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Purpose: The aim of the study reported in this article was to determine the presence and
quantitative differences of matrix metalloproteinase-2 (MMP-2), its tissue inhibitor (TIMP-2)
and transforming growth factor beta 1 (TGF-B1) in the aqueous humor and serum samples of
patients with pseudoexfoliation (PEX) syndrome.

Methods: Aqueous humor and serum samples were collected from 32 patients with PEX
syndrome (with and without glaucoma) and a control group, who underwent routine cataract
surgery. Levels of MMP-2, TIMP-2, and TGF-B1 were determined by specific immunoassays
(enzyme-linked immunosorbent assay).

Results: MMP-2, TIMP-2, and TGF-31 were identified in aqueous humor and serum samples
from all groups of patients. The aqueous and serum samples of MMP-2, TIMP-2, and TGF-$1
showed no significant differences between PEX syndrome and control groups. Serum levels of
MMP-2, TIMP-2, and TGF-B1 were statistically greater than their aqueous levels (P<<0.05),
except for TIMP-2 levels in the control group.

Conclusion: No statistically significant difference among mean MMP-2, TIMP-2, and TGF-B1
levels in both aqueous humor and serum samples was found between patients with PEX syndrome
and the control group. It is important to simultaneously evaluate serum and aqueous samples
from patients with PEX syndrome, which is related to an impaired blood—aqueous barrier.
Keywords: MMP-2, TIMP-2, TGF-B1, PEX glaucoma, PEX syndrome

Introduction
Pseudoexfoliation (PEX) syndrome is a systemic disease characterized by excessive
synthesis and progressive accumulation of a fibrillar material in various tissues,
including the eye.! The composition of these fibrils includes basement membrane
components. It is thought that elevated transforming growth factor beta 1 (TGF-1)
and oxidative stress disrupt the expected balance between matrix metalloproteinases
(MMPs) and their tissue inhibitors (tissue inhibitors of matrix metalloproteinases
[TIMPs]). This imbalance leads to accumulation of exfoliative material as well as
extracellular matrix (ECM) deposition, which is the most common cause of PEX
glaucoma.”*

MMPs are regulated at the levels of transcription, secretion, and the proteolytic
activation of their precursors.>® It has been shown that MMPs are locally synthesized
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by trabecular cells, especially in PEX syndrome and
glaucoma.” MMPs and TIMPs are usually regulated by
cytokines such as TGF-B1 and transforming growth factor
beta 2.%% Elevated TGF-f1, which is synthesized by the
ciliary body epithelium, induces the secretion of matrix
metalloproteinase-2 (MMP-2) and tissue inhibitor of matrix
metalloproteinase-2 (TIMP-2). However, the activated form
of MMP-2 was significantly decreased in patients with
PEX syndrome and glaucoma.>* Although there should be
a balance between MMPs and TIMPs, this is disrupted in
PEX cases, resulting in an excess of TIMP-2 over MMP-2.°
This may lead to the accumulation of ECM in the trabecular
meshwork (TM). However, there is remarkable variability
in results of recent studies on PEX syndrome that measured
the aqueous levels of these enzymes and cytokines.> 12
This variability may be related to extravasation in connec-
tion with PEX syndrome, treatment of PEX glaucoma with
topical prostaglandin analogs, and inflammation and/or
oxidative stress of any other ocular or adjacent tissue.>!?!3
This striking finding may support the active production of
MMPs and TIMPs by anterior-segment ocular tissues. To
date, there are limited data simultaneously comparing the
serum and aqueous levels of ECM turnover actors (MMP-2,
TIMP-2) and their key regulator, TGF-B1. Thus, in the study
reported here, we investigated whether any association was
present between the aqueous and the serum concentrations
of MMP-2, TIMP-2, and TGF-B1, simultaneously in eyes
with cataract, PEX syndrome, and PEX glaucoma.

Subjects and methods

Subjects and samples
Informed consent was obtained from the patients prior to
the study, and the tenets of the Declaration of Helsinki for
experiments involving human tissue were followed.
Aqueous humor was aspirated during surgery from 22
patients with PEX syndrome with (n=10) and without (n=12)
glaucoma (mean age * standard deviation 73.914.8 years)
and from ten control patients with cataract (mean age *
standard deviation 66.3+13.8 years). Aqueous humor was
withdrawn through a limbal paracentesis site with a 27-gauge
needle on a tuberculin syringe. Meticulous care was taken to
prevent contamination of the aqueous samples with blood.
The samples were immediately frozen in liquid nitrogen and
stored at —80°C. Samples of serum were also collected from
patients of each group and stored in the same way.
Patients with other ocular or systemic diseases, such as
inflammatory diseases or diabetes mellitus, or a history of
previous ocular surgery, were excluded from the study.

Enzyme immunoassays
of MMPs, TIMPs, and TGF-$1

The total (pro, active, and complexed forms) concentrations
of MMP-2 (gelatinase A) and TIMP-2 were assessed in aque-
ous humor and serum with commercially available sandwich
enzyme immunoassay kits (Calbiochem®; EMD Biosciences,
Darmstadt, Germany). Assays were performed according to
the manufacturer’s instructions. The sensitivity of the assays
used was 0.5 ng/mL for MMP-2 and 3 ng/mL for TIMP-2.

The total (active- and latent-form) concentrations of
TGF-B1 were assessed in aqueous humor and serum using
commercially available sandwich enzyme immunoassay kits
(Biosource, Camarillo, CA, USA). The sensitivity of the
assays used was 15.6 pg/mL.

Statistical analysis

The data collected on the cataract and PEX syndrome (with
and without glaucoma) groups were statistically analyzed
by Mann—Whitney U test and Student’s #-test. Paired data
were analyzed by paired samples #-test and Wilcoxon’s
nonparametric test. A P-value of <0.05 was considered
statistically significant.

Results
To measure quantitative differences in the concentrations of
MMPs and TIMPs in aqueous humor and serum samples from
individual patients with cataract and PEX syndrome (with
and without glaucoma), immunoassays were performed. The
results are summarized in Tables 1 and 2, in which mean
results and standard deviations for each group are shown.
A considerable amount of MMP-2 was detected in aque-
ous humor samples from both groups of patients, but the total
level of MMP-2 (proenzymes and complexed forms) was
not significantly different in the PEX syndrome (P>0.05)
groups in comparison with control patients with cataract.
Serum levels of MMP-2 in patients with PEX syndrome were
slightly higher than in patients with cataract.

Table | Mean aqueous humor levels of matrix metalloproteinase-2
(MMP-2), tissue inhibitor of matrix metalloproteinase-2 (TIMP-2),
and transforming growth factor beta | (TGF-B1) in patients

Aqueous n TGF-g1 MMP-2 TIMP-2
(pg/mL) (ng/mL) (ng/mL)
Cataract control 10 820.6£323.0 25.3+1.4 35.9£15.2
PEX syndrome 12 648.0+282.0 25.1£1.5 30.618.1
PEX glaucoma 10 733.1£280.0 25.4+2.6 41.5+16.5
PEX total 22 686.8+278.3 25.31£2.0 35.5+13.5

Note: Data are expressed as mean + standard deviation.
Abbreviation: PEX, pseudoexfoliation.
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Table 2 Mean serum levels of matrix metalloproteinase-2
(MMP-2), tissue inhibitor of matrix metalloproteinase-2 (TIMP-2),
and transforming growth factor beta | (TGF-B1) in patients

Serum n TGF-BI MMP-2 TIMP-2
(pg/mL) (ng/mL) (ng/mL)
Cataract control 10 31,200+12,081 186.2+60.6 38.0+14.5
PEX syndrome 12 36,487+7,132 204.5+59.9 46.9t14.4
PEX glaucoma 10 36,381+7,597 180.5+46.5 51.2+18.9
PEX total 22 36,439+7,169 193.6+50.4 48.9116.3

Note: Data are expressed as mean * standard deviation.
Abbreviation: PEX, pseudoexfoliation.

No significant difference in levels of TIMP-2 in the
aqueous samples of patients with cataract compared with in
those with PEX syndrome was demonstrated. Serum levels
of TIMP-2 were elevated in patients with PEX syndrome
compared with patients with cataract, but the difference did
not reach statistical significance.

There was no difference in TGF-B1 levels in the serum
and aqueous samples of patients with PEX syndrome and
cataract.

Aqueous and serum levels of the molecules were
compared. Serum levels of MMP-2, TIMP-2, and TGF-B1
were found to be statistically greater than their aqueous levels
(P<<0.05), except for TIMP-2 levels in the control group.

Discussion
MMPs and their inhibitors have been previously shown in
human aqueous humor and the surrounding tissues using
zymographic and immunoblot techniques.>!*12! MMPs
represent a large family of endopeptidases that are capable of
degrading all ECM molecules, thereby influencing cell bio-
logical activities.>¢ In addition, new proteolytic functions are
increasingly being described (eg, the release of sequestered
growth factors from the ECM). 22 MMPs play a major role in
normal matrix remodeling processes. The abnormal expres-
sion of MMPs and TIMPs or disturbances in the proteolytic
balance between MMPs and TIMPs has been associated with
a number of pathologic conditions including inflammatory
diseases, cancer, cardiovascular disease, neurologic disease,
and fibrotic conditions.'***** In the eye, imbalances between
MMPs and TIMPs, considered to be created by TGF-P 1, have
been implicated in inflammatory and fibrotic conditions and
the accumulation of abnormal fibrillar extracellular material,
which is associated with PEX syndrome.>?224%5

In the research described here, we studied aqueous and
serum levels of MMP-2, TIMP-2, and TGF-B1 in subjects
with PEX syndrome, with and without glaucoma, and cataract
control subjects. To our knowledge, this is the first study to

have simultaneously evaluated the expression of TGF-B1
with MMP-2 and TIMP-2 in aqueous humor and serum. We
found no significant differences among the three groups in
terms of mean MMP-2, TIMP-2, and TGF-B1 levels in both
aqueous humor and serum samples. In addition, we investi-
gated the TIMP-2/MMP-2 ratio in aqueous humor and serum
samples but found no statistically significant differences
between the groups.

Schldtzer-Schrehardt et al® studied aqueous samples from
patients with PEX syndrome and PEX glaucoma and showed
a highly significant increase in total MMP-2 and TIMP-2
compared with samples from patients with cataract. The
ratio of total MMP-2 and its principal inhibitor TIMP-2 was
balanced in normal cataract samples, but it was increased in
PEX syndrome and primary open-angle glaucoma samples
and decreased in PEX glaucoma samples. Maitta et al®
demonstrated that MMP-2 represents the major gelatinase in
aqueous humor and that the aqueous TIMP-2/MMP-2 ratio is
increased in PEX glaucoma. They concluded that elevation of
TIMP-2 over MMP-2 supports the hypothesis that the ECM
accumulation rather than degradation predominates in the
pathogenesis of primary open-angle and PEX glaucoma.

Djordjevic-Joci¢ et al'® studied MMP-2, TIMP-2, and
TGF-B1 in aqueous humor, without a serum levels’ compari-
son, and detected the highest concentration with PEX glau-
coma patients. There was a significant correlation between
the aqueous levels of these molecules, and they also showed
correlation with the degree of chamber angle pigmentation
in the PEX glaucoma group. Their levels of MMP-2 and
TIMP-2 in aqueous humor are similar to our results in PEX
glaucoma, but there is more variation in values among other
recent studies, which may depend on undetected factors such
as ocular medication and systemic diseases (Table 3).

In our study, most of the PEX glaucoma patients had been
taking prostaglandin analog eye drops for glaucoma treatment,
which may trigger inflammatory processes and increased
synthesis of MMP-2 in the ocular tissues.?® Konstas et al'
reported a significant reduction in aqueous TGF-B1 after
chronic latanoprost therapy in patients with PEX glaucoma.
They suggested that TGF-B1 is responsible for the synthesis
of MMP-2 and TIMP-2 in PEX, and latanoprost interrupts the
positive feedback cycle of TGF-f1 accumulation. However,
this mechanism needs to be supported by further studies.

In addition, some recent studies have reported that
reduced levels of antioxidants and total antioxidative
capacity in aqueous humor and serum cause an inaccurate
antioxidative defense system in PEX syndrome patients.!3?’
Since MMP-2 synthesis increases as a result of oxidative
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Table 3 Mean concentrations of matrix metalloproteinase-2 (MMP-2), tissue inhibitor of matrix metalloproteinase-2 (TIMP-2), and

transforming growth factor beta | (TGF-B1) in the aqueous humor of patients with pseudoexfoliation (PEX) glaucoma

Study TGF-B1 MMP-2 TIMP-2
n pg/mL n ng/mL n ng/mL
Konstas et al'?

Timolol group 30 13.40+1.50 30 81.50+7.20 20 101.28+7.29
Latanoprost group 30 3.10+0.65 30 31.75+3.80 20 73.80+6.81
Miitta et al’ 16 77.40+33.80 16 98.20+35.80

Takai et al"! 21 67.70+58.70

Schlotzer-Schrehardt' 30 107.50+60.20 ) 114.50+48.70
Djordjevi¢-Joci¢ et al' 36 147.00+76.54 36 29.00+16.80 36 43.50£19.70
Kara et al 10 733.10+280.0 10 25.40+2.60 10 41.50£16.50

Note: Data are expressed as mean * standard deviation.

damage,?® samples of PEX subjects must be evaluated
according to factors related to oxidative capacity.

Levels of TGF-B1 in aqueous humor have not been well
documented.>* Tt has been shown that TGF-B1 is released
from the trabecular cells as well as from the iris, ciliary body,
and cornea.’*3! Koliakos et al** showed the presence of TGF-B1
in its latent and active form which has been ascertained and
measured in the aqueous humor. They showed that both levels
of total and active TGF-f1 were significantly elevated in the
aqueous humor of patients with PEX syndrome compared with
age-matched controls. In contrast, no differences were observed
between PEX syndrome patients and control patients in terms of
serum TGF-B1 levels. A few studies have documented elevated
aqueous levels of TGF-B1 in PEX glaucoma patients; however,
a considerable variation in results makes these difficult to
compare (Table 3). In spite of the fact that prostaglandin analog
treatment was used by most of the PEX glaucoma patients of
these studies, the range of the aqueous levels of TGF-B1 is very
high. Therefore, especially for TGF-B1, the treatment regimen
and oxidative capacity of PEX glaucoma patients must be well
documented in order to find out the real effect of TGF-f1 on
metalloproteinases and their inhibitors.

Limitations

The major limitation of our study was the small number of
patients. This might affect the statistical power of the study
and differences in terms of MMP-2 and TIMP-2, which
failed to reach a statistical significance. In addition, another
limitation of this study was that we did not ascertain the
active forms of the enzymes.

Conclusion

No statistically significant difference in mean MMP-2, TIMP-
2, and TGF-B1 levels in both aqueous humor and serum
samples was found between patients with PEX syndrome and

the control groups. This finding suggests that these molecules
may not be major risk factors for the investigated disease,
but they might be the outcomes. According to recent reports,
increased oxidative stress and a genetic background may be
major risk factors for PEX syndrome. In this study, despite
finding no statistical difference, we demonstrated that serum
levels of MMP-2, TIMP-2, and TGF-1 were markedly greater
than the aqueous levels of them. We believe that it is important
to simultaneously evaluate serum and aqueous samples of PEX
syndrome while there is an impaired blood—aqueous barrier.
Overall, we think that systemic pharmacological agents may
be required for PEX syndrome and PEX glaucoma treatment.
More research conducted with larger samples is needed to find
out the right management of this systemic disorder.

Disclosure
No author has a financial or proprietary interest in any mate-
rial or method mentioned in this paper.
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