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Abstract

Purpose Sterile ulceration is frequently observed in the

cornea following persistent corneal epithelial damage. We

examined the effect of alarmins released by necrotic cor-

neal epithelial cells (HCE) on the production of matrix

metalloproteinases (MMPs) and tissue inhibitors of met-

alloproteinases (TIMPs) by corneal fibroblasts.

Methods IL-1a and high-mobility group box 1 protein

(HMGB1) released into the supernatant derived from

necrotic HCE cells were measured with enzyme-linked

immunosorbent assay (ELISA). MMPs and TIMPs pro-

duced by corneal fibroblasts, stimulated with the super-

natant from necrotic HCE cells, were analyzed and

measured with protein array and ELISA. To investigate

dynamic expression of alarmins in the corneal epithelium,

we used immunohistochemistry to observe the expression

of human IL-1a in the corneal epithelium of human IL-1a
Tg mice with or without cryopexy. We also investigated

the expression of MMPs in corneal stroma of the mice

treated with cryopexy, using RT-PCR.

Results We detected IL-1a and HMGB-1 in the super-

natant of necrotic HCE cells. These supernatants increased

the expression of MMP-3 and MMP-1, and decreased that

of TIMP-1 and TIMP-2 in human corneal fibroblasts.

Almost always these were inhibited by IL-1 receptor

antagonist. Recombinant IL-1a increased the production

MMP-3 and MMP-1 in corneal fibroblasts. After cryopexy

of the epithelium of human IL-1a Tg mice, the expression

of human IL-1a was recognized in the cytoplasm but not

nucleus of epithelial cells. The level of MMP-3 and MMP-

1 mRNAs was elevated in the corneal stroma in mice

treated with cryopexy.

Conclusion Alarmins, especially IL-1a, released from

necrotic HCE cells may play an important role in the

expression of MMPs and TIMPs by corneal fibroblast,

resulting in sterile ulceration.

Keywords Alarmins � Matrix metalloproteinase � Corneal
fibroblasts � Tissue inhibitors of metalloproteinase �
Corneal epithelial cells

Introduction

Various endogenous molecules released by necrotic cells

are known as alarmins as they signal possible danger to

surrounding tissue [1–3]. These molecules, which include

high-mobility group box 1 protein (HMGB1), IL-1a, IL-33,
heat shock protein 60, uric acid, S100 proteins, DNA, ATP

and b-defensin2, induce inflammatory responses charac-

terized by the rapid migration of inflammatory cells into

the injured tissues. We have shown that alarmins released

by necrotic corneal epithelial cells play an important role in

corneal sterile inflammation, wound healing and allergic

inflammation [4, 5]. However, the mechanism responsible

for triggering sterile corneal ulceration in response to the

injury of the corneal epithelium is unclear. Given that in

individuals with sterile corneal ulceration the corneal

epithelium is often damaged, we have examined whether

alarmins released from necrotic corneal epithelial cells

might contribute to sterile corneal ulceration. The necrosis

of corneal epithelium can lead to corneal ulceration, which
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itself results from the destruction of collagen fibrils and

proteoglycans in the stroma by proteolytic enzymes. Matrix

metalloproteinases (MMPs) are proteolytic enzymes

known to participate in degradation and remodeling of

components of the extracellular matrix (ECM) and have

been implicated in tissue injury and repair. There are at

least 25 members in the MMP family [6]. Under normal

conditions, MMP activity is required for tissue remodeling,

but altered MMP activity is reported in association with

several diseases such as tumor metastasis, heart failure,

neurodegenerative diseases and rheumatoid arthritis

[7–15]. MMPs are thought to play an important role in

corneal ulceration and have also been identified in ulcer-

ated corneal tissue. Differential expressions of MMPs in

cornea were detected in patients with sterile ulceration

associated with rheumatoid arthritis [16–18], sjögren’s

syndrome [19], and in patients after photorefractive kera-

tectomy with perioperative diclofenac use [20, 21]. Of the

various MMPs, MMP-3, also known as stromelysin-1, is

associated with pathogenesis of sterile ulceration of the

cornea [16–21]. MMP-3 has broad substrate specificity and

can degrade fibronectin, laminin, elastin, collagen I, II and

proteoglycans of the ECM. MMP activity can be regulated

by the formation of complexes with the naturally occurring

endogenous inhibitor proteins called tissue inhibitors of

metalloproteinase (TIMPs). There are four TIMPs known

thus far, and among them, interaction of TIMP-1 with

MMP-3 is best known. TIMP-1 binds non-covalently with

MMP-3 at a molar ratio of 1:1 [22]. It is reported that the

active form of MMP-3, not pro MMP-3, binds with TIMP-

1 [23]. Therefore, the balance between TIMP-1 and MMP-

3 would be critical in determining the cellular activity of

MMP-3.

Epithelial-stromal interactions may play an important

role in sterile corneal ulceration. The corneal epithelial

cells also contribute either directly or indirectly to the

production of MMPs and TIMPs. On the other hands,

MMP-3 and MMP-1 are released at sites of corneal stromal

wounds and contribute to remodeling or degradation of

collagen fibrils. Several reports reveal that corneal fibrob-

lasts can produce MMP-3, MMP-1 and MMP-9 [24–27].

Therefore we have now investigated the effects of alarmins

released from necrotic cornea epithelial cells on the pro-

duction of MMPs and TIMPs in corneal fibroblasts in vitro

and in vivo.

Materials and methods

The use of cultured human cells and genetically modified

mice was approved by the Ethical Committee of Juntendo

Graduate school of Medicine. The Declaration of Helsinki

protocols were followed. All animal experiments were

performed in accordance with the guidelines in the ARVO

statement for the Use of Animals in Ophthalmic and Vision

Research.

Antibodies and ligands

A recombinant human IL-1a, HMGB-1 and TGF-b1 was

obtained from PeproTech Inc. (Rocky Hill, NJ, USA).

Recombinant human IL-1 receptor antagonist was pur-

chased from ProSpec-TechnoGene Ltd. (Rehovot Science

Park, Rehovot, Israel). Goat anti-human IL-1a polyclonal

Ab (pAb) (R&D Systems, Minneapolis, MN, USA) was

used in primary antibodies for immunohistochemistry. And

biotinylated goat anti-rabbit Ab (DAKO, Glostrup, Den-

mark) was used in second antibody.

Cell culture

In this study we used cultured corneal epithelial cells and

fibroblasts at second or third passages (ScienCell Research

Laboratories, Carlsbad, CA, USA). Corneal fibroblasts

were primarily cultured in Dulbecco’s modified Eagle’s

medium (DMEM) containing 10% fetal calf serum (FCS).

The keratocytes showed transdifferentiation into corneal

fibroblasts. Corneal epithelial cells grown in FCS-free Epi-

medium (ScienCell Research Laboratories) were also used

in primary culture.

Inducing necrosis of corneal epithelial cells

Following the procedure in previous reports [4, 5], necrosis

was induced by three cycles of freezing and thawing.

Corneal epithelial cells cultured with serum-free DMEM

were frozen (- 80 �C) for 20 min and thawed (37 �C) for
20 min over three cycles. The supernatant obtained from

necrotic corneal epithelial cells was used in this study.

Antibody array

Culture supernatant obtained from corneal fibroblasts was

analyzed with an antibody array (RayBio; Human Matrix

Metalloproteinase Antibody I kit; RayBiotech Inc., Nor-

cross, CA, USA) according to the manufacturer’s instruc-

tions. Corneal fibroblasts were grown to subconfluence in

DMEM containing 10% FCS, washed twice with PBS, and

then incubated in serum-free DMEM for 24 h with or

without the supernatant of necrotic corneal epithelial cells

(final concentration: 20%) or recombinant IL-1a (30 ng/

mL) or TGF-b1(30 ng/mL) or HMGB-I (100 lg/mL). The

culture supernatant was then harvested for antibody array

analysis. To estimate the effect of IL-1 receptor antagonist,

corneal fibroblasts were incubated in serum-free DMEM

for 24 h with the supernatant of necrotic corneal epithelial
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cells and IL-1 receptor antagonist (100 ng/mL), after which

the culture supernatant was harvested for antibody array

analysis. The mean optical intensity of positive spots was

estimated by densitometry with analyzer software (Gel-

Pro; Media Cybemetics, Inc, Silver Spring, MD, USA).

Enzyme-linked immunosorbent assay (ELISA)

To detect IL-1a, and HMGB-I in the supernatant of

necrotic corneal epithelial cells, we used ELISA kits (R&D

systems) according to the manufacturer’s instructions.

To detect MMP-3 in the supernatant of corneal fibrob-

lasts, we used MMP-3 ELISA kits according to the man-

ufacturer’s instructions (Quantikine; R&D Systems).

Corneal fibroblasts were grown to subconfluence and then

incubated in serum-free DMEM for 24 h with or without

exposure to the supernatant of necrotic corneal epithelial

cells or recombinant IL-1a. The supernatant was then

harvested for ELISA.

Animals

Female C57BL/6N mice (10 weeks old) and human IL-1a
Tg mice [28–30] were used in this experiment. IL-1a Tg

mice were gifted by Norihiro Tada (Atopy Research Cen-

ter, Juntendo Graduate School of Medicine, Tokyo, Japan).

The mice were given an intraperitoneal (IP) injection of

pentobarbital (40–50 mg/Kg) for deep anesthesia and a

drop of 1% pro-paracaine for local anesthesia before cre-

ating corneal injury. Corneal injury was created by cry-

opexy while viewing the eye through an operating

microscope. A cryoprobe was cooled to - 80 �C and

placed on corneas for 3 s. Repetitive freezing-and-thawing

procedures were applied to corneas. Samples were evalu-

ated through hematoxylin–eosin staining. Twenty-four and

72 h after cryopexy, the animals were euthanized with an

overdose of pentobarbital (100 mg/kg, administered IP),

after which the eyes were removed and prepared for

immunohistochemical and molecular analysis.

Immunohistochemical staining

The excised mouse eyes were fixed in 20% formalin in

phosphatebuffered saline (PBS) at 4 �C overnight and then

embedded in paraffin. Next, 3 lm thick sections of the eyes

were mounted on microslides (New Silane; Muto-Glass,

Tokyo, Japan). Deparaffinized sections were washed in PBS

and rehydrated with 100% ethanol. Antigen retrieval was

performed by boiling the sections in 0.01 M citrate buffer

(pH 6) for 10 min. The slides were washed with PBS and

blocked with 4% normal serum of second antibody animals

and 0.3% bovine serum albumin for 30 min at room tem-

perature. Subsequently, the slides were incubated with

primary antibody (antihuman IL-1a pAb) overnight at 4 �C,
followed by three washes in PBS and incubation for 40 min

with biotinylated goat anti-rabbit Ab (1:300 dilution;

DAKO, Glostrup, Denmark) at room temperature. After the

slides were washed three times in PBS, they were incubated

for 40 min with streptavidin-Alexa Fluor 488 (1:200 dilu-

tion; Molecular Probe). Counterstaining was done with

DAPI (H-1200; Vector Laboratories, Inc., Burlingame, CA,

USA). All sections were examined with a fluorescence

microscope (AxioVision 3.1; Carl Zeiss Meditec, Inc.

Dublin, CA, USA) and a laser confocal microscopy (TCS-

SP5/TIRF; Leica Microsystems AG, Solms, Germany).

Preparation of RNA and real-time PCR

Total RNAwas isolated from the removed corneas of h IL-1a
Tg mouse, using NucleoSpin� RNA II (Macherey–Nagel

GmbH, Duren, Germany). The steps were performed

according to the manufacturer’s instructions. The concen-

tration of RNA were assessed using a NanoDrop

1000 spectrophotometer (Thermo Fisher Scientific, Wilm-

ington, DE, USA). Complementary DNA was generated

from 0.5 lg total RNA (ReverTra Ace�; Toyobo Co., Ltd.,

Osaka, Japan). Real-time PCR was performed with SYBR

green master mix (Fast SYBR� Green Master Mix; Applied

Biosystems Inc. Foster City, CA, USA) on a commercial

system (7500 Fast Real-Time PCR System; ABI). Primers

sequences are listed in Table 1. 10 lL of SYBR Green

master mix was added to 2 lL of cDNA (corresponding to

50 ng of total RNA input) and 250 nM forward and reverse

primers in water. Plates were heated at 95 �C for 20 s.

Subsequently, 40 PCR cycles consisting of 3 s at 95 �C and

30 s at 60 �C were applied. Relative transcript levels were

calculated using the delta–delta Ct method, normalized to

GAPDH expression according to the following equation.

Statistical analysis

Results are expressed as the mean ± SE. Differences were

evaluated by Student’s t-test (Figs. 1, 3) using analytical

software (Excel; Microsoft, Redmond, WA, USA). Statis-

tical evaluations (Figs. 2, 4, 5 and 7) were performed with

Table 1 Primers used in real-time PCR

Primer sequence

MMP-3 Forward TGTCCCGTTTCCATCTCTCTC

Reverse TGGTGATGTCTCAGGTTCCAG

MMP-1 Forward ACTTTGTTGCCAATTCCAGG

Reverse TTTGAGAACACGGGGAAGAC

GAPDH Forward GCACAGTCAAGGCCGAGAAT

Reverse GCCTTCTCCATGGTGGTGAA
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the two tailed unpaired Mann–Whitney U test. P\ 0.05

was considered statistically significant.

Results

IL-1a and HMGB1 in the supernatant of necrotic

corneal epithelial cells

Using ELISA, we detected two kinds of alarmins: HMGB-

1 and IL-1a in the supernatant of necrotic corneal epithelial

cells (Fig. 1).

Antibody array of culture supernatants

from corneal fibroblasts stimulated

by the supernatant of necrotic corneal epithelial

cells

Culture supernatant from corneal fibroblasts was analyzed

with an antibody array.

The mean optical intensity of positive spots from the

culture supernatants was estimated. Corneal fibroblasts

constitutively produced MMP-3, MMP-1, TIMP-1 and

TIMP-2 (Fig. 2a). When cells were cultured with the

supernatant of necrotic corneal epithelial cells, the pro-

duction of MMP-3 and MMP-1 was enhanced, whereas the

production of TIMP-1 and TIMP-2 was decreased

(Fig. 2b). Treatment with an IL-1RA almost completely

inhibited the production of MMP-3 and MMP-1 (Fig. 2c).

The production of MMP-3 by corneal fibroblasts

was examined by ELISA

The supernatant of normal corneal epithelial cells slightly

induced the production ofMMP-3. The supernatant of necrotic

corneal epithelial cells or recombinant IL-1a (30 ng/mL) sig-

nificantly enhanced the production of MMP-3 (Fig. 3).

Antibody array of culture supernatants

from corneal fibroblasts stimulated by recombinant

IL-1a and/or TGF-b1

Culture supernatant from corneal fibroblasts treated with

recombinant human IL-1a (30 ng/mL) and/or TGF-b1
(30 ng/mL) was analyzed with antibody array. The mean

optical intensity of positive spots was estimated from the

culture supernatants. Corneal fibroblasts constitutively

produced MMP-3, MMP-1, TIMP-1 and TIMP-2 strongly

(Fig. 4a). Small amounts of other MMPs were also pro-

duced. When cells were treated with TGF-b1, the pro-

duction of MMP-3 was slightly enhanced (Fig. 4b). When

cells were treated with IL-1a, the production of MMP-3

was mildly enhanced (Fig. 4c). When cells were treated

with TGF-b1 and IL-1a, the production of MMP-3 was

strongly enhanced (Fig. 4d).

Antibody array of culture supernatants

from corneal fibroblasts stimulate by recombinant

HMGB-1

Cell culture supernatant from corneal fibroblasts treated

with recombinant HMGB-1 (100 ng/mL) was analyzed

with antibody array. The mean optical intensity of positive

spots was estimated from the cell culture supernatants.

HMGB-1 did not induce the production of MMP-3 and

MMP-1 (Fig. 5a, b).

The expression of human IL-1a in the cornea

of human IL-1a Tg mice by immunohistochemistry

The expression of human IL-1a was limited in the nuclei of

corneal epithelial cells of human IL-1aTgmice (Fig. 6a, red

stain). The expression of human IL-1a was enlarged to

cytoplasmof corneal epithelial cells of human IL-1aTgmice

after cryopexy (Fig. 6b, red stain). It was observed that

corneal endothelial cells were lost following transcorneal

cryoinjury, and Descemet’s membrane was denuded where

the cryoprobe was applied. In contrast, corneal epithelial

cells showed no cryo-induced necrosis. It is well known that

alarmins are released by not only necrotic cells, but also

damaged cells. Therefore, corneal epithelial cells treated

with cryoprobe released IL-1a from nucleus to cytoplasm.

The expression of MMP-3�1 m-RNA in the corneal

stroma by real-time PCR

Relative transcript levels were calculated using the delta–

delta Ct methods. m-RNA of MMP-3 (Fig. 7a) and MMP-1

(Fig. 7b were elevated in corneal stroma after cryopexy at

24 or 72 h.
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Fig. 1 Using ELISA, two kinds of alarmins, HMGB-1 and IL-1a
were detected in the supernatant of necrotic corneal epithelial cells
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Discussion

In this study we detected alarmins such as IL-1a and

HMGB1 in the supernatant of necrotic corneal epithelial

cells. These supernatants increased the expression of

MMP-3 and MMP-1, and decreased that of TIMP-1 and

TIMP-2 in cultured human corneal fibroblasts at protein

levels. IL-1R antagonist almost entirely inhibited this

production. Furthermore, recombinant IL-1a enhanced the

expression of MMP-3. Costimulation with IL-1a and TGF-

b increased MMP-3 expression synergistically. HMGB-1,

on the other hand, did not influence this production. These

results demonstrate that IL-1a derived from necrotic cor-

neal epithelial cells stimulated corneal fibroblasts via IL-

1R, resulting in the upregulation of the production of
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Fig. 2 Antibody array of cultured supernatants from corneal fibrob-

lasts stimulated by the supernatant of necrotic corneal epithelial cells.

Cultured supernatants from corneal fibroblasts was analyzed with an

antibody array. Representative arrays analyzing culture supernatant

obtained from corneal fibroblasts are shown: a cells cultured with

serum-free medium, b cells cultured with serum-free medium

containing the supernatant of necrotic corneal epithelial cells, c: cells

cultured with serum-free medium containing the supernatant of

necrotic corneal epithelial cells and human/IL-1 receptor antagonist

(IL-1RA: 100 ng/mL). Estimation of the mean optical intensity of

positive spots from the culture supernatants. Corneal fibroblasts

constitutively produced MMP-3, MMP-1, TIMP-1 and TIMP-2.

a Blue square. When cells were cultured with the supernatant of

necrotic corneal epithelial cells, the production of MMP-3 and MMP-

1 was enhanced. b Red square. On the other hand, the production of

TIMP-1 and TIMP-2 was decreased. a Green square. Treatment with

an IL-1RA almost completely inhibited the increased production of

MMP-3 and MMP-1. c Blue square
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L)Fig. 3 The production of

MMP-3 by corneal fibroblasts

was examined by ELISA. The

supernatants of normal corneal

epithelial cells slightly induced

the production of MMP-3. The

supernatants of necrotic corneal

epithelial cells or recombinant

IL-1a (30 ng/mL) significantly

induced the production of

MMP-3
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MMP-3 and MMP-1, and down regulation of that of TIMP-

1 and TIMP-2.

IL-1 molecules are encoded by two distinct genes, IL-1a
and IL-1b. Both initially produce precursor polypeptides

with a predicted Mr of 31 kDa. IL-1a precursor is bio-

logically fully active, whereas IL-1b precursor displays no

biological activity until it has been processed to form the

17-kDa mature form. Unlike other secreted proteins, IL-1a
precursor lacks a hydrophobic leader sequence and is never

found in organelles involved in classical secretory path-

ways. Wessendorf et al. reveal that IL-1a precursor protein

contains a functional nuclear localization sequence within

the structure of the precursor domain and exists in the

nucleus [31]. Recently IL-1a became known as one alar-

min, an endogenous danger signal released from necrotic

cells [32].

Among the many alarmins, IL-1a was investigated in

corneal sterile inflammation. Wilson et al. reveal that IL-

1a is expressed by unwounded corneal epithelial cells and

released corneal stroma after mechanical injury [33–35].

Hong et al. reveal that IL-1a had a crucial role in

inflammatory cell infiltration into the cornea after corneal

scrape injury in rabbits [36]. Stapleton examined the

effect of topical soluble IL-1R antagonist on bone mar-

row-derived cell influx following corneal epithelial scrape

injury in a mouse model and demonstrated that topical IL-

1R antagonist markedly down regulates cell infiltration in

corneal stroma [37]. Sotozono et al. show that in alkali-

burned mouse corneas, IL-1a levels are dramatically

elevated in the regenerated epithelium during early stages

of alkali burn [38]. Recently, we revealed that IL-1a
derived from necrotic corneal epithelial cells induces the

production of IL-6 by corneal fibroblasts and has an

important role in corneal sterile inflammation and wound

healing [4]. Furthermore, we also revealed that alarmins

including IL-1 are released from necrotic corneal epithe-

lial cells and cooperate with Th2 cytokines to induce CCL

11 production and VCAM-1 expression in corneal

fibroblasts [5]. Although IL-1a may be the master regu-

lator of corneal sterile inflammation. However, the con-

tribution of epithelial cell damage to corneal sterile

ulceration does not provide sufficient information to merit

a detailed investigation.

In this study, we revealed that IL-1a derived by dam-

aged corneal epithelial cells induced the production of

MMP-3 and MMP-1, and may thereby play an important
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Fig. 4 Antibody array of cultured supernatants from corneal fibrob-

lasts stimulated by recombinant IL-1a and/or TGF-b1. Cultured

supernatants from corneal fibroblasts treated with recombinant human

IL-1a (30 ng/mL) and/or TGF-b1 (30 ng/mL) were analyzed with

antibody array. Representative arrays analyzing cultured supernatants

are shown: a Cells cultured with serum free medium. b Cells cultured

with serum free medium with recombinant TGF-b1. c Cells cultured

with serum free medium with recombinant IL-1a. d Cells cultured

with serum free medium with recombinant TGF-b1 and IL-1a. The

mean optical intensity of positive spots was estimated from the

culture supernatants. Corneal fibroblasts constitutively produced

MMP-3, MMP-1, TIMP-1 and TIMP-2 strongly. a Red square, green

square. Other MMPs were produced slightly. When cells were treated

with TGF-b1, the production of MMP-3 was slightly enhanced. b Red

square. When cells were treated with IL-1a, the production of MMP-3

was mild enhanced. c red square. When cells were treated with TGF-

b1 and IL-1a, the production of MMP-3 was strongly enhanced.

d Red square

The expression of matrix metalloproteinases and their inhibitors in corneal fibroblasts by… 97

123



role in ulceration associated with damages of corneal

epithelium.

In this study, HMGB-1 did not induce corneal fibrob-

lasts to produce MMP-3 and MMP-1. The exact mecha-

nism that prevents corneal fibroblasts from reacting to the

stimulation of HMGB-1 is still unknown. Recently, Park

et al. revealed that HMGB-1 could interact with both Toll-

like receptor2 (TLR2) and TLR4 and induce cellular acti-

vation and generate inflammatory responses that are similar

to those initiate by LPS [39]. Our previous study revealed

that corneal fibroblasts expressed TLR2 and 4 mRNA.

However, the surface expression of TLR2 and 4 at protein

levels can not be established in flow cytemetry analysis

[40]. Therefore, the reason that corneal fibroblasts do not

respond to HMGB1 may depend on the surface expression

of TLR2 and 4. Furthermore, Chen et al. reveal that when

they injected necrotic cells into TLR2/TLR4 double-defi-

cient mice, they found a small reduction in neutrophil

infiltration. On the other hand, when injected into IL-1

receptor mutant mice, they observed significant reduction

in the neutrophil infiltration to necrotic cells [41]. There-

fore, in this study, the reason that HMGB-1 did not influ-

ence the production of MMPs and TIMPs may depend on

the expression and function of TLRs in corneal fibroblasts.

It is known that sterile ulceration of the cornea is

observed in rheumatoid arthritic (RA) patients [16–18].

The exact mechanism of sterile ulceration in RA is not well

known. Okamoto et al. reveal that IL-1 was highly

expressed in the epithelium of MRL/l pr mice [42]. These

mice spontaneously developed polyarthritis resembling

RA, and also corneal involvement such as keratopathy and

scleritis, which is a major complication in RA patients.

Recently, Tada et al. generated transgenic (Tg) mice

overexpressing the human IL-1a gene [28–30]. Macro-

scopic findings of Tg mice included hair loss, body weight

loss, and bilaterally symmetrical polyarthritis. These mice

spontaneously developed polyarthritis resembling RA.

Tada et al. also examined the biological activity of trans-

gene derived human IL-1a because the transgene was of

human origin. The transgene-derived human IL-1a was

biologically active [28–30]. In this study, we detected the

expression of human IL-1a in the nucleus of corneal

MMP3
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×2
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Fig. 5 Antibody array of cultured supernatants from corneal fibrob-

lasts stimulated by recombinant HMGB-1 (100 ng/mL). Representa-

tive arrays analyzing cultured supernatants are shown: a cells cultured
with serum free medium. b Cells cultured with serum free medium

with recombinant HMGB-1. The mean optical intensity of positive

spots was estimated from the cultured supernatants. HMGB-1 did not

induce the production of MMP-3 and MMP-1. b Blue square

Fig. 6 The expression of human IL-1a in the cornea of human IL-1a
Tg mice by immunohistochemistry. a Corneas of human IL-1a Tg

mice with no treatment. b Corneas of human IL-1a Tg mice treated

with cryopexy (after 24 h). a The expression of h IL-1a was limited in

nucleus of corneal epithelial cells of human IL-1a Tg mice with no

treatment. b The expression of human IL-1a was enlarged to

cytoplasm of corneal epithelial cells of human IL-1a Tg mice

treatment with cryopexy. (bar = 100 lM)
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epithelial cells of these mice at protein level. When corneal

epithelial cells were induced to damage by cryopexy, the

expression of human IL-1a was enlarged and observed in

the cytoplasm of corneal epithelial cells. Furthermore, the

expression of MMP-3 and MMP-1 m-RNAs were increased

in the cornea. These results may indicate that cryopexy

induces damaged corneal epithelial cells and IL-1a in the

nucleus is released to cytoplasm. IL-1a released from

corneal epithelial cells may stimulate corneal fibroblasts to

express MMP-3 and MMP-1 m-RNAs. Thus, IL-1a derived

from damaged corneal epithelial cells may enhance the

expression of MMP-3 and MMP-1 in corneal fibroblasts,

resulting in sterile corneal ulceration. In conclusion, IL-1a
derived from damaged corneal epithelial cells increased the

production of MMP-3, MMP-1, and decreased the pro-

duction of TIMP-1 and TIMP-2 in corneal fibroblasts. The

interaction between corneal epithelial cells and fibroblasts

may be essential to sterile ulceration in cornea. In future,

topical IL-1a receptor antagonists or anti-IL-1a antibodies

may become effective in the treatment for sterile ulceration

with epithelial damage.
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