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Abstract

Interleukin-1 receptor antagonist (IL-1ra) is an important
modulator of IL-1 activity in a variety of tissues. IL-1ra is
differentially produced by different cell types as a 22-26-
kD secreted peptide (sIL-1ra) and/or a smaller 16- or 18-
kD intracellular peptide (icIL-1ra). This study was under-
taken to evaluate the production of IL-1ra in the human
cornea. IL-1ra mRNA can be detected in early passage hu-
man corneal epithelial cells and corneal stromal fibroblasts
and is significantly enhanced by IL-1. Corneal endothelial
cells do not express IL-lra mRNA. Immunohistochemical
studies of cultured corneal cells and whole human cornea
demonstrate IL-1ra protein production by both the epithe-
lial and stromal cells but not the endothelial cells. Reverse
transcriptase polymerase chain reaction, ELISA, and immu-
noprecipitation studies indicate that corneal epithelial cells
are capable of producing both icIL-1ra and sIL-1ra forms
of IL-1ra whereas the corneal stromal cells produce only
icIL-1ra. In addition to the larger 18-kD icIL-1ra, both cor-
neal epithelial and stromal cells are also capable of produc-
ing a smaller recently described 16-kD icIL-1ra. Thus, the
differential production of IL-1ra in the human cornea is
unique; whereas both epithelial and stromal cells produce
icIL-1ra (type 1 and type 2), the epithelial cells appear to
also produce sIL-1ra. It is proposed that these IL-1ra pro-
teins may play an important role in regulating IL-1-induced
corneal inflammation. (J. Clin. Invest. 1995. 95:82-88.) Key
words: corneal epithelial cells « corneal stromal fibroblasts
« corneal inflammation - interleukin-1 - secreted interleukin-
1 receptor antagonist

Introduction

Cytokines have been implicated as important mediators of in-
flammation and tissue damage in the cornea (1-6). It has been
demonstrated by our group and others that corneal cells are
capable of producing a number of inflammatory cytokines in-
cluding the potent immunomodulating cytokine interleukin 1
(IL-1) (7-14). Increased tissue IL-1 production has been de-
tected in many inflammatory disease states (15, 16). In the eye,
intravitreal injection of IL-1 produces an acute anterior uveitis
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in animal models (1-3) and release of IL-1 from implanted
intracorneal pellets results in corneal neovascularization (17).
Corneal inflammation and neovascularization have been re-
ported in transgenic mice in which high intraocular constitutive
production of IL-18 was generated by using a crystalline gene
promotor construct (18, 19). Furthermore, the addition of IL-
1 to cultured corneal cells augments the production of interleu-
kin 8 (IL-8) and the expression of intracellular adhesion mole-
cule-1 (ICAM-1) which could initiate the inflammatory cascade
in the cornea (20, 21).

Factors which inhibit the effect of IL-1 on various target
cells may play an important role in modulating corneal inflam-
mation. The IL-1 receptor antagonist (IL-1ra)' is a recently
characterized molecule that acts as a pure antagonist of biologi-
cally active IL-1 (22, 23). IL-1ra blocks cellular responses to
IL-1 by binding almost irreversibly to the IL-1 receptor without
triggering signal transduction (24, 25). Alternatively spliced
products of the IL-1ra gene result in two forms of IL-1ra desig-
nated secreted IL-1ra (sIL-1ra) and intracellular IL-1ra (icIL-
1ra) which are produced differentially in various cell types and
may have distinct biologic roles in modulating IL-1-induced
responses (26). For example monocytes, macrophages, neutro-
phils, and hepatocytes have been reported to secrete sIL-1ra
whereas icIL-1ra is produced by fibroblasts, macrophages, and
epithelial cells (26). In addition, a second smaller form of icIL-
Ira (16 kD) has been recently described which appears to have
a similar function as the larger 18-kD form of icIL-1ra (27,
28). As an antagonist of IL-1, IL-1ra has been demonstrated
to inhibit IL-1 inducible events both in vitro and in vivo (29—
34). We have demonstrated that the administration of IL-1ra
effectively blocks the onset of IL-1-induced uveitis in a rabbit
model (35). However, little is known regarding the production
and regulation of IL-1ra in the eye. In this investigation we
examine the production of sIL-1ra and icIL-1ra in human cor-
neal cells and whole cornea. The production of IL-1ra by the
cornea may have important consequences for modulating IL-
1-mediated inflammation and tissue repair in the anterior cham-
ber of the eye.

Methods

Isolation and culture of human corneal cells. Primary human corneal
epithelial cell cultures were established by aseptically scraping the epi-
thelial layer of transplant quality human corneas obtained from the
Oregon Lion’s Eye Bank (Portland, OR) using a No. 15 scalpel after
a 1 h Dispase (Boehringer Mannheim, Indianapolis, IN) treatment at
37°C. Cells were obtained from three sets of freshly removed corneas
(six corneas). The donors were 40, 60, and 65 years old and had no

1. Abbreviations used in this paper: icIL-1ra, intracellular IL-1 receptor
antagonist; IL-1ra, IL-1 receptor antagonist; sIL-1ra, secreted IL-1 re-
ceptor antagonist.



underlying ocular disease. All studies were carried out at least three
times and results from representative experiments are presented. Cells
were then cultured in medium 154 supplemented with bovine pituitary
extract, bovine insulin, hydrocortisone, human transferrin, and human
epidermal growth factor (Cascade Biologicals, Portland, OR) with me-
dia changes every 48 h until subconfluent.

Primary human corneal stromal cell cultures were established from
tissue obtained as described above from the Oregon Lion’s Eye Bank
by removal of the central cornea using an 8-mm biopsy punch after
scraping away the epithelial layer. After removal of Descemet’s mem-
brane, the corneal stroma was minced with scissors and cultured in
MCDB 402 media with 10% fetal calf serum. Media was changed every
48 h until cells were subconfluent.

Primary human corneal endothelial cells were isolated from tissue
obtained as described above by scraping this layer of cells from Descem-
et’s membrane. Endothelial cells were pooled from the three donor
corneas and total RNA was extracted for use in RT-PCR studies.

Immunohistochemistry for detection of IL-1ra. For immunohisto-
chemistry studies, epithelial cells and stromal fibroblasts were harvested
by trypsinization after 2—-3 wk, washed, replated onto 22-mm cover
slips in six well plates, and cultured in supplemented medium 154 until
90% confluent. Cells were stimulated with human IL-1a (20 U/ml, ~1
X 107® mg) (Genzyme Corp., Cambridge, MA) for 6 h, washed three
times in cold Hank’s balanced salt solution (HBSS), fixed for 10 min
in 1% para-formaldehyde PBS at 4°C, then washed three times in cold
HBSS. Fixed monolayers of human corneal epithelial cells were blocked
for 30 min with HBSS 5% normal horse serum, then stained with either
5 pg/ml murine monoclonal antibody to IL-1ra (a kind gift of Dr. W.
Arend, University of Colorado Health Sciences Center, Denver, CO)
or 5 pg/ml of purified preimmune mouse IgG for 1 h at 25°C. Slides
were washed three times and stained for 1 h with a 1:200 dilution of
alkaline phosphatase conjugated horse anti—mouse IgG ( Vector Labora-
tories, Inc. Burlingame, CA). Slides were developed using TR Fast Red
substrate (Pierce, Rockford, IL) which leaves a red precipitate where
alkaline phosphatase activity is localized. Slides serving as negative
controls were counterstained with methylene blue to allow cellular mor-
phology to be visualized. Monolayers were photographed using bright
field/phase contrast double exposure with a Nikon inverted microscope.

For immunohistochemistry of whole human cornea, transplant qual-
ity corneas were harvested within 1 h postmortem, (Lion’s Eye Bank)
and held in Optisol at 4°C for 6—8 h before embedding. Corneas were
washed three times with HBSS (Ca®*/Mg?* free) then embedded in
O.C.T. (Miles Inc., Elkhart, IN), frozen in liquid N,, and stored at
—70°C until sectioned. Tissue blocks were warmed to —12°C and 8-uM
sections were cut on a Minotome (International Equipment Company,
Needham, MA). Sections were mounted on glass slides and fixed for
5 min in acetone at 4°C, then washed three times in HBSS. Sections
were blocked and stained as above. After developing with Fast Red TR,
sections were fixed for 5 min in 2% glutaraldehyde in PBS at 4°C,
counterstained with hematoxylin and eosin, and photographed under
bright field illumination with a Nikon inverted microscope.

Determination of secreted and cell-associated IL-1ra by ELISA.
Cultured human corneal epithelial cells and human corneal stromal fi-
broblasts were grown to near confluence then either treated with fresh
basal media (unstimulated) or media supplemented with recombinant
human IL-1a (20 U/ml) (Genzyme) for 48 h. Cell supernatants were
collected and stored at —20°C. Cell lysates were prepared by collecting
cultured cells using 10 mM EDTA in HBSS (Ca®*/Mg>* free) at 4°C
and centrifugation (1,500 g) for 10 min. Cell pellets were lysed in PBS
with 1% NP-40, 10 mM EDTA, 2 mM PMSF, and 10 pg/ml each of
Leupeptin, Pepstatin A, Antipain, Chymostatin (Sigma Chemical Co.,
St. Louis, MO) on ice for 20 min, then clarified by centrifugation
(10,000 g for 20 min at 4°C). Both cell lysates and tissue culture
supernatants were tested for IL-Ira using a commercially available
ELISA kit (R&D Systems, Minneapolis, MN).

Northern blot analysis. For Northern blot analysis, corneal epithelial
cells and stromal fibroblasts were grown to near confluence then either
treated with fresh basal media (unstimulated) or media supplemented
with recombinant human IL-la (20 U/ml) (Genzyme) for 6 h prior to

cell harvest. Poly(A)* mRNA was isolated by the oligo(dT)-cellulose
affinity chromatography method (36) and mRNA levels were deter-
mined by Northern blot analysis as previously described (37). The
human IL-1ra cDNA probe used in these studies was generously pro-
vided by D. Carter (Upjohn Inc., Kalamazoo, MI). This probe will
detect mRNA for both icIL-1ra and sIL-1ra. Equivalent loading of RNA
in each lane was confirmed by hybridizing the blots with the cDNA
probe for the gene cyclophilin (1B15), which was generously provided
by J. Douglass (Oregon Health Sciences University, Portland, OR).

Reverse transcriptase polymerase chain reaction using specific icIL-
Ira and sIL-1ra primers. PCR analysis of steady state mRNA from
human corneal epithelial, stromal, and endothelial cells was conducted
as follows. Poly(A)™ selected mRNA (15 ng) or total RNA (200 ng)
was added to a reaction mixture of 20 U of M-MLYV reverse transcriptase
(GIBCO BRL Life Technologies, Gaithersburg, MD) with 500 um
dNTPs, 1 U Rnasin and 200 ng of oligo dT for 2 h at 37°C. PCR primers
were made by Operon Technols., Inc. (Alameda, CA) as follows, for
icIL-1ra 5'-GAA GTT GAG TTA GAG TCT GAA A, for sIL-1ra 5'-
GAA TGG AAA TCT GCA GAG GCC TCC GC and 5'-TGA CAT
TTG GTC CTT GCA AGT A, as second primer for both icIL-1ra and
sIL-1ra, for common IL-1ra sequence 5'-GCA AGA TGC AAG CCT
TCA GAA TCT GGG and 5’'-GCT GGT CAG CTT CCA TCG CTG
TGC A. Reverse transcriptase products were subjected to 25 rounds of
amplification using a Perkin Elmer model 9600 thermo-cycling appara-
tus set as follows: 95°C 5 min + 94°C 15 s for denaturation, 55°C 1
min for annealing, 72°C 2 min for extension. The total volume of the
reaction mixture was 25 ul with 3 mM Mg?*, 4 mM dNTPs, 0.6 U of
TFL polymerase (Epicentre Technologies Corp., Madison, WA ) and 20
pmole of specific primer and/or 2.5 pmole of 1B15 primer. PCR prod-
ucts were separated by electrophoresis through 3% agarose gels.

IL-1ra *°S labeling and immunoprecipitation. Human corneal epi-
thelial and stromal cells were [*°S]cysteine/methionine labeled as pre-
viously described (38). Subconfluent cultures of epithelial cells and
stromal fibroblasts were stimulated for 3 h with 20 U/ml of IL-la
(Genzyme Corp.), washed two times with cysteine/methionine free me-
dia 154XP (Cascade Biologics), and labeled for 18 h at 37°C with
EXPRE*S*S labeling mix (NEN Dupont, Wilmington, DE) at 100
uCi/ml in 154XP media. After labeling, cell supernatants were collected
and cells were washed three times in HBSS, then lysed in 1% NP-40
extract buffer (100 mM NaCl, 10 mM Tris, pH 7.4, 5 mM EDTA, 2
mM PMSF). Cell lysates were clarified by centrifugation at 10,000 g
and culture supernatants and cell lysates were concentrated with Centri-
prep 10 columns (Amicon Corp., Beverly, MA) and combined. Before
immunoprecipitation, samples were precleared once with protein A-
Sepharose and preimmune rabbit IgG (25 ug/sample) followed by
protein A—Sepharose two times. For immunoprecipitation, 25 ug/sam-
ple of rabbit polyclonal anti—IL-1ra antibody (Genzyme Corp.) was
bound to protein A—Sepharose with an antibody orientation kit (Pierce).
We have previously used this antibody in immunoprecipitation/ Western
blotting assays and have observed that it precipitates a 17-kD band from
solutions of recombinant human IL-1ra (data not shown). After binding
antibody, protein-A sepharose was recovered by centrifugation (1000
g) for 10 min and washed three times in TBS. Samples were then eluted
into 25 pl of SDS sample buffer containing 2-Me, heated for 5 min at
95°C, microfuged for 1 min, and subjected to electrophoresis through
15% acrylamide SDS gels and autoradiography at —80°C using Kodak
X-OMAT AR film. PMA-differentiated U937 monocytic cells (IL-Ira
producer) (39) served as a positive control and the G361 human mela-
noma cell line (non-IL-1ra producer) was used as a negative control
for these studies.

Results

Expression of IL-1ra mRNA in human corneal epithelial and
stromal cells. IL-1ra mRNA expression was measured in cul-
tured human corneal epithelial cells and corneal stromal fibro-
blasts by Northern blot analysis (Fig. 1). As indicated in this
figure, human corneal epithelial cells constitutively express IL-
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Figure 1. IL-1ra mRNA
expression by human
corneal epithelial cells
and human corneal stro-
- (L8kD) g fibroblasts. The ex-
pression of IL-1ra
e mRNA was determined
. ‘ . . el in human corneal epithe-
lial cells (HCE) and hu-
man corneal stromal fi-
broblasts (HCS) by Northern blot analysis using a *’P-labeled cDNA
probe specific for human IL-1ra. Each lane contains 5 ug poly(A)*
RNA from either unstimulated cells (—) or cells stimulated with IL-1a
(20 U/ml) for 6 h. Equivalent loading of RNA was verified by hybridiz-
ing each blot with a *?P-labeled cDNA probe for cyclophilin (1B15).

| IL-1ra

Ira mRNA (1.8 kb), while only low levels of IL-lra mRNA
are detected in unstimulated human corneal stromal fibroblasts.
After the addition of recombinant human IL-1« (20 U/ml) for 6
h to the cultured epithelial and stromal cells, there are significant
levels of IL-1ra mRNA detected in both corneal epithelial cells
and corneal stromal cells. Equivalent loading is confirmed by
hybridization to the **P-labeled cDNA probe for the 1B15 gene.
It should be noted that high levels of IL-1ra mRNA are detected
in the IL-1-treated human corneal epithelial cells in spite of
relatively less mRNA loaded in this lane. Thus, both corneal
stromal cells and epithelial cells are capable of expressing IL-
Ira mRNA.

Production of IL-1ra protein by human corneal epithelial
and stromal cells. The production of IL-1ra peptide by corneal
epithelial cells and stromal fibroblasts was determined by immu-
nohistochemistry (Fig. 2). In this representative figure, mono-
layers of both corneal epithelial and stromal cells stain posi-
tively for IL-1ra using a primary anti—human IL-1ra antibody
(Fig. 2, A and C). The specificity of this result is confirmed by
the absence of staining when pre-immune IgG is used as the
primary antibody (Fig. 2, B and D). These control slides were
stained with methylene blue for visualization of cellular mor-
phology. Thus, both human corneal epithelial and stromal cells
produce IL-1ra protein in vitro.

Immunolocalization of IL-1ra in whole human cornea. The
production of corneal IL-1ra protein was then immunolocalized
in freshly isolated whole human cornea (Fig. 3). Immunohisto-
chemical staining of this tissue demonstrates prominent staining
for IL-1ra in the epithelial layers (EP) of the cornea (Fig. 3 A)
especially in the more differentiated suprabasal cells. Likewise,
there is definite staining of individual stromal cells (S) in the
corneal stroma indicating that these cells also produce IL-1ra
(Fig. 3 A, arrow). In contrast, no IL-1ra is detected in the
endothelial layer (EN) of the cornea (Fig. 3 B). Staining speci-
ficity is confirmed by the use of preimmune mouse IgG as a
control antibody (Fig. 3 C). These studies thus localize IL-1ra
production to both corneal epithelium and stroma but not to the
corneal endothelial layer.

Differential production of icIL-1ra and sIL-1ra mRNA by
human corneal epithelial and stromal cells. Two forms of IL-
1ra have been identified: icIL-1ra and sIL-1ra. Using specific
IL-1ra oligonucleotide primers, the expression of both icIL-1ra
and sIL-1ra mRNA was measured in corneal cells. These two
forms of IL-1ra are differentially produced by various cell types
and may have distinct intracellular and extracellular biologic
roles in mediating IL-1 inflammatory responses. After RT-PCR
amplification, IL-1ra mRNA is detected in both corneal epithe-
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lial cells and stromal fibroblasts (Fig. 4). Both corneal cell
types express the 266-bp PCR product for icIL-1ra (Fig. 4,
lanes 3-6). Unexpectedly, corneal epithelial cells also express
sIL-1ra mRNA (201 bp product) both constitutively and after
the addition of IL-1a to the cultured cells (Fig. 4, lanes 3 and
4). To our knowledge, this is the first example of a true epithe-
lial cell expressing the secreted form of IL-1ra. In contrast, the
stromal fibroblasts do not express sIL-1ra mRNA (Fig. 4, lanes
5 and 6). Neither icIL-1ra mRNA nor sIL-1ra mRNA is de-
tected by RT-PCR in the corneal endothelial cells (data not
shown). This is in agreement with the immunohistochemistry
studies which failed to demonstrate staining of the endothelial
layer with an IL-1ra antibody. Synovial fibroblast mRNA de-
rived from a patient with rheumatoid arthritis serves as a posi-
tive control for icIL-1ra and sIL-1ra (Fig. 4, lane 1) and human
dermal microvascular endothelial cell mRNA serves as a nega-
tive control (no IL-1ra expression) for these studies (Fig. 4,
lane 2). Since these RT-PCR studies are not quantitative, no
conclusion can be drawn regarding the lack of induction of IL-
Ira by IL-1 in this figure (Fig. 4, lanes 3 and 5) compared with
the Northern blot in Fig. 1. Thus, these studies demonstrate the
differential expression of icIL-1ra and sIL-1ra mRNA in corneal
epithelial and stromal cells as well as the unique production of
sIL-1ra mRNA by corneal epithelial cells.

Differential production of IL-1ra protein by human corneal
epithelial and stromal cells. IL-1ra in corneal cell lysates and
supernatants was also examined by ELISA in triplicate using
cells from three different corneas. Significant amounts of IL-1ra
are detected in supernatants and cell lysates from unstimulated
epithelial cells which increased following the addition of IL-
la (20 U/ml) to the cultured cells (Fig. 5). Likewise, cell
lysates from corneal stromal fibroblasts (unstimulated and stim-
ulated with IL-1a) contain quantities of IL-1ra similar to those
detected in the epithelial cell lysates (Fig. 5). In contrast to
corneal epithelial cells, no IL-1ra is detected in stromal cell
supernatants. Thus these studies are consistent with our previous
PCR studies in Fig. 4 which indicate that human corneal epithe-
lial cells are capable of producing both icIL-1ra and sIL-1ra
whereas stromal cells apparently produce only icIL-1ra.

The production of IL-1ra peptides in corneal epithelial and
stromal cells was further examined by cellular metabolic label-
ing studies with **S followed by immunoprecipitation with an
IL-1ra specific antisera. These studies indicate that both corneal
epithelial cells and stromal cells produce both a 16- and 18-kD
form of IL-1ra (Fig. 6, lanes / and 2) which is consistent with
previously reported sizes of icIL-1ra(1) and icIL-1ra(2) (27,
28). Additionally, in the epithelial cells, a 22-kD band is de-
tected which is identical to the previously reported (26) glyco-
sylated secreted form of IL-1ra (Fig. 6, lane 7). As a positive
control, immunoprecipitation studies were carried out with the
U937 monocytic cell line which has been reported to produce
both the intracellular and secreted forms of IL-1ra (39). As
indicated, bands of 16, 18, and 22 kD are clearly produced by
this cell line (Fig. 6, lane 3). As a negative control, the G361
human melanoma cell line which does not produce IL-1ra was
utilized (Fig. 6, lane 4). These studies further support the
unique observation that corneal epithelial cells are capable of
producing both secreted and intracellular IL-1ra (type 1 and
type 2) whereas stromal cells apparently produce only icIL-1ra
(type 1 and type 2).

Discussion

IL-1 is a potent immunomodulating cytokine with pleiotrophic
effects on a variety of tissues (15, 16). The role of IL-1a and



IL-18 as well as other inflammatory cytokines in mediating
inflammation and tissue damage in the eye has been evaluated
with in vivo models of ocular disease (1-3, 17-19). Studies of
isolated corneal cells also support the role of IL-1 as a potential
mediator of inflammation (20, 21, 40—42). The relevance of
IL-1 in corneal inflammation is further supported by observa-

A

Figure 2. Inmunodetection of IL-1ra in cultured hu-
man corneal epithelial cells and comneal stromal fi-
broblasts. Monolayers of human corneal epithelial
cells (A) and human corneal stromal fibroblasts (C)
were stained with a monoclonal murine anti—IL-1ra
antibody followed by secondary alkaline phospha-
tase conjugated goat anti—mouse IgG. Negative con-
trols included human corneal epithelial cells (B) and
corneal stromal fibroblasts (D) stained with preim-
mune mouse IgG as the primary antibody followed
by secondary alkaline phosphatase conjugated goat
anti—mouse IgG then counterstained with methylene
blue to allow the cellular morphology to be visual-
ized.

tions that corneal cells themselves can produce this cytokine in
response to various stimuli (7-9, 13, 14, 43, 44).

In this report, we have demonstrated for the first time that
IL-1ra mRNA and protein are produced in human corneal cells
and whole human cornea. As determined by Northern blot anal-
ysis, human corneal epithelial cells constitutively produce IL-

Figure 3. Immunolocalization of IL-1ra in whole human cornea. Immunohisto-
chemistry was performed on human cornea sections using a monoclonal murine
anti-IL-1ra antibody followed by alkaline phosphatase conjugated goat anti—
mouse IgG as the secondary antibody. The epithelial (EP) and stromal (S) layers
are shown in A (X400) with individual stromal cells indicated by an arrow. The
endothelial (EN) layer is indicated by the arrow in B (X200). Staining specificity
was evaluated by the use of preimmune mouse IgG as a control antibody in C
(X400).
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Figure 4. Differential ex-
pression of icIL-1ra
mRNA and sIL-1ra
mRNA by human cor-
neal epithelial cells and
corneal stromal fibro-
blasts. Reverse tran-
scribed poly(A)*
mRNA from human cor-
neal epithelial cells
(HCE) and human cor-
neal stromal fibroblasts
(HCS) was amplified by
PCR using primers specific for icIL-1ra and sIL-1ra. IL-1ra mRNA was
measured in both uninduced cells and cells treated with IL-1a (20 U/
ml) for 6 h. Rheumatoid arthritis synovial fibroblast mRNA (+, lane
1) served as a positive control and microvascular endothelial cell nRNA
(—, lane 2) served as a negative control for both icIL-1ra (266 bp) and
sIL-1ra (201 bp). 1B15 gene specific primers (arrows) were used as
loading and amplification controls.

HCE HCS

) (-)

a1 (=) (=)

sIL-1ra
_201bp

——

icIL-1ra
_266bp

-

123456

Ira with increased production after the addition of IL-la
whereas IL-1ra mRNA is expressed in corneal stromal fibro-
blasts at significant levels only after IL-1a induction. IL-1ra
protein production is likewise demonstrated in both cultured
epithelial and stromal cells by immunohistochemistry. Simi-
larly, immunohistochemical analysis of whole human cornea
reveals prominent staining for IL-1ra in the epithelial layer and
staining of individual stromal cells within the stromal layer of
the cornea. The epithelial layer stained more intensely in the
more differentiated suprabasal layer which is consistent with
previous reports in which increased IL-1ra was detected in more
differentiated epidermal cells (27). The ability of corneal epi-
thelial and stromal cells to produce IL-1ra is consistent with
the reported production of IL-1ra by epithelial cells and fibro-

pg/ml

3000 -HCE+IL-1. |l CELL LYSATES
2750 m S .

2500 T SUPERNATANTS

Figure 5. Differential production of IL-1ra peptide by human corneal

epithelial and stromal cells. IL-1ra production in human comneal epithe-
lial cells (HCE) and corneal stromal fibroblasts (HCS) was evaluated
in unstimulated cultured cells or cells pretreated with IL-1a (20 U/ml)
for 48 h. Both cell associated IL-1ra (lysates) and secreted IL-1ra (su-
pernatants) were measured by ELISA with SD indicated by error bars.
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HCE HCS U937 MEL  Figure 6. Identification
of IL-1ra peptide pro-
duced by corneal epithe-
lial cells and corneal
stromal fibroblasts. **S-
labeled corneal epithelial
cells (HCE) and corneal
stromal fibroblasts
(HCS) were immunoprecipitated using a rabbit polyclonal anti—IL-1ra
antibody. The U937 monocytic cell line served as a positive control
(U937) and the G361 human melanoma cell line (MEL) served as a
negative control for the expression of the IL-1ra peptides.

30kD -

17kD- — T

1 2500 4

blasts from other tissues (27, 45-48). The relatively large
amounts of IL-1ra produced by corneal epithelial cells may
indicate that this cytokine antagonist plays an important role in
IL-1-induced inflammatory responses in the cornea. In contrast,
the endothelial layer demonstrates no immunostaining for IL-
Ira or IL-1ra mRNA which is consistent with prior observations
that endothelial cells from other tissues produce no IL-1ra (46).

Corneal epithelial and stromal cells were further evaluated
to determine which type of IL-1ra peptide is produced by these
cells. The form designated sIL-1ra is a glycosylated 22-26-kD
peptide which was first identified as a product of monocytes
and later of neutrophils (46, 49, 50). Low levels of sIL-1ra
have also been reported in dermal and synovial fibroblasts by
some investigators while other studies demonstrate no sIL-1ra
production by these cell types (27, 46-48). A second form of
IL-1ra designated intracellular IL-1ra (icIL-1ra) is a nonglyco-
sylated 18-kD molecule that resides in a cell-associated com-
partment (46). More recently, a smaller 16-kD icIL-1ra(2)
peptide has also been described (27, 28). This intracellular
peptide appears to function in a similar fashion as the larger 18
kD icIL-1ra(1) (27, 28). Dermal and synovial fibroblasts have
been reported to produce significantly more icIL-1ra than sIL-
Ira suggesting that icIL-1ra is the major form of this protein
synthesized by these cells (47, 48). Other studies were unable
to detect icIL-1ra in endometrial or dermal fibroblasts (27, 46).
Epithelial cells such as keratinocytes have also been reported
to produce icIL-1ra (27, 46). Additional epithelial cells found
to produce icIL-1ra include retinal pigment epithelial cells, nasal
epithelium, and bronchial epithelium (46). In contrast, sIL-1ra
has not been previously reported to be produced by any epithe-
lial cell types.

The differential production of sIL-1ra and icIL-1ra in cor-
neal epithelial and stromal cells reported in our study suggests
that corneal cells exhibit a unique pattern of IL-1ra cell distribu-
tion. We found that human corneal epithelial cells produce both
icIL-1ra and sIL-1ra based on ELISA, RT-PCR, and immuno-
precipitation. In contrast, human corneal stromal fibroblasts pro-
duce only icIL-1ra and no sIL-1ra. Additionally, both corneal
epithelial and stromal cells produce the recently described 16-
kD icIL-1ra(2). The icIL-1ra peptides may act either extracel-
lularly when released from injured cells or may act intracellu-
larly by binding to IL-1 receptors prior to external expression
(27). It was unexpected to find that corneal epithelial cells
are capable of producing sIL-1ra. The relevance of this novel
observation for corneal biology is unclear but the production
of the secreted form of this peptide, in contrast to icIL-1ra, has
the advantage of allowing this peptide to be available (secreted)
and induced without requiring cell damage or death. This could
be particularly important for the integrity and function of the
cornea where inflammation, tissue damage, and scarring can



result in significant loss of visual acuity. This unique situation
contrasts with the epidermis in which keratinocytes are capable
of producing icIL-1ra but not sIL-1ra (27).

Hammerberg et al. (51) demonstrated that icIL-1ra proteins
are detected in the cytosol of normal epidermis and that this
was significantly increased in psoriatic epidermis. Although in
this report PCR studies detected transcripts of both icIL-1ra and
sIL-1ra mRNA in the epidermis, it was indicated that this was
likely due to the inclusion of cells such as Langerhans cells in
the epidermal biopsies. No detectable sIL-1ra peptide was found
in either normal or psoriatic epidermis by these investigators.
Thus our study indicates that the human cornea uniquely pro-
duces IL-1ra. Further evaluation of the biologic behavior of
corneal IL-1ra could lead to novel strategies to modulate in-
flammatory reactions in the cornea.
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