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Purpose: Rheumatoid arthritis (RA) often presents with ocular
complications: typically dry eye, peripheral corneal ulcer, and
scleritis. We report for the first time a case of severe scleritis with
RA, accompanying atypical continuous keratitis, which apparently
differs from typical peripheral ulcerative keratitis (PUK).

Methods: Observational case report.

Results: A 68-year-old woman with RA presented at our hospital
complaining of worsening arthritis accompanying ocular injection
and discharge. On examination, nodular scleritis and peripheral
comeal infiltration were noted. In addition to administering topical
steroid and antibiotics, cyclosporine and an oral steroid were added
because of the patient’s worsening scleritis. Despite gradual
improvement of the scleritis, the efficacy of the additional treatments
was limited. Four months after initial treatment, the patient presented
with uveitis, thought to be caused by a herpetic virus. Antivirus
treatment was effective for the uveitis, but atypical continuous ker-
atitis suddenly appeared. The keratitis was located from 4-o’clock to
10-o’clock positions continuously in the midperipheral comea and
apparently differed from herpetic keratitis or PUK as typically seen
in RA cases. Immune reaction was suspected, and the keratitis im-
proved within 2 weeks. After that, the introduction of an anti—tumor
necrosis factor o drug (infliximab) completely resolved the severe
scleritis and there was no recurrence of ocular inflammation.

Conclusion: As is shown in this case, RA can present with atypical
continuous keratitis, thought to be a manifestation of an immuno-
logic reaction other than PUK. In addition, although immunosup-
pressants are often used for the treatment of RA with scleritis,
the efficacy is limited. Infliximab may be a useful treatment for
treatment-resistant scleritis.
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heumatoid arthritis (RA) is a chronic progressive autoim-

mune disease characterized by a polyarticular synovitis.
RA often presents with ocular complications caused by
immunocomplex deposits: typically dry eye, peripheral ulcer-
ative keratitis (PUK), and scleritis. Moreover, RA causes
a wide variety of ocular lesions, including uveitis and corneal
impairment in the clinical course.’

Scleritis is one of the severe ocular manifestations of
RA and is associated with systemic inflammation.>* As com-
pared to patients with idiopathic scleritis, RA-associated
scleritis is sometimes resistant to treatments.* In addition,
RA presents with various corneal lesions associated with
the occurrence of scleritis.>® PUK is a severe inflammatory
disease that characteristically involves the peripheral cornea.
The clinical presentation of PUK is characteristically a non-
infiltrating ulcer at the periphery of the cornea that is often
contiguous with adjacent scleritis.”

Conventional treatment of RA consists of the adminis-
tration of systemic corticosteroids and immunosuppressants.
Methotrexate is widely used as the first-line treatment;
however, methotrexate monotherapy often fails to reduce or
eradicate the inflammation. A combination with other immu-
nosuppressants, such as cyclophosphamide, cyclosporine A,
and azathioprine, is often used to lower the disease activity.*®
In addition, surgical intervention by keratoepithelioplasty is
commonly chosen for treating the severe peripheral corneal
ulcer.” However, very little published data exist regarding
treatments for RA-related ocular inflammation resistant to
conventional treatments. Tumor necrosis factor o (TNF-)
is an inflammatory cytokine, and agents blocking its action
have proven to be effective in treating RA. Reports are few,
but some case studies have reported the effective treatment of
severe scleritis.'®"!

In this present study, we report for the first time a case of
severe scleritis with RA accompanying atypical continuous
keratitis that apparently differs from typical PUK, which
ultimately was effectively treated by the use of an anti-TNF drug.

CASE REPORT

A 68-year-old woman was referred to our hospital presenting with
conjunctival injection and ocular discharge in her OD and worsening of
arthralgia. She had been diagnosed with RA over the previous 15 years
and had been treated with prednisolone (5 mg/d) and methotrexate
(6 mg/wk). Her best-corrected visual acuity was 20/32 OD and 20/20
OS. In her OD, nodular scleritis at the upper and lower sclera and
peripheral comeal infiltration at the 3-0’clock and 9-0’clock positions
were noted (Fig. 1). There were no inflammatory cells in the anterior
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chamber and vitreous cavity. A fundus examination showed normal
macula, peripheral retina, disk, and vessels in the OD.

The patient was initially treated with topical betamethasone and
levofloxacin but was found to be resistant to those treatments. One
month after the initial treatment, oral steroids and cyclosporine (50 mg)
were added to the treatment. As a result, the scleritis and peripheral
corneal infiltration showed gradual improvement, yet the efficacy was
limited. Four months after the initial treatment, she presented with
anterior uveitis with mutton fat keratic precipitates with pigment and
ocular hypertension (Fig. 2). From these findings, an accompanying
herpetic uveitis was highly suspected. Thus, antiherpetic drugs were
administered and the anterior uveitis responded well and improved
immediately. After that, and most interestingly, an atypical continuous
keratitis appeared, which apparently differs from typical PUK. The
lesion was located from the 4-o0’clock to 10-0’clock positions contin-
uously in the midperipheral cornea, with diffuse superficial punctate
keratitis (SPK) (Fig. 3), and we continued to administer antivirus drugs
and topical steroids. Two weeks later, the atypical keratitis gradually
disappeared, yet conjunctival invasion and hurricane keratopathy were
temporarily noted. Subsequently, administration of an anti-TNF-a
drug (infliximab) was initiated because of the persistence of ocular
and systemic inflammation. As a result, both scleritis and infiltrative
keratitis were completely improved, and there was no recurrence of
ocular diseases (Fig. 4).

FIGURE 1. Slit-lamp photograph of the cornea and sclera in
diffuse illumination showing nodular scleritis at the upper
sclera (A) and peripheral corneal infiltration at the 3-o’clock
and 9-o’clock positions (white arrow) (B).
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DISCUSSION

The ophthalmologic manifestations of RA are dry eye,
PUK, scleritis, and other ocular complications.! RA also
presents with various corneal impairments. It is reported that
the scleritis is often accompanied by corneal lesions and that
the activity of infiltrative keratitis correlates with that of the
scleritis.>® In addition to severe scleritis, this case presented
for the first time a unique corneal complication, one that is
clearly different from typical PUK.

In the present case, the continuous keratitis suddenly
appeared in the midperipheral cornea in the course of treatment
for wuveitis, thought to be caused by a herpetic virus.
Considering the shape and the location of the epithelial lesions,
an immunologic mechanism was highly suspected. Although
the accompanying diffuse SPK, the subsequent hurricane
keratopathy, and the effect of the reduced antivirus drug may
support the indication of a drug-induced mechanism, the shape
and location of the epithelial lesions were atypical for drug-
induced corneal damage. Herpetic keratitis was also suspected,
but the SPK surrounding the ulcer and the effect of the reduced
antivirus drug were incompatible with that hypothesis.

FIGURE 2. A, Slit-lamp photograph of the anterior chamber
with scleral scattering showing anterior uveitis with mutton fat
keratic precipitates with pigment. B, Slit-lamp photograph of
the cornea showing the residual nodular scleritis and periph-
eral corneal infiltration.
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FIGURE 3. A, Slit-lamp photograph of the cornea showing
continuous corneal epithelial defect, located from the 4-o’clock
to 10-o’clock positions in the midperipheral cornea. B, Slit-
lamp photograph of the cornea with fluorescein stain showing
diffuse SPK and the corneal epithelial defect.

The standard treatment for RA-associated scleritis is the
administration of topical betamethasone, but RA is often
unresponsive to topical treatments. Previous reports have
shown that cyclosporine is effective for treating severe
scleritis; however, side effects that limit the effect of that
treatment frequently occurred in elderly patients.'*'* In the
case presented in this study, we added cyclosporine and an
oral steroid because of the disease’s resistance to topical treat-
ments. The activity of scleritis and peripheral corneal infiltra-
tion improved gradually, but the efficacy was limited.

The anti-TNF-a monoclonal antibody infliximab is
widely used for the treatment of RA." Previous reports sug-
gested that infliximab is effective for the treatment of ocular
inflammation associated with RA, especially refractory scleri-
tis.'®¢ In this present case, infliximab was initiated after the
administration of cyclosporine because ocular activity and sys-
temic inflammation remained. Considering the fact that both the
scleritis and the peripheral comeal infiltration were completely
resolved without any side effects, infliximab may prove to be the
optimal treatment option in refractory cases of RA-associated
scleritis and comeal ulcer, especially in elderly patients.

© 2012 Lippincott Williams & Wilkins

FIGURE 4. A, B, Slit-lamp photograph of the cornea and sclera
in diffuse illumination showing the complete improvement
of the scleritis and peripheral corneal infiltration after the
administration of infliximab.

In conclusion, RA can present with atypical continuous
keratitis that is thought to be caused by an immunologic
mechanism, as is shown in this case. The pathophysiology is
complicated because of the modification of the disease by its
long clinical course and the various drugs that are adminis-
tered for treatment. In addition, although immunosuppres-
sants are often used for the treatment of RA with severe
scleritis, the efficacy of those drugs is limited and side effects
can frequently occur. Infliximab could be considered a treat-
ment choice in patients who are found to be resistant to
topical or conventional treatments.
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Expression of prostaglandin E receptor
subtype EP4 in conjunctival epithelium
of patients with ocular surface
disorders: case-control study

Mayumi Ueta,? Chie Sotozono, Keiko Yamada,' Norihiko Yokoi,’

Tsutomu Inatomi,! Shigeru Kinoshita'

ABSTRACT

Objectives: To confirm the downregulation of PTGER4
mRNA in the conjunctiva of Stevens-Johnson syndrome/
toxic epidermal necrolysis (SJS/TEN) and ocular
cicatricial pemphigoid (OCP) patients and to examine the
expression of its EP4 protein in the conjunctival
epithelium of patients with various ocular surface
disorders.

Design: Case-control study.

Setting and participants: We performed quantitative
reverse transcription-PCR (RT-PCR) analysis of PTGER4
mRNA in conjunctival tissue sections from patients with
SJS/TEN and OCP to confirm the downregulation of
PTGER4 mRNA expression. We also analysed EP4
immunohistologically in other ocular surface disorders.
Conjunctival tissues were obtained from patients
undergoing surgical reconstruction of the ocular surface
due to chemical eye burns, subacute SJS/TEN or chronic
SJS/TEN, chronic OCP, severe graft versus host disease
(GVHD) and from patients with Mooren’s ulcers treated
by resection of the inflammatory conjunctiva.

Primary and secondary outcome measures: The
expression of PTGER4 mRNA and EP4 protein assessed
by quantitative RT-PCR assay and immunohistological
methods.

Results: PTGER4 mRNA was significantly lower in
conjunctival tissues from SJS and OCP patients than in
the control conjunctivochalasis samples. EP4 protein was
detected in conjunctival epithelium from patients with
chemical eye burn and in control conjunctival epithelium
from patients with conjunctivochalasis. Its expression
varied in conjunctival epithelium from patients with
Mooren’s ulcer. We did not detect EP4 immunoreactivity
in conjunctival epithelium from patients with subacute
SJS/TEN, severe GVHD, chronic SJS/TEN or OCP.
Conclusions: The strong downregulation of EP4
expression in conjunctival epithelium from patients with
OGP or SJS/TEN may be attributable to ocular surface
inflammation.

INTRODUCTION
The prostanoids PGDs, PGEs, PGFg,, PGy
and TXAy are lipid mediators that form in

ARTICLE SUMMAR

response to various stimuli. They are released
extracellularly immediately after their synthesis
and they act by binding to a G proteincoupled
rhodopsin-type receptor on the surface of
target cells.! PGE, is produced during inflam-
matory responses and it suppresses the produc-
tion of cytokines and chemokines induced by

lipopolysaccharide-stimulated macrophages® *

and dendritic cells.* Elsewhere we reported
that PGE; modulates the expression of polyl:
C-induced proinflammatory genes in human
conjunctival epithelial cells.”

There are four PGE receptor subtypes,
EP1, EP2, EP3 and EP4. The intestinal epi-
thelium has been reported to express EP4
mRNA,6 and intestinal homeostasis was
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maintained and the immune response downregulated by
EP4.” The ocular surface is also one of the mucosa that
is in contact with commensal bacteria like the intestine.
Therefore, we focused on the expression of EP4 in
human conjunctival epithelium and the difference of its
expression between various ocular surface diseases.

We documented that while normal human conjunctival
epithelium expressed EP4 protein, it was down-regulated
in devastating ocular surface inflammatory disorders
such as chronic Stevens-Johnson syndrome (S]S)/toxic
epidermal necrolysis (TEN) and chronic ocular cicatricial
pemphigoid (OCP) 8 Here we examined the mRNA
expression of PTGER4, which is the gene of EP4 protein,
in the conjunctiva of S§JS/TEN and OCP patients in the
chronic stage to confirm that PTGERY mRNA EP4 is
down-regulated in their conjunctiva. We also examined
the expression of PTGER4 mRNA protein in the conjunc-
tival epithelium of patients with various ocular surface
disorders such as chemical eye burn, Mooren’s ulcer,
severe graft versus host disease (GVHD) and of patients
in the subacute stage of §JS/TEN.

MATERIALS AND METHODS

Human conjunctival tissues

This study was approved by the Institutional Review
Board of Kyoto Prefectural University of Medicine, Kyoto,
Japan. All experiments were conducted in accordance
with the principles set forth in the Helsinki Declaration.

For quantitative reverse transcription-PCR (RT-PCR)
the controls were nearly normal conjunctival tissues
obtained at surgery for conjunctivochalasis, a disease in
which the conjunctiva relaxes due to aging, resulting in
a foreign body sensation on the ocular surface. We also
prepared human conjunctival tissues from samples
obtained during surgery to reconstruct the ocular
surface in four patients in the chronic stage of S]S/TEN
and four patients in the chronic stage of OCP.

The controls for immunohistochemical analyses were
nearly normal conjunctival tissues obtained during
surgery for conjunctivochalasis. We also prepared human
conjunctival tissues from samples obtained during
surgery to reconstruct the ocular surface in three patients
with chemical (alkali) eye burn (two in the chronic stage
and one in the subacute stage), two patients with sub-
acute SJS/TEN, one patient with severe GVHD and from
four patients with Mooren’s ulcer undergoing resection
of inflammatory conjunctiva. SJS/TEN, OCP, Mooren’s
ulcer, chemical burn and GVHD are all ocular surface
inflammatory diseases with persistent inflammation on
the ocular surface not only in the acute stage but also in
the chronic stage.

Quantitative RT-PCR

Total RNA was isolated from conjunctival tissue sections
using the RNeasy mini kit (Qiagen, Valencia, California,
USA) according to the manufacturer’s instructions. The
RT reaction was with the SuperScript preamplification

EP4 expression in conjunctival epithelium of various ocular surface disorders

kit (Invitrogen, Carlsbad, California, USA). Quantitative
RT-PCR was on an ABl-prism 7700 instrument (Applied
Biosystems, Foster City, California, USA). The probes for
human PTGER4 and human GAPDH were from
Applied Biosystems. For cDNA amplification we per-
formed PCR in a 25 pl total volume that contained a 1 pul
cDNA template in 2xTaqMan universal PCR master mix
(Applied Biosystems) at 50°C for 2min and 95°C for
10 min, followed by 40 cycles at 95°C for 15s and 60°C
for 1min. The results were analysed with sequence
detection software (Applied Biosystems). The quantifica-
tion data were normalised to the expression of the
housekeeping gene GAPDH.

Immunohistochemistry

For EP4 staining we used rabbit polyclonal antibody to
EP4 (Cayman Chemical Co, Ann Arbor, Michigan, USA).
The secondary antibody (Biotin-SP-conjugated AffiniPure
F(ab’)e fragment donkey antirabbit IgG (H+L), 1:500
dilution; Jackson Immuno Research, Baltimore, Maryland,
USA) was applied for 30 min. The VECTASTAIN ABC
reagent (Vector Laboratories, Inc, Burlingame, California,
USA) was used for increased sensitivity with peroxidase
substrate solution (DAB substrate kit; Vector) as a chromo-
genic substrate.

Data analysis
Data were expressed as the mean+SEM and evaluated by
the Student’s t test using the Microsoft Excel software

program.

RESULTS
We previously documented that EP4 protein expression
was down-regulated in conjunctival epithelium of devastat-
ing ocular surface inflammatory disorders such as chronic
SJS/TEN and chronic OCP® In this study, to confirm the
down-regulation of EP4 in the ocular surface of SJS/TEN
and OCP patients we examined the expression of PTGER4
mRNA in control conjunctival tissues from six conjunctival
chalasis patients and in conjunctival tissues from four §JS/
TEN patients and four OCP patients. Representative find-
ings of EP4 immunoreactivity in each of these groups are
shown in figure 1A. Although EP4 protein was detected in
the control tissues, conjunctival epithelium from SJS
patients and OCP patients did not manifest EP4 immunor-
eactivity,. PTGER4 mRNA was significantly lower in con-
junctival tissues from SJS/TEN and OCP patients than in
the control conjunctivochalasis samples (figure 1B).
Moreover, we examined the expression of EP4 protein
in the conjunctival epithelium of patients with other
various ocular surface disorders. EP4 protein was
detected in nearly normal conjunctival epithelium from
patients with conjunctivochalasis (figure 2A) and in con-
junctival tissues from three patients with chemical eye
burn (figure 2B). Its expression varied in conjunctival
epithelium from four patients with Mooren’s ulcer
(figure 2C): in one patient is was similar to the control,
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Figure 1 The expression of A
PTGER4 mRNA in conjunctival
tissues from patients with

Stevens-Johnson syndrome EP4
(SJS)/toxic epidermal necrolysis
(TEN), ocular cicatricial
pemphigoid (OCP) and the
controls. (A) Representative
findings of EP4 immunoreactivity .
in each group (control, SUS/TEN, isotype
OCP). (B) Expression of PTGER4
mRNA in human conjunctival
tissues (*p<0.05).
B.
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in two it was slightly lower than in the control and in the
remaining patient it was not detected. There was no EP4
immunoreactivity in conjunctival epithelium from two
patients with subacute SJS/TEN (figure 2D), a patient
with severe GVHD (figure 2E) as same as patients with
chronic SJS/TEN or OCP?

We found that, as in normal human conjunctival epi-
thelium, EP4 is expressed in conjunctival epithelium
from patients with chemical eye burn. On the other
hand, EP4 immunoreactivity was not detected in con-
junctival epithelium from patients with SJS/TEN, OCP
or severe GVHD. We did not detect EP4 protein in cells
infiltrating subconjunctival tissues in any of the human
conjunctival tissues we examined.

DISCUSSION

Elsewhere we reported the expression of EP4 in normal
human conjunctival epithelium and its down-regulation
in conjunctival epithelium from patients with SJS/TEN
and OCP® Here we confirmed that in conjunctival
tissues from SJS/TEN and OCP patients its mRNA
expression was significantly down-regulated, and we also

EP4 expression in conjunctival epithelium of various ocular surface disorders

control

SJS/TEN

chalasis SIS/TEN OCP

document that EP4 is expressed normally in conjunctival
epithelium from patients with severe chemical eye burn
which, like SJS/TEN and OCP, is a devastating ocular
surface disorder.

On the ocular surface of patients with severe chemical
eye burn, conjunctival invasion into the cornea may
occur due to the stem cell deficiency of corneal epithe-
lial cells. This results in devastating ocular surface disor-
ders similar to OCP and SJS/TEN. However, in the
conjunctiva of patients with severe chemical eye burns,
EP4 expression was not down-regulated.

In patients with Mooren’s ulcer, an ocular surface
inflammatory disease, the expression of EP4 protein
varied; in some patients it was down-regulated. In
patients in the subacute stage of SJS/TEN with ocular
surface inflammation, the expression of EP4 protein was
remarkably down-regulated.

Our results suggest that it is possible that EP4 in con-
junctival epithelium might contribute the ocular surface
homeostasis, while the EP4 may not necessarily be down-
regulated in all devastating ocular surface disorders.

Kabashima et al’ reported that in mice, EP4 defi-
ciency impaired mucosal barrier function and induced
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A,

EP4

isotype

isotype

isotype

Figure 2

Immunohistological analysis of prostaglandin E receptor subtype EP4 in conjunctival epithelium of patients with ocular

surface diseases. (A) Nearly normal conjunctival tissues from patients with conjunctivochalasis. (B) Conjunctival tissues from
patients with chemical eye burn requiring ocular surface reconstruction. (C) Inflammatory conjunctival tissues from patients with
active Mooren’s ulcer requiring resection of the inflammatory conjunctiva. (D) Conjunctival tissues from Stevens-Johnson
syndrome/toxic epidermal necrolysis patients in the subacute stage. (E) Conjunctival tissues from a patient with severe graft

versus host disease. Each scale bar represents 100 um.

the aggregation of lymphocytes and neutrophils in the
colon, and that the administration of an EP4-selective
agonist to wild-type mice ameliorated severe colitis. In
mice treated with an EP4selective antagonist the recov-
ery from colitis was suppressed, leading them to con-
clude that EP4 maintains intestinal homeostasis by
preserving mucosal integrity and down-regulating the
immune response. On the other hand, Yao et aP found
that PGEy acting on its receptor EP4 on T cells and
dendritic cells not only facilitated T helper 1 (Tgxl) cell
differentiation but also amplified interleukin-23-
mediated Ty17-cell expansion in vitro. The administra-
tion of an EP4-selective antagonist to mice with experi-
mental autoimmune encephalomyelitis or contact
hypersensitivity decreased the accumulation of both
Tyl and Tyl7 cells in regional lymph nodes and sup-
pressed disease progression. Based on these observa-
tions they concluded that PGEy-EP4 signalling promotes
immune inflammation.

In human conjunctival tissues EP4 protein was expressed
in epithelial cells but not in cells infiltrating subconjuncti-
val tissues. We posit that the downregulation of EP4 in
conjunctival epithelium is associated with the ocular
surface inflammation seen in patients with OCP, SJS/TEN
and Mooren’s ulcer.

On the other hand, elsewhere we reported that
although EP3 and EP2 agonists suppressed the production
of CCL5, CXCL11 and CCL20 in response to polyl:C
stimulation, these chemokines were not suppressed by the
EP4 agonist in human conjunctival epithelial cells.®
Studies are underway in our laboratory to elucidate the
function of EP4 in conjunctival epithelial cells.

In summary, EP4 is expressed not only in normal con-
junctival epithelium but also in conjunctival epithelium
from patients with chemical eye burns and some patients
with Mooren’s ulcer. On the other hand, it is strongly
down-regulated in conjunctival epithelium from patients
with OCP and chronic SJS/TEN and subacute SJS/TEN.

4 Ueta M, Sotozono C, Yamada K, et al. BMJ Open 2012;2:6001330. doi:10.1136/bmjopen-2012-001330
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ABSTRACT

Background/aims To examine the characteristics of
infiltrating cells in conjunctival tissues adjacent to the
peripheral comeal ulcers of Mooren’s ulcer.

Methods This study involved four eyes of four patients
with Mooren’s ulcer and who were considered to be in
need of surgical treatment. The patients’ resected
conjunctival tissues were embedded and frozen. The
tissue sections were then subjected to H&E and
immunohistochemical staining. The stained sections were
observed and the characteristics of the infiltrating cells in
the conjunctival tissues were pathologically examined.
Results In all patients, infiltration of inflammatory cells
was observed in the submucosal connective tissue of the
conjunctiva. Immunohistochemical analysis revealed
inflammatory cell infiltration into the submucosal layer of
the conjunctiva that was mainly composed of CD3-
positive and CD45RO-positive cells. Some of these cells
also showed positive reactivity with CD4, yet very few
cells showed positive reactivity with CD8. In addition,
infiltration of the cells indicating CD68 positivity was
frequent in a few cases.

Conclusions In the four Mooren's ulcer cases,
infiltrating cells in the submucosa of the conjunctival
tissues adjacent to the ulcerative comnea were found to
be mainly composed of helper T lymphocytes and
macrophages. Our results show that helper T cells and
macrophages contribute to the pathogenesis of Mooren's
ulcer.

INTRODUCTION
Mooren’s ulcer (rodent corneal ulcer) is a rare dis-
order first described by Mooren in 1867 involving
chronic and painful ulceration of the cornea.” It
occurs in the absence of any systemic disorder such
as collagen diseases. The ulcerative lesion with
overhanging edges typically starts on the periphery
of the cornea and tends to spread progressively to
the entire circumference or towards the centre of
the cornea.? In such cases, severe inflammation
sometimes occurs on the ocular surface, progresses
rapidly and may cause corneal perforation. Since
Mooren’s ulcer is a rare disorder, the aetiology or
mechanisms of pathogenesis remain uncertain.
Topical administration of corticosteroids® and sys-
temic’ ® or topical® ° administration of immuno-
suppressive agents such as cyclosporin A are
commonly used as a conservative treatment for the
disorder. However, for cases that are resistant to
such medical treatments, various surgical treat-
ments such as peritectomy or keratoepithelio-
plasty'® are indicated.

A few studies have reported that autoimmunity
is involved in Mooren’s ulcer. Histopathologically,

1112

inflammatory cell infiltration is observed in the
cornea and conjunctiva adjacent to Mooren’s
ulcer.” * Moreover, steroid and/or immunosuppres-
sive therapies have been shown to be effective.
Therefore, it is considered that the primary patho-
genesis of Mooren’s ulcer is an immunological
reaction. However, few reports have focused on
examining the pathological findings of this disease in
detail.

To elucidate the pathology of Mooren’s ulcer, in
this study we examined the characteristics of the
infiltrating cells in the conjunctival tissues adjacent
to the peripheral corneal ulcers using an immuno-
histochemical technique.

MATERIALS AND METHODS

Patients

This study involved four eyes of four patients (two
men and two women; age range: 56-82 years) who
were diagnosed with Mooren’s ulcer at the
Department of Ophthalmology, Kyoto Prefectural
University of Medicine, Kyoto, Japan. These
patients were considered to be in need of surgical
treatment because they were resistant to the systemic
administration of betamethasone and cyclosporin A,
and the topical administration of betamethasone.
Macroscopic images of the ocular surface in these
four patients are shown in figure 1.

Limbal conjunctival tissues adjacent to the ulcera-
tive lesions resected during each patient’s surgery
were used for this study. As a control, the conjunc-
tival tissues resected at the time of surgery for one
woman (79 years of age) with conjunctivochalasis
(CCh) were also used.™*

This research was approved by the Committee for
Ethical Issues on Human Research, Kyoto Prefectural
University of Medicine and followed the tenets of the
Declaration of Helsinki. Informed consent was
obtained from all patients after they had received a
detailed explanation of the procedures.

Histological and immunohistochemical analysis
Preparation of the sections and H&E staining

The resected conjunctival tissues were embedded in
Tissue Tek OCT compound (Sakura Finetek Japan
Co., Tokyo, Japan) and snap frozen in liquid nitro-
gen. Next, serial sections approximately 5 pm in
thickness were cut using a cryostat (CM3050S; Leica
Biosystems Nussloch GmbH., Nussloch, Germany).
The sections were then placed on aminosilane-coated
glass slides (MAS slide glass; Matsunami Glass Ind.,
Osaka, Japan), air dried, fixed with Zamboni’s fixa-
tive (phosphate buffer containing 2% paraformalde-
hyde and 0.19% picric acid) for 1 min, and subjected
to standard H&E staining.

shioipyfight Articheaauthior,(ortheip.entbloyedth@0d3:3Preduced by BMJ Publishing Group Ltd under licence. 1
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Figure 1 Macroscopic images of the
patients’ ocular surface. (A) Case 1,
the right eye of a 60-year-old man.

(B) Case 2, the right eye of a
56-year-old man. (C) Case 3, the left
eye of an 82-year-old woman. (D) Case
4, the left eye of a 64-year-old
woman.

immunohistochemical staining

The prepared tissue sections were subjected to an indirect immu-
nohistochemical staining. In brief, the sections were fixed with
Zamboni’s fixative for 10 min at 4°C. They were then washed in
0.01 mol/litre phosphate buffered saline (PBS), preincubated
with PBS containing 2% bovine serum albumin (Nacalai Tesque
Inc., Kyoto, Japan) at room temperature (RT) to eliminate any
non-specific reaction, and continuously diluted primary antibody
solutions (table 1) were applied to the sections for approximately
16 h at 4°C. To confirm specificity of the immunohistochemical
staining, diluted solutions of normal mouse IgG; or mouse IgG,,
(Dako Japan, Tokyo, Japan) were applied instead of the primary
antibody solutions. The sections were then washed with PBS and
immersed in methanol containing 0.3% H,O, for 30 min at RT
to eliminate endogenous peroxidase activity. The sections were
washed again with PBS and peroxidase conjugated secondary
antibody (Histofine Simple Stain MAX-PO MULTI; Nichirei
BioSciences Inc., Tokyo, Japan) was applied for 45 min at RT.
The sections were then washed with PBS and purified water, and
incubated with 3, 3’-diaminobenzidin solution (Peroxidase
Substrate Kit DAB; Vector Laboratories, Inc., Burlingame,
California, USA) for 1-2 min to visualise the immunoreaction.
After counterstaining was performed with haematoxylin, the sec-
tions were dehydrated and mounted.

Table 1 List of primary antibodies

Analysis

The H&E and immunohistochemical stained sections were
observed by light microscopy (AX-70; Olympus Corporation,
Tokyo, Japan) and pathologically examined. Images of the sec-
tions were obtained using a CCD camera (DP50; Olympus).

RESULTS

H&E staining

In all four cases of Mooren’s ulcer in this study, infiltration of
small to slightly large-sized round-shaped cells was observed in
the submucosal connective tissue of the conjunctiva (figure 2A-
D). In case 1 (figure 2A) and case 2 (figure 2B), round-shaped
cells and a number of slightly large-sized cells with many
vacuoles were found to have been infiltrated. In case 3 (figure
2C), severe fibrosis and necrotic change was observed in the
submucosa of the lesion site of the conjunctiva. In the tissue
obtained from the female patient with CCh (figure 2E), no
remarkable changes were observed in the mucosa or submucosa
of the conjunctiva.

Immunohistchemical staining

The results of the immunohistochemical staining are shown in
table 2. In all four cases, inflammatory cell infiltration mainly
composed of CD3-positive cells (figure 3AE,LM) and

Antibody Maker Immunised animal/clonality Subtype of immunoglobulin Clone name Cat. No. Specificity

D3 Dako Mouse 1gG1-k 13-4B5 MO0756 Pan T cell (mature)
Japan Monoclonal

D4 Dako Mouse 1gG1-k MT310 M0716 Helper/inducer T cell, monocyte
Japan Monoclonal

cD8 Dako Mouse IgG1-k (81448 M7103 Suppressor/cytotoxic T cell
Japan Monoclonal

CD20cy Dako Mouse lgG2a-k L26 M0755 Pan B cell (except plasma cell)
Japan Monodlonal

CD45RO Dako Mouse lgG2a-k UCHL1 M0742 Pan T cell
Japan Monoclonal

Mast cell tryptase Dako Mouse 19G1-k AA1 M7052 Mast cell
Japan Monoclonal

Neutrophil elastase Dako Mouse 1gG1-k NP57 M0752 Neutrophil, monocyte
Japan Monoclonal

D68 Dako Mouse 1gG1-k KP1 M0814 Macrophage, histiocyte
Japan Monoclonal

2 Shinomiya K, et al. Br J Ophthalmol 2013;0:1-5. doi:10.1136/bjophthalmol-2012-302631
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Figure 2 H&E staining images. (A) Case 1, (B) case 2, (C) case 3, (D) case 4 and (E) control with conjunctivochalasis (CCh). Some case-specific
differences of grade can be seen, and small to slight large-sized round-shaped cells infiltrate into the submucosal connective tissue of the
conjunctiva in all cases. (A) In case 1, infiltration of slight large-sized cells which have many vacuoles can be observed. (E) In CCh, no remarkable
changes can be seen. Magnification x200. Scale bar 100 pm.

CD45RO-positive cells (figures not shown) was observed in the
submucosal layer of the conjunctiva. These cells were charac-
terised as T lymphocytes due to the pattern of their immunor-
eactivity. Some of these cells also showed positive reactivity with
CD4 (figure 3B,E]J,N), although very few cells showed positive
reactivity with CD8 (figure 3C,G,K,0). In addition, T lympho-
cytes and the infiltration of cells indicating CD3 negativity and
CD4 positivity were frequent in case 1 (figure 3A,B). These cells
were thought to be macrophages because, as with the large cells,
they showed vacuolisation of their cytoplasm on H&E staining
and positive reactivity with CD68. In addition, during immuno-
histochemical analysis, a large number of macrophages showing
positive reactivity with CD68 were observed in case 1 (figure
3D) and also in case 2 (figure 3H), case 3 (figure 3L) and case 4
(figure 3P). In contrast, a small number of CD20cy-positive,
mast cell tryptase-positive or neutrophil elastase-positive cells
were observed in all four cases, and there were no specific local-
isation patterns (figures not shown).

In the CCh specimen, a small number of cells showed positive
reactivity to antibodies (figure 3Q-T). In the negative control,

Table 2 Results of immunochistochemistry

Antibody/cases 1 2 3 4 Cch
3 +* + ++ ++ +—
D4 ++ + +/— + +/—
D8 +— +— +— +H— +—
CD20cy +— +— +/— +— +—
CD45R0O ++ 4 + e +/—
Mast cell tryptase +H— +— - +H— +H—
Neutrophil elastase +— + +— +— +—
D68 ++ + + + +—

*Infiltration of inflammatory cells was scored as follows: —, no positive cells are
observed; +/—, a small number of positive cells are observed; +, a large number of
positive cells are observed; ++, any of numerous positive cells are observed, and/or
aggregations of numerous positive cells are observed.

CCh, conjunctivechalasis.

sections stained using normal mouse IgG; or IgG,, showed no
positive reactivity (figure 3U,V).

In summary, in the four cases of Mooren’s ulcer in this study,
infiltrating cells in the submucosa of the conjunctival tissues
adjacent to the ulcerative cornea were mainly composed of
CD3-positive, CD45RO-positive and CD4-positive helper T
lymphocytes and CD68-positive macrophages, whereas the infil-
tration of B lymphocytes, neutrophils and mast cells was
minimal.

DISCUSSION

In the four patients with Mooren’s ulcer in this study, infiltrating
cells in the submucosa of the conjunctival tissues adjacent to the
ulcerative cornea were found to be mainly composed of
CD3-positive, CD45RO-positive and CD4-positive helper
T lymphocytes and CD68-positive macrophages. In addition,
the CD4-positive ratio of infiltrating T lymphocytes was clearly
higher than the CD8-positive ratio. However, a small number of
CD20cy-positive, mast cell tryptase-positive and neutrophil
elastase-positive cells were observed in the submucosa of the
conjunctival tissues but there were no characteristic patterns.

Wang et al'® previously reported that in the adjacent bulbar
conjunctiva of Mooren’s ulcer the CD4/CD8 ratio is signifi-
cantly higher than in normal controls, which is consistent with
our results.

It is known that immunosuppressive reagents such as cyclo-
sporin A are effective for the treatment of Mooren’s ulcer.6™
The primary effective treatment mechanism of cyclosporin A is
the inhibition of the activation of helper T cells by suppressing
the production of inflammatory cytokines such as interleukin-2
by binding to calcineurin.’® '’ In the inflammatory lesion of
Mooren’s ulcer, it is thought that cyclosporin A inhibits the
function of helper T lymphocytes and stimulates suppressor/
cytotoxic T lymphocytes.”” Therefore, the helper T lympho-
cytes are more likely to participate in Mooren’s ulcer.

In this study, infiltration of macrophages was also observed in
the conjunctival submucosa. Since infiltration of T lymphocytes

Shinomiya K, et al. Br J Ophthalmo/ 2013;0:1-5. doi:10.1136/bjophthalmol-2012-302631
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Case 1

Case 2

Case 3

CCh

Negative
control

cps ~ cD6s

Figure 3 Immunohistochemical staining images (CD3, CD4, CD8 and CD68). (A-D and U, V) Case 1, (E-H) case 2, {I-L) case 3, (M-P) case 4,
(Q-T) control with conjunctivochalasis (CCh). (A, E, |, M) Submucosal infiltrating cells show positive reactivity with CD3 in all cases. (B, F, J, N)
Some CD3-positive cells also show positive reactivity with CD4. (C, G, K, 0) A small number of cells show positive reactivity with CD8. (D, H, L, P)
Many submucosal infiltrating cells show positive reactivity with CD68, indicating that they are macrophages. (D) In case 1, a large number of
CD68-positive cells form a granulomatous lesion in the submucosa. (Q, R, S, T) In the control with CCh, only a small number of cells show positive
reactivity with CD3, CD4, CD8 and CD68. (U,V) Negative controls, no positive reactivity is observed. Magnification x200. Scale bar 100 pm.

and macrophages was observed in the Mooren’s ulcer lesion
site, it seems that some abnormalities of the immune system are
involved in the pathogenesis of the disorder. Previous reports
have shown that an autoantibody against cornea-associated
antigen was significantly increased in the serum of patients with
Mooren’s ulcer.'?

As for the four cases involved in this study, systemic or topical
treatments were applied consecutively. The histological or
immunohistochemical findings may undergo various modifica-
tions with treatment. At a minimum, it can be posited that the
infiltration of helper T lymphocytes and macrophages might be
related to the pathogenesis of Mooren’s ulcer.
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Tacrolimus ointment was effective in a protracted case of Mooren’s ulcer
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Abstract. Purpose : To report a protracted case of Mooren’s ulcer treated by topical tacrolimus. Case @ A 65-year-
old male was referred to us for corneal ulcer since 4 months before. He had suffered from alkhali burn in the right
eye 8 years before. Finding : Corrected visual acuity was no light perception right and 1.2 left. The left eye showed
conjunctival injection, perilimbal edema, and peripheral corneal ulcer with undermining. The left eye was treated by
conjunctival resection and keratoepithelioplasty followed by instillation of betamethasone and cyclosporine. He
started receiving tacrolimus ointment 2 months later. Pain in the left eye persisted with corneal thinning and progres-
sion of corneal ulcer involving three quadrants. The left eye was treated again by conjunctival resection and kera-
toepithelioplasty with instillation of tacrolimus ophthalmic solution 2 years later. The corneal lesion subsided another
18 months later. Conclusion : Repeated surgery with instillation of tacrolimus was effective for protracted Mooren's

ulcer in the present case.
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