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Abstract

For over a decade VEGF (Vascular Endothelial Growth Factor) inhibitors have been the definitive treatment of choroidal neovascularization
associated with adult onset macular degeneration. While the induction of “wet macular degeneration” treatment requires 2-3 intravitreal
injections, over 2-3 months, the maintenance phase for sustained good visual acuity may be 6 injections or more per year, protracted over 6-8 years.
Unfortunately, this treatment, even if the extended number and time of intravitreal injections could be packaged in a sustained delivery device, would
still not represent a cure. Alternatively, if the treatment could be targeted to genetic, oxidative stress, inflammatory and immune modification from
Bromodomain inhibitors (BRD I), (which would work through these transcription factors from an early stage to correct these macular problems),
then patients might be given a more direct and shorter intervention with perhaps oral maintenance as necessary. Similar consideration for BRD I
may be developed for uveitis, corneal scarring and retinal ganglion cell protection.
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Introduction
Development of the optimal treatment

VEGF inhibitors (Bevacizumab, Ranibizumab, and Alfibracept),
with comparable efficacy, have become the gold standard of
treatment of acute and recurrent choroidal neovascularization
associated with adult onset macular degeneration (AMD), the
leading cause of vision loss in the elderly [1-5]. The induction
phase to reduce fluid in the macula requires 2-3 injections. The
maintenance of good visual acuity after two years is unfortunately

based on monthly intravitreal injections [1-6].

Evolution of the optimal treatment

CATT [6] and IVAN [5] studies showed that “as necessary”
injection rates of treatment up to two years did not result in as good
visual acuity as fixed monthly injections. After two years the CATT
study showed loss of the vision gains with only 4-5 injections per
year [6]. Since the average AMD patientis 78 years old and expected
to live about another 8 years, even though the “as necessary” VEGF
injection rate may work in some patients, it is probably inadequate
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for the majority [1].

intravitreal injections over the duration may be difficult.

However, the continuation of monthly

Thus, the treat and extend option has been used. This means
that after follow up if there is evidence, usually on OCT (a non-
invasive imaging of the retinal layers and their thickness) or OCTA
(a non-invasive imaging of the retinal layers and their blood flow)
of enhanced macular leakage, an additional intravitreal injection
of VEGF inhibitor is given after the exam. That usually results in
6-8 injections per year to maintain good visual acuity, so far as we
know, out to 3-4 years. And this has been able to maintain good
visual acuity [1,7].

Discussion

VEGF inhibitor problems with vision maintenance over time
in the sizeable undertreated Groups: Real World Utilization of
Anti-VEGF agents

However, from large data groups like the Medicare data
and others, where the average was only 4-5 injections per year,
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maintenance of vision gains beyond two years is lacking [8-10].
Many of the patients in other studies even in the first year are only
getting less than 4 injections per year [1]. The AURA study from
Europe showed loss of vision with under treatment in just two
years [11]. Poster Data from EU retina 2017 in Barcelona, Spain
showed 75% of the patients were getting less than 6 injections per
year even in the first year of management [1]. Most of the studies
show a direct correlation between number of injections per year
above 6 and maintenance of good visual acuity [1]. A study from
Sweden, for example, with seven-year retrospective registry and
large number of patients showed a significant drop in vision after
two years with loss to follow up or lower number of injections per
year [12].

Likewise, in diabetic macular edema and retinal vein occlusion
where VEGF inhibitors are also used for their vision sparing effect,
the burden of therapy is beyond three years [1,9]. Thus, despite
longer acting or higher concentration VEGF inhibitors or depot or
sustained release of the drug that are on the horizon, durability of
treatment is a long-term issue and VEGF inhibition is not a cure, but
rather a continued maintenance therapy.

Viral gene carriers

Based on the phase 1 trial with 12 patients (aged 8-44 years)
with RPE65 associated Lebers Congenital Amaurosis given one
subretinal injection of adeno-associated virus containing a gene
encoding a protein for isomer hydrolase activity of the retinal
pigment epithelium (RPE) showing vision improvement (especially
in children)[13], perhaps much more widespread gene therapy
research to target AMD in senior adults may be useful in the
future. For example, genes that trigger production of specific VEGF
inhibitors or alternatively limit the production of VEGF in early
AMD settings may be useful.

BRD I: Degenerative pathways: oxidative stress, hypoxia/
inflammation, immune reaction, mitochondrial/
lysosomal instability: wet, dry AMD

Photoreceptor and RPE protection by inhibiting certain
proteins that control histone acetylation, which genomically
regulate degenerative pathways of oxidative stress, inflammatory/
immune dysfunction and mitochondrial/lysosomal instability
in AMD, may represent an alternative, comprehensive approach
to both “dry”
neovascularization) AMD. Drusen (oxidative stress degenerative

(geographic atrophy) and “wet” (choroidal
lipoprotein deposits between the retinal basal lamina and Bruchs),
lipfuscin (from inefficient protein clearance from impaired
mitochondrial/lysosomal pathway), geographic atrophy (RPE drop
out and hyperplasia after inflammatory and immune dysfunction)
and choroidal neovascularization (from chronic hypoxia and
inflammation) are core processes [14-17] that may come under
the purview of the histone/genomic modification machinery
cited above. Bromodomain proteins through histone acetylation,
a routine operation of the chromatin scaffold, which orchestrates
gene activation, may be inhibited to reduce inflammation and

immune dysregulation as well as Nrf2 (nuclear factor erythroid 2/
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antioxidant response element). In RPE cells, the NRF2 /antioxidant
element regulates oxidative stress by enabling nuclear antioxidant
gene activity and antioxidant proteins. Mice models with NRF2
deficiency are more susceptible to oxidative stress damage,
protein aggregations and poor regulation of autophagy genes. The
reductions of autophagic clearance of damaged proteins as well as
the larger number of dysfunctional mitochondria are significant
contributors to AMD [15,17-19].

BRD Inhibitors as Gene and RGC Protectors, Anti-
inflammatory Agents, Anti-Fibroblast Agents? oral BRD
Inhibitors

Using a mouse model with a mutation for Retinitis Pigmentosa,
by inhibiting bromodomain (BRD) and extra terminal domain
(BET) after intravitreal injection of JQ1 (a specific BRD inhibitor),
photoreceptor degeneration was reduced and electro retinographic
function improved. Retinal microglia activation, marked by IBA1,
CD68, TSPO, and mRNA inflammatory cytokines, TNFo, MCP-1,
IL-1B, IL-6 and RANTES were all suppressed. This would suggest
a sparing role against retinal degenerative mutant genes by BRD
inhibition [20]. JQ1, one of the more well studied BRD I, has a
diazepin like structure see (Figure 1) and because of its similarity
to diazepam drugs, which enjoyed widespread use in the 1980s
and 1990s, the JQ1 potent stereoisomer might be able to be
compounded into oral preparations(Figure 1).

Figure 1

Using a mouse retinal ganglion cell (RGC) damage model
induced by N-methyl-D-aspartic acid (NMDA) intravitreal injection
with or without JQl in one eye, suppressed up regulation of
inflammatory cytokines, TNF o, IL-1B, MCP-1, RANTES in retinal
homogenates by about 50% and maintained the number and gene
expression of RGC at ~ 2 fold versus controls [21].

In another study of the potential effect of JQ1 on mechanical
injury induced mouse corneal scarring and TGF o induced human
corneal myofibroblast differentiation, mouse sub-conjunctively
injected JQ1 suppressed corneal scarring without impairment of
epithelial regenerative capacity and JQ1 or small interfering RNA
inhibited the differentiation of human corneal myofibroblasts.
The study concluded that JQ1 suppresses and reverses corneal
scarring through BRD4 inhibition and Nrf2 dependent antioxidant
induction [22]. Nrf2, a key transcription factor in cellular protection
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from reactive oxygen species facilitates the sustaining role of the
mitochondria for energy generation as well as mitochondrial
stability in maintaining the ubiquitination process of degenerative

waste product removal in a timely and efficient fashion [15, 23,24].

Chromatin, the protein scaffold of the DNA that is affected by key
controlling genes called transcription factors is alternately modified
by histone acetylation versus de-acetylation, which regulate
gene expression, In general, after acetylation of lysine residues
on histones and key transcription factors, which might include
bromodomain proteins, the chromatin structure is loosened and
gene transcription/activation is carried out. After de-acetylation
the chromatin structure is condensed, and certain key genes are
repressed. Histone deacetylases HDACs are enzymes that remove
acetyl groups. They are a large family of proteins, comprised of four
classes of HDACs and seven sirtuin groups. Sirtuins are enhanced
HDACSs that can de-acetylate lysine residues in non-histone proteins
within or outside the cell nucleus, such as in the mitochondria.
While HDACs historically are linked to chromatin condensation and
gene repression, HDACs may also act as gene promoters as well.
For example, HDAC3 functions as a co-repressor when targeted by
co-repressor molecules, but it is also necessary for transcriptional
activation of retinoic acid response elements necessary for cell
growth and differentiation [25].

The BET and BRD family are characterized as acetylation
readers. By associating with hyper-acetylated chromatin regions
these proteins promote transcription of target genes, such as those
for immune or inflammatory, or mitochondrial function. Since the
retina is one of the highest oxygen consuming tissues in the body the
photoreceptors have the greatest density of mitochondria of all the
CNS neurons [26]. Thus, with excess oxidative stress, mitochondrial
energy production may be compromised as well as the ability to

clear damaged wasted products [15,23,24].

BRD inhibitors possible use in uveitis

In a mouse model of experimental autoimmune uveitis in which
CD4+Th1 and Th17 cells are immunopathogenic, mimicking non-
infectious uveitis in humans, exposure to BET inhibitors, GSK151
and JQ1, downregulated Th17 associated genes IL-17A, IL-22 and
retinoic acid related orphan receptor y t, illustrating therapeutic
potential for uveitis and inflammatory and immune diseases [27].

Mapping BRD inhibitor selectivity, concentration and
immune, inflammatory, metabolic and long-term side
effects

Much work in the use of BRD inhibitors still needs to be done.
For example, in the realm of cancer, each BET protein controls
distinct transcriptional pathways that have functions beyond
cancer cell proliferation, such as insulin production, cytokine gene
transcription, T cell differentiation, adipogenesis and repression of
latent HIV virus. Sound understanding of BRD inhibitor selectivity,
concentration, and immune/inflammatory, metabolic, and
degenerative risks need to be assessed in all clinical applications

[28] (Table 1).

Table 1: BRD Inhibitory Activity in Degenerative Eye Disease Models.

Retinitis
. Pigmentosa L Zhao, et al.
Mouse Intravitreal Genes,
[20]
photoreceptors,
ERG
Retinal
Mouse Inravitreal Gangh.on Cell JLi, etal. [21]
protection after
NMDA stress
Reduced
Th17 enriched 1nﬂammatory M
Mouse cytokines and Eskandarpour
cultures i .
uveitiogenic etal. [27]
activity
Mouse Decreased
Mouse/Human intracorneal/ | corneal scarring
Fibroblasts Human and human MQu, etal. [22]
myofibroblasts fibroblasts

Conclusion

From the above discussion one may infer that BRD inhibitors
may have a pivotal role in attenuating the degenerative effects of
chronic oxidative stress as in macular degeneration as well as the
unbridled effects of inflammatory gene expression in the evolution
of choroidal neovascularization. In addition, the BRD inhibitors may
be useful in uveitis, retinal ganglion cell protection in glaucoma, and

corneal scarring.

However, their selectivity, dosimetry, and potential side effects
need to be delineated.
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