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Abstract

MicroRNAs are small non-coding RNAs regulating mRNA translation. They play a crucial role in regulating
homeostasis in neurons, especially in regulating local and stimulation dependent protein synthesis. Since
activity-mediated protein synthesis in neurons is critical for memory and cognition, microRNAs have become
key players in modulating these processes. Dementia is a broad term used for symptoms involving decline of
memory and cognition. Several studies have implicated the dysregulation of microRNAs in many brain
diseases like neurodegenerative diseases, neurodevelopmental disorders, brain injuries and dementia. In this
review, we give an overview of microRNA-mediated regulation of proteins and cellular processes affected in
dementia pathology, hence illustrating the importance of microRNAs in normal functioning. We also focus on a
relatively less explored area in dementia pathology—the importance of activity-mediated protein synthesis at
the synapse and the role of microRNAs in modulating this. Overall, this review will be helpful in looking at the
significance of microRNAs in dementia from the perspective of defective regulation of protein synthesis and

synaptic dysfunction.

© 2019 Elsevier Ltd. All rights reserved.

Introduction

Dementia is a general term used to describe the
loss of memory and cognitive defects common to
many neurological disorders. There are many
different causes and types of dementia where
Alzheimer's disease (AD), vascular dementia and
fronto-temporal dementia (FTD) are among the most
common [1-3]. Dementia is progressive and in most
cases involves significant loss of neurons by the time
the problem is diagnosed. Vascular dementia
happens due to the loss of blood supply to specific
regions of brain [1], and it is clearly distinct from the
other major causes of dementia such as AD and
FTD. In this review, we primarily focus on dementia
resulting from AD and FTD. In AD and FTD, majority
of the cases are sporadic (where the genetic cause
is unknown), but still a large number of genes are
identified whose mutations are either directly impli-
cated in the pathology or considered to be risk
factors [2,3]. In both sporadic and familial cases,
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molecular pathology has many common features
such as increased oxidative stress, mitochondrial
dysfunction, intracellular and extracellular protein/
peptide aggregation and endoplasmic reticulum
(ER) stress due to misfolded and aggregated
proteins [4—8]. Synaptic dysfunction and defects in
regulation of protein synthesis are interlinked factors
that are likely to have significant impact on the
pathology of AD and FTD [8—12] but are relatively
less studied. In this article, we review recent work
about the defective protein synthesis, particularly
involving microRNAs contributing to the molecular
pathology of dementia. We also discuss the emerg-
ing concepts about defective translation regulation
as an important cause of synaptic dysfunction
observed in dementia.

MicroRNAs, which were discovered only two
decades ago, have attained a central position in
our understanding of translation regulation. Micro-
RNAs are small (~20 nt) noncoding RNAs encoded
as much longer precursors which are processed into
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their mature form by different RNases. The primary
transcript of MiRNAs encoded by RNA polymerase Il
undergoes nuclear processing by Drosha and
DGCRS8 to form the precursor miRNA (pre-miRNA).
The pre-miRNAs are loaded onto the complex of
Dicer and Argonaute (AGO) for further processing
into the single stranded mature miRNAs [13]. Dicer
also associates with other proteins such as TAR RNA
binding protein (TRBP) and protein kinase interferon-
inducible double-stranded RNA-dependent acti-
vator (PACT) for more efficient processing of pre-
miRNAs [14]. TRBP and PACT directly interact
with protein kinase R (PKR) and hence also act
as factors that link the miRNA processing to stress
response [14].The mature miRNAs are recruited
on their cognate target mRNAs (based on their
“seed” sequence) along with Argonaute (Ago)
protein. Argonaute then recruits several other
proteins (such as GW182, FMRP and different
de-capping and de-adenylating enzymes) and
constitutes the microRNA-induced silencing com-
plex (miRISC) [15,16]. MiRISC can inhibit transla-
tion and degrade the mRNA at different kinetics
based on its composition and many other determi-
nants. Formation of miRISC does not necessarily
mean degradation of the mRNA since this inhibi-
tion can be often reversed and translation can
resume. This is particularly relevant at the synapse
where activity-mediated translation requires an
efficient mechanism to reversibly inhibit protein
synthesis [17,18].

Due to their key role in translation regulation,
microRNAs are implicated in the pathology of many
disorders from cancer to neurodegeneration. In
dementia, most of the times, protein/peptide aggre-
gation plays a causative role in the pathology. In
such cases, translation regulation of proteins and
enzymes that are involved in the generation and
clearance of these peptides/aggregates is of critical
importance. Several microRNAs are reported to be
involved in this regulation and any change in their
expression and function will have a significant
impact on the pathology of dementia. Apart from
this, microRNAs play a very important role in the
regulation of many cellular organelles (such as
mitochondria, ER) and processes (such as autoph-
agy, calcium homeostasis, neurotransmitter homeo-
stasis) which are affected in both familial and
sporadic cases of dementia. More recently, the
importance of microRNAs in synaptic function is
illustrated by several reports. This should draw the
attention of dementia researchers since synaptic
dysfunction is the most common and important hall
mark of cognitive loss in all cases of dementia
irrespective of their origin.

In this review, we first discuss the role microRNAs
in the translation regulation of many proteins directly
implicated in the pathology of AD and FTD, which
are major contributors to dementia. In the later

section, we review the role microRNAs in regulating
the important cellular organelles and processes
which are implicated in neurodegeneration. We
further review the role of microRNAs in synaptic
translation, synaptic signaling and their implication to
neurodegeneration, which is a frontier area for
dementia research. Finally, we review the use of
microRNAs as biomarkers for various forms of
dementia and their potential use as therapeutic tools.

Role of MicroRNAs in Regulating the
Proteins Directly Implicated in Dementia

In this section, we mainly focus on the proteins
directly implicated in pathology of AD and FTD and
their microRNA-mediated regulation. Many of these
proteins are causative factors for the disease, while
others are associated proteins acting as risk factors
or protective agents. For each of these proteins, their
expression and activity is reported to be regulated by
several microRNAs. These microRNAs are likely to
affect the disease pathology directly, and many of
these microRNA levels are reported to be affected in
dementia patients.

MicroRNAs regulating the proteins implicated
in AD

AD is a progressive neurodegenerative disorder
and a major leading cause for dementia. Clinically,
AD is characterized by the presence of extracellular
AB deposits and intracellular neurofibrillary tangles
of hyperphosphorylated tau (MAPT) [2]. While
majority of cases of AD are late-onset sporadic
cases, about 5% cases are early onset and
contributed by mutations in genes encoding specific
proteins. Amyloid precursor protein (APP) is one of
the primary proteins implicated in AD and is
responsible for the generation of AR peptides.
Although the exact function of APP in the cell is not
well understood, it is shown to be important for
neurite outgrowth and neuron motility [19]. APP is a
transmembrane protein that is reported to be
localized to the plasma membrane, ER, trans-Golgi
network, endosomes and mitochondria. APP can
undergo two different kinds of proteolytic cleavage
pathways—the amyloidogenic pathway, which gen-
erates AR peptides (processed by B-secretase and
Y-secretase), and the non-amyloidogenic pathway,
which prevents AB generation (processed by a-
secretase and Y-secretase) [20]. A Disintegrin and
metalloproteinase domain-containing protein 10
(ADAM10), a zinc metalloproteinase, is the principal
constitutive a-secretase present in the neurons. With
both APP and ADAM10 being localized to the
plasma membrane, it is considered to be the main
site of the a-cleavage [21]. The major B-secretase in
the brain is reported to be BACE1, which is a
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Fig. 1. MicroRNA-mediated regulation of proteins implicated in dementia pathology. MicroRNAs are involved in regulating
the expression, splicing and post-translational modification of several proteins that are directly implicated in dementia
pathology. This figure shows the microRNAs regulating the protein APP (i) along with its secretases ADAM10 (ii) and
BACEH1 (iii). MicroRNA-mediated regulation of tau expression (v) and its phosphorylation (vi) is also shown in the figure.
Similarly, microRNAs regulating the expression of Sirtulin1 are also shown. Sirt1 is associated with dementia as it has
roles in regulating both APP processing (through transcriptional activation of ADAM10) and tau pathology (through

deacetylation of tau).

membrane-bound aspartyl protease. The main
site of B-cleavage in the neurons is thought to be
the endosomes/endocytic organelles [21]. The Y-
secretase, reported to function at both the plasma
membrane and the endosomes, is a complex of four
proteins—presenilin (PSEN), presenilin enhancer 2
(PEN2), nicastrin and anterior pharynx defective 1
(APH1). The Y-secretase cleaves the AR domain
of APP in a sequential manner, generating varying

lengths of AB peptide (from AB38 to AB42). Along with
APP, presenilin 1 and presenilin 2 (PSEN1 and
PSEN2), the catalytic subunits of the Y-secretase, are
the other major class of proteins implicated in familial
AD [19]. The mutations of APP are shown to increase
its propensity toward the amyloidogeinc pathway,
whereas the mutations in PSEN are shown to increase
the generation of AB42, the more hydrophobic and toxic
form of AB [20,22,23].
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The microRNA-mediated regulation of APP and
the proteins influencing its proteolytic cleavage are
well studied. In this section, we review the role of
microRNAs regulating APP and the secretases,
which cleave APP (Fig. 1).

APP

The APP mRNA levels have been shown to be
regulated by many microRNAs/microRNA families.
MiR-20a family (which includes miR-20a, miR-17-5p
and miR-106b), miR-101, miR153 and miR-193b are
reported to directly target APP mRNA in cultured
neurons and neuronal cell lines [24-27]. The
decreased levels of miR-106b and miR153 were
also validated in the post-mortem brain samples of
AD patients [24,27]. SAMP8 mouse model for age
associated AD has also been shown to have
increased APP levels, which is correlated with the
reduced levels of its target miR-16 [28]. Although
many of these studies report the microRNAs target-
ing APP and their levels being affected in AD, the
functional and pathological link between them is not
well established.

Along with APP expression, the alternative splic-
ing of APP is also shown to be regulated by
microRNAs. Neuronal APP is generally devoid of
exon 7 and 8. However, the APP from many AD
patients was shown to be inclusive of these exons
which is supposed to increase AR production. Smith
et al. showed that this alternative splicing of APP
was modulated indirectly by miR124. MiR124 is
shown to target the mRNA of polypyrimidine tract
binding protein (PTPB1), a global repressor of pre-
mMRNA splicing leading to increased inclusion of
target exons [29,30]. The decreased levels of
miR124, as observed in brains of AD patients,
were shown to cause an increase in the levels of
PTPB1 protein. The increase in PTPB1 protein
(repressor of splicing) was correlated with the
alternative APP isoform (generated due to lack of
splicing of exon 7 and 8) in AD [31]. Although the
study is correlative and does not establish the exact
link between PTPB1 and APP splicing, it gives
interesting insights into alternate ways by which
microRNAs can influence the processing of APP
mRNA and hence contribute to increased AR
production. This approach also opens the field to
the possibilities by which microRNA-mediated regu-
lation of mRNA splicing can influence disease
pathology, other than just affecting the protein levels.

ADAM10

Many studies have reported that the microRNAs
targeting alpha-secretase ADAM10 mRNA are
upregulated in AD leading to decreased levels of
ADAM10 and increased amyloidogenic cleavage.

MiR-221, miR-144, miR-451 and miR-140-5p were
reported to target ADAM10 mRNA and decrease its
expression in neuronal cell lines [32—34]. The increase
in miR-144 levels in AD is shown to be due its
transcriptional upregulation caused by AB. AB expo-
sure was shown to activate the transcription factor AP-
1, which has putative binding sites 1 kb upstream from
the miR-144 transcription start site [32]. Thus, in-
creased production of Ap upregulates miR-144 through
transcriptional activation, decreases ADAM10
levels and prevents non-amyloidogenic pathway.
However, the mechanism of how A regulates AP-1
activity is still unexplored. MiR-140-5p was also
shown to be upregulated in human AD post-mortem
brain samples corresponding to the decreased
ADAMA10 levels [34].

BACE1

The role of microRNAs in regulating the expres-
sion of BACE1 is well documented. MiR-29 family is
reported to target BACE1 mRNA by many studies
[35,36]. MiR-29a/b-1 cluster was shown to be
downregulated corresponding to the increased
BACE1 levels in post-mortem brain samples of
sporadic AD patients [35]. MiR-29c was also
shown to target BACE1 in neuronal cell lines [36].
Another well-studied microRNA targeting BACE1
mRNA is miR-107. Decreased levels of miR-107
were not only observed in the post-mortem brain
samples of AD patients but also observed in brain
samples of individuals with mild cognitive impair-
ment (MCl)/early AD pathology [37]. The study also
conducted in situ hybridizations to show that miR-
107 decrease was observed in the cerebral cortical
lamina (deep cortical layers 5 and 6) coinciding with
the plagues and tangles [37]. Other microRNAs that
are reported to regulate BACE1 mRNA are miR-124,
miR-298, miR-328, miR-485-5p, miR-195 and miR-
135a-5p [38-41]. Several of these studies only
report the altered microRNA levels in AD, and
some of them have tried to link the altered microRNA
levels with AB accumulation or localization [36].
While many studies successfully show that micro-
RNA levels are dysregulated, there are hardly any
studies that show this as the cause. Even in this
case, the question of what triggers the microRNA
levels to change would always arise. Hence, along
with identifying target microRNAs of the crucial
proteins, more insights into what triggers the
microRNA dysregulation would be important in the
future.

Surprisingly, there are very few reports about the
role of microRNAs in regulating the expression or
activity of Y-secretase. Since Y-secretase/preseni-
lins have such a crucial causative role in AD, it would
be interesting and important to explore the role of
microRNA-mediated regulation of PSEN activity.
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Fig. 2. MicroRNA-mediated regulation of cellular processes affected in dementia pathology. Synapse is the first region at
which the defect begins in dementia. Several cellular processes that are required to maintain the proper functioning and
integrity of the synapse are affected in dementia. Neurotransmitter homeostasis is a crucial process important for
preventing the excitotoxicity observed in dementia. This figure shows the role of microRNAs in regulating this process at
the pre-synapse (neurotransmitter release), post-synapse (receptor endocytosis) and in the astroglia (neurotransmitter
uptake/clearance). Similarly, microRNAs modulating the process of mitochondrial function and autophagy are also

depicted in the figure.

MicroRNAs regulating the proteins associated
with AD

Apolipoprotein E

Apart from the primary proteins whose mutations
cause the disease, there are other associated
proteins that influence the disease progression or
pathology by acting either as protective factors or as
risk factors. Especially in a disorder like dementia
where the sporadic cases are a majority, under-
standing the regulation upstream of/downstream by
such factors is essential. AD has been associated
with several such proteins, the most well-studied one
being apolipoprotein E4 (APOE4). The E4 isoform of
APOE protein is the most well-established risk factor
for sporadic AD [42]. APOE is a lipoprotein that is
mainly secreted by astrocytes in adult brain and is
known to transport cholesterol to neurons by binding
to receptors such as LDL-receptor related protein
(LRP), apolipoprotein E receptor 2 (Apoer2), low-
density lipoprotein receptor (LDLR) and very low-
density lipoprotein receptor (VLDLR) [43]. Associa-
tion of APOE with AD was established when it was
shown to bind to AB and facilitate its clearance/uptake
through the APOE receptors. The two major factors
influencing the AB binding by APOE are the APOE
isoform and the lipidation status of APOE [42]. The risk
factor APOE4 is shown to have minimal binding to AR,
hence having the lowest efficiency of AB clearance [44].
Similarly, the binding of APOE to AB is shown to be
minimal when APOE is not lipidated [44].

One of the studies that has looked at the
microRNA-mediated regulation of APOE lipidation
indicates the role of miR-33 in this process. The
study shows that miR-33 targets ABCA1 (ATP-
binding cassette transporter A1), a protein that
transfers cellular cholesterol onto APOE for further
transport. The increase in miR-33 decreases ABCA1
levels and inhibits its function, hence causing
decreased APOE lipidation and impaired AR clear-
ance [45] (Fig. 2). Thus, the study suggests an
interesting alternate therapeutic approach of using
anti-miR-33 to promote AR clearance.

Sirtulin 1

Recent studies have emphasized on the role of
sirtulin 1 (SIRT1) as a neuroprotective factor against
age-related neurodegenerative disorders. SIRT1 is
an NAD-dependent deacetylase that also plays a
crucial role in regulating transcription depending on
the energy availability. SIRT1 has been studied in
the context of neurodegeneration after it was
observed that the AR plaques/amyloid pathology
was reduced in the brains of calorie-restricted mice
due to the activation of SIRT1 [46]. Follow-up studies
have shown that SIRT1 increases the transcription
of ADAM10 and also prevents Tau accumulation by
deacetylating Tau [47](Fig. 1).

There are reports of decreased SIRT1 levels in
AD, which is caused by the increased levels of its
target microRNAs like miR-132/212 family [48]. The
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study by Gao et al. [49] has explained how SIRT1
and miR-134 regulate memory and plasticity, thus
showing the implications of downregulated SIRT1 in
AD. Their study shows that SIRT1, along with the
transcription factor YY1, represses miR-134 by
directly binding to the regulatory regions. Downreg-
ulation of SIRT1 causes an activation of miR-134,
which leads to the translation inhibition of its targets
CREB and BDNF, thus impairing memory and
plasticity. Along with SIRT1 being regulated by its
set of target microRNAs, it also regulates the
transcription of few other microRNAs, thus contrib-
uting to synaptic plasticity. Such studies give sneak
peek into how complex the impact of microRNAs can
be on the pathology of dementia.

Triggering receptor on myeloid 2

In last 3 to 5 years, many studies have associated
triggering receptor on myeloid 2 (TREMZ2) function to
AD. TREM2 was identified as a receptor for AR on
glial cells, important for the uptake and clearance of
AB (Fig. 2) [50]. Most of the AB-mediated changes in
microglia such as depolarization, inward potassium
currents, cytokine secretion and migration were
shown to be dependent on TREM2 [50].

The role of miR-34a in regulating TREM2 function is
well studied [51,52]. Many NFKB-sensitive pro-
inflammatory microRNAs are shown to be upregulated
in AD due to increased activity of NFKB. Microglia-
enriched miR-34a is one among them that has binding
sites of NFKB in the promoter region and is transcrip-
tionally upregulated in the post-mortem brain samples
of AD patients and murine microglial cells [51]. Increase
in miR-34a levels is shown to decrease TREM2 levels
and impair AB clearance [51,52].

MicroRNAs regulating the proteins implicated
in FTD

FTD is a broad term that is used to describe a
group of disorders involving progressive degenera-
tion of the frontal and temporal lobes of the brain.
Unlike AD, the pathological changes in FTD are
more heterogeneous containing different kinds of
inclusion bodies. Two major kinds of inclusion
bodies implicated are —TDP43-ubiquitin—positive
inclusion bodies and Tau-positive inclusion bodies
[3]. Familial cases of FTD account for one-third of all
the FTD cases and the main proteins implicated in
familial FTD are TD43, progranulin, Tau and
chromosome 9 open reading frame 72 (C9orf72)
expansion mutations [3].

TDP43

TAR DNA-binding protein 43 (TDP43) is an RNA/
DNA binding protein involved in regulating various

steps of RNA metabolism. TDP43 was identified to
form complexes with Drosha and Dicer, hence
indicating its role in microRNA biogenesis and
processing [53]. TDP43 was also shown to have a
role in regulating mRNA splicing by binding to the
long intronic regions of 239 mouse brain pre-
mRNAs. The levels of these transcripts were
decreased in the absence of/with mutations in
TDP43 indicating RNA degradation due to pre-
mature stop codon or unproductive splicing [54].
Through regulating splicing, TDP43 could influence
the binding of the microRNAs to their respective
mRNA targets as well.

The localization of TDP43 is another aspect that
plays a key role in regulating its function. TDP43 is
localized majorly in the nucleus with a scant
presence in the cytoplasm. Under stress, TDP43
relocates from the nucleus to the cytoplasm forming
ubiquitin-positive aggregates. Along the same lines,
the study by Zhang et al. [55] showed that the iPSC-
derived neurons from FTD patients with TDP43
mutations were more sensitive to oxidative stress
than control neurons. The patient neurons showed a
decrease in the TDP43 levels on oxidative stress
and increased localization of TDP43 to the cyto-
plasm compared to the controls. These neurons also
showed a downregulation of pri-miR-9 and miR-9, a
brain-enriched microRNA shown to regulate synap-
tic plasticity [56]. Although the study did not clearly
explain the link between TDP43 and these micro-
RNAs, it does indicate that TDP43 mutations can
affect the processing of certain microRNAs that
contribute to the disease phenotypes.

MicroRNAs that directly regulate TDP43 expres-
sion and function are not well studied as most of the
studies have emphasized on the role of TDP43 in
regulating a repertoire of microRNAs and their
processing. The presence of TDP43 inclusion
bodies in FTD also supports the important role of
TDP43 in RNA metabolism. However, the mecha-
nisms of TDP43 inclusion bodies leading to neuro-
degeneration are still unclear. The targets of TDP43
and their specificity in contributing to TDP43
mediated neurodegeneration and dementia are yet
to be explored as well.

PGRN

Progranulin (PGRN) is another protein recently
implicated in familial FTD with TDP43 and ubiquitin
aggregates. PGRN is mainly expressed by mature
neurons and shown to be important for neuroin-
flammatory responses and activation of microglia in
conditions of stress and injury [57]. One of the recent
studies has shown the importance of PGRN in
mediating autophagy and hence hypothesized that
loss of PGRN hampers the autophagy mediated
clearance of TDP43 aggregates [58,59]. Over 30
mutations have been identified in PGRN, all of them
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leading to null alleles and loss of functional PGRN
[57]. Since this is a relatively new finding, the
mechanisms of PGRN mediated FTD and neurode-
generation are not well understood.

There are only few studies that have looked at the
role of microRNA-mediated regulation of PGRN.
Kocerha et al. [60] conducted microarray from
frontal cortex of 40 post-mortem brain samples of
patients with PGRN mutation FTD. They identified
the expression of 20 microRNAs that were
dysregulated.

MicroRNAs regulating Tau

Microtubule-associated protein Tau (MAPT) is
known to associate with microtubules and promote
tubulin assembly. Tau undergoes many modifica-
tions such as acetylation, glycosylation, ubiquitina-
tion, glycation, polyamination and nitration, but the
phosphorylation of Tau is primarily implicated in
taupathies [61]. Taupathies are a class of diseases
that are caused by hyper-phosphorylation and patho-
logical aggregation of Tau. Most of the taupathies
occurring in neocortex are associated with dementia.
While mutations in MAPT are one of the major causes
implicated in familial cases of FTD with tau aggregates,
taupathies are also associated with AD and dementia
pugilistica. The hyper-phosphorylated form of Tau is
shown to have negative effect on microtubule assem-
bly as it aggregates into paired helical filaments and
forms the neurofibrillary tangles [62]. Some of the
studies also report a gain of toxic function by hyper-
phosphorylated Tau caused by sequestration of other
MAPs (MAP1 and MAP2), which leads to microtubule
disassembly [61,63,64]. The major kinases of Tau
reported are GSK3, Cdk5 and PKA. The only reported
phosphatase of Tau is PP2A [61,62].

The importance of microRNAs in regulating Tau
function is well established. The microRNAs which
target Tau mRNA and regulate its expression are
known such as miR-132/212 family and miR-219
[65,66]. Some of these studies delve on the
mechanism of how the microRNAs influence the
activity or the levels of the kinases of Tau, hence
affecting its phosphorylation (Fig. 1). An interesting
study by Absalon et al. [67] followed up on two
independent observations in AD—(1) miR-26b was
upregulated in human AD and MCI post-mortem
brains and (2) aberrant cell cycle entry/presence of
cyclins and CDKs in post-mitotic neurons. They have
proposed a model to connect the two and explain
how miR-26b upregulation leads to Tau hyper-
phosphorylation and neuron loss. They show that
miR-26b targets retinoblastoma (Rb1) mRNA lead-
ing to decreased Rb1 protein and increased tran-
scription of S-phase genes. This leads to cell cycle
re-entry and translocation of Cdk5 from the nucleus
to the cytoplasm. Cytoplasmic Cdk5, a known kinase
of Tau, leads to its hyper-phosphorylation. Thus, the

study establishes how the upregulation of miR-26b
in AD causes cell cycle re-entry in post-mitotic
neurons and tau hyper-phosphorylation finally lead-
ing to apoptosis [67]. The other kinase of Tau,
glycogen synthase kinase 3 (GSK3g) is shown to
be regulated by miR-138. MiR-138 directly targets
retinoic acid receptor alpha (RARA), which causes a
decrease in retinoic acid signaling [68]. As shown by
an earlier study [69], decreased retinoic acid
signaling leads to increased activity of GSK3f
leading to tau hyper-phosphorylation and paired
helical filament formation.

Taupathies are also associated with dysregulation
of microRNAs. MicroRNAs that are upregulated in
pre-symptomatic taupathy models are reported [70].
It is also shown that the overexpression of mutant
Tau is sufficient to cause the dysregulation of many
miRNAs with miR-142 being one of them. Although
the exact mechanism of miRNA dysregulation is not
well understood, overexpression of mutant Tau is
shown to cause neuroinflammation and reactive
astrocytes [70]. One of the top miRNA that was
upregulated on overexpression of mutant Tau was
miR-142. The overexpression of miR-142 caused
altered Stat3 signaling, neuroinflammation and
gliosis, similar to the overexpression of mutant Tau
[70]. This is one of the studies that shows how the
mutations in Tau can cause the dysregulation of
microRNAs, which in-turn alters the signaling path-
ways and leads to disease progression [70]. Overall,
while there are many microRNAs involved in
regulation of tau levels and phosphorylation, tau
also regulates certain microRNAs, which explains
the complex role of microRNA dysregulation in
taupathies.

Role of MicroRNAs in Regulating the
Cellular Processes Contributing to
Dementia

Dementia pathology is quite complex at the
cellular level. Many cellular and molecular processes
are affected including mitochondrial function, energy
production, reactive oxygen species (ROS) man-
agement, autophagy and neurotransmitter homo-
eostasis. Dysregulation of these cellular processes
is a common downstream effect in both familial and
sporadic cases of dementia. Hence, understanding
how these processes are regulated and maintained
also becomes very crucial. The role of microRNAs in
regulating many steps of these processes is well
studied. In the following section, we aim to review
microRNA-mediated regulation of cellular processes
that are defective in dementia (Fig. 2), emphasizing
and extending on the role of microRNAs in the
regulation of proteins directly or indirectly implicated
in these cellular and molecular processes.
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Mitochondrial function—oxidative stress and
energy production

Mitochondrial dysfunction is one of the major
cellular pathway/component affected in dementia,
especially in case of AD. Several changes are
observed in AD with respect to mitochondrial
morphology, fission—fusion dynamics, metabolism
and functioning [71]. A decline in mitochondrial
function, accumulation of mtDNA mutations and
increased ROS are considered to be the major
causative reasons and triggering factors for sporadic
AD [72]. AB is shown to localize to the mitochondria
and cause decreased mitochondrial membrane
potential and activation of apoptotic pathways [6].
Studies have also reported increased complex I
and decreased complex IV activity of mitochondria in
the brains of transgenic mice model, leading to
increased production of ROS and decreased syn-
thesis of ATP [6]. The increased production of ROS
is considered to be a major contributing factor for the
oxidative stress observed in AD causing oxidation of
cellular RNA, proteins and lipids leading to their
abnormal functioning or degradation [5,73,74]. Along
with increased oxidative burden, the decreased
cellular energy is also considered to be a major
factor contributing to the impaired functioning and
disability of the cell to cope with stress.

The role of microRNAs in regulating some of these
mitochondrial functions is studied. For example,
cytochrome C oxidase IV (COXIV), a nuclear-
encoded electron transport chain protein is shown
to be regulated by miR-338 in neuronal cells [75].
Similarly, miR-23a/b are shown to target glutamin-
ase, an enzyme that converts glutamine to the TCA
cycle substrate glutamate, hence regulating mito-
chondrial metabolism [76]. miR-15a and miR-16-1
are shown to have a role in regulating mitochondria
mediated apoptosis (cytochrome C release) by
targeting Bcl2 [77]. miR-30 family is reported to
regulate mitochondrial fission by targeting p53 and
Drp1 [78]. In SAMP8 mouse model for aging, mfn2
(mitofusin 2) mRBNA levels were shown to be
downregulated in the hippocampus leading to
decreased mitochondrial membrane potential and
activity [79]. This was shown to be dependent on
increased levels of miR-195, a microRNA previously
implicated in AD pathology. These reports suggest
how dysregulation of microRNAs can impair mito-
chondrial function and lead to pathology (Fig. 2).

The prevalent idea is that microRNAs present in
the mitochondria are nuclear encoded and imported.
Some studies have isolated pure and intact mito-
chondria to show that mitochondria have a cell type-
dependent unique enriched pool of microRNAs
(independent of cellular abundance of microRNASs)
[80]. Along with the microRNAs, mitochondria also
harbor miRISC proteins like argonaute2 (AGOZ2),
hence acting also as a hub of signaling complexes.

In polarized cells like neurons, mitochondria are
actively transported to the processes to meet the
local energy demands. Along with the mitochondria,
the associated microRNAs and RISC proteins are
also transported, creating an enriched environment
for local translation regulation [80].

Autophagy and mitophagy—clearance pathways

Autophagy

Most types of dementia are associated with
progressive accumulation and aggregation of mis-
folded proteins and peptides. This accumulation can
happen due to the imbalance created either at the
step of synthesis or at the stage of clearance. Most of
the proteins identified to be responsible for familial
cases of dementia mainly alter the synthesis and/or
aggregation of the misfolded proteins and peptides
[81]. In the past few years, several groups have also
looked at how the clearance pathways are affected
in dementia, a defect that seems to be a common
downstream phenotype among both familial and
sporadic cases. Of the clearance mechanism, the
dysregulation of autophagy-lysosomal pathway is
widely investigated in dementia [81]. Autophagy—
lysosomal pathway is a chain of events that is
responsible for clearance of misfolded and aggre-
gated proteins and dysfunctional organelles in the
cell. Along with its contribution in maintaining the
homeostasis in the cell, autophagy is crucial for
recovering resources for the cell under conditions of
stress such as nutrient starvation, oxidative stress or
neuronal excitotoxicity (most of which are observed
in cases of dementia). Many studies have shown
that autophagy is up-regulated in the post-mortem
human brain samples as well as in transgenic mouse
models of AD [82]. Presence of abnormal large
autophagosomes, as a result of defective lysosome
fusion is also reported [83]. Presenilins, the Y-
secretase subunit implicated in AD pathology, are
shown to modulate autophagy as well [84—89]. The
loss of presenilin activity causes impairments in
lysosomal acidification and biogenesis finally lead-
ing to increased autophagosomes and impaired
autolysosomes [84,85]. Although the link between
presenilins and autophagy is well established, the
other upstream regulators of autophagy-mediated
defects in AD are not well understood.

Each step in the process of autophagy is regulated
by several microRNAs—autophagy induction regu-
lated by miR-885-3p; vesicle nucleation regulated by
miR-182, miR-34a, miR-195, miR-21 and miR-205;
autophagosome membrane elongation regulated by
miR-375 and miR-204; and autophagosome matu-
ration targeted by miR-98, miR-124, miR-204 and
miR-142 [90]. Many of these microRNAs such as
miR-124, miR-34a and miR-195 are reported to be
dysregulated in AD, indicating that they could be
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potentially influencing some steps of autophagy
(Fig. 2). Very few studies give mechanistic insight
into how microRNA-mediated dysregulation of
autophagy can lead to AD pathology [91]. One
such study showed that miR-299-5p levels in the AD
mouse brain are low and intracerebral injections of
miR-299-5p act as a neuroprotective agent and help
them improve their performance in cognitive tests.
They explained that miR-299-5p targets ATG5, the
protein important for autophagosome closure, and
inhibits it; thereby attenuating the enhanced autoph-
agy and ATG5-mediated apoptosis. Similarly, the
use of antago-miR-134 restored abnormal autopha-
gy in epileptic mouse models by reducing oxidative
stress and improving mitochondrial function. Oxida-
tive stress being the reason for abnormal autophagy
in this system, antago-miR-134 treatment restored it
by decreasing the levels of autophagy associated
proteins such as ATG5 and Beclin1 [92]. Although
this study was conducted in the model of epilepsy,
the defects of oxidative stress, mitochondrial dys-
function and abnormal autophagy are common and
can be extrapolated to dementia as well.

While there are microRNAs that target and
regulate different steps of autophagy, autophagy
itself also acts as a mechanism to regulate the
microRNA loading. The precursor miRNAs are
double-stranded RNA duplex which are a loaded
onto a complex of Dicer and AGO2 (RISC compo-
nents) for processing into a single-stranded mature
miRNA. The Dicer—-AGO2 complexes, which are not
loaded with the microRNAs, are degraded by
autophagy, thereby autophagy acts as a checkpoint
of microRNA loading and removal of inactive
complexes [93]. Hence, the defective autophagy in
dementia could also affect the process of microRNA
homeostasis, leading to more a global dysregulation.
While some groups report that promotion of autoph-
agic flux could be beneficial by removal of defective
components of the cell, other groups contradict this
by indicating that it is more helpful to inhibit
autophagy, which is already defective. Once we
know more about the microRNAs which regulate
autophagy in dementia, the role of autophagic flux
(its upregulation/downregulation) can be understood
better.

Mitophagy

The damaged and dysfunctional mitochondria are
cleared through the mechanism of mitophagy
(autophagy of the mitochondria), ensuring proper
mitochondrial functioning within the cells. In case of
dementia, studies have shown that the process of
mitophagy is affected. This impaired clearance of
dysfunctional mitochondria is hypothesized to be
one of the ways by which increased ROS, decreased
ATP production and metabolism are aggravated in
AD. The mechanism of mitophagy is quite well

understood. PINK1 (Pten-induced putative kinase
1), which is maintained low at physiological levels,
gets upregulated and stabilized on mitochondrial
damage. PINK1 activates Parkin and leads to translo-
cation of Parkin from the cytosol onto the damaged
mitochondria. Parkin, an E3 ubiquitin ligase, tags the
damaged mitochondria for autophagy through ubiqui-
tination of several of its proteins [94].

The crucial proteins involved in mitophagy such as
PINK1 and Parkin are known to be regulated by
specific microRNAs. MiR-181a was shown to target
Parkin1 and act as an inhibitor of mitophagy under
normal conditions. The use of uncouplers was
shown to downregulate miR-181a allowing the
expression and translocation of Parkin1 [95]. Simi-
larly, miR-27a/b targets PINK1 and regulates mito-
phagy under normal conditions by keeping PINK1
levels low. Under acute mitophagy, miR-27a/b levels
drop causing increase in PINKT1 levels. Interestingly,
when the cells are subjected to chronic mitophagic
flux, the levels of miR-27a/b increase significantly
and activate a negative feedback loop to prevent
excessive depletion of mitochondria [96]. Hence,
mitophagy is not just a process of removing the
damaged mitochondria, but it also involves main-
taining homeostasis of mitochondrial functioning in
the cells, suggesting how the dysregulation of
microRNAs in dementia could lead to a drastic
imbalance with regard to the cellular metabolism.

Glutamate homeostasis and excitotoxicity

Glutamate-mediated excitotoxicity is another phe-
notype implicated in dementia cases, especially in
AD. Glutamate being the major excitatory neuro-
transmitter in the central nervous system, has two
different kinds of receptors—ionotrophic (iGIuRs
comprising of NMDARs, AMPARs and kianate
receptors) and metabotrophic (mGIuRs). The syn-
aptic transmission mediated by glutamate involves
the following steps—fusion of vesicles containing
glutamate with the pre-synaptic membrane, release
of glutamate from the pre-synapse, depolarization of
the post-synaptic terminal upon glutamate binding,
calcium influx and activation of signaling cascades
[97]. Many pre-synaptic and post-synaptic process-
es linked to glutamate signaling are shown to be
affected in AD, which finally leads to synaptic
dysfunction and neurotoxicity. At the pre-synapse,
AR is reported to increase the potassium-evoked
glutamate release and hence the network activity in
the hippocampal slices [98]. AR interferes with the
calpain—CDK5 pathway leading to defective endo-
cytosis of synaptic vesicles [99,100]. This is pro-
posed to be the mechanism by which AB alters the
ratio of recycling pool and resting pool of synaptic
vesicles and affects the release probability [99,100].
The role of AB in causing post-synaptic defect is
relatively well studied. There are many detailed
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studies in the field of AD explaining how A mediated
spine loss is dependent on excessive activation of
synaptic and extra-synaptic NMDARs [101,102]. AR
oligomers are shown to directly bind to NMDARs
causing excessive calcium influx leading to mitochon-
drial calcium overload and apoptosis [103]. Conversely,
ApB from cell-secreted source is shown to decrease the
calcium influx through NMDAR, hence inducing long-
term depression and spine shrinkage/retraction [104].
Overall, the excitotoxicity caused by glutamate is
mainly attributed to the overstimulation of the receptors
leading to increased influx of calcium and sodium,
finally causing cell death [105].

MicroRNA-mediated regulation of neurotransmit-
ter homeostasis can be broadly classified into two
major groups.

MicroRNAs regulating the expression and
endocytosis of the receptors

MicroRNAs directly regulate expression of the
glutamate receptors at the post-synapse which
influences plasticity and excitotoxicity. The expres-
sion of AMPAR subunit GIuA1 is shown to be
regulated by miR-501-3p and miR-92a [106,107].
Similarly, AMPAR subunit GIuA2 expression is
reported to be regulated by miR-223, miR-124 and
miR-181 [108—110]. There are over 20 microRNAs
reported to regulate the expression of NMDAR
subunits NR2A and NR2B, which would directly
influence the calcium influx through the receptor
[111]. Along with maintaining the receptor levels at
basal condition, many microRNAs regulate the
expression of receptor subunits in an activity-
dependent manner as well. This plays an important
role in modulating synaptic strength and plasticity.
For example, the dendritic increase in miR-501-3p
on NMDAR stimulation is important for decrease in
GluA1 translation and long-term spine remodeling.
Similarly, miR-137, which also targets and inhibits
GluA1 expression, was shown to be upregulated on
mGIuR5 stimulation, helping in mGIuR mediated
LTD in hippocampal synapses. The other slightly
indirect but very interesting way by which micro-
RNAs influence excitotoxicity is by regulating the
receptor expression in glial cells (Fig. 2). The
astroglial also express glutamate receptors, at
varying compositions and levels as that of neurons,
helping in glutamate homeostasis at the synapse.
MiR-263a was shown to be critical for maintaining
low levels of Nmdar1, Nmdar2 and Grik in the glial
cells of Drosophila. Any mutations in miR-263a lead
to the overexpression of these receptors on the glia,
increasing the sensitivity of glia for glutamate
causing excitotoxicity, dysfunction and death [112].
This would cause an imbalance of glutamate and
eventually affect the neuronal function as well.

Another aspect that regulates synaptic plasticity
and excitotoxicity is the endocytosis of the receptors

(mainly AMPARs) at the post-synapse. Several
microRNAs are reported to target the proteins
directly involved in the process of endocytosis such
as Rab5 and clathrins [113,114], in turn influencing
AMPAR endocytosis (Fig. 2). Along with these, post-
synaptic proteins like MAP1B and Arc are also
known to influence AMPAR trafficking and internal-
ization on synaptic activity by interacting with
endocyotic machinery or cytoskeletal elements
[115,116]. For example, miR-146a-5p targeting
MAP1B was shown to be downregulated in hippo-
campal neurons on mGIuR stimulation. This in-
creases MAP1B levels on mGIluR stimulation,
activates Rac1 in the synaptic compartments and
enables actin remodeling [117]. All these processes
are critical for AMPAR endocytosis required for
maintaining mGIuR-LTD [118]. The dysregulation of
any of these microRNAs may lead to defective
endocytosis of AMPARs, especially on synaptic
activity, which may contribute to impaired synaptic
plasticity and excitotoxicity [97].

MicroRNAs regulating the neurotransmitter release
and clearance

At the pre-synaptic side, regulation of vesicle
formation and trafficking plays a critical role in
preventing excitotoxicity and neurotransmitter bal-
ance [119]. The role of microRNAs in regulating this
aspect is not as well explored as its role at the post-
synaptic side. An extensive study showed the role of
Drosophila miR-1000 or mouse miR-137 in control-
ling the pre-synaptic glutamate release by targeting
vesicular glutamate transported (VGlut) expression
[120]. Any mutations or misregulation of miR-1000
were shown to lead to excess glutamate release
causing excitotoxicity. Similarly, miR-27b was
shown to target Synaptotagmin-1, a calcium sensor
protein in the synaptic vesicles, which triggers
evoked and spontaneous neurotransmitter release
[121]. Although many proteins that are involved in
vesicle trafficking and glutamate release (such as
Synaptotagmin1, Syanapsin1, Syntaxin1A) are af-
fected in dementia [122], there are no studies
showing how microRNA-mediated dysregulation
can influence this.

Astroglial cells are involved in clearance of
glutamate from the synaptic cleft, hence ensuring
recycling of the neurotransmitter and prevention of
neurotoxicity. Exosomes are extracellular vesicles
released by the cells, known to contain proteins,
lipids and RNA species. They are often used as
medium of communication between the cells (in-
cluding neurons and glia). The exosomes secreted
by primary neurons are shown to contain miR-124a,
which is readily taken up by primary astrocytes. This
acts indirectly (through other astroglial factors) to
increase the expression of EAAT2 (excitatory amino
acid transporter 2) on the astrocytes, hence enabling
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Fig. 3. The role of microRNAs in synaptic signaling and their potential implication in dementia. MicroRNAs are localized to
synapses and can also be generated from their precursors locally. Here they regulate the expression of several synaptic
proteins and control many important processes such as AMPA receptor endocytosis and their surface expression, actin
cytoskeletal dynamics and organization of postsynaptic density (PSD). MicroRNA-mediated regulation at synapse is
controlled by signaling through glutamate (NMDAR and mGIuR) and trophic factor factors (such as BDNF). Factors
implicated in dementia such as increased ROS, defective calcium homeostasis and ER and mitochondrial stress can have
adverse effect on the microRNA-mediated regulation. Defective microRNA regulation will have a significant impact on
synaptic function and contribute to the cognitive loss in dementia.

better clearance of glutamate from the synaptic cleft
[123]. Similarly, microRNAs in astrocyte derived
exosomes are also shown to affect neuronal
functions [124]. Along with the set of microRNAs
that would directly regulate the expression of
transporters on the glia, the mechanism of exo-
somes that allows the neuronal miRNAome to
influence the receptors/transporters on the glial
cells is very intriguing. This also gives a new
perspective of how the imbalance of microRNAs in
non cell autonomous manner. This understanding
would be all the more interesting and important in a
system like neurons, which have highly connected
tripartite synaptic networks. Hence, apart from
regulating proteins that are directly involved in
dementia pathology, microRNAs also play a crucial
role in regulating other molecular processes affected
in dementia.

Dementia and Synaptic Translation

Synaptic defects are well documented in both AD
and FTD and are discussed extensively in recent
reviews [11,125,126]. Synaptic dysfunction is the
primer of dementia where progressive neurodegen-
eration is a common ultimate marker. Understanding
the neurodegeneration and cytotoxic factors contrib-
uting toward that effect has garnered major attention
of the field, while research on synaptic dysfunction is
gaining traction only recently. In familial cases (which

currently forms only small minority) where mutations
lead to defective protein function and sporadic cases
where origin of the disease is unclear, synapse is the
primary site for the manifestation of cognitive loss and
dementia. Mitochondrial defects, increased oxidative
stress and abnormal/excessive protein aggregation
are thought to be some of the early events affecting
the neuronal activity in these cases. All these factors
have disproportionally high impact on synapses
compared to the rest of nervous system. However, a
gap in our understanding is why exactly should factors
have a disproportional impact at synapse which in turn
triggers the pathology? A key insight might be
obtained by studying the impact of these factors on
the regulation of synaptic protein synthesis.
Activity-mediated protein synthesis is an important
component of synaptic signaling and plasticity
[127-129]. Proteins involved in coupling of chemical
and electrical signaling, master regulators that
integrate multiple receptor pathways, modulators of
cytoskeletal rearrangement and endo/exocytosis are
among the ones that are synthesized on synaptic
activity (Fig. 3). Translation regulation of these
proteins is well established to be important for
many forms learning and memory consolidation.
Multiple factors that are directly linked to AD and
FTD pathology such as increased ROS, defective
energy balance, increased ER and mitochondrial
stress due to protein aggregation can have signifi-
cant impact on synaptic protein synthesis. However,
the studies to explore the link between the activity-
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mediated protein synthesis and cognitive loss
leading to dementia have only just begun
[130,131]. A recent study reported that oxidative
stress can affect protein synthesis signaling at the
synapses. Ahmad et al. [130] showed that activity-
mediated translation is deficient not only in the
mouse models of AD but also in the synptoneur-
osomal preparations from the patient brain samples.
They went on to show that increased ROS in the
mouse model of AD affects synaptic Akt1 signaling,
which is responsible for the loss of activity-mediated
translation. Another interesting study [131] found
that phosphorylation of the translation initiation factor
elF2a in AD patient and mouse models leads to
reduced global translation. Increased phosphoryla-
tion in this case was attributed to two upstream
kinases (PERK and GCN2), which respond to stress
signal including increased ER stress (due to
misfolded and aggregated proteins) and oxidative
stress. Increased elF2a phosphorylation abrogates
activity-mediated translation at the synapse and is
thought to be responsible for cognitive defects in
Alzheimer's dementia. Inhibition or removal kinases
acting in response to stress could restore protein
synthesis and synaptic plasticity in the animal model
[131]. Apart from this, increased oxidative stress also
causes multiple molecular damages at the synapse
by oxidation of many proteins and RNA molecules.
By their sheer abundance, the ribosomes will be
among the most affected, which results in decreased
translation efficiency [12,73]. While this may affect the
whole cell, synapses will be particularly vulnerable
since they are the sites of increased oxidative stress
and due to their acute translation demands [126].
However, all these studies focus on general transla-
tion defect at the synapse and do not dwell into the
translation of specific synaptic proteins or translation
downstream of specific receptors where the direct role
of microRNAs can be established.

MicroRNAs play a significant role in spatio-
temporal regulation of mRNA translation in response
to synaptic activity [132,133]. Like mRNAs, several
microRNAs are shown to be actively transported and
localized to distal dendrites and even enriched in the
synaptic compartments. Here they may reversibly
inhibit translation of synaptic mRNAs and link their
expression with specific synaptic signaling through
trophic factors or neurotransmitters (Fig. 3). MiR-
134 and miR-138 were shown to regulate Limk1 and
APT1 in response to external cues and control the
architecture of spines [134-136]. MiR-132, miR-
125a and miR-125b are reported to regulate the
translation of many important synaptic proteins such
as PSD-95 and subunits of NMDA receptors
[18,137].

There is a long list of microRNAs that are thought
to have a significant influence on synaptic functions
[132]; among them few are particularly interesting
from the perspective of dementia. The potential role

of miR-124 in dementia is particularly interesting.
MiR-124 is highly expressed in neurons and seems
to influence many aspects of neuronal differentia-
tion, development and plasticity [138,139]. Gascon
et al. [140] reported a decrease in miR-124 in frontal
cortex of FTD patients and in iPSC-derived neurons
from patients. They showed that miR-124 targets
AMPA receptor subunit mMRNA, and this leads to an
increased expression of GIuA2 containing calcium
impermeable AMPA receptors. The reduced calcium
signaling was partially responsible for behavioral
deficits in the mouse model of FTD. Many intriguing
issues remain unsolved here like the link between
the mutations causing FTD to decreased expression
of miR-124, possible mutation in miR-124 gene as a
cause of FTD and differential effect of miR-124 on
GluA subunit expression and calcium signaling in
specific regions of the brain [141]. However, what
makes miR-124 particularly interesting is its role in
regulating the expression of GluA (AMPA) receptor
subunits and hence its composition and calcium
permeability at the synapse. AMPA receptors are
the primary contributors of the electrical activity at
the postsynaptic compartment and a key compo-
nent of many forms of synaptic plasticity. Other
glutamate receptors such as mGIluR and NMDAR
exert their effect on synaptic plasticity by manipu-
lating the translation and surface expression of
AMPA receptors (Fig. 3). Thus, miR-124-mediated
regulation of GIuA subunits is likely to have a much
broader implication on synaptic defects in both
FTD and AD. Potential alteration in miR-124, GIuA
subunit expression and GIuA mediated calcium
signaling in familial and sporadic AD and FTD
cases would be an interesting area to explore
further.

Apart from mature microRNA, their precursors are
also reported to be localized to the dendrites and
synaptic terminals [142,143]. This facilitates the
dynamic changes in the availability of microRNAs in
the synaptic compartments based on the neuronal
activity [143]. Hence, microRNAs regulate synaptic
translation at multiple levels and are integrated with
synaptic activity. Currently, we have very little
understanding about the correlation of synaptic
defects in dementia with microRNAs involved in
synaptic translation. A comprehensive study about
the changes in the microRNAs involved in synaptic
translation in animal models and patient samples of
dementia would be highly rewarding, not only in
understanding the molecular pathology but also to
potentially use them as biomarkers for the early
detection in sporadic cases.

MicroRNAs as Biomarkers

The identification of early, reliable, specific and
non-invasive biomarkers has always been a
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Table 1. MicroRNA biomarkers of dementia pathology

MicroRNAs Up/down Source Pathology Reference Additional correlates/therapeutic approach
regulated
miR-127-3p Up Serum AD [144]
Down CSF AD
Up Plasma FTD
miR-184 Up Serum AD [140]
Down CSF AD
miR-708-3p, miR-9-3p Down CSF AD [140] Decrease in microRNA levels was correlated
with increase in Braak stages
miR-16-5p, miR-183b-5p Down Serum AD [140] Decrease in microRNA levels was correlated
with increase in Braak stages
miR-9-3p, miR-181a/b-5p, Down CSF AD [140] Decrease in microRNA levels was correlated
miR-181d with increase in neurofibrillary tangle density
Let-7i-3p Up Serum AD [140] Changes in microRNA levels correlated with
miR-10a-5p Down increase in neurofibrillary tangle density
miR-195-5p Down CSF AD [140] Changes in microRNA levels correlated with
miR-30c-5p Up increasing plaque density
miR-30b-5p, miR-106a-5p Down Serum AD [140] Decreasing microRNA levels correlated with
increasing plaque density
miR-29b Down Serum AD [145] Decrease correlated with increased
transcription factor Sp1 which can lead to
further increase in APP and BACE1
miR-206, miR-132 Down Serum MCI [146] Correlated with decreased SIRT1 and BDNF
miR-93, miR-146a Up Serum MCI, VD [147]
Down Serum AD
miR-31, miR-143 Down Serum MCI, VD, AD [147]
miR-210 Down Serum, CSF  MCI, AD [148]
miR-132 family (miR-132, Up Plasma MCI, AD
miR-128, miR-874) and
miR-134 family (miR-134,
miR-323-3p, miR-382)
miR-204-5p, Down CSF FTD
miR-632

challenge in the field of dementia. Most of the
methods used for confirmatory diagnosis for demen-
tia (especially AD) involve autopsies. The current
important biomarkers used for AD are decreased
AB42 and increased phosphor-tau in the CSF [125].
Even this involves invasive lumbar punctures, and
also they do not identify the disease before the
cognitive decline has begun. Recently, many micro-
RNAs are used as biomarkers for early and easy
detection of diseases, owing to their cell specific
pathological functions and regulations [125]. Periph-
eral blood biomarkers are ideal candidates as they
are easily accessible, non-invasive and cost-
effective. There are many studies published report-
ing the identification of novel microRNA biomarkers
from blood/serum for detection of MCIl and AD [144].
MicroRNAs that are used as biomarkers for MCI
also provide a big advantage of early detection of
AD. The field of microRNA biomarkers is heavily
focused toward AD, and there are very few studies
reporting biomarkers for FTD and other forms of
dementia. Some of the studies that have compared
the microRNA biomarker signatures between blood
and CSF show that there is no overlap between
the two, and they also suggest that the biomarkers
from CSF could be more stable than the blood [145].

Many studies have not validated the proposed
microRNAs as biomarkers and also lack proper

controls. Similarly, how universal are these bio-
markers and would they hold true for all populations
are another questions that have not been ad-
dressed. Considering this, we have critically
reviewed and listed few candidate microRNA bio-
markers that have been identified using proper
controls (Table 1). However, there are many reviews
that have focused solely on this topic and provide a
more comprehensive collection of all the biomarkers
[144,146—-148]. The idea we want to convey is how
microRNAs can be used as biomarkers and corre-
lated with certain pathological phenotypes.

Conclusions

MicroRNAs are versatile regulatory molecules that
influence almost every aspect of cellular function. Due
to their omnipresence and huge impact on protein
synthesis, the role of microRNAs is studied extensively
in many disorders, particularly in cancer. The interest
about the role of microRNAs in the disorders of nervous
system is only beginning to gain momentum. The
microRNA-mediated regulation in dementia involves
two important aspects—first, the translation dysregula-
tion of individual proteins that can trigger the disease,
and second, dysregulation of many cellular processes
where microRNAs are involved which can further
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Table 2. MicroRNAs implicated in regulating multiple
proteins/processes involved in dementia

microRNAs Processes or protein regulated by

the microRNAs

¢ APP splicing [28]

* BACE1 and GluA2 (AMPAR subunit) levels
[34,106,135]

* Autophagosome maturation [86]

* Glutamate clearance (EAAT2 levels in astrocytes)
[118]

* BACE1 levels [37]

* Mitochondrial membrane potential and activity
(mitofusin levels) [75]

* Autophagy (vesicle nucleation) [86]

* Biomarker for increased plaque density [140]

e Tau levels [62]

* SIRT1 levels [44]

* BDNF levels [146]

* SIRT1 and BDNF levels [45]

» Oxidative stress and autophagy [88]

¢ Spine morphology [137]

* Mitophagy (Parkin expression) [91]

* GluA2 (AMPAR subunit) expression [104]

¢ Biomarker for increased neurofibrillary tangle
density [140]

* AB clearance (TREM2 levels) [47]

¢ Autophagy (vesicle nucleation step) [86]

* BACE1 levels [32,33]

* APP levels [145]

* APP levels [27]

* Mitochondria mediated apoptosis (Cyt release)
[73]

* Mitophagy (PINK1 expression) [92]

* Neurotransmitter release (Synaptotagmin
expression) [116]

miR-124

miR-195

miR-132/212
family

miR-134

miR-181a

miR-34a

miR-29a/b/c

miR-16

miR-27a/b

aggravate it. It is now established that the expressions
of many individual proteins involved in dementia such
as APP, B and a secretases, Tau and the kinases which
phosphorylate Tau are regulated by microRNAs. In
many cases, there is substantial evidence about the
altered microRNA levels correlating with the dysregu-
lated expression or function of proteins leading to AD
and FTD. However, still there is lack of understanding
about the cause for the altered levels of these
microRNAs. Reports on how the mutations in the
genes expressing the microRNAs/microRNAs clusters
can cause the disorder are also lacking. This is an area
that needs more concerted efforts. Understanding the
role of microRNAs in dysfunction of cellular processes
such as autophagy, energy metabolism and neuro-
transmitter homeostasis is of great importance for
dementia research. These processes are common
downstream effectors in most cases of dementia
irrespective of their origin. Hence, in sporadic cases
of AD and FTD (which still forms the overwhelming
majority), regulation of these processes through micro-
RNAs can provide important insight into understanding
the molecular pathophysiology. Another interesting
aspect to consider is that apart from being regulated
by microRNAs, many of these processes/proteins that
are implicated in dementia also regulate microRNA

biogenesis and function. Hence, any dysregulation of
these leads to a global change in the microRNAome.

Regulation of synaptic protein synthesis is one of
the least explored areas in dementia research, which
hold a great potential. Synaptic translation is a very
dynamic process where neuronal activity determines
the protein synthesis, which in turn regulates the
neuronal network. MicroRNAs play a key role in
regulating synaptic translation, and any disturbance
in this adversely affects the synaptic function. The
implication of this process in dementia needs to be
studied more rigorously as it may explain the
molecular cause of synaptic dysfunction and may
turn out to be the primary cause of progressive loss of
cognition.

One interesting outcome of reviewing the role of
microRNAs in dementia is the repeated appearance
of a small number of microRNAs (Table 2) in several
independent and unrelated studies. Some of these
microRNAs such as miR-124, miR-132 and miR-134
are also widely studied for their role in synaptic
structure and function. The repeated appearance of
these microRNAs in dementia studies again points
to the importance of synaptic translation regulation
as a potential cause of the molecular pathology.
Also, these microRNAs could be good molecular
markers for diagnosis, as already reported in some
cases (Table 1). The possibility of microRNAs as a
therapeutic tool for dementia is still unclear since
they are still not proven to be causative agents. It
may also be difficult to manipulate them without
collateral damages to their versatile functions.
Overall, microRNAs are definitely a very valuable
tool to explore the proteins and processes that are
dysregulated and provide an important insight into
molecular pathology of dementia.
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