with Giemsa. Infiltrating eosinophils in the lamina
propria mucosae of the tarsal and bulbar conjunctivas in the en-
tire section were counted by two observers given blinded samples.
The sections counted were those from the central portion of the
eye, which included the pupil and optic nerve head. The data are
presented as averages = SEM of all the mice examined.

Immunohistochemistry

Conjunctivas from actively immunized and primed BALB/c
mice were harvested 24 h after RW challenge. The conjunctivas
were embedded in OCT compound (VWR, Suwanee, Ga., USA),
and flash frozen in liquid nitrogen. Vertical 4-pm sections were
prepared and fixed in methanol. Endogenous peroxidase activity
was inhibited with 0.1% NaNj; and 0.3% H,0, in distilled water
for 10 min at room temperature. The samples were exposed to
primary antibodies for 30 min and then to appropriate biotiny-
lated secondary antibodies for another 30 min. Antibody binding
was revealed by using an avidin-biotin complex kit (Vector Labo-
ratories, Burlingame, Calif., USA) followed by development with
3,3’-diaminobenzidine tetrahydrochloride (Sigma). The antibod-
ies used were rat anti-mouse CD3 (CT-CD3, Caltag, Burlingame,
Calif., USA), anti-mouse CD11b (M1/70.15, Invitrogen, Carlsbad,
Calif., USA), and rabbit anti-mouse major basic protein (MBP,
provided by Dr. Lee, Mayo Clinic, Scottsdale, Ark., USA).

Measurement of Cytokines in Culture Supernatants

RBC-depleted splenocytes (107 cells/ml) from naive WT mice
or actively immunized and challenged WT and IL-17 KO mice
were cultured for 48 h with RW extract (25 pg/ml) in 96-well flat-
bottom plates in a final volume of 0.2 ml RPMI 1640 medium
supplemented with 10% fetal calf serum and 2-mercaptoethanol.
The levels of IL-4, IL-12, IL-13, IL-17 and IFN-vy that were pro-
duced were measured by using Luminex100 (Luminex, Austin,
Tex., USA) and the Bio-Plex Cytokine Assay Panel (Bio-Rad Lab-
oratories, Hercules, Calif., USA) according to the manufacturer’s
instructions. The levels of IL-6 and TGF-B; were measured by
cytokine ELISA kit (BioSource International, Camarillo, Calif,,
USA) according to the manufacturer’s recommendation. The da-
ta of four individual experiments are shown as averages £ SEM

(pg/ml).

Quantitative Real-Time RT-PCR
RNA from the conjunctivas from naive and challenged
BALB/c WT or actively immunized and challenged BALB/c WT
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Fig. 1. Comparison of IL-17 production between naive and
EC-developing mice. a Splenocytes were prepared from naive
BALB/c WT or actively immunized and challenged BALB/c WT
mice. These splenocytes were stimulated in vitro with RW extract
and 48 h later, supernatants were collected to measure IL-17 levels.
Data are expressed as mean * SEM. n = 3/group. b Twenty-four
hours after RW challenge, the conjunctivas were collected from

mice was purified using Trizol RNA isolation reagent (Invitrogen
Life Technologies, Carlsbad, Calif., USA) according to the manu-
facturer’s protocol. Total RNA from each tissue sample was incu-
bated with M-MLV reverse transcriptase (RT; Invitrogen Life
Technologies) according to the manufacturer’s protocol using
random primers. Quantitative real-time PCR was done using ABI
Prism 7000 Sequence Detection Systems (Applied Biosystems,
Foster City, Calif., USA). Probe and primer sequences for IL-17a
and hypoxanthine phosphoribosyl transferase (HPRT) were ob-
tained from Applied Biosystems. Each reaction was performed in
25 pl with 50% TaqMan 2X PCR Master Mix (Applied Biosys-
tems), 100 nM each of the forward and reverse primer, and 200 nM
of probe. Conditions for the PCR were 2 min at 50°C, 10 min at
95°C, and then 40 cycles, each consisting of 15 s at 95°C, and
1 min at 60°C. Arbitrary cDNA values of individual samples were
determined using standard curves obtained from a 4-fold serial
dilution of a reference cDNA sample. Relative expression values
were calculated by dividing the expression level of IL-17a by the
expression level of HPRT.

Statistical Analysis

Significant differences between the tested groups with regard
to infiltrating eosinophil numbers, splenocyte cytokine produc-
tion and IL-17 RNA expression levels were determined by Stu-
dent’s t test. p values <0.05 were considered significant.

Results

Comparison of IL-17 Production between Naive and

EC-Developing Mice

To investigate whether IL-17 expression is augmented
by the induction of EC, we measured the expression levels
of IL-17 in the spleens and the conjunctivas by a bioassay

208 Int Arch Allergy Immunol 2008;147:206-212

naive and challenged BALB/c WT or actively immunized and
challenged BALB/c WT mice. Expression levels of IL-17 mRNA
were evaluated by the real-time RT-PCR method. Data are pre-
sented as relative expression values calculated by dividing the ex-
pression level of IL-17 by the expression level of HPRT. n = 3/

group.

(the Bio-Plex Cytokine Assay Panel) and real-time RT-
PCR, respectively. By stimulation with RW extract in vi-
tro, splenocytes from actively immunized and challenged
BALB/c WT mice produced slightly more IL-17 than
those from naive BALB/c WT mice, although the differ-
ence did not reach significance (fig. 1a). Similarly, IL-17
expression levels in the conjunctivas from actively im-
munized and challenged BALB/c WT mice were slightly
but not significantly higher than those from BALB/c WT
mice (fig. 1b).

IL-17 KO and WT Mice Develop Equally Severe EC

after Active Immunization and Challenge

WT and IL-17 KO mice on the BALB/c and C57BL/6
backgrounds were actively immunized with RW in alum
and then challenged once on day 10 (BALB/c) or 4 times
consecutively on days 7-10 (C57BL/6) with RW in eye
drops. Twenty-four hours after RW challenge on day 10,
the conjunctivas were harvested for histological analyses.
The BALB/c WT mice evinced conjunctival infiltration
of inflammatory cells (fig. 2a) and knocking out IL-17
had no effect on the degree of eosinophil infiltration into
the conjunctiva (fig. 2b). With regard to C57BL/6 mice,
conjunctival infiltration of inflammatory cells was min-
imal in both WT and IL-17 KO (data not shown). Immu-
nohistochemical analysis of the conjunctivas of the
BALB/c mice revealed that for both the WT and IL-17 KO
mice, the conjunctival infiltrating cells were composed of
T cells, macrophages and eosinophils (fig. 2c), with very
few polymorphonuclear leukocytes and B cells being de-
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Fig. 2. Severity of EC in actively immunized WT and IL-17 KO
mice. EC wasinduced in BALB/c WT and IL-17 KO mice by active
immunization with RW in alum followed by RW challenge in eye
drops. Twenty-four hours after the RW challenge, the conjuncti-
vas were harvested for histological and immunohistochemical
analyses. a Microphotographs of the Giemsa-stained conjuncti-

tected (data not shown). Slightly more, but not signifi-
cantly different, T cells were detected in the conjunctiva
of IL-17 KO mice (fig. 2¢).

Immune Responses in IL-17 KO Mice

To investigate whether knocking out IL-17 affects the
immune response induced by RW immunization, the
spleens and blood were collected from the IL-17 KO and
WT BALB/c mice at the time the conjunctivas were har-

Allergic Conjunctivitis in IL-17-Deficient
Mice

vas. Bar = 20 wm. b Conjunctival eosinophil numbers. Conjunc-
tival eosinophil numbers were counted in each slide and the data
are presented as mean conjunctival eosinophil numbers £ SEM.
n = 13/group. ¢ Microphotographs of the immunohistochemical-
ly analyzed BALB/c conjunctivas. Bar = 20 um.

vested. The splenocytes were stimulated in vitro with RW
extract for 48 h and the culture supernatants were sub-
jected to cytokine analysis. The splenocytes from the IL-
17 KO mice produced significantly higher amounts of IL-
4, IL-6, IL-13 and IFN-vy but did not differ significantly
from WT splenocytes in terms of their IL-12 and TGF-3
productions (fig. 3). The levels of total IgG1, IgG2a and
IgE in the serum did not differ between the actively im-
munized WT and IL-17 KO mice (data not shown).

Int Arch Allergy Immunol 2008;147:206-212 209
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0.01.
WT and IL-17 KO Mice Develop Equally Severe EC Discussion

after Splenocyte Transfer

To investigate whether IL-17 plays a role in the devel-
opment of EC during the effector phase, EC was induced
by transferring RW-primed splenocytes followed by RW
challengein eye drops. Since the severity of ECin C57BL/6
was extremely weak as mentioned above, experiments
were performed by using BALB/c mice. The WT recipient
mice developed equally severe EC regardless of whether
they received RW-primed WT splenocytes or RW-primed
IL-17 KO splenocytes (fig. 4a). Similarly, IL-17 KO recip-
ient mice that received RW-primed WT splenocytes did
not differ in disease severity from WT recipient mice that
received the same cells (fig. 4b). Thus, it appears that IL-
17 does not play a role in the development of EC during
the effector phase.

210 Int Arch Allergy Immunol 2008;147:206-212

Consistent with a previous report that the severity of
lung inflammation was not different between WT and
IL-17 KO mice [13], we found that WT and IL-17 KO mice
did not differ in terms of the severity of EC (as measured
by the numbers of conjunctival eosinophils) or the phe-
notypes of the conjunctival infiltrating inflammatory
cells. It is of note that IL-17 KO mice used in that study
[13] were identical to the mice used in this study. In con-
trast, another study reported that allergic asthma was
attenuated in IL-17 receptor-deficient mice [14]. In our
study, the IL-17 deficiency did significantly affect the sys-
temic immune responses as the splenocytes of the active-
ly immunized and challenged IL-17 KO mice showed sig-
nificantly upregulated IFN-v and IL-4 production. This
is in good agreement with the notion that IL-17 negative-
ly regulates both Thl and Th2 immune responses [15].
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Fig. 4. Severity of EC in WT and IL-17 KO BALB/c mice after
adoptive transfer of RW-primed splenocytes. The spleens of WT
and IL-17 KO BALB/c mice were collected at the time the conjunc-
tivas were harvested and the splenocytes were cultured in vitro
with RW extract for 3 days before being transferred into WT or
IL-17 KO mice. Four days later, the recipient mice were challenged
with RW in eye drops and 24 h later, the conjunctivas were har-
vested for histological analysis to determine conjunctival eosino-

EC is mediated by Th2 cells [9] and is negatively regu-
lated by IFN-v, a Th1 cytokine [16]. Consequently, it ap-
pears that the IL-17 KO mice develop EC as well as the
WT mice because they still have the Th1/Th2 balance
needed to develop it, probably because both Th1 and Th2
responses were equally upregulated. An interesting find-
ing in the previous report was that lung inflammation
was reduced in IL-17-deficient (IL-17-/-) DOI11.10 trans-
genic mice compared with IL-17+/- DO11.10 transgenic
mice [13]. Thus, as explained in this report [13], the adju-
vant alum may also have induced an excessive Th2 re-
sponse in our study and, therefore, no difference of the
severity of EC was observed between WT and IL-17 KO
mice.

It has been reported that intranasal administration of
IL-17 during the effector phase of allergic asthma reduced
pulmonary eosinophil recruitment and bronchial hyper-
reactivity [14]. In another report, intratracheal IL-17F
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