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ABSTRACT

Glaucoma is the leading cause of irreversible blindness. Currently available treatments
mainly target the reduction of intraocular pressure (IOP). Increased extracellular matrix
(ECM) deposition especially fibronectin (FN) in trabecular meshwork (TM) contributes
to aqueous humour (AH) outflow resistance, causing elevated IOP. Transforming
growth factor-beta (TGF-B) is a cytokine implicated in the pathophysiology of
glaucoma and its TGF-B2 isoform has a more significant association. It enhances ECM
deposition in the TM tissue via connective tissue growth factor (CTGF) and the
signalling may involve canonical, the SMAD-dependent and/or non-canonical
pathways, via mitogen-activated protein kinase (MAPK) such as JNK and p38. Steroid-
induced glaucoma, a common type of secondary glaucoma, is also associated with
elevated IOP and TM changes similar to those observed in the most common glaucoma
subtype, primary open angle glaucoma (POAG). Trans-resveratrol (TR) is a
polyphenolic compound that has previously been shown to lower IOP in steroid-
induced ocular hypertensive rat model. TR has been shown to minimally affect the
canonical TGF-B2 signalling pathway in primary human trabecular meshwork cells
(HTMCs). Therefore, this study aims to explore the involvement of non-canonical TGF-
B2 signalling via JNK and p38 MAPKs leading to reduction of FN deposition by TR in
dexamethasone-treated primary HTMCs. Primary HTMCs were incubated with
dexamethasone (100 nM) with and without TR (12.5 pM). The gene and protein
expressions of TGF-p2, JNK1, JNK2, p38, CTGF and FN were determined using RT-
gPCR and ELISA after 3- and 7-days of treatment, respectively. The active TGF-B2,
phosphorylated JNK1 and phosphorylated p38 were also measured using ELISA after
7 days. It was observed that TR downregulates dexamethasone-induced increase in the
expression of TGF-B2 gene, and both total and active TGF-B2 proteins. Treatment with
dexamethasone-only increased the phosphorylated JNK1 and p38, however it had
insignificant effect on the gene and protein expressions of JNK1, JNK2 and p38. TR
alone and TR co-treatment with dexamethasone had insignificant effect on JNK1 gene
and protein expression and JNK2 gene expression when compared to both
dexamethasone-only treated group and control groups. TR however when given alone
and with dexamethasone reduced the JNK2 protein expression significantly when
compared to dexamethasone-only group and control groups. TR co-treatment with
dexamethasone increased JNK1 phosphorylation when compared to the control group
and reduced the p38 expression and phosphorylation in comparison to dexamethasone-
only group. TR co-treatment with dexamethasone also suppressed both CTGF and FN
expression induced by dexamethasone treatment. This current study demonstrated that
TR suppressed TGF-p2 pathway leading to reduction in CTGF and FN levels with
involvement of p38 MAPK but not JNK. Further investigations are warranted to fully
understand the mechanism of action of TR underlying reduction of ECM deposition and
its potential use as an antiglaucoma agent.
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CHAPTER ONE
INTRODUCTION

1.1 Research Background

Glaucoma is a common eye disorder that can cause progressive optic nerve
damage leading to a permanent visual loss. It is currently the leading cause for
irreversible blindness worldwide with a prevalence of 2.4% for primary open angle
glaucoma (POAG) affecting around 68.56 million people globally with 53% of those
affected are in Asia (Zhang et al., 2021). Glaucoma can be classified into primary and
secondary types. Primary glaucoma can be further classified into open-angle and
closed-angle glaucoma. Secondary glaucoma can be caused by trauma, inflammation,
tumour and medications such as corticosteroids (Weinreb et al., 2014).

Increased intraocular pressure (IOP) is an important risk factor for glaucoma
development and progression. IOP is the tissue pressure of the intraocular content and
is kept in the normal range by a balance between the rate of secretion of aqueous humour
(AH) from the ciliary body and rate of its drainage through a heterogenous tissue, the
trabecular meshwork (TM), into the Schlemm’s canal. Increased extracellular matrix
(ECM) deposition such as fibronectin (FN) in TM tissue causes increased aqueous
outflow resistance leading to IOP elevation in glaucoma (Tektas et al., 2010; Vranka et
al., 2015; Kasetti et al., 2018). Ocular hypertension or IOP elevation progressing to
glaucoma can also develop as an adverse effect from corticosteroid therapy, either
topical or systemic, administered for a sufficient duration (Kersey & Broadway, 2006).
Currently available treatment modalities for glaucoma target to reduce the IOP which
helps to reduce the development and progression of the disease (Heijl et al., 2002;
Razali et al., 2021).

Transforming growth factor-beta (TGF-B) belongs to TGF superfamily and is a
cytokine with multiple functions and has been implicated in glaucoma pathophysiology.
A meta-analysis by Agarwal et al., (2015) showed significantly higher level of TGF-B2
in AH of POAG patients when compared to controls. TGF-B2 contributes to the
elevation of IOP, in part, as a result of enhanced ECM deposition contributing to
resistance to AH outflow in the TM tissue. Exposure to TGF-B2 has been shown to

significantly enhance the synthesis and deposition of multiple ECM and ECM-related
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