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Retinal ganglion cells (RGCs) are a population of neurons of the central nervous system (CNS) extending with their soma
to the inner retina and with their axons to the optic nerve. Glaucoma represents a group of neurodegenerative diseases
where the slow progressive death of RGCs results in a permanent loss of vision. To date, although Intra Ocular Pressure
(IOP) is considered the main therapeutic target, the precise mechanisms by which RGCs die in glaucoma have not yet
been clarified.
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| 1. Introduction

Glaucoma represents a group of neurodegenerative diseases characterized by optic nerve damage and the slow
progressive death of retinal ganglion cells (RGCs). Indeed, glaucoma is regarded as the second cause of irreversible
blindness worldwide and it is estimated that its incidence will increase to more than 112 million cases in the future WI2IE],

In connection with an increased susceptibility to glaucoma and the progression of such a disease, several risk factors,
including age, Intra Ocular Pressure (IOP), race, severe myopia, genetic background, vascular dysregulation and central
corneal thickness, have been identified 4E. Such a multitude of risk factors can be explained by glaucoma etiological
complexity, as well as by the several glaucoma forms in which pressure does not increase 8. Indeed, although IOP has
been recognized as one of the main glaucoma risk factors due to it being responsible for both mechanical axonal damage
and nutrient interruption B4 | there is a particular glaucoma form, corresponding to 20—25% of glaucomatous optic
neuropathy, characterized by IOP within a normal range, i.e., Normal Tension Glaucoma (NTG), which, however, leads to
progressive blindness. Moreover, not all people who have elevated 10P suffer from glaucoma B[220,

From an anatomical point of view all glaucoma forms are classified in two types, i.e., the open angle and closed-angle
glaucoma, according to the geometry of iridocorneal angle, the point where the iris and the cornea meet [€l. However,
Primary Open Angle Glaucoma (POAG) is the most common glaucoma type, accounting for over 70% of cases.

Currently, clinical treatments for all glaucoma types aim for lowering IOP through topical hypotensive drugs or surgery.
However, these approaches are not sufficiently successful for many patients who continue to lose their vision 14,
Therefore, it would seem evident that RGC death is also driven by different converging molecular pathways, engaged in
additional damage more or less closely connected with IOP elevation, which are able to trigger or exacerbate the
glaucomatous cascade. The purpose of this present review is to summarize the most recent evidence about some of the
possible upstream causes which are responsible for RGC death, as well as neuroprotective strategies to prevent or at
least to slow down progression of the retinal distress.

| 2. Retinal Ganglion Cells

Although the precise mechanisms by which RGCs die in glaucoma have not yet been clarified, three main causes of
severe and extensive damage have been proposed: (i) axonal transport blockade; (ii) Glutamate excitotoxicity; and (iii)
changes in pro-inflammatory cytokine along the RGC projection ( Figure 1).
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Figure 1. Risk factors contributing to RGC distress in glaucoma: the mechanisms implicated in RGC damage include
deficiency in neurotrophic elements, glutamate excitotoxicity, hypoxia and ischemia, impairment of mitochondria functions,
oxidative and nitrosative stress, alterations in axonal transport and in synaptic signals, unstructured proteins, apoptosis
and other death mechanisms which can lead to premature senescence, and inflammation cascade which induce the
activation of glial cells with consequent gliosis.The pathways, triggered by each risk factor, often result to be strictly
interrelated, contributing to amplifying RGC distress in an irreversible way.

As known, neurotrophic factors (NTFs) are critical for the differentiation and maintenance of the nervous system, as well
as for the support of neuronal cell survival. NTFs generally include: the neutrophin family, the glial cell-line derived
neurotrophic factor (GDNF) family and the family represented by Ciliary Neurotrophic Factor (CNTF) [22123],

Although the direct role of glutamate excitotoxicity in glaucoma pathogenesis remains circumstantial Z4ILSI16I17] itg role
has been demonstrated during both ischemic and hypoxia injuries 18129 Therefore, since both conditions have been
found in glaucoma, it is conceivable that glutamate excitotoxicity could be involved in RGC death as a possible outcome
of extensive damage rather than being the main cause 29,

Under prolonged hypoxic-ischemic conditions, the neural protective mechanisms are lost, leading to cell death and tissue
damage. Therefore, under such conditions, neuronal degeneration can result from different detrimental mechanisms
triggered by oxygen and substrate deprivation, including glutamate excitotoxicity, free oxygen radicals, and pro-
inflammatory cytokines, causing a loss in the function of the blood retinal barrier (BRB) (29,

| 3. Neuroprotection

Even though several pre-clinical studies have demonstrated that NTF supplementation could attenuate the RGC loss, it is
necessary to better understand the NTF-signaling pathways, as well as improving the delivery strategies with which NTFs
are administered.

Therefore, SBSs should also be considered as neuroprotective agents for their involvement in anti-inflammatory actions,

acting as inhibitors of NF-kB-signaling in glial cells and, at the same time, as promoters of the TGFB-cascade pathway [21]
22

It is important to underline that several other innovative neuroprotective approaches are currently being assessed ( Figure
2 ). However, since almost all studies are based on animal models, attempts to perform clinical trials has resulted in many
difficulties due to the results not necessarily reproducing those obtained in animal glaucoma models, which in themselves
differ from one species to another. Moreover, some of these potential drugs have shown not only instability and difficulty in
their delivery to the retina, but also several adverse outcomes (23][24]
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Figure 2. Neuroprotective mechanisms for preventing and slowing down RGC diseases.

Endogenous factors include Miiller Glial Cells functions, antioxidant systems, NTsand glutamate.

| 4. Conclusions

Although the first-line treatment for patients with glaucoma is lowering the IOP, it should be taken into consideration that
glaucoma manifests various and important underlying molecular changes, which, in a certain way, lead to RGC death.

Therefore, it is crucial to increasingly broaden our knowledge of the initial conditions that bring about glaucoma, such as

those reported in this present review, to develop new therapeutic approaches.
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