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Editorial on the Research Topic

Ocular fibrosis: molecular and cellular mechanisms and treat-
ment modalities

Tissue fibrosis occurs as an excessive repair response to mechanical damage,
inflammation, ischemia, and degeneration, leading to irreversible scar formation (1). The
excessive proliferation and deposition of various extracellular matrix (ECM) proteins are
mediated through the transition of various cell types to myofibroblast-like cells. These cell
types include epithelial cells, fibroblasts, vascular cells, glial cells, and inflammatory cells
(2). The noted phenotypic and functional changes are considered major events during the
fibrotic process with severe alterations in the tissue integrity and function (3, 4). Fibrosis
contributes to the severity of pathologies in many chronic inflammatory diseases in the eye
including retinopathy of prematurity, proliferative diabetic retinopathy (PDR), age-related
macular degeneration (AMD), and glaucoma (1, 5). Although the mechanisms of
fibrogenesis have been extensively studied, the exact molecular and cellular events that
drive this destructive tissue insult remain unresolved and may vary in a tissue, cell, and
context-dependent manner. Despite great advances in our knowledge regarding its etiology,
effective treatment of fibrogenesis presents an unmet challenge.

Numerous in vitro and in vivo models of fibrogenesis have helped gain insight into the
role of various factors and their impact on intracellular mechanisms that drive the changes
associated with fibrotic responses. Unfortunately, targeting many of these cells and
pathways has proven ineffective in the prevention and reversal of fibrotic responses in
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various diseases. Numerous growth factors including TGF-f,
PDGF, CTGF, VEGF-A, and TNF-o. have profibrotic activities
and contribute to ocular fibrosis through the activation of their
downstream signaling events (6). However, the unique contribution
of these pathways and the target cells involved suggests a multi-step
process whose involvement in different steps needs further
investigation. Although myofibroblasts are recognized as key cell
types contributing to fibrosis, their sources remain unclear and may
involve specific cell types in a unique tissue, cell, and organ-specific
manner. Thus, the investigation of tissue and cell-specific
mechanisms is vital to the identification of common and distinct
contributors to fibrosis. This knowledge should aid in the
development of more effective strategies to halt and/or reverse
fibrotic responses associated with various chronic diseases.

Recent studies identifying the source of myofibroblasts, the key
cell type driving fibrogenesis, have led to the identification of
perivascular supporting cells in many tissues in response to
damage including diabetic retinopathy and age-related macular
degeneration (7-9). However, the details of mechanisms for this
selective transition of pericytes to myofibroblasts and the source of
mediators involved in fibrogenesis need further investigation. One
of the key pathways implicated in fibrogenesis involves increased
production of TGF-B and its action through its canonical (Smad-
dependent) and non-canonical (Smad-independent) pathways
driving fibrosis.

TGF- is shown to impact the transition of various cell types
including epithelial cells, vascular cells, and inflammatory cells to
myofibroblast-like cells and enhance the production of various
ECM proteins. These changes have a significant impact on the
ECM milieu and the function and integrity of the tissue and cellular
microenvironment. Retinal pigment epithelium (RPE) cell
dysfunction contributes to many retinal diseases including PDR,
vitreoretinopathy, macular damage, and retinal detachment (10).
Higashijima et al. review the important role of TGF-f in promoting
the transition of RPE cells to myofibroblast-like cells and the
mediation of subretinal fibrosis associated with neovascular
AMD. Zhao et al. (11) showed that TGF- can also mediate
pericyte to myofibroblast transition in subretinal fibrosis. Thus,
the significant contribution of these different cellular transitions to
subretinal fibrogenesis deserves further investigation.

Recent studies have also investigated the potential regulatory
role microRNAs may play in mechanisms that promote the
transition to myofibroblast. Leng et al. show that miRNA-494
promotes RPE cell transitions to myofibroblasts by targeting P27,
which is an important regulator of cell proliferation. In addition,
miRNA-494 may similarly promote the transition of Miiller cells to
myofibroblast, contributing to the formation of the epiretinal
membrane. These studies provide additional insight into potential
regulatory mechanisms that impact the transition to fibrogenesis.

Given the significant role of inflammatory processes in
fibrogenesis, the use of anti-inflammatory agents could prevent
fibrogenesis and provide protection. Wong et al. show that a
liposomal steroid delivery is effective in mitigating fibrosis in a
preclinical model of proliferative retinopathy. Inflammatory
mediators also play a significant role in the modulation of ECM
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proteins involved in the remodeling of tissue microenvironment,
which favors fibrogenesis. Many actions of ECM proteins are
mediated through their interactions with cell surface receptors
called integrins. Faralli et al. provide a detailed overview of various
integrins expressed in the trabecular meshwork and their potential
involvement in fibrogenesis changes impacting outflow facility, and as
a result, the intraocular pressure and optic nerve damage in glaucoma.

Although these studies aid in our understanding of the cellular
and molecular mechanisms that drive fibrogenesis, additional
investigations are needed to further identify the target cells and
pathways that drive their fibrogenic phenotype in a tissue and cell-
specific manner. Advances in RNA sequencing have begun to shed
light on these questions, identifying cells with unique fibrotic
properties and identifying key mediators that drive the transition
process and ECM changes (9, 12, 13). This knowledge will aid in
tissue and cell-specific targeted strategies to effectively prevent and
reverse fibrosis.
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