Journal of Molecular Pathophysiology, 2024
VOL 13, NO. 4, PAGE 01-02

©

PERSPECTIVE

8 Open Access

The Structural and Functional Effects of Extracellular Matrix and Cell Adhesion Mole-

cules in Retinal Degeneration

Robert Meyer”
Department of Neuroscience, University of Sofia, Sofia, Bulgaria

About the Study

Retinal degenerative diseases include a wide range
of conditions that lead to the progressive loss of
photoreceptors and other retinal cells, ultimately
causing vision impairment or blindness. These
diseases include Age-Related Macular Degeneration
(AMD), Retinitis Pigmentosa (RP), and Leber
Congenital Amaurosis (LCA), among others.
Photoreceptor cells, which consist of rods and cones,
are important for capturing light and initiating the
visual process. Cones provide vision in color and
clarity of vision, while rods are in responsible for
seeing in low light. These cells are highly specialized
and metabolically active, depending on exact
chemical mechanisms to maintain their function and
survival. A disruption in these processes can lead to
cellular stress, dysfunction, and eventually cell death.
One key molecular mechanism implicated in retinal
degenerative diseases is oxidative stress. Due to
their rapid metabolism and continuous exposure to
light, photoreceptor cells are especially vulnerable
to damage caused by oxidation. Reactive Oxygen
Species (ROS) are generated as byproducts of cellular
metabolism, and their accumulation can cause
significant damage to cellular components, including
lipids, proteins, and DNA. The retina has intrinsic
antioxidant defenses to mitigate ROS damage, but
in degenerative conditions, these defenses can be
dominated, leading to cellular injury and death.

Inflammation also plays an important role in
the progression of retinal degenerative diseases.
Microglial cells, the specificimmune cells of the retina,
become activated in response to injury or stress.
While microglial activation is initially protective,
chronic inflammation can lead to the release of
pro-inflammatory cytokines and chemokines
that exacerbate cellular damage. This sustained
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inflammatory response can increase even more
oxidative stress and contribute to the degeneration
of photoreceptors and other retinal cells. The process
of protein misfolding and aggregation is another
crucial factor in retinal degenerative diseases.
Photoreceptor cells continuously produce a large
amount of proteins, including visual pigments like
rhodopsin. Mutations in genes encoding these
proteins can lead to their misfolding, resulting in the
formation of toxic aggregates that disrupt cellular
homeostasis. The accumulation of misfolded proteins
can begin the Unfolded Protein Response (UPR), a
cellular stress response aimed at restoring protein
homeostasis. However, prolonged UPR activation
can lead to apoptosis, further contributing to retinal
degeneration.

Mitochondrial dysfunction is a central feature of many
retinal degenerative diseases. Photoreceptor cells
have a high energy demand, making them particularly
reliant on mitochondrial function. Mutations in
mitochondrial DNA or nuclear genes encoding
mitochondrial proteins can impair mitochondrial
function, leading to reduced ATP production and
increased ROS generation. This mitochondrial
dysfunction can result in cellular energy deficits
and oxidative damage, both of which contribute to
photoreceptor cell death.

Defects in the visual cycle also play an important role
in retinal degenerative diseases. The visual cycle is
a biochemical pathway that regenerates the visual
pigment rhodopsin after it has been bleached by light.
Key enzymes and transport proteins are involved in
this cycle, and mutations in the genes encoding these
proteins can disrupt the visual cycle, leading to the
accumulation of toxic intermediates and byproducts.
These toxic substances can cause cellular stress
and damage, ultimately leading to photoreceptor
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degeneration. Another key factor in retinal health is
autophagy, a cellular activity that breaks down and
recycles damaged proteins and organelles.

In degenerative diseases, autophagy can become
dysregulated, leading to the accumulation of damaged
cellular components and increased cellular stress.
Proper autophagic function is need for maintaining
cellular homeostasis, and its impairment can
exacerbate the progression of retinal degeneration.

Gene mutations are a major cause of many retinal
degenerative diseases. These mutations can affect
a wide range of cellular processes, from movement
to protein folding to phototransduction and cellular
metabolism. Cell replacement therapies, including stem
cell-based approaches, aim to replace lost or damaged
photoreceptors and other retinal cells. These therapies
involve differentiating stem cells into retinal cells and
transplanting them into the retina.
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