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The role of microRNAs in the progression
of neurodegenerative diseases: MicroRNAs
(miRNAs) are endogenous, non-coding and
short RNA nucleotides that regulate gene
expression through base pairing with the
targeted messenger RNA (mRNA) at the
3'untranslated region (3' UTR). Thus, miRNAs
play fundamental role in the inhibition or
degradation of messenger RNAs (Gebert
and MacRae, 2019). Two ribonuclease
(RNase) lll enzymes control the biogenesis
of miRNAs; Drosha and Dicer. The first step
in the biogenesis includes the cleavage of
primary miRNAs (pri-miRNAs) in cell nucleus
by Drosha, which leads to the formation of
short stem-loop pre-miRNAs. Subsequently,
these pre-miRNAs are transported to the
cytoplasm and further processed by Dicer
resulting in mature miRNAs (O’Brien et al.,
2018).

Numerous diseases display abnormal
expression of miRNAs, such as breast
cancer, leukemia, hepatocellular carcinoma,
cardiovascular and neurodegenerative
diseases. More than 2000 miRNAs have
been identified to have key roles in
differentiating neurons, which highlights the
involvement of miRNAs in different neuronal
processes. Literature reveals that miRNAs
are implicated in different pathways that
are directly involved in the progression of
neurodegenerative diseases (Figure 1A).
a-Synuclein, a presynaptic protein implicated
in neurological disorders, is an intrinsically
disordered protein. The aggregation of
a-synuclein to form insoluble fibrils and
Lewy bodies is a key pathological hallmark
for the diagnosis of neurological disorders,
such as Parkinson’s disease and Alzheimer’s
disease. The aggregation of a-synuclein in
human neuroblastoma cells is promoted
by miR-16-1, which is attributed to the
ability of miR-16-1 to downregulate heat
shock protein 70. Recently, the ability of
miR-153 to negatively regulate a-synuclein
has been demonstrated in parkinsonian
mice (Cressatti et al., 2019). Moreover,
the inhibition of miR-34b in patients with
Parkinson’s disease enhanced the expression
of a-synuclein in human brain. Tau, a
microtubule associated protein, is expressed
in mature human brain in six isoforms.
The abnormal hyperphosphorylation and

aggregation of tau into mature fibrils is
observed in Alzheimer’s disease as well
as other neurological disorders, called
tauopathies. Downregulation of miR-212 and
miR-132 was detected in neurally derived
plasma exosomes of patients of Alzheimer’s
disease (Cha et al., 2019). Based on these
findings, the assessment of the levels of miR-
212 and miR-132 in extracellular vesicles is
considered a promising diagnostic tool for
Alzheimer’s disease.

Numerous reports have demonstrated the
association between neurodegenerative
diseases and dysfunction in mitochondrial
dynamics, such as variation in mitochondria
size, altered shape, fission-fusion,
and mitochondria movement). In this
context, miR-27a has been reported to
suppress the expression of PTEN-induced
putative kinase 1, a mitochondrial serine/
threonine kinase, which is a key player in
mitophagy. Thus, miR-27a plays a key role
in controlling the autophagic clearance of
damaged mitochondria. Mutations in PTEN-
induced putative kinase 1 are considered
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major contributor to autosomal recessive
Parkinson’s disease. Along these lines,
miR-494 induces mitochondrial damage
and oxidative stress-induced neuronal
damage via decreasing the expression of
Parkinson disease protein 7, an inhibitor of
the aggregation of a-synuclein (Catanesi
et al., 2020). In addition, novel miR-455-
3p demonstrated protective activity against
amyloid aggregation through controlling the
expression of mitochondrial fission proteins
and regulating mitochondrial dynamics
(Kumar et al., 2019).

Over the past years, a-secretase 1 (BACE-
1) has received increasing attention as a
critical therapeutic target for Alzheimer’s
disease. BACE-1, also known as B-site
amyloid precursor protein cleaving enzyme
1, is the major secretase involved in the
production of amyloid-B peptides in
human brain. Subsequent aggregation
and fibrillization of these peptides to form
amyloid plaques are key diagnostic features
of Alzheimer’s disease. Additionally, multiple
lines of evidence have demonstrated
the neurotoxicity of small oligomers of
amyloid-B peptides. MiR-298 has been
recently identified as a repressor of BACE-
1 in human neuronal cell culture model
revealing the therapeutic potential of miR-
298 for neurodegenerative diseases (Chopra
et al., 2020). Moreover, the expression
of BACE-1 is directly regulated by miR-
15b, which functions through targeting
BACE1 mRNA 3'-UTR (Gong et al., 2017).
These findings illustrate that miRNAs are
key players in controlling the function of
BACE-1 and its role in the pathogenesis of
neurodegenerative diseases.
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Figure 1 (A) The implication of miRNAs in different pathways for the progression of neurodegenerative
diseases. (B) Chemical structures of compounds 1-3.
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The development of small molecules for
neurodegenerative diseases based on
targeting miRNAs: Targeting disease-causing
miRNAs with small molecules have revealed
promising outcome in the in vitro as well
as in vivo screening. Thus, considerable
research efforts have been directed towards
the development of new strategies for
the identification and the design of small
molecules with potential miRNAs binding
capability. However, the short sequences of
miRNAs have impeded the identification of
potent small-molecule binders and shifted
the focus towards targeting pre-miRNAs with
longer sequences.

Inforna and Inforna 2.0 are tools developed
to identify small molecules targeting
structured RNAs. These approaches
are based on mining motifs (secondary
structures) of the RNAs based on their
sequences. These motifs are then compared
to a database of known RNA motif-small
molecule binding partners. Inforna then
reports the motif in the database as well as
the target RNA. Inforna has been utilized
recently in the identification of compound
1 (Figure 1B) as an inhibitor of a-synuclein
expression (Zhang et al., 2020). Compound
1 targets the a-synuclein mRNA 5" UTR
and decreases the levels of a-synuclein
via decreasing the amount of SNCA mRNA
loaded into polysomes.

Recently, RIBOTACs (ribonuclease targeting
chimeras) have evolved as a new class of
small molecules that can target diverse RNA
classes, including miRNAs and mRNAs (Dey
and Jaffrey, 2019). The design of RIBOTACs
is based on linking RNA-binding molecules
to a small molecule that activates RNA L,
a latent ribonuclease, which results in the
degradation of the target RNA.

Multitargeted directed ligands (MTDLs)
for neurodegenerative diseases focused
on miRNAs: MTDLs are ligands that are
designed to interfere with multiple pathways
involved in the progression of neurological
disorders because of their multifaceted
feature. The remarkable success of MTLDs
in the identification of small molecules with
in vitro and in vivo efficacy in models of
neurodegenerative diseases has resulted in
continued efforts in the development of new
tools for the design of MTDLs. In this context,
a novel strategy for the identification of
MTDLs for neurodegenerative diseases
was recently reported, which is based on
dual inhibition of acetylcholinesterase
and the biogenesis of miRNAs (Gabr and
Brogi, 2020). Compound 2 (Figure 1B), a
dual inhibitor of acetylcholinesterase and
biogenesis of miR-15b, was more efficient
than donepezil and anti-miR-15 in protecting
SH-SY5Y neuroblastoma cells from amyloid-
beta induced cytotoxicity.

Moreover, dual inhibition of tau
oligomerization and biogenesis of miRNAs

implicated in the progression of neurological
disorders (e.g. miRNA-146a) has been
reported as a promising strategy for the
design of MTDLs (Gabr and Barbault, 2020).
The outcome of this approach furnished
compound 3 (Figure 1B) which featured
superior neuroprotective activity to miRNA-
146a antagomir and MK-886, an inhibitor
of tau aggregation. These studies further
illustrate that the design of MTDLs focused
on inhibition of the biogenesis of miRNAs
has shown preferential therapeutic profile in
comparison to monotargeted therapeutics.
Therefore, further screening of the outcome
of these approaches using in vivo models of
neurodegenerative diseases will be critical
for future optimization.

Future directions: Development of efficient
strategies to identify small molecules that
can selectively bind miRNAs will have a
remarkable effect on the ability to control
the expression of proteins implicated
in neurodegenerative diseases. Small
molecule inhibitors of Drosha and Dicer
have been extensively studied as tools to
inhibit the biogenesis of miRNAs. However,
numerous inhibitors of Dicer and Drosha
exhibit attenuated miRNA binding affinity
in cellular environment as well as inability
to block miRNA maturation. These results
are attributed to promiscuous targeting
of these small molecules as well as their
competition with other macromolecules in
binding miRNAs. Therefore, establishment
of new approaches for selective binding of
miRNAs is highly desirable. Kinetic target-
guided synthesis (KTGS) is a fragment-based
drug discovery approach in which biological
target selects its bidentate ligands through
assembling them from a pool of small
reactive fragments. In KTGS, the biological
target accelerates covalent bond formation
between building blocks with complementary
reactive functional groups via enhanced
resonance time. After dissociation from
the target, KTGS hits can be detected in
the media by Liquid chromatography-mass
spectrometry. A potential pathway for the
identification of selective binders of miRNAs
would be to use KTGS to identify small
molecule binders of target miRNA.
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