High intravitreal
TGF-$1 and MMP-9
levels in eyes with
retinal vein
occlusion

Abstract

Purpose Vascular endothelial growth factor
is a leading target to reduce macular oedema
and improve visual acuity in patients with
retinal vein occlusion (RVO), whereas

the role of vascular destabilizing and
fibroproliferative transforming growth factor
(TGF)-f1 and matrix metalloproteinases
(MMP)-2 and -9 in pathological manifesta-
tions of RVO is anticipated but less studied.
Methods Undiluted vitreous samples were
collected from three central RVO and one
branch RVO eyes, all with neovascularization
and fibrosis-related sight-threatening
complications of RVO. Undiluted vitreous
samples of 40 eyes operated due to non-
ischemic condition either macular hole or
pucker were used as controls. Growth factor
and protease concentrations were measured
by ELISA and gelatin zymography.

Results Vitreous concentrations of TGF-f1
(92.0 £17.4 pg/ml vs 18.3 = 27.0 pg/ml,

mean + SD; P=0.002) and MMP-9

(847.9 +£1196.4 AU/ml vs 87.7 £174.0 AU/ml;

P =0.010) were higher in the eyes with
ischemic RVO than in the controls.
Conclusions High intravitreal levels of
TGF-f1 and MMP-9 are found in RVO

eyes having neovascular and fibrosis
manifestation. Further studies are warranted
to elucidate whether targeting TGF-f1 and
MMP-9 could be beneficial in patients with
ischemic RVO.
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Introduction

Retinal vein occlusion (RVO) is the second most
common retinal vascular disorder after diabetic
retinopathy and a frequent cause of visual loss.!
The pathogenesis of RVO is multifactorial.>*
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RVO disturbs retinal blood circulation and is
associated with a variable degree of capillary
non-perfusion and hypoxia in the inner
retina.>” These changes lead to severe
posterior segment complications such as
macular oedema, vitreous haemorrhage,
neovascularization, and fibrovascular tissue
formation.

Transforming growth factor (TGF)-f is a
cytokine that has been implicated in
permeability, inflammation, and
fibroproliferation by controlling cytoskeletal
remodelling, barrier breakdown, and
mesenchymal transition of microvascular
endothelium (EC).8-10 Furthermore, TGF-f
mediates contraction of preretinal membranes.
TGF-$ is induced in the vitreous in proliferative
diabetic retinopathy and proliferative
vitreoretinopathy.'>"14 Matrix
metalloproteinases (MMPs) are calcium- or
zinc-dependent extracellular proteolytic
enzymes that have a role in degrading and
remodelling of extracellular matrix in various

11

physiological and pathological conditions
including ischemic vitreoretinal eye
diseases.!>1® Especially, MMP-2 and -9 are
linked to a variety of EC functions, including
proliferation, differentiation, and
angiogenesis.!719

Until recently, only a limited evidence of any
efficient treatment options existed for branch
and central RVO (CRVO).202! In recent
prospective randomized clinical trials, regular
anti-vascular endothelial growth factor (VEGF)
treatment significantly decreased macular
oedema and increased best corrected visual
acuity in patients with RVO compared with
sham controls.2225 On the basis of these studies,
intravitreal injections of anti-VEGF agents are
now emerging as a part of the first-line
treatment of RVO. The anti-VEGF therapy,
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however, might have detrimental long-term local
side-effects in the retina.2® Therefore, development of
alternative treatment modalities for RVO remains

a priority.

In this study, we performed vitrectomy for the
management of neovascularization and fibrosis-related
sight-threatening complications of ischemic RVO.

We measured the vitreous concentrations of the TGF-f1,
MMP-2, and -9, those of are anticipated but undefined in
the pathogenesis of ischemic RVO.

Materials and methods
Study design

This was a prospective controlled observational study.
Patients were admitted for primary vitrectomy due to
management of sight-threatening complications of eyes
with RVO to the Vitreoretinal Surgery Unit, Helsinki
University Central Hospital, Helsinki, Finland. The study
was conducted according to the tenets of the Declaration
of Helsinki, and it was approved by the Institutional
Review Board of Helsinki University Central Hospital.

Surgery

Undiluted vitreous samples (up to 1000 ul) were collected
at the start of the pars plana vitrectomy (20 or 23 G,
Accurus, Alcon Instruments, Inc., Fort Worth, TX, USA)
without an infusion of artificial fluid. The samples were
collected by manual aspiration into a syringe via the
vitrectomy with the cutting function activated. Samples
were transferred into sterile 1.5ml Eppendorf tubes
(Eppendorf, Freemont, CA, USA) and immediately
frozen at — 70 °C until laboratory analysis.

Patients and controls

A total of three CRVO and one branch RVO patient were
vitrectomized because of fibrovascular tissue formation-
related complications of RVO. All RVO eyes had
secondary neovascularization of the disc or along the
vessels elsewhere and some fibrosis formation. None

of the study subjects had diabetes or previous
ophthalmologic history before RVO. Intravitreal
injections of anti-VEGF were not used in the study eyes
pre-vitrectomy. The control group consisted of 40 eyes
operated due to non-ischemic conditions either a
quiescent idiopathic macular hole or pucker.

Protein measurement

Vitreous total protein concentrations (mg/ml) were
measured to evaluate the nonspecific effects of
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blood-retina barrier breakdown and to compare
undiluted vitreous catch between study groups using

a bicinchonic acid protein assay kit (Pierce, Thermo
Scientific, Rockford, IL, USA). Each vitreous sample was
diluted with sterile water before the measurement, thus
leading to sample dilutions between 1:30 and 1:50 in the
bicinchonic acid reaction mix that minimized any effects
from blood (iron) or other interfering substances.

Determination of vitreous biomarkers

Total TGF-f1 levels were measured using Quantikine
ELISA kit (DB100B, R&D Systems, Minneapolis, MN,
USA). Latent forms of TGF-f1 were acid-activated before
the assay according to the manufacturer’s instructions.
Gelatin zymography was performed to evaluate the
relative levels and activation ratios of MMP-2 and -9
zymogen (pro- and total-MMP-2 and MMP-9) in the
vitreous samples. To analyse the gelatinolytic proteins,
aliquots of vitreous samples were subjected to gelatin
zymography essentially as described.?” The polypeptides
of the samples were dissolved in non-reducing Laemmli
sample buffer and separated by SDS-PAGE using 10%
polyacrylamide gels containing 1 mg/ml of gelatin. After
electrophoresis, the gels were washed twice with 50 mM
Tris-HCI, pH 7.6, containing 5mM CaCly, 1M ZnCly,
and 2.5% Triton X-100 (v/v) for 15min to remove SDS,
followed by a brief rinsing in washing buffer without
Triton X-100. The gels were then incubated at 37 °C for
12-24 h in 50 mM Tris-HCl buffer containing 5mM CaCl,,
1uM ZnCly, 1% Triton X-100, and 0.02% NaNj3, pH 7.6.
The gels were stained with Coomassie Brilliant Blue
R250, followed by destaining with 10% acetic acid and
5% methanol. The zymogen gels were later scanned

by an image scanner, and the areas of clear bands
corresponding to MMP-2 and MMP-9 activity were
calculated using the Image] software (v1.42q, NIH,
Bethesda, MD, USA, http://rsb.info.nih.gov/nih-image/)
on non-altered original TIFF files in the 8bit dynamic
range of signal intensities. The values are reported in
arbitrary units (AU/ml).

Statement of ethics

We certify that all applicable institutional and
governmental regulations concerning the ethical use of
human volunteers were followed during this research.

Statistical analysis

All data are mean = SD and were analysed with SPSS
15.0 (SPSS Inc., Somers, NY, USA). For two-group
comparisons, a non-parametric Mann-Whitney U-test
was used. Effect of age was controlled with the analysis
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of covariance. P <0.05 was considered statistically
significant.

Results
Study patients

Significant differences between the RVO and the control
group were found for age (P =0.018; Table 1) and best
corrected visual acuity in LogMAR (P =0.033; Table 1).

Intravitreal protein levels

The intravitreal concentrations of TGF-f1 (P =0.002;
Table 1) were significantly higher in eyes undergoing
primary vitrectomy due to RVO than in the eyes with a
macular hole or pucker. Moreover, gelatin zymography
analysis revealed higher intravitreal proMMP-9

(P =0.033; Table 1) and total MMP-9 (P =0.010; Table 1)
concentrations in eyes operated for ischemic RVO,
whereas no significant difference was found in the
concentrations of pro- or total MMP-2 (Table 1).

The analysis of covariance was performed to
document whether found differences in the intravitreal
levels were due to the age difference between the RVO
and the control groups. When age was included as a
covariate, intravitreal concentrations of TGF-f1
(P=0.002) and total MMP-9 (P =0.015) were higher in
RVO patients compared with controls (data not shown).
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Discussion

In RVO, hypoxia induces expression and secretion of
cytokines and growth factors that contribute to
vascular instability and pro-inflammatory milieu,
neovascularization, and fibroproliferation.?8?° Novel
treatment modalities for the prevention of RVO
complications are currently under active investigation.
Previous studies underscored concomitant
overexpression of ischemia-regulated erythropoietin
and VEGF in RVO, which were linked to pathological
neovascularization.3%32 Here, we focused on other
potential factors that might lead to the retinal damage in
RVO. TGF-f and MMPs promote tissue remodelling and
angiogenesis by EC cytoskeletal rearrangement and
proteolysis of the EC basement membranes. High TGF-f1
and -2 concentrations have been found in the aqueous
humour of eyes operated for neovascular glaucoma
secondary to CRVO but yet no intravitreal data of TGF
levels in RVO is available.33 Moreover, elevated
intravitreal levels of MMP-2 and -9 have been found in
vitrectomized patients with proliferative diabetic
retinopathy and other vitreoretinal diseases.’*%” These
data included heterogeneous patient cohorts with only
one CRVO patient. Congruent with this small piece of
evidence, we now report elevated intravitreal TGF-f1
and MMP-9 levels in eyes with ischemic RVO.
Regardless the number of eyes operated due to
advanced complications of RVO was small, the study
shows that intravitreal levels of TGF-1 and MMP-9 were
significantly higher in ischemic RVO eyes compared with

Table 1 Clinical characteristics and intravitreal protein concentrations of the study population

Macular holefpucker (n=40) RVO (n=4) P-value
Clinical characteristics
Male/female 14:26 2:2 0.646
Age (years) 69.9+6.6 532+149 0.018°
Hypertension 18 (45%) 2 (50%) 0.877
Diastolic blood pressure (mm Hg) 84.1+10.5 88.0+12.1 0.572
Systolic blood pressure (mm Hg) 154.4+23.9 156.2+£43.5 0.939
Body mass index (kg/m? 27.2+3.6 28.4+49 0.665
Smoking 8 (20%) 2 (50%) 0.379
BCVA in LogMAR 0.9+0.4 1.8+0.5 0.033*
10P 15.6+£4.3 13.8+5.3 0.539
Duration of RVO (months) 11.2+17.2 —
Intravitreal protein concentrations
Total protein (mg/ml) 34%1.8 3.6%1.1 0.733
TGE-1 (pg/ml) 18.3+27.0 920+174 0.002°
ProMMP-2 (AU/ml) 3892.6 +2516.3 6527.8 +3830.7 0.167
Total MMP-2 (AU/ml) 4021.8 £2688.0 7155.9 + 4447.6 0.131
ProMMP-9 (AU/ml) 87.7+174.0 847.9+£1196.4 0.033°
Total MMP-9 (AU/ml) 113.9 £229.7 1183.3 £1163.6 0.010*

Abbreviations: BCVA, best corrected visual acuity; IOP, intraocular pressure; MMP, matrix metalloproteinase; RVO, retinal vein occlusion.
Data are given as mean * SD. A non-parametric Mann-Whitney U-test was used for two-group comparisons.

“Denotes a statistically significant (P <0.05) difference between the groups.
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non-ischemic controls. Comparability of total intravitreal
protein concentrations in eyes of the study groups
suggest increased de novo TGF-$1 and MMP-9 production
rather than leakage from blood because of inner
blood-retinal barrier breakdown. TGF-1 and MMP-9
overexpression might be important in fibrovascular
activity in RVO eyes.

In spite of recent advances in the treatment for
ischemic retinal disorders, the demand for nontoxic
efficient treatment modalities remain topical. Further
studies are warranted to elucidate whether inhibition
of TGF-f1 and MMP-9 has a potential as an alternative or
adjunct therapy together with anti-VEGF treatment and
whether it might improve the prognosis of RVO to a
greater extent than anti-VEGF therapies alone.

Summary

What was known before
e Intravitreal injections of anti-VEGF agents are emerging
as a part of the first-line treatment of RVO.

® Recently published data, however, suggest that the
anti-VEGF therapy might have detrimental long-term
local side-effects in the retina.

® Therefore, development of alternative treatment
modalities for RVO remains a priority.

What this study adds
® Levels of potent vascular destabilizing and
fibroproliferative factors TGF-$1 and MMP-9 were
significantly higher in those eyes vitrectomized due to
ischemic RVO compared with non-ischemic macular
hole and pucker controls.

® Our novel data will encourage further studies to
elucidate whether targeting TGF-f1 and MMP-9 has a
potential as an alternative or adjunct therapy together
with anti-VEGF treatment and whether it might improve
the prognosis of RVO to a greater extent than anti-VEGF
therapies alone.
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