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The potential for microRNA-based therapeutics in retinal disorders
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Mammalian vision is entirely dependent on the unique
methods our visual system has developed to focus light
onto the retina. These photons of light are processed by
the retina into a language that our brain’s visual cortex can
understand, and are subsequently portrayed as the images
we see. The retina plays an important role in this as the
neurological interconnection point sensing environmental
changes and feeding that visual input into the central
nervous system. Therefore, retinal degenerations or
disorders often result in major visual disruptions causing
significant alterations to the affected individual’s lifestyle
and a substantial increase in healthcare-related costs.
Coupled with the inability of current medical technologies
to ameliorate many retinal disorders, it is crucial that
research into effective treatments for a variety of retinal
maladies be conducted for both preventative and therapeutic
measures. With our steadily increasing understanding of
the pathophysiology of retinal disorders, we are beginning
to gain more of an understanding into a particular facet
underpinning many of them: the complex interplay between
retinal pathology and gene regulation.

MicroRNA (miRNA) are small, endogenous, single-
stranded, non-coding RNAs typically 16-24 nucleotides
in length. They act as post-transcriptional regulators of
messenger RNA (mRNA) mediated by the binding of
the miRNA seed region (6-8 nucleotide region) to the
3'untranslated region (3'UTR) of the mRNA. Their strong
therapeutic potential lies in the fact that single miRNAs
frequently have vast regulatory networks which can span up
to 200 different mRINA targets (1). Often these targets also
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work within similar biological and physiological pathways
providing wide-ranging regulation at the molecular level
(1-3). The importance of miRNA in development cannot be
understated, nor can their role in the support, maintenance
and homeostasis of biological systems as a molecular
buffer (4). The dysregulation of miRNA expression has
been shown to contribute to various common pathological
conditions including cancer, diabetes, cardiovascular disease
and neurodegenerative diseases (5). This includes disorders
of the retina where it has been postulated that miRNA
expression changes may underlie various problems arising
in the tissue (6). Their highly conserved nature across
multiple model systems has expedited their use as potential
gene therapeutics for complex diseases relative to others in
the same realm.

The retina acts as an ideal organ model to test out
potential gene therapies for CNS disorders due to the
fact that the blood-retinal barrier renders it a closed
system allowing for ease of access, visualisation and
prevention of systemic side effects. Additionally, its small
and compartmentalised nature theoretically allows for
low doses of drug administration to be effective. In fact,
the first ever FDA-approved gene therapy, LUXTURNA
(Spark Therapeutics), was released for the treatment of
an inherited retinal disorder. The retina as a model organ,
is leading the gene therapy revolution of 21" century
medicine.

In the majority of studies regarding retinal miRNAs,
the same recurring characters seem to appear, indicating
significant roles in maintaining retinal homeostasis and
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combatting or contributing to retinal disorders. The
photoreceptor cluster miR-183/96/182 remains one of the
most heavily studied miRNA families in the retina with their
expression being exclusively localised to the light-sensing
photoreceptor cells (7,8). This cluster has been strongly
linked to a neuroprotective role in the retina (9,10) and their
overexpression in the retinal pigmented epithelium (RPE)
cells (cells underlying the photoreceptors and responsible
for their maintenance to a high degree) have also been
shown to trigger reprogramming into neurons (11). miR-
124 is another heavily studied miRNA in the central
nervous system (CNS) with high enrichment in neurons,
including in the retina (12,13). We have demonstrated that
intravitreal administration of miR-124 has been shown to
ameliorate progression of retinal degeneration with rescuing
of inflammation, photoreceptor cell death and preservation
of retinal function, presumably through regulation of highly
inflammatory molecules such as C¢/2 which has been heavily
implicated in retinal disorders such as age-related macular
degeneration (AMD) and retinitis pigmentosa (RP) (14).
Other recurrent retinal microRNAs include miR-204/211,
and the seemingly connected miR-155 and miR-146 that
have consistently been shown to play heavily within the
retinal inflammation space (15). While much is known
about a small group of miRNAs in the retina, little is known
about miR-194 in the retina, which is the subject of the
manuscript that this commentary aims to address.

The recent study conducted by Cui er /. (in 2019),
investigated the role of miR-194 as a therapeutic in
proliferative vitreoretinopathy (PVR) (16). PVR is currently
still not completely understood with no preventative
measures being effective (17). PVR is a complication
that arises in both non-treated and post-surgery treated
rhegmatogenous retinal detachment (RRD) cases and is
characterised by the formation of an abnormal epiretinal
membrane (ERM). The complication has been touted as
the primary cause of retinal detachment surgery failure (18).
The RPE forms a major part of the composition of the
ERM and can directly be involved in the pathogenesis
of PVR through a process called EMT, or epithelial
mesenchymal transition, which describes a process during
which the RPE cells undergo dedifferentiation and migrate
through breaks in the retina resulting in proliferation on the
retinal surface and eventually the vitreous body (19). This
can eventually lead to secondary retinal detachment. All in
all, PVR is detrimental to the vision of a patient. Despite
the presence of previous studies implicating key retinal
miRNAs as potential therapeutic targets of PVR such as
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miR-204/211 and miR-124, the authors decided to aim their
research at the more controversial miR-194 (20,21). The
controversy comes with the “see-saw” evidence pertaining
to its role in EMT where support has been shown both for
inhibitory and promoter roles of miR-194 in the process
(22,23).

The authors first isolated retinal layers through laser
capture microdissection (LCM), which allowed for the
isolation of the retinal nuclear layers. Through this, they
determined that miR-194 was most heavily expressed in
the RPE. To specifically investigate the RPE cells, they
overexpressed miR-194 in ARPE-19 cells, an immortalised
RPE cell line, before performing RNAseq. Upon gene
ontology analysis, some interesting pathways appeared to be
enriched following miR-194 overexpression including the
NF-«p pathway, tumor necrosis factor (I'NF) and NOD-
like receptor signalling, which are all pathways involved
in inflammation. A number of these inflammatory-related
pathways seemed to be up-regulated following miR-194
overexpression, however, the authors continued to speculate
that miR-194 may have a protective role in EMT.

Whilst there were many targets that appeared in their
sequencing analysis, the authors analysed the “intersection
between all downregulated [differentially expressed genes]
in the miR-194 overexpression group and the predicted
targets by TargetScan” and only chose to move forward
with zinc-finger E-box binding homeobox-1 (ZEB1) as
their main target of study. ZEB1 has been postulated to
play a role in EMT via regulation of inflammatory pathways
such as TGF-p and NF-«B (24). They used an in vitro
model of TGF-Bl-induced EMT on ARPE-19 cells to
show that the expression of various EMT-related proteins
could be effectively regulated with the introduction of a
miR-194 hairpin construct. This was corroborated with
immunohistochemical, western blot, wound healing and
cell migration assay analyses. A major issue with miRNNA
research up until recently, is the reliance on in silico
predicted binding partners and targets simply based on the
conserved seed binding regions of the miRNA. This has
the tendency to generate false-positive results that must be
taken with a “grain of salt” before appropriate validation.
However, whilst the authors utilised the availability of
online prediction tools such as TargetScan and PicTar to
show seed region complementarity to ZEB1, they also used
a dual-luciferase assay to successfully validate ZEB1 as a
target of miR-194.

In vive, Cui et al. intravitreally injected miR-194 in
a rat PVR model and with this intervention observed
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a subsequent decrease in ZEBI levels compared to the
untreated controls in both western blot and immunostaining
analyses. They also provided fundus imagery detailing
the supposed amelioration in retinal appearance in miR-
194 treated eyes where a retinal fold was absent and blood
vessels appeared straight. However, it is not clear how
efficient the intravitreal injections were as there were no
results indicating the efficiency of the transfection of miR-
194 following the injections. This is vital information as the
retina is notoriously difficult to transfect due to its multi-
laminar structure.

Whilst the results of this study together are interesting,
it is becoming increasingly obvious that concentrating
on a single target of a single miRNA may not prove
an effective search for therapeutics and elucidation of
biological mechanism. This is due to the wide-ranging
regulatory network of miRNAs. Techniques such as
argonaute (AGO) HITS-CLIP have allowed researchers
to identify binding sites and entire networks of miRNAs
that are actively contributing to various tissue types (25).
Argonaute is a family of essential proteins in the RNA-
induced silencing complex (RISC) that miRNAs must bind
with in order to perform post-transcriptional regulation.
AGO HITS-CLIP is a technique where the tissue at
hand is cross-linked with ultraviolet (UV) light creating
covalent bonds between the argonaute protein, the active
miRNA and the bound mRNA. This entire complex can
then be immunoprecipitated allowing for the isolation of
both binary AGO: miRNA and ternary AGO: miRNA:
mRNA complexes. High-throughput sequencing will allow
for the identification of the true miRNA targets in the
respective tissue of interest. Though a difficult technique,
it is currently the “gold standard” in miRNA research to
understand and elucidate both the miRnome and targetome
of any given biological system. Luciferase assays such as
those used by the authors in their study, remain an effective
assay to use in order to validate binding of the miRNA
to the 3’UTR of an mRNA target therefore indicating a
potential target. However, one cannot immediately assume
a positive result to remain true in a biological system that
is not synthetically created such as those done in in vitro
conditions during the assay.

The issue of delineating all the targets of a single miRNA
in a biological system has proved to be a major roadblock
in its potential use as a therapeutic. Using a miRNA as
a therapy either by itself or in combination with other
miRNAs remains a promising avenue for treatment but,
again, a holistic view at what they are targeting is key to
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their relative success. It is therefore vital that all functional
targets of miRNAs be elucidated before proceeding, as
failure to do so may result in negative effects arising due
to its potential “Janus-faced” attributes as already seen in
miR-194.

Although miR-194 has not typically been in the
conversation in retinal miRNA studies, Cui ez 4/. present
solid evidence into its potential role in maintaining the health
and integrity of RPE cells specifically. In saying this, there
is a theme in miRNA studies that is gaining in popularity.
This is the notion that despite a large number of miRNAs
being detectable in any given system, only a small subset of
these miRNAs account for the majority of functions. In the
retina, these candidates seem to be the ones aforementioned
in this commentary, which have been shown to account for
approximately 90% of the retinal miRnome (13). As miR-194
is not among this list of 20 or so miRNA, as the authors
themselves have stated in their conclusions, an extensive list
of miR-194 targets in the retina must be elucidated in order
for its mechanism and role to be further established as a
miRNA for retinal therapeutic use.
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