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Abstract The purpose of this paper is to determine the active
form of matrix metalloproteinases (MMP-2 and MMP-9) in
corneal ulcer and ocular surface disorder patients. A total of 35
patients of corneal ulcer, 20 patients of ocular surface disor-
ders and 10 control subjects were included in this study and
estimation of active form ofMMP-2 andMMP-9 was done by
gelatin zymography. Tear samples were collected by capillary
tube method. Both pro- and active forms of MMP-9 were
detected in 24 out of 35 patients with corneal ulcer and 15
out of 20 patients with ocular surface disorders. None of the
patients were showing MMP-2 activity. Neither MMP-2 nor
MMP-9 was detected in the control group. Active forms of
MMP-9 are present in tears of severe ulcerative and ocular
surface disorder patients. Thus, proteinase inhibitors have
been recommended for the treatment of corneal ulcer and
ocular surface disorders to reduced the progression of stromal
ulcer and to minimize corneal scarring.
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Introduction

The treatment for severe ocular surface disorders has been a
long-standing challenge and has been advocated to a variety

of medical techniques and surgical procedures, with only
limited success.

The severity of clinical damage in ocular surface disorders
is closely related to the amount of scarring and tissue contrac-
tion. Matrix metalloproteinases (MMPs) are a family of
enzymes that play a vital role in all stages of wound healing
response. They degrade extracellular matrix components and
also have ability to synthesize collagen and so are important in
the remodelling of wounds [1]. Overexpression of MMPs
results in excessive extracellular matrix degradation, which
leads to tissue destruction and loss of visual function.

The MMP family consist of at least 20 members in
humans. They are divided into four classes on the basis of
their substrates: collagenases, gelatinases, stromelysins, and
membrane-type MMPs [2, 3]. Gelatinases consist of two
subtypes (MMP-2 and MMP-9) that degrade type IV colla-
gen, type VII collagen, and laminin. Regulation of MMP
expression occurs both at the transcriptional and post-
transcriptional levels by control of proenzyme activation
and inhibition of the active enzyme by tissue inhibitors of
MMPs (TIMPs) [4–7].

In response to injury inflammation, re-epithelialization
and angiogenesis occur. There are three main phases: in-
flammatory, proliferative and remodelling. Granulation
tissue formation and matrix deposition are mediated by
different cell types (fibroblast, inflammatory and endo-
thelial cells) [8, 9]. MMPs and TIMPs have been im-
plicated in the regulation of angiogenesis [10, 11].
Matrix degradation allows the endothelial cells of the
vessel to escape the parent venules and migrate into
adjacent tissue towards the angiogenic stimulus, where
they form new capillaries [12, 13]. Significant amount
of work done by many researchers have demonstrated
that there is only a fine line between physiological and
pathological conditions which are governed by various
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mechanism, either directly or indirectly affecting MMP
expression.

Material and method

This study was conducted in Department of Ophthal-
mology in conjunction with the Department of Molecu-
lar Biology. Ethics Committee approval has been
obtained.

Patients with ocular surface disorders and corneal
ulcer were selected on the basis of clinical examination.
The patients were then chosen for tear collection. In-
formed consent was obtained from the volunteers and
patients, after the nature and possible consequences of
the study explained to them. Tear fluid samples were
collected from three groups of subjects. The first group
consisted of patients with the diagnosis of corneal ulcer,
the second group with ocular surface disorders and the
third group consisted of control subjects with no history
of eye disorders.

Tear collection

Tear fluid was collected from the inferior tear meniscus,
causing the least irritation possible by capillary tube
method. The tear samples were then stored at −80 °C
until they were used for gelatin zymography.

Gelatin zymography

The technique involves the electrophoresis of secreted
protein enzyme through polyacrylamide gels containing
enzyme substrates (gelatins). After addition of substrates
to the resolving gel mixture (3.85 % dH2O, 20 mg/ml
gelatin, 30 % acrylamide, 1.4 M Tris–HCl pH 8.8,
0.5 M Tris–HCl pH 6.8, 10 % SDS, 10 % APS,
TEMED), it was poured in between the plates of elec-
trophoresis apparatus. When the resolving gel was set,
the stacking gel (6.10 % dH2O, 30 % acrylamide,
0.5 M Tris–HCl, pH 6.8, 10 % SDS, 10 % APS,
TEMED) was poured over it. After about 10 min when
the stacking gel was set, the comb was removed and gel
was assembled onto the electrode section of the gel
apparatus.

Tear samples were then mixed with an equal volume
of 2× non-reducing sample buffer (for 8 ml, 2.8 ml
dH2O, 1 ml 0.5 M Tris–HCl, pH 6.8, 0.8 ml glycerol,
3.2 ml 10 %w/v SDS and 0.2 ml 0.2 % bromophenol
blue) and 15–20 μl was loaded per well. Gel was elec-
trophoresed at 90 V at 40 °C in 1× running buffer
(125 mM Tris–HCl, pH 8.3, 123 M glycerine, 0.5 %
SDS) until the bromophenol marker dye reached the

bottom of gel. After electrophoresis, SDS was removed
from the gel by washing 3×10 min in 2.5 % Triton X-
100 solution. This allows the MMPs to renature and
digest the surrounding substrates when incubated over-
night at 37 °C in zymogram incubation buffer (50 mM
Tris–HCl, pH 7.6, 10 mM CaCl2·2H2O, 5.0 mM NaCl,
0.05 % Brij 35).

The background stains blue with Coomassie stain as
the gel contains gelatin. Where the gelatin degraded,
white bands appear indicating the presence of gelati-
nases. Gelatinase-A (MMP-2) is at about 62 kDa while
the gelatinase-B (MMP-9) runs at about 82 kDa.

Results

Both pro- and active forms of MMP-9 were detected in
24 out of 35 (68.5 %) patients of corneal ulcer (Table 1,
Fig. 1).

Between different aetiologic groups of corneal ulcer, 18
out of 25 (72 %) patients with fungal corneal ulcer, 1 out of
3 (33.3 %) patients with viral keratitis, and 5 out of 7
(71.4 %) patients with bacterial corneal ulcer showed
MMP-9 activity (Table 2,Fig 1).

In ocular surface disorders group, MMP-9 activity (both
pro and active form) was detected in 15 out of 20 (75 %)
patients in gelatin zymography (Table 1, Fig. 1). Between
different aetiologies, 3 out of 4 (75 %) patients with Steven
Johnson syndrome, 3 out of 3 (100 %) patients with lime
burn, 2 out of 2 (100 %) with chemical injury, and 7 out of
11 (63.6 %) patients with dry eye showed MMP-9 activity
(Table 3, Fig 1).

Neither MMP-2 nor MMP-9 activity were detected in
the control group. None of the patients showed any
MMP-2 activity in gelatin zymography.

On follow-up of four patients with corneal ulcer and
two patients with ocular surface disorders, MMP-9 ac-
tivity decreases with treatment. It indicates that with
wound healing, MMPs activity decreases (Table 4,
Fig. 2a, b).

Table 1 Results of gelatin zymography in corneal ulcer, ocular surface
disorders and control subjects

Aetiology No. of patients MMP-9 activity MMP-2
activity

No. of
patients

% No. of
patients

%

Corneal ulcer 35 24 68.5 0 0

Ocular surface
disorder

20 15 75 0 0

Control 10 0 0 0 0
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Discussion

In the present study, detection of active form of MMPs is
done with the help of gelatin zymography. MMPs play a
vital role in all stages of the corneal wound healing

process. They degrade the extracellular matrix and also
have ability to synthesize collagen and extracellular
matrix, and are therefore play an important role in
wound healing. The response to injury includes inflam-
mation, re-epithelialization, angiogenesis, granulation
tissue formation and matrix deposition which are medi-
ated by different cell types (fibroblast and inflammatory
cells) [8, 9].

In our study, MMP-9 was observed in tear fluid of
patients with various corneal ulcer and ocular surface
disorders with the help of gelatin zymography. Because
the active forms of MMPs are water-soluble enzymes, it
is difficult to detect them by immunohistochemical or
molecular biological method. Therefore, gelatin zymog-
raphy (to see the presence of pro- and active forms of
MMPs) was performed to evaluate the MMPs activity in
the tear fluid. A particular advantage of gelatin zymog-
raphy compared to immunohistochemistry is that both
the latent and active form which can be distinguished

Table 2 Results of gelatin zymography in corneal ulcer patients with
different aetiologies

Aetiology No. of
patients

Number of positive cases

MMP-9 activity MMP-2
activity

No. of
patients

% No. of
patients

%

Fungal corneal
ulcer

25 18 72 0 0

Viral keratitis 3 1 33.3 0 0

Bacterial corneal
ulcer

7 5 71.4 0 0

Total 35 24 68.5 0 0

Control 10 0 0 0 0

Table 3 Results of gelatin zymography in ocular surface disorders
with different aetiologies

Aetiology No. of patients Number of positive cases

MMP-9
activity

MMP-2
activity

No. of
patients

% No. of
patients

%

Steven Johnson
Syndrome

4 3 75 0 0

Lime burn 3 3 100 0 0

Chemical injury 2 2 100 0 0

Dry eye 11 7 63.6 0 0

Total 20 15 75 0 0

Control 10 0 0 0 0

Fig. 1 Results of gelatin zymography: a two out of three corneal ulcer
patients and one out of two ocular surface disorder patients showing
MMP-9 activity (both pro- and active forms). b Four out of five cases
of corneal ulcer and one patient of ocular surface disorder showing
MMP-9 activity. c All six patients showing MMP-9 activity. We did
not find MMP-2 activity in any of our cases. No MMP activity detected
in any of the control subjects
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on the basis of molecular weight can be detected. For
molecular weight markers, we run normal gel whose 92
and 82 kDa corresponded with the white bands of pro
and active form of MMP-9.

This study shows both the pro- and active forms of
MMP-9 were present in gelatin zymography. Width and
intensity of MMP-9 activity bands in gelatin zymogra-
phy increase with severity of diseases. None of the
patients with a healthy eye showed any MMP activity
in gelatin zymography.

In this study MMP-9 (82 kDa) were present at a
higher level in the tear fluid of patients with corneal
ulcer and ocular surface disorders versus patients with
healthy eyes. In contrast to previous studies [14, 15],
we did not find any increase in the level of MMP-2
activity (neither pro- nor active forms) in any of our
patients, this may be due to high tear fluid flow in the
diseased eye causing a dilution effect.

Follow-up of four patients with corneal ulcer and two
patients with ocular surface disorders showed that both
the pro- and active forms of MMP-9 decreases as the
wound healing proceeded.

Our data support that the use of aggressive therapy
rapidly reduces the activity of tear proteases, both in
cases of corneal ulcer and ocular surface disorders.
Medical and surgical treatments of these patients lead
to reduction in tear film proteolytic activity that corre-
sponded with the improvement in the clinical signs of
corneal ulceration. Normalizing proteolytic activity in
the tear film is an objective sign of effectiveness of
treatment of corneal ulcer and ocular surface disorder.
Thus, proteinase inhibitors have been recommended for
the treatment of corneal ulcer and ocular surface disor-
ders to reduce the progression of stromal ulcer and to
minimize corneal scarring.

In conclusion, in spite of various limitations, it could
be confirmed that active MMPs are present in tears of
severe ulcerative and ocular surface disorders patients.
The active form of gelatinases, especially MMP-9,

Table 4 MMP activity of four corneal ulcer patients and two ocular surface disorder patients during follow-up (after initiation of treatment)

Diagnosis

Sample no First visit First follow up Second follow up

MMP-2
activity

MMP-9
activity

MMP-2
activity

MMP-9
activity

MMP-2
activity

MMP-9
activity

Corneal ulcer 1 − ++ − + − −

2 − ++ − + − −

3 − + − − − −

4 − + − − − −

Ocular surface disorders 1 − +++ − ++ − +

2 − +++ − ++ − +

Fig. 2 Results of gelatin zymography after initiation of treatment: a in
one corneal ulcer patient. b In one ocular surface disorder patient.
Results showing decrease in MMP-9 activity as the wound healing
proceeded
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which is a consistent finding in all our cases, may be
closely related with these diseases, and use of protease
inhibitors can reduce the progression of stromal ulcer
and can minimize corneal scarring.
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