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Abstract

Purpose: To evaluate the efficacy of topical dexamethasone and topical FK506 treatment on allergic
inflammation in conjunctiva, we performed a comparative study using a mouse experimental allergic con-
junctivitis model.

Methods: The experimental allergic conjunctivitis model was developed by ovalbumin (OVA) instilla-
tion after OVA sensitization by intraperitoneal application of a mixed solution of OVA and aluminum
hydroxide. The Balb/c mice of the experimental allergic conjunctivitis model were divided into three
groups, depending on whether or not they received topical treatment and which type of treatment they
received. The allergy group comprised six mice without topical treatment; the dexamethasone (Dx) group
comprised six mice receiving topical 0.1% dexamethasone ointment treatment; and the FK506 (FK)
group comprised six mice receiving topical 0.1% FK506 ointment treatment. The negative control group
comprised six mice with neither sensitization nor topical treatment. For the histological examination,
frozen sections of the eyelids, eyeballs, and lacrimal glands were stained with acid Giemsa stain or, in the
immunohistochemical method, with alkaline phosphatase—antialkaline phosphatase (APAAP), for CDA4.
Densities of eosinophils and CD4-positive lymphocytes in the conjunctival tissue were counted. Pro-
ductive C € gene expression in the conjunctival tissue, including the lacrimal gland, was also evaluated
by reverse transcriptase polymerase chain reaction (RT-PCR).

Results: In the histological study, the cell density of eosinophils infiltrating into subconjunctival tissues
was 66.3 + 34.7 cells/mm?* (mean + SD) for the allergy group, 2.5 + 4.2 cells/mm? for the Dx group, 4.2 +
8.6 cells/mm? for the FK group, and 3.7 £ 7.6 cells/mm? for the negative control group. The cell density
of CD4-positive cells infiltrating into subconjuctival tissues was 145.9 + 66.4 cells/mm? for the allergy
group, 10.0 + 12.9 cells/mm? for the Dx group, 10.1 + 15.5 cells/mm? for the FK group, and 21.7 £+ 17.8
cells/mm? for the negative control group. The allergy group showed significant differences in the density
of eosinophils and CD4-positive cells compared with those of the Dx (P < 0.0001) and FK (P < 0.0001)
groups. In the RT-PCR study, the expression of productive C € gene was positive in the Dx group, but
negative in the allergy group, the FK group, and the negative control group.

Conclusions: Topical Dx and FK506 treatments were both efficacious in suppressing eosinophil and lym-
phocyte infiltration into subconjunctival tissue in the mouse experimental allergic conjunctivitis model.
However, the influence of their IgE productive mechanisms seemed to differ, causing different efficacy
of productive C & gene expression in the conjunctival tissue. Jpn J Ophthalmol 2005;49:205-210
© Japanese Ophthalmological Society 2005
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phocytes mainly into the conjunctiva and elevation of
antigen-specific IgE levels in serum and tears are very
important factors to consider when developing new treat-
ments. Allergic inflammation is considered to contribute to
exacerbation of the pathophysiology of severe ACD, for
example, vernal keratoconjunctivitis (VKC).! Instillation,
subconjunctival injection, or systemic administration of
corticosteroids (steroids) have been employed to treat the
allergic inflammation of ACD. However, steroid treatment
may have potent adverse events such as steroid-induced
glaucoma and corneal infections. Topical administration
of immunosuppressive drugs such as cyclosporine A and
FK506 was introduced to provide a drug with a potency
equal to steroids with less adverse effect. Instillation of
cyclosporine A for VKC has been reported to be effective
for alleviating clinical symptoms."™ FK506 is a new
macrolide immunosuppressive agent extracted from the soil
bacterium Streptomyces tsukubaensis. Regarding its efficacy
against allergic reaction, it is known to inhibit production of
cytokines in T cells’® and histamine release from mast cells.’
FK506 (Protopic) has been reported to be effective on a rat
experimental allergic blepharoconjunctivitis model® and in
patients with atopic blepharoconjunctivitis.” However, the
therapeutic mechanism of these drugs for alleviating the
clinical manifestation of ACD still remains unclear.

Using a mouse experimental allergic conjunctivitis
model, we performed a comparative study between topical
dexamethasone and FK506 treatment with respect to the
infiltration of eosinophils and lymphocytes and the expres-
sion of the productive C € gene associated with IgE pro-
duction in the conjunctiva.

Materials and Methods

Mouse Model for Experimental Allergic
Conjunctivitis and the Drug Instillation Method

Balb/c mice (24 males), aged 8 to 12 weeks, were obtained
from Oriental Yeast (Tokyo, Japan). All the animals were
treated in accordance with the Association for Research in
Vision and Ophthalmology (ARVO) resolution regarding
animals used in research. The mice were divided into the
following four groups: the allergy group (positive control),
dexamethasone group (Dx group), FK506 group (FK
group), and the negative control group. Each group com-
prised six mice.

Experimental allergic conjunctivitis in the mice was
developed by the following method (Fig. 1). On the first day,
a 0.2-ml mixed solution, adjusted to a concentration to
Spg/ml of ovalbumin (OVA) and 15mg/ml of aluminum
hydroxide, was administered intraperitoneally. Additionally,
on day 8, the same intraperitoneal treatment was done for
sensitization. On day 15, an OVA solution (Smg/ml) was
instilled into both eyes. On day 18, an OVA solution was
again instilled into both eyes to induce allergic conjunctivi-
tis. From day 15 to day 18, the mice in the Dx and FK groups
were treated with topical dexamethasone (Dx) or FK506.
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) Allergy group | | Dx group | | FK group
Time schedule
1st day — +—— - 4— OVA+AI(OH)s
(ip)
8th day — l— l— l— OVA+AI(OH)3
(ip)
15th day — — — < «— OVA <«
<+ Dexamethasone | : | FK506 |
18th day L— Jl— fe— <« Je—oOvA «

Allergic conjunctivitis (12 h after instillation)

Figure 1. The protocol for the experimental allergic conjunctivitis and
medical therapy. Dx group, dexamethasone group; FK group, FK506
group; OVA, ovalbumin; A/ (OH);, aluminium hydroxide; ip, intraperi-
toneal administration.

The drugs used were 0.1% dexamethasone eye ointment
(Santezone; Santen, Osaka, Japan) in the Dx group and
0.1% FK506 ointment (Protopic; Fujisawa Pharmaceutical,
Osaka, Japan) in the FK group. Either dexamethasone or
FK506 was instilled once a day for 4 days. The negative
control group comprised mice without sensitization or
topical treatment. Twelve hours after the final instillation
of OVA solution, eyeballs, eyelids, and lacrimal glands
were removed from the mice of all groups, after euthanasia
by pentobarbital (Nembutal; Dainippon Pharmaceutical,
Osaka, Japan). Histological examination was performed
using one eye from each animal, and the molecular biolog-
ical examination was done using the fellow eye.

Histological Study

The removed eyeballs and eyelids were fixed in a
periodate-lysine-paraformaldehyde solution for 2h, em-
bedded in OCT compound (Tissue-Tek, Sakura Seiki,
Tokyo, Japan), and rapidly frozen in dry ice-isopentane. The
frozen sample was cut into approximately 7-um-thick frozen
sections with a cryostat (HMS05E, Microm International
GmbH, Walldorf, Germany). The sections were stained with
acid Giemsa stain (DiffQuick staining kit, Kokusai Shiyaku,
Kobe, Japan) or by the alkaline phosphatase—antialkaline
phosphatase (APAAP) method for immunohistochemical
analysis. The first antibody used in the APAAP method was
anti-mouse CD4 rat monoclonal antibody (Clone; CT-CD4,
Caltag Laboratories, Burlingame, CA, USA). The frozen
section was washed with Tris HCI buffer (pH, 7.6) and was
reacted with the first antibody overnight. It was then reacted
with alkaline phosphatase-labeled anti-rat IgG mouse mon-
oclonal antibody (Dako Cytomation, Kyoto, Japan) for 4h
and with APAAP complex (Dako Cytomation) for 4h. The
reaction products were visualized using a Fast Red matrix
kit (Dako Cytomation). Counterstaining was performed
with hematoxylin stain.

After the staining, photographs were taken with a light
microscope (BH2, Olympus, Tokyo, Japan). Digital images
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Figure 2A,B. Histopathology and immunohistochemistry of conjunctival tissues in the allergy group. A eosinophils (arrows) (acid Giemsa
staining). Bar = 50 um. B CD4-positive cells [positive cells stained red by the alkaline phosphatase—antialkaline phosphatase (APAAP) method.]
Bar =50 um.

Figure 3A-D. CD4-positive cells in conjunctival tissues. A allergy group; B Dx group; C FK group; D negative control group. CD4-positive cells
are stained red by the APAAP method. Bar = 50 um.
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were processed by a film scanner, and the total area of the
subconjunctival tissue in the digital image was calculated
using a semiautomated image analysis method on a com-
puter (Apple Macintosh) with Photoshop 6.0 software
(Adobe Systems, San Jose, CA, USA). The density per
square millimeter of eosinophils stained with acid Giemsa
staining and of CD4-positive cells stained red by APAAP
in the subconjunctival tissue was counted. The cell densities
of 15 thin sections for each specimen were counted. Statis-
tical analysis was performed by the Mann-Whitney U test,
and the difference was regarded as statistically significant at
the less than 5% level.

Reverse Transcriptase Polymerase Chain
Reaction Method

Removed conjunctival tissues including lacrimal glands
were preserved in RNAlater RNA stabilization reagent
(Qlagen, Hilden, Germany) at —80°C. The conjunctival
tissues were homogenized with a homogenizer (VP-55,
Taitec, Saitama, Japan), and total RNA was extracted using
the RNeasy mini kit (Qlagen).

The primer used in the analysis of productive C ¢
gene was 5-TGGACTACTGGGGTCAAGG-3 (forward)
and 5-AGCGATGAATGGAGTAGC-3’ (reverse),'’ and a
one-step reverse transcriptase polymerase chain reaction
(RT-PCR) of the productive C € gene was performed with
the Qiagen one-step RT-PCR kit. The 50-ul RT-PCR ampli-
fication contained the following final components: 5Sul
aliquot of total RNA, 10ul of 5x buffer, 400 uM of deoxyri-
bonucleotide triphosphate, 0.5uM of sense and antisense
primers, and 2.0ul of enzyme mix. One-step RT-PCR was
performed by reverse transcription at 50°C for 30min,
initial PCR activation at 95°C for 20min, and PCR for 30
cycles in a thermal cycler (Geneamp PCR system 9700,
Applied Biosystems Japan, Tokyo, Japan). Each PCR cycle
contained a denaturation step at 94°C for Smin, an anneal-
ing step at 60°C for Smin, followed by 30 cycles of 1.5min
at 72°C, 1.5min at 94°C, and 1.5min at 60°C, with final
extension at 72°C for 10min. For analysis of RT-PCR prod-
ucts, electrophoresis was performed with 1.5% agarose gel,
and the resultant products were visualized with ethidium
bromide to reveal the DNA. RT-PCR was also performed
on  hypoxanthine/guanine  phosphoribosyltransferase
(HGPRT) as an internal control.

Results
Histological Study

In the allergy group, infiltration of eosinophils was observed
in the subconjunctival tissue by acid Giemsa staining (Fig.
2A), and infiltration of CD4-positive cells was observed
around the blood vessels and subepithelial area in subcon-
junctival tissues by immunohistochemical methods (Fig.
2B). In the Dx group (Fig. 3B) and the FK group (Fig. 3C),
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infiltration of eosinophils and CD4-positive cells was less
than in the allergy group (Fig. 3A).

The cell density of eosinophils infiltrating into subcon-
junctival tissues was 66.3 £ 34.7 cellsymm? (mean + SD) for
the allergy group; 2.5 *+ 4.2 for the Dx group; 4.2 *+ 8.6 for
the FK group; and 3.7 £ 7.6 for the negative control group
(Fig. 4). The cell density of CD4-positive cells infiltrating
into subconjuctival tissues was 145.9 £ 66.4 for the allergy
group; 10.0 + 12.9 for the Dx group; 10.1 + 15.5 for the
FK group; and 21.7 £ 17.8 for the negative control group
(Fig. 5). The allergy group demonstrated significant differ-
ences in eosinophil and CD4-positive cell counts compared
with the Dx group (P < 0.0001), the FK group (P < 0.0001),
and the negative control group (P < 0.0001) (Figs. 4, 5).

Productive C € Gene

The expression of productive C € gene was positive only
in the Dx group, but not in the allergy group, the FK group,
or the negative control group (Fig. 6). A positive ratio of
productive C € gene expression in the Dx group was
obtained in three of the six experimental allergic conjunc-
tivitis model mice in this group.

Discussion

Employing the mouse experimental allergic conjunctivitis
model generated by sensitizing Balb/c mice with ovalbumin
(OVA), we studied allergic inflammation histologically in
the conjunctival tissues. Eosinophil and CD4-positive T-cell
infiltrations were observed in conjunctival tissues in the
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Figure 4. Effects of dexamethasone and FK506 ointment on eosinophil
infiltration in the conjunctival tissues. Values are mean * SD. Signifi-
cant differences were found between the allergy group and the Dx
group (P < 0.0001), and between the allergy group and the FK group
(P < 0.0001). *Mann-Whitney U test, P < 0.0001.
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Figure 5. Effects of dexamethasone and FK506 ointment on CD4-
positive cell infiltration in the conjunctival tissues. Values are mean +
SD. Significant differences were found between the allergy group and
the Dx group (P < 0.0001), and between the allergy group and the FK
group (P < 0.0001). *Mann-Whitney U test, P < 0.0001.

<«— 365 bp

HGPRT 165 bp

M 1 2 3 4

Expression No. / total 0/6 0/6 3/6 0/6

Figure 6. Effects of dexamethasone and FK506 ointment on produc-
tive C € gene expression in the conjunctival tissues including the
lacrimal gland. M, marker; lane 1, negative control group; lane 2, FK
group; lane 3, Dx group; lane 4, allergic group. C €, productive C € gene;
HGPRT, hypoxanthine/guanine phosphoribosyltransferase.

allergy group of our mouse experimental allergic conjunc-
tivitis model, the same as in previous reports''? on allergic
inflammation in conjunctiva. Furthermore, we examined the
efficacy of topical dexamethasone and FK506 instillations
to suppress allergic inflammation of the conjunctiva in the
mouse experimental allergic conjunctivitis models. Both
topical treatments suppressed eosinophil infiltration and
CD4-positive T-cell infiltration into conjunctival tissues,
showing no remarkable difference in the degree of sup-
pression of cell infiltration between the two drugs. Iwamoto
et al.® studied the effect of systemic administration and
instillation of FK506 on a rat experimental allergic ble-
pharoconjunctivitis model. They reported that FK506 sup-
pressed allergic blepharoconjunctivitis in a dose-dependent
manner and that the effect of instillation on cell infiltration
into the conjunctiva was weaker than by systemic adminis-
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tration. Sengoku et al."”® reported that FK506 eyedrops
inhibit late and delayed-type responses in several animal
models of ocular allergy.” In this study, both topical steroid
and FK506 instillations were effective on the allergic inflam-
mation in the mouse allergic conjunctivitis model. The effi-
cacy of topical FK506 ointment on atopic dermatitis has
been reported previously.'*!* These reports and our results
suggest that topical administration of FK506 as eyedrops or
ointment is also useful for treating allergic conjunctival
disease.

The C € gene is expressed as a result of the process of a
B cell changing into an IgE-producing plasma cell. The
germline C ¢ gene is first expressed in B cells, and finally,
the productive C € gene is expressed in plasma cells.
Durham et al.'® conducted a provocation study in patients
with hay fever and detected expression of the C € gene in
nasal mucosa. They reported that the expression of the C ¢
gene increased after provocation and was suppressed by
local administration of a corticosteroid (fluticasone propi-
onate). Nagai et al."” studied C € gene expression in the cer-
vical lymph node using a contact dermatitis mouse model.
They reported that neither FK-506 nor cyclosporin A sup-
pressed C € gene expression. In this study, the expression of
the productive C € gene in conjunctival tissues, including the
lacrimal gland, was examined. Expression of the productive
C ¢ gene was not detected in the negative control, the
allergy, or the FK groups, and was positive only in the Dx
group.

Regarding the effect of corticosteroids on IgE produc-
tion, various reports have been published. Hiratsuka et al."”
studied the IgE antibody level in the supernatant of culti-
vated B cells from the peripheral blood of patients with
atopic dermatitis after local administration of steroid oint-
ment. They reported that the IgE antibody increased in only
the steroid administration group and that IgG, IgA, and IgM
remained unchanged. Their in vitro study suggested that
steroid treatment for allergic diseases increases the pro-
duction of IgE antibody. On the other hand, Benson et al.'®
reported that topical corticosteroid treatment in patients
with allergic rhinitis decreased IgE, Th2 cytokines,
eosinophil cationic protein, and eosinophils in the nasal
fluid. These findings suggest that corticosteroids reduce IgE
antibody levels in vivo. The discrepancy in the results
between in vitro and in vivo studies is difficult to explain,
and the efficacy of corticosteroids on IgE production still
remains unclear. In addition, an increase in serum IgE
levels, as a paradoxical effect, has also been reported in a
case of X-linked autoimmune enteropathy treated by sys-
temic administration of cyclosporin A and FK506."

These reports indicate that the efficacy of corticosteroids
and immunosuppressants on C € gene expression and IgE
antibody production are due to different mechanisms,
depending on the drug concentrations, drug administration
methods, and target tissues or target cells in, for example,
local lymph nodes or mucosal tissues. Regarding topical
dexamethasone instillation in the present study, the expres-
sion of the productive C € gene was found in the conjuncti-
val tissues, including the lacrimal gland, in the case of the
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Dx group but not in the normal conjunctiva (negative
control group). Thus, it is suggested that topical corticos-
teroid instillation may increase the local production of IgE
antibody in conjunctiva. In contrast, the present results
showed that FK-506 instillation had no effect on the local
production of IgE antibody. However, a controlled trial of
different doses of corticosteroids and FK506 would be nec-
essary to determine the effects on local IgE production.

In conclusion, although topical steroid and topical FK506
instillations are both effective in the suppression of
eosinophil and lymphocyte infiltration, different therapeu-
tic mechanisms and efficacy on local IgE production should
be considered for these two drugs. The production of IgE
and IgG4 was selectively enhanced during the rebound
phenomenon after steroid discontinuation.” It may be espe-
cially important to study the rebound phenomenon of these
two drugs in patients with ACD.
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