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Background: Mapracorat, a novel nonsteroidal selective glucocorticoid receptor agonist, has
been proposed for the topical treatment of inflammatory disorders as it binds with high affinity
and selectivity to the human glucocorticoid receptor and displays a potent anti-inflammatory
activity, but seems to be less effective in transactivation of a number of genes, resulting in a lower
potential for side effects. Contrary to classical glucocorticoids, mapracorat displays a reduced
ability to increase intraocular pressure and in inducing myocilin, a protein linked to intraocular
pressure elevation. Allergic conjunctivitis is the most common form of ocular allergy and can be
divided into an early phase, developing immediately after allergen exposure and driven primar-
ily by mast cell degranulation, and a late phase, developing from 6—10 hours after the antigen
challenge, and characterized by conjunctival infiltration of eosinophils and other immune cells
as well as by the production of cytokines and chemokines.

Methods: In this study, mapracorat was administered into the conjunctival sac of ovalbumin
(OVA)-sensitized guinea pigs 2 hours after the induction of allergic conjunctivitis, with the
aim of investigating its activity in reducing clinical signs of the late-phase ocular reaction and
to determine its mechanism of anti-allergic effects with respect to apoptosis of conjunctival
eosinophils and expression of the chemokines C-C motif ligand 5 (CCLS), C-C motif ligand 11
(CCL11), and interleukin-8 (IL-8) and the proinflammatory cytokines interleukin-1f (IL-1()
and tumor necrosis factor-o. (TNF-o).

Results: Mapracorat, administered into the conjunctival sac of OVA-sensitized guinea pigs
2 hours after allergen exposure, was effective in reducing clinical signs, eosinophil infiltra-
tion, and eosinophil peroxidase activity in the guinea pig conjunctiva; furthermore, it reduced
conjunctival mRNA levels and protein expression of both CCL5 and CCL11. Mapracorat was
more effective than dexamethasone in increasing, in conjunctival sections of OVA-treated guinea
pigs, apoptotic eosinophils.

Conclusion: Mapracorat displays anti-allergic properties in controlling the late phase of
ocular allergic conjunctivitis and is a promising candidate for the topical treatment of allergic
eye disorders.
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Introduction

Allergic conjunctivitis is the most common form of ocular allergy and is usually
associated with type 1 hypersensitivity reactions, characterized by early-phase and
late-phase responses. Common symptoms include ocular itching, hyperemia, tearing,
and chemosis. The early-phase response is driven primarily by mast cell degranulation
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and develops immediately after exposure to the allergen.
This is followed by the late-phase response after 610 hours,
which is characterized by infiltration of eosinophils, neutro-
phils, and lymphocytes into the conjunctiva.'? Activation
and recruitment of inflammatory cells and the release of
cytokines, chemokines, adhesion molecules, and proteases
contribute to more serious chronic forms.**

Topical glucocorticoids are among the most effective
drugs for the treatment of allergic eye disease,? as they
potently inhibit a wide range of cytokines and chemokines
that contribute to eosinophil accumulation and activation.’
However, glucocorticoid use is associated with increased
intraocular pressure, risk of cataract formation, and decreased
resistance to infections. There is, therefore, a pressing
need for compounds with the anti-inflammatory potency
of standard glucocorticoids but fewer or less troublesome
side effects.

Most of the effects of glucocorticoids on target cells
are mediated by the regulation of transcription of steroid-
responsive genes. It is thought that anti-inflammatory effects
of glucocorticoids are largely mediated by a mechanism known
as transrepression.” The glucocorticoid receptor is recruited to
DNA via direct or indirect interactions with other transcrip-
tion factors, notably, members of the activating protein 1
and nuclear factor-kB families, and inhibits transcriptional
activation by impairing recruitment of transcriptional coacti-
vators or by promoting recruitment of corepressors.®® There
is also evidence that glucocorticoid-mediated repression of
inflammatory genes involves significant posttranscriptional
and/or translational mechanisms,’ and the requirement for de
novo protein synthesis has been highlighted.''> In contrast,
certain side effects seem to be mediated mainly through trans-
activation, in which the glucocorticoid-bound glucocorticoid
receptor directly binds to DNA through simple palindromic
glucocorticoid response elements.”®

A deeper understanding of the molecular mode of gluco-
corticoid action has led to the identification of novel selective
glucocorticoid receptor agonists that should preserve the
beneficial anti-inflammatory activity but offer a better side
effect profile.'> However, the utility of dissociated glucocorti-
coid ligands, as more effective anti-inflammatory compounds
with fewer side effects, is still debated,’'! and studies aimed
to investigate their pharmacological profile are needed.
Schécke et al'® have reported the pharmacological charac-
terization of mapracorat (also known as BOL-303242-X or
ZK 245186), a nonsteroidal selective glucocorticoid receptor
agonist, for the topical treatment of inflammatory disorders
(Figure 1). Mapracorat binds with high affinity and selectivity

F

Figure | Chemical structure of mapracorat.

to the human glucocorticoid receptor and possesses potent
anti-inflammatory activity, but seems to be less effective in
transactivation of a number of genes," resulting in a lower
potential for metabolic and ocular side effects. Physicochemi-
cal and pharmacokinetic properties of mapracorat suggest
that it is particularly suited for topical treatment, displaying
a low systemic activity. In fact, in vitro mapracorat is rapidly
metabolized by liver microsomes and, in vivo, it shows a
high hepatic clearance and a high volume of distribution.
Mapracorat has a short half-life (2 hours) after intravenous
administration and a low bioavailability (9%) after topical
administration.' These properties suggest that mapracorat
meets the criteria to be considered a “soft” glucocorticoid
agonist as it behaves like budesonide.'*

Ocular pharmacokinetics of mapracorat were investigated
by Proksch et al's after topical administration over a wide
range of doses in rabbits and monkeys. Mapracorat is rapidly
absorbed and widely distributed into ocular tissues after
conjunctival administration, with measurable levels up to
24 hours after dosing. Higher concentrations are detected in
tears, followed by conjunctiva and cornea, with lower levels
observed in iris/ciliary body and aqueous humor. Plasma
levels are lower than those found for other glucocorticoids
like dexamethasone. Taken together, these data suggest that
mapracorat has a favorable profile of activity in comparison
to classical glucocorticoids and may be suitable for topical
ocular administration adopting a daily dosing regimen.

Mapracorat, topically administered as eye drops, dis-
plays a reduced ability to increase intraocular pressure in
normotensive rabbits when compared to dexamethasone'
and behaves as a partial glucocorticoid receptor agonist in
inducing myocilin, a protein linked to intraocular pressure
elevation, in monkey trabecular meshwork cells.!” Thus, it
would be expected to possess an ocular safety profile superior
to other glucocorticoids.

Previously, we reported that mapracorat promotes in vitro
eosinophil spontaneous apoptosis and inhibits eosinophil
migration and release of proinflammatory cytokines and

submit your manuscript

746

Dove

Drug Design, Development and Therapy 2014:8


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Effects of mapracorat in experimental allergic conjunctivitis

chemokines from eosinophils,'® mast cells,'” or conjunctival
epithelial cells, fibroblasts,' and corneal epithelial cells.?

Exacerbations of allergic conjunctivitis cause eosinophils
to infiltrate the conjunctiva, where they contribute to tissue
derangement, inflammation, and remodeling.>*' The chemok-
ines C-C motif ligand 5 (CCLS5) and C-C motif ligand 11
(CCL11) play a key role in recruiting eosinophils and other
immune cells to the inflammation area? and are expressed in
the conjunctiva of patients with vernal keratoconjunctivitis. 2
Eosinophil response to inflammatory stimuli leads to increased
production of proinflammatory cytokines like interleukin-1[3
(IL-1B) and tumor necrosis factor-o. (TNF-ot) and chemokines
including interleukin-8 (IL-8).

Together with other interventions, the removal of
eosinophils from the conjunctival epithelium and stroma
should contribute to the resolution of the conjunctivitis. To
accomplish cell removal, investigations are focused on the
pharmacology of apoptosis. This process is considered a
noninflammatory model of cell death because apoptotic cells
are eliminated through phagocytosis.?

Glucocorticoid-mediated eosinophil apoptosis has
been widely investigated with the adoption of in vitro cell
models;?” however, its occurrence in the airway tissue
after glucocorticoid treatment of allergic diseases is still
debated.’*3? Studies demonstrating conjunctival eosinophil
apoptosis, caused by glucocorticoid treatment at the con-
junctival level, are scarce. To date, the potential anti-allergic
activity of mapracorat in the eye, and whether eosinophil
apoptosis and the chemokines CCL5 and CCL11 are the
targets of its action, has been explored very little in vivo.
This study specifically addressed these questions, adopting a
guinea pig model of allergic conjunctivitis. Mapracorat was
tested alongside dexamethasone, a traditional glucocorticoid
used to treat ocular inflammation.? Both drugs were topically
administered 2 hours after antigen challenge.

Materials and methods

Materials

Mapracorat was provided by Bausch & Lomb Inc. (Rochester,
NY, USA) and dissolved in 10% polyethylene glycol
3350/1% polysorbate 80 in phosphate-buffered saline (PBS)
pH 7.0 (vehicle). Dexamethasone 21 disodium phosphate
was obtained from Visufarma (Rome, Italy) and diluted in
phosphate-buffered saline (PBS). Ovalbumin (OVA) grade V,
aluminum hydroxide, o-phenylenediamine, hydrogen perox-
ide 30%, Triton X-100™, peroxidase acidic isoenzyme from
horseradish, RNAlater®, and TRI Reagent® were obtained from
Sigma-Aldrich (St Louis, MO, USA). RNase-free DNase was

from Thermo Fisher Scientific (Waltham, MA, USA). Rab-
bit specific horseradish peroxidase (HRP)/diaminobenzidine
(DAB) detection kit, anti-CCL11, and anti-CCL5 antibodies
were from Abcam (Cambridge, UK).

Induction of allergic conjunctivitis
by active immunization and

eosinophil detection

The experimental protocol was approved by the Ethical
Committee for Animal Experiments of the University of
Bologna, Bologna, Italy, and conformed to the EU Directive
2010/63/EU statement for animal experiments.

Allergic conjunctivitis was induced in male Dunkin-
Hartley guinea pigs (250-300 g), purchased from Charles
River Laboratory Inc. (Calco, Italy), as previously described.*
Guinea pigs were intraperitoneally (ip) treated, except the
negative controls, once a week for 2 weeks with 2 mL of a
saline solution containing 100 pg/mL OVA and 20 mg/mL
aluminum hydroxide as adjuvant. Three weeks after the first
OVA treatment, all animals were examined to ensure that there
was no sign of preexisting ocular inflammation and then chal-
lenged with 30 UL per eye of saline solution containing 100
mg/mL OVA or with 30 UL per eye of saline solution (con-
trols). Over 97% of the sensitized animals treated with topical
OVA developed an allergic ocular reaction; guinea pigs that
did not respond to the challenge were excluded from the study.
Mapracorat and dexamethasone (0.1%, 0.25%, 0.4%; w/v) or
the vehicle alone were administered in the conjunctival sac of
both eyes (30 uL/eye), 2 hours after OVA challenge (groups
of five guinea pigs). Both compounds were administered in
a range of doses, including those of dexamethasone used in
clinical studies (0.1% or 0.2%) and that of mapracorat previ-
ously employed in another in vivo study (0.4%).'¢

Conjunctival clinical symptoms were rated in a masked
fashion on both eyes using the following scale: 0, no symptoms;
1, slight conjunctival redness with or without tears; 2, mild
conjunctival redness with or without tears and mild chemosis;
3, mild conjunctival redness with or without tears and moderate
chemosis; 4, severe conjunctival redness with tears and partial
lid eversion; 5, severe conjunctival redness with tears and
lids more than half closed. Pictures of both eyes were taken
to evaluate the clinical score 30 minutes before and 1, 4, 6,
8, and 24 hours after OVA administration. The animals were
euthanized 8 or 24 hours after OVA challenge by ip injection of
Tanax® (3 mL/kg; Hoechst AG, Frankfurt am Main, Germany).
Tarsal conjunctiva of both eyes was carefully excised and
divided into separate samples for subsequent investigations.
One sample was fixed in 10% buffered paraformaldehyde
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solution and paraffin embedded. Slides, 6 um thick, were
stained to determine the number of eosinophils® or to carry
out immunohistochemistry. To evaluate accumulation and
distribution of eosinophils in the tarsal conjunctiva, slides were
stained with Luna’s eosinophil stain. Slides were desiccated
in xylene, stained with hematoxylin—Biebrich scarlet solution,
differentiated in 1% acid alcohol, and subsequently stained
with lithium carbonate. Eosinophil granules stain red-orange.*
The number of eosinophils in each field was counted under
light microscopy (500x magnification).

In separate conjunctival specimens, eosinophil peroxidase
activity was measured as previously described.?* Eosinophil
peroxidase activity was also measured in ophthalmic lavage
fluid (OLF) as previously described.** OLF was collected as
follows: a 30 UL aliquot of buffer consisting of 0.3 M sucrose
in 50 mM sodium acetate buffer pH 5.4 with 10 units/mL
heparin was applied to the eye using a micropipette, without
touching the eye. After two or three forced blinks, 30 UL of
lavage fluid was collected. The lavage was repeated three times
in each eye and the OLF was collected in the same tube.

Immunohistochemistry

On conjunctival slices, after paraffin removal and rehydration,
heat-mediated antigen retrieval was performed with citrate buf-
fer (pH 6.0) for 20 minutes and the sections were washed three
times in Tris-buffered saline containing 0.025% of Tween 20
(TBS-T) (Cayman Chemical Company, MI, USA). Immunohis-
tochemical staining was made using rabbit specific HRP/DAB
detection kit (Abcam), following the manufacturer’s instruc-
tions. Briefly, specimens were incubated with Protein Block
solution (Abcam) for 5 minutes at room temperature to block
nonspecific background staining. After washing once in TBS-T,
tissue sections were incubated with antibodies (100 UL) that
recognized human CCL11 or CCLS (diluted 1:250) overnight
at 4°C. The specimens were washed in TBS-T and incubated
with biotinylated goat anti-rabbit immunoglobulin G for
10 minutes at room temperature. Slides were then developed
with streptavidin—biotin complex/HRP and DAB substrate,
according to the manufacturer’s instructions. Hematoxylin was
used as background staining. Sections were examined with a
light microscope in a blinded manner and photomicrographs
were taken with a 20x objective. Coded slides were further
analyzed using a validated semiquantitative scoring method
based on the percentage of conjunctival tissue showing positive
immunoreactive staining.>>*¢ Immunohistochemical scores were
assigned according to five categories (0: no staining; 1: <25%
staining; 2: 25%—50% staining: 3, 50%—75% staining; and
4: >75% staining).

Detection of apoptotic cells
with the terminal deoxynucleotidyl
transferase dUTP nick end labeling

technique

Sections of tarsal conjunctiva (6 wm) were deparaffinized,
rehydrated, and permeabilized with proteinase K (20 pg/mL)
for 20 minutes at room temperature. Apoptotic cells were
visualized by a fluorescein isothiocyanate-linked termi-
nal deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) assay’’ with the FragEL™ DNA Fragmentation
Detection Kit (Merck Millipore, Billerica, MA, USA), fol-
lowing manufacturer instructions. No staining was evident in
negative controls when omitting the terminal deoxynucleo-
tidyl transferase enzyme. Slides were counterstained with the
DNA-binding stain DAPI (4’,6-diamidino-2-phenylindole)
to reveal pyknotic nuclei as well as the total number of
cells. Apoptotic cells were defined as TUNEL-positive cells
exhibiting apoptotic morphology (small cells with condensed
nuclei). Specimens were analyzed with a microscope (Nikon
Eclipse E800 [Nikon Instruments Europe BV, Amsterdam, the
Netherlands]); TUNEL-positive cells per mm? were counted
and digital images were captured using a standard fluorescein
filter (465—495 nm) and a filter for DAPI (330-380 nm).

Detection of apoptotic eosinophils
Combined staining with TUNEL and chromotrope-2R iden-
tifying apoptotic eosinophils was performed as previously
described.?!¥83° After deparaffinization, tissue sections were
incubated with chromotrope-2R solution for 30 minutes.
Slides were washed twice with tap water and then stained with
the FragEL™ DNA kit, as described in the previous paragraph.
Apoptotic eosinophils were defined as both chromotrope-2R-
positive and TUNEL-positive cells exhibiting apoptotic
morphology (small cells with condensed nuclei).

Quantitative reverse transcriptase

polymerase chain reaction

Tarsal conjunctiva specimens were stored in RNAlater
at —20°C. Total RNA was extracted, after homogenization, with
TRI Reagent and quantified using a spectrophotometer. For
each sample, 1 ug of total RNA was treated with RNase-free
DNase for 15 minutes at 25°C, followed by incubation at 65°C
for 10 minutes to inactivate DNase. The RNA samples were
then converted into cDNA using oligo(dT), random primers,
and the High-Capacity cDNA Reverse Transcription Kits (Life
Technologies Italia), according to the manufacturer’s instruc-
tions. Real-time PCR was performed using GoTaq® gPCR
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Master Mix obtained from Promega Corporation (Madison,
WI, USA). The protocol consisted of denaturation at 95°C
for 10 minutes, followed by 40 cycles of 95°C denaturation
(20 seconds) and 58°C annealing (1 minute). No-template con-
trols and DNA melting curve analysis were used as controls to
ensure the lack of contaminating DNA in the RNA preparations
and to rule out primer-dimer formation, respectively. Induction
of mRNA was determined from the threshold cycle (Ct) values
normalized for glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) expression and then normalized to the value derived
from conjunctivae of non-immunized guinea pigs. Primer
sequences of GAPDH, IL-8, IL-1B, TNF-o,, CCL11,and CCL5
have been previously published***' and are listed in Table 1.
Primers were synthesized by Sigma-Aldrich.

Data analysis

Data are expressed as mean * standard error of the mean or
median + standard error of the mean for the number of experi-
ments indicated. Statistical comparisons were made by analysis
of variance and post hoc Newman—Keuls test. Nonparametric
analysis of the scores assigned to the conjunctival symptoms
was done using the Friedman test followed by Dunn’s post hoc
comparison. Significant differences among immunohistochemi-
cal scores were tested by the Kruskal-Wallis test followed by
Dunn’s post hoc comparison. Data analysis was done using
GraphPad Prism (v 4.0; GraphPad Software, Inc., La Jolla, CA,
USA). P-values <0.05 were considered significant.

Results

Mapracorat and dexamethasone

eye drops reduce late-phase allergic
reaction in guinea pigs

Guinea pigs were actively immunized by ip injection of OVA
and challenged with OVA instilled into the conjunctival sac. One
hour after challenge, during the early-phase reaction, clinical
observations revealed typical early-phase symptoms of allergic
conjunctivitis: tearing and discharge, conjunctival redness, and

Table | Primers employed in real-time polymerase chain reaction

chemosis. These clinical symptoms showed a second rise from
4-8 hours after allergen challenge in the late-phase reaction
and then progressively decreased;* 24 hours after challenge,
conjunctiva did not present any relevant clinical symptom.

Mapracorat and dexamethasone (0.1%, 0.25%, and 0.4%)
administered in the conjunctival sac of both eyes 2 hours after
OVA challenge were equally effective in reducing inflam-
matory signs observed in the late phase. Both drugs caused
a dose-dependent response and a 0.4% dose was the most
effective (Figure 2).

In addition to the clinical response, late-phase allergic
reaction was evidenced by a significant increase in eosinophil
peroxidase activity in the OLF collected 4, 6, and 8 hours after
topical OVA challenge, taken as an index of the occurrence of
eosinophils in tear fluids; conversely, 30 minutes before and
24 hours after OVA challenge, eosinophil peroxidase activity
was not increased in the collected OLF. These data are indica-
tive of conjunctival infiltration of circulating eosinophils
that can also reach the tears. Mapracorat and dexamethasone
were equally effective in reducing, in a dose-related manner,
eosinophil peroxidase activity in tears (Figure 3).

The occurrence of a late-phase allergic reaction was con-
firmed by histological analysis of tarsal conjunctiva specimens,
obtained from guinea pigs sacrificed 24 hours after OVA chal-
lenge, containing numerous infiltrating eosinophils (Figure 4A).
Similarly, a significant increase of conjunctival eosinophil per-
oxidase activity was measured (Figure 4B). Mapracorat and dex-
amethasone were equally effective in reducing, in a dose-related
manner, eosinophil infiltration and eosinophil peroxidase
activity in the guinea pig conjunctiva (Figure 4A and B).

Mapracorat and dexamethasone eye
drops increase conjunctival eosinophil
apoptotic cells in late-phase allergic
reaction in guinea pigs

OVA challenge did not cause any significant elevation
of apoptotic, TUNEL-positive cells lying scattered in the

mRNA target Sense primer Antisense primer Reference
GAPDH 5-CCGGCCAAATACGATGACAT-3’ 5-TGTAGCCCAAGATGCCTTTGAG-3’ 40
CCLII 5-TCTGCACACTGCACCATGAA-3’ 5-AAGCAGAGACTGTGAGCAGCA-3’ 40
CCL5 5-CTGGCCCACTGCTTAGCAAT-3’ 5-CCTTGCTTCTTTGCCTTGAAA-3’ 41
IL-1B 5-CATGAGCTTCGTACAAGGAGAAAG-3’ 5-CAGGTACAGATTCTTCCCCTTGA-3’ 40
IL-8 5-CCTTGGATTCCCCTTTATTCCT-3’ 5-CGTATGTCCCCATGACATTGTG-3’ 40
TNF-o 5-CGTCTCTCCATCCATCCCTTCT-3’ 5-CCCTAATTCCCTTTCTGAACCA-3’ 40

Abbreviations: CCL5, chemokine C-C motif ligand 5; CCLI I, chemokine C-C motif ligand | I; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IL-1p, interleukin-1f3;

IL-8, interleukin-8; TNF-0, tumor necrosis factor-o; mRNA, messenger RNA.
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44 dexamethasone-treated guinea pig conjunctiva as compared
# to OVA-treated animals. TUNEL-positive green cells when
— 34 counterstained with chromotrope-2R appear as yellow cells.
g ‘g‘ Mapracorat was more effective than dexamethasone in increas-
E ; 5 5 § ing the number of apoptotic cells (Figure 6). No TUNEL staining
g £ S S § § was detected in control conjunctival sections or in absence of the
L—E’ % E E Q [; E deoxynucleotidyl transferase enzyme (data not shown). Thus,
= 1 both glucocorticoid receptor agonists induce, 24 hours after OVA

= challenge, a significant apoptosis of conjunctival eosinophil.
0 As previously stated in this paper, late-phase allergic reac-
® é'\\ée Q'.f\g q‘,’g\o 5 Q'.s\c rf,’§\° Q??\o tion is characterized by conjunctival eosinophil infiltration
3 OQ’+ 6“0‘ 0°+ @'Z’Q beQ. @'DQ that starts 4 hours after allergen challenge. To investigate if

OQ‘?“ Q \\

Figure 2 Map and Dex inhibit the clinical signs of late-phase conjunctival allergic
inflammation to OVA in sensitized guinea pigs.

Notes: Map and Dex eye drops (0.1%, 0.25%, and 0.4%; w/v) or the vehicle (30 pL/
eye) were administered in the conjunctival sac of both eyes 2 hours after OVA challenge
(30 pL of 2.5% solution). Ctrls received the vehicle alone and were not treated with
topical OVA. Each group comprised five guinea pigs, and the score, evaluated on both
eyes (n=10) was based on changes observed 4, 6, and 8 hours after OVA challenge
(2,4, and 6 hours after drug treatment) for the symptoms of itching, swelling, redness, and
lid eversion and was rated in a masked fashion using the following scale: 0, no symptoms;
1, slight conjunctival redness with or without tears; 2, mild conjunctival redness with or
without tears and mild chemosis; 3, mild conjunctival redness with or without tears and
moderate chemosis; 4, severe conjunctival redness with tears and partial lid eversion; 5,
severe conjunctival redness with tears and lids more than half closed. Data are presented
as boxes and whiskers. The boxes represent the 25th to 75th percentiles and horizontal
lines within each box represent the median values of all the data for all time points
together. The whiskers are the minimum and the maximum of all the data (n=10; both
eyes were evaluated). $P<<0.0| versus OVA + vehicle; “P<<0.01 versus Ctrl (Friedman test
followed by Dunn’s post hoc comparison).

Abbreviations: Ctrl, control; Dex, dexamethasone; Map, mapracorat; OVA, ovalbumin.

conjunctival tissue in comparison to controls at a 24-hour
time point (Figure 5). Interestingly, we observed that mapra-
corat and dexamethasone, administered 2 hours after OVA,
were effective in increasing, in a dose-related manner, the
number of apoptotic TUNEL-positive cells in guinea pig con-
junctiva in comparison to OVA-treated animals. Mapracorat
eye drops caused a more marked conjunctival cell apoptosis
compared to the same dose of dexamethasone (Figure 5).
To characterize the nature of apoptotic cells detected in
conjunctival specimens, we adopted a combined staining with
TUNEL and chromotrope-2R that allows identification of tis-
sue apoptotic eosinophils. As shown in Figure 6, histological
analysis performed in guinea pigs sacrificed 24 hours after
OVA challenge showed numerous eosinophils, evidenced as
red cells by chromotrope-2R staining, infiltrating the tarsal
conjunctiva. Under these conditions, only very rare apoptotic,
non-eosinophilic cells (stained as green cells) were evidenced
by the TUNEL procedure. In fact, adopting this procedure,
TUNEL- and chromotrope-2R-positive apoptotic eosinophils
appear as yellow cells. The number of apoptotic eosinophils
was increased, in a dose-related manner, in mapracorat- or

apoptotic eosinophils are detected in the conjunctiva as early
as 8 hours after OVA challenge, we performed a separate
experiment in which we observed that mapracorat or dex-
amethasone (0.4%) did not elevate the number of TUNEL-
positive cells in conjunctival specimens of OVA-challenged
guinea pigs sacrificed 6 hours after drug treatment (8 hours
after OVA), although a significant number of infiltrating chro-
motrope-2R-positive eosinophils was evidenced (Figure 7).
Thus, eosinophil apoptosis induced by glucocorticoid recep-
tor agonists is a late event that has been detected 22 hours
after drug treatment and has also been observed in human
eosinophils cultured in vitro for at least 24 hours.'®

Mapracorat and dexamethasone eye
drops reduce conjunctival chemokines
and cytokines mRNA levels and CCL5

and CCLI | protein expression
OVA challenge induced a significant elevation of mRNA
levels and protein expression of CCL5 and CCL11 in tarsal
conjunctival specimens after 24 hours. Mapracorat and dex-
amethasone, administered 2 hours after OVA, were equally
effective in reducing, in a dose-related manner, conjunctival
mRNA levels (Figure 8) and protein expression (Figure 9)
of both chemokines.

Furthermore, both glucocorticoid agonists induced a
dose-dependent decrease of conjunctival mRNA levels of
IL-1B, IL-8, and TNF-a. (Figure 8).

Discussion

Mapracorat is a selective glucocorticoid receptor agonist with
demonstrated anti-inflammatory properties for the topical treat-
ment of inflammatory conditions.'*!¢ Previously, we reported
that this agent inhibits the release of cytokines and chemokines
from human mast cells.'® In agreement with our findings,
Zhang et al** and Cavet et al'>? reported that mapracorat may
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Figure 3 Map and Dex reduce eosinophil peroxidase activity in OLF.

Notes: Both drugs (0.1%, 0.25%, and 0.4%; w/v) or the vehicle (30 LlL/eye) were administered in the conjunctival sac of both eyes 2 hours after OVA challenge (30 uL of 2.5%
solution). Ctrls received the vehicle alone and were not treated with topical OVA. Each group comprised five guinea pigs and both eyes were evaluated (n=10). Values are
the mean + standard error of the mean of ten values (samples of both eyes of five guinea pigs were collected) per group. *P<<0.05; $P<<0.01 versus OVA + vehicle; *P<<0.01

versus Ctrl (two-way ANOVA with Bonferroni post test).

Abbreviations: Br—, bromide; Ctrl, control; Dex, dexamethasone; EPO, eosinophil peroxidase; Map, mapracorat; OD, optical density; OLF, ophthalmic lavage fluid; OVA,

ovalbumin.

act, with similar activity and potency as dexamethasone, to
prevent the release of cytokines and chemokines in various
primary human ocular cells, including conjunctival epithelial
cells and fibroblasts. These effects help to explain the action
of mapracorat in reducing the conjunctival symptoms that
we preliminarily observed in OVA-sensitized guinea pigs by
administering mapracorat before allergen exposure and thus
showing its activity in preventing the early phase of ocular
allergy.'® In this former model'®, a prophylactic treatment of
mapracorat was effective in alleviating clinical signs of con-
junctivitis as it may act upstream, preventing mast cell degranu-
lation observed in the initial allergy cascade. Conversely, in
the present study, topical mapracorat was administered after
the induction of allergic conjunctivitis, when mast cells were
already degranulated, with the aim of investigating its activity
in the late-phase ocular reaction. We found that mapracorat,
as well as dexamethasone, reduce conjunctival eosinophil

accumulation and promote their apoptosis. We focused on
eosinophils since these cells mediate unique cytotoxic and
inflammatory effects and are crucial for the development of
allergic disorders, including conjunctivitis.* Besides selective
migration, longer cell survival and decreased apoptosis are
relevant to tissue-specific accumulation of these inflamma-
tory cells.”

Glucocorticoids are the most effective anti-inflammatory
drugs used to treat eosinophil disorders as they can prevent
eosinophil accumulation and activation. In vitro models have
suggested that glucocorticoids mediate their effects on eosino-
phil activity by an induction of eosinophil apoptosis;?’#44°
however, the in vivo therapeutic relevance of such explanations
is still questionable. Apoptotic eosinophils have previously
been observed in parasite-infected and glucocorticoid-treated
rat gut® whereas, as regards airway tissue, several studies have
reported that glucocorticoids resolve established eosinophilic
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Figure 4 Map and Dex eye drops reduce eosinophil infiltration by OVA in guinea
pig conjunctiva.

Notes: Map or Dex eye drops (0.1%, 0.25%, and 0.4%; w/v) or the vehicle (30 ul/eye)
were administered in the conjunctival sac of both eyes 2 hours after OVA challenge (30 uL
of 2.5% solution). Ctrls received the vehicle alone and were not treated with topical
OVA. (A) Effect of Map or Dex eye drops on conjunctival eosinophil infiltration 24 hours
after topical challenge with OVA. (B) Effect of Map or Dex eye drops on conjunctival
eosinophil peroxidase levels 24 hours after topical challenge with OVA. Ctrls received
the vehicle alone and were not challenged with topical OVA. Each group comprised
five guinea pigs, and both eyes were evaluated (n=10). *P<<0.05; $P<0.01 versus OVA +
vehicle; #P<0.01 versus Ctrl one-way ANOVA with Newman-Keuls post test.
Abbreviations: Ctrl, control; Dex, dexamethasone; EPO, eosinophil peroxidase;
Map, mapracorat; OVA, ovalbumin.
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inflammation in vivo without inducing any detectable apoptosis
of tissue eosinophils.?!3%46 These cited authors have pro-
posed that eosinophils could efficiently be eliminated by
egression into the airway lumen, where they may undergo
apoptosis much more frequently than cells resident in tissue
compartments. Interestingly, adopting the same histological
procedures developed by Uller et al and Uller et al to ascertain
any significant apoptosis in airway tissue,*'** we show here,
for the first time, that mapracorat and dexamethasone may
cause a dose-dependent increase of eosinophil apoptosis in the
conjunctiva. In agreement with our previous study carried out
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Figure 5 Map and Dex eye drops increase, in a dose-related manner, the
number of positive apoptotic cells evaluated by the TUNEL technique in tarsal
conjunctival sections prepared from guinea pigs sacrificed 24 hours after
OVA challenge.

Notes: Ctrls received the vehicle alone and were not treated with topical OVA.
(A) Representative micrographs. Apoptotic cells appear rounded and bright green.
Nuclei were counterstained with DAPI. (B) Values are the mean * standard error
of the mean (n=10; both eyes of five guinea pigs were evaluated). *P<<0.05, $P<<0.01
versus OVA + vehicle; #P<<0.01 versus Dex at the same dose (one-way ANOVA with
Newman-Keuls post test). Scale bar equals 50 pm.

Abbreviations: Ctrl, control; DAPI, 4,6-diamidino-2-phenylindole; Dex, dexame-
thasone; Map, mapracorat; OVA, ovalbumin; TUNEL, terminal deoxynucleotidyl
transferase dUTP nick end labeling.
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Figure 6 Map and Dex eye drops increase, in a dose-related manner, the number
of positive apoptotic eosinophils detected by TUNEL staining and chromotrope-2R
counterstaining, in tarsal conjunctival sections prepared from guinea pigs sacrificed
24 hours after OVA challenge.

Notes: Ctrls received the vehicle alone and were not treated with topical OVA.
Each group comprised five guinea pigs and both eyes were evaluated (n=10).
Representative micrographs, in which TUNEL-positive cells appear as distinct,
rounded, bright green nuclei and chromotrope-2R-positive cells appear as red spots,
are shown. Colocalization of TUNEL and chromotrope-2R staining originates yellow
cells (insets show enlargements). Scale bar equals 50 um.

Abbreviations: Ctrl, control; Dex, dexamethasone; Map, mapracorat; OVA,
ovalbumin; TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling.

in vitro on human eosinophils,'® we confirm that mapracorat
is more effective than dexamethasone in increasing spontane-
ous eosinophil apoptosis. This unique profile might be due
to differences in mapracorat versus glucocorticoids such as
dexamethasone in the binding to the glucocorticoid receptor,
which leads to a change in receptor conformation and could
induce differential binding with other cofactors and/or with

TUNEL Chromotrope-2R

OVA + vehicle

X
<
o
X
()
o

Map 0.4%

Figure 7 Map and Dex (0.4%; w/v) eye drops do not cause any apparent increase
in the number of positive apoptotic eosinophils detected by TUNEL procedure in
tarsal conjunctival sections prepared from guinea pigs sacrificed 6 hours after Map
and Dex treatment (8 hours after OVA challenge).

Notes: Contrary to apoptotic eosinophils, non-apoptotic eosinophils infiltrating
the conjunctiva, evidenced by chromotrope-2R, were increased by OVA challenge
and reduced by Map and Dex. Ctrls were not treated with OVA. Representative
micrographs, in which TUNEL-positive cells appear as distinct, rounded, bright
green nuclei and chromotrope-2R-positive cells appear as red spots, are shown.
Each group comprised five guinea pigs, and both eyes were evaluated (n=10).
Abbreviations: Ctrl, control; Dex, dexamethasone; Map, mapracorat; OVA,
ovalbumin; TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling.

glucocorticoid recognition elements residing in the promoter
of target genes.’

Despite only one single glucocorticoid receptor gene hav-
ing been discovered to date, several receptor isoforms may be
generated via alternative splicing or via alternative translation
initiation mechanisms.*® These isoforms have distinct tissue
distribution patterns and are capable of regulating unique sets
of genes and mediating glucocorticoid-induced apoptosis in
distinct manners.* For instance, the glucocorticoid receptor-
C3 isoform induces the expression of proapoptotic molecules
more efficiently than the D3 isoform.* Therefore, it should be
considered that mapracorat may induce apoptosis more effi-
ciently than dexamethasone by binding to certain glucocorticoid
receptor isoforms expressed in eosinophils. In addition, it has
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Figure 8 Map and Dex eye drops, administered 2 hours after antigen challenge, reduce conjunctival CCL5 (A), CCLI 1 (B), IL-IB (C), IL-8 (D), and TNF-o. (E) mRNA levels

in guinea pigs sacrificed 24 hours after OVA challenge.

Notes: Ctrls received the vehicle alone and were not treated with topical OVA. mRNA levels were measured by real time polymerase chain reaction using GAPDH as internal
control. Values are the mean * standard error of the mean (n=10; samples of both eyes of five guinea pigs were assayed). *P<<0.05; $P<<0.01 versus OVA + vehicle; “P<0.01 versus

Ctrl (one-way ANOVA with Newman-Keuls post test).

Abbreviations: CCL5, chemokine C-C motif ligand 5; CCLI |, chemokine C-C motif ligand | I; Ctrl, control; Dex, dexamethasone; GAPDH, glyceraldehyde 3-phosphate
dehydrogenase; IL- 1, interleukin- 1 B; IL-8, interleukin-8; Map, mapracorat; OVA, ovalbumin; TNF-0,, tumor necrosis factor-o.

been reported that components of cytoskeleton may facilitate
glucocorticoid-induced apoptosis.* Thus, mapracorat could also
influence these events more effectively that dexamethasone.
The reduced eosinophilia in mapracorat- and dexam-
ethasone-treated groups may, in part, reflect a reduced
recruitment of these cells to the conjunctiva. In fact, we
noted that both glucocorticoid receptor agonists signifi-
cantly suppress eosinophil accumulation in tear fluid col-
lected 4-8 hours after allergen challenge when eosinophil
apoptosis was not yet detected. Our findings, showing a
reduced, dose-dependent reduction in mRNA and protein
expression of CCL5 and CCL11 and in mRNA levels of
IL-1B, IL-8, and TNF-q,, suggest that these are related to
the mapracorat- or dexamethasone-mediated reduction of
conjunctival eosinophilia and confirm that these chemokines
and cytokines may represent useful markers with which to
monitor the anti-allergic efficacy of mapracorat and other
glucocorticoids. Interestingly, CCL5 and CCL11 have been
pointed out as two major chemokines elevated in the con-
junctiva of patients with vernal keratoconjunctivitis.?*2¢
Development of therapeutic glucocorticoid receptor
agonists with full anti-inflammatory properties and reduced
potential for side effects is an active area of research.”!!!
Transrepressive mechanisms are thought to account for the
majority of anti-inflammatory effects mediated through the

glucocorticoid receptor; however, recent studies highlight, in
some cell types and inflammatory conditions, the necessity
for induction of anti-inflammatory properties for maximal
therapeutic effects.” Induction of these anti-inflammatory
proteins likely involves transactivation, whether this is via
glucocorticoid responsive element binding, more complex
tethering, or composite actions incorporating other tran-
scription factors, remains to be elucidated. Therefore, it is
essential to verify the anti-inflammatory activity of novel
glucocorticoid receptor ligands in vivo in models, such as the
one adopted in this study. As reported,” ! it would be better
to search for “differential” compounds that show the most
favorable functional profiles than for glucocorticoid ligands
that distinguish transrepression and transactivation.
Clinical interest for mapracorat is also supported by sev-
eral clinical trials completed in the last few years testing for
allergic conjunctivitis,> dry eye syndrome,* and the treatment
of ocular inflammation and pain following cataract surgery.>
Trial results, which are not yet released by Bausch & Lomb,
will be fundamental to confirm mapracorat’s therapeutic
effects in clinical conditions involving ocular inflammation.

Conclusion
We confirm that mapracorat is a promising candidate for
the topical treatment of allergic eye disorders. It easily
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Figure 9 Map and Dex eye drops, administered 2 hours after antigen challenge, reduce conjunctival CCL5 and CCLI | protein levels in guinea pigs sacrificed 24 hours after
OVA challenge.

Notes: Ctrls received the vehicle alone and were not treated with topical OVA. (A and B) Representative conjunctival samples showing, respectively, the detection of CCL5
and CCLI | by immunohistochemistry. (C and D) Immunohistochemical scores were assigned according to five categories (0: no staining; |: 25% staining; 2: 25%—50% staining:
3, 50%—75% staining; and 4: >75% staining). Median values + standard error of the mean are reported (n=10; samples of both eyes of five guinea pigs/group were assayed).

*P<0.05; $P<<0.01 versus OVA + vehicle; “P<0.01 versus Ctrl (Dunn’s post hoc test after Kruskal-Wallis).

Abbreviations: CCL5, chemokine C-C motif ligand 5; CCLI I, chemokine C-C motif ligand I1;

Map, mapracorat; OVA, ovalbumin.

reaches conjunctival tissue when administered topically,'®
and some of its cellular targets may contribute to eosinophil
apoptosis and/or to prevention of eosinophil recruitment and
activation, in addition to inhibiting the release of cytokines
and chemokines.
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