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Abstract

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder occurring in the elderly population. Millions of people
in the age group of 60 and above are affected by Alzheimer’s disease worldwide. Damage caused by disease is currently
irreversible and incurable. Early-onset and diagnosis of AD could help in delaying the progression of the disease. Earlier
AD was diagnosed by clinical assessment and postmortem brain pathology. Therefore, improved approaches are required
to sensitively track disease development and therapeutic efficacy. The pathological presence of  amyloid plaques and Tau
neurofibrillary tangles in cerebrospinal fluid (CSF) is the hallmark of detection. MicroRNAs (miRNAs), a 19-22 nucleotide
noncoding RNAs circulating in the blood, regulates gene expression by protein repression. miRNAs are key regulators of
gene expression in various biological processes and is emerging as a novel prognostic biomarker in various diseases. Recent
evidence suggests the role of miRNAs in disease progression and pathogenesis of AD. Five databases, PubMed” MEDLINE,
EMBASE, Web of Sciences, and Cochrane Library, were searched, using a combination of Mesh database or Emtree headings
and free-text terms, to identify literature relating to miRNAs in Alzheimer’s disease. The comprehensive online electronic
databases, only peer-reviewed, full-text original research articles including English literature, were included in the current
review. The studies followed the inclusion criteria were critically assessed and checked using the PRISMA tool. In this review
role of miRNAs as potential biomarkers in AD progression and pathogenesis will be covered with its elaborative function as a
novel prognostic biomarker and its future prospects in the clinical implication of the same.
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Introduction

Alzheimer’s disease (AD) is a global epidemic public
health priority for the 21° century. It is growing in incidence
due to enhanced human longevity and is now considered a
leading cause of death, Alzheimer’s disease is a progressive,
deterioration in cognitive function, an irreversible brain
disorder that slowly destroys memory, thinking, and skills
and, ultimately, the ability to carry out the simplest task [1].

MicroRNAs as Biomarker of Alzheimer’s Disease: Promises and Future Prospect

Alzheimer’s disease involves the loss of neurons and synapses
in the cerebral cortex and certain subcortical regions [2].
This loss results in gross atrophy of the affected regions, with
degeneration in the parietal lobe and temporal lobe and parts
of the frontal cortex and cingulate gyrus [3]. The increasing
rate of people suffering from Alzheimer’s disease worldwide
is alarming; the number of people affected is predicted to be
increased by more than 75.63 million in 2030 and 135.46
million in 2050 [4]. The cause and molecular mechanism
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of Alzheimer’s disease pathogenesis remain largely unclear
due to AD being one of the most complicated and complex
age-related diseases [5]. Thus, a reliable biomarker for early
diagnosis is extremely pivotal for the prevention of the AD
process. To date, there is no effective cure for Alzheimer’s
disease (AD), so the identification of fast and effective
prognostic disease markers is warranted to improve the
process of diagnosis and disease progression. Therefore,
identification of a novel panel of biomarkers that accurately
reflect Alzheimer’s disease pathology is a priority.

Emerging studies in recent years have revealed that the
deregulation of epigenetic mechanisms could be a potential
contributor to the pathogenesis of AD [6]. Hence identification
of epigenetic regulators and their target genes contributing to
the pathobiology of AD could prove potential biomarkers for
the diagnosis and cure of AD [7]. Among the main epigenetic
mechanisms linked with AD includes DNA methylation,
histone modifications, and differential expression of long
noncoding RNAs (IncRNAs), micro RNAs (miRNAs), circular
RNA (circRNAs) and other noncoding RNAs [8]. The effects
of these epigenetic mechanisms are closely related, since,
for example, DNA methylation can control the expression of
miRNA, and vice versa—miRNA can regulate the expression
of methylation enzymes [9]. Furthermore, there is also a
complex temporal and spatial cross-talk or endogenous
competition between long noncoding RNA (IncRNA),
circular RNA (circRNA), micro (miRNA), messenger RNA
(mRNA) and other RNAs, which form RNA networks and
shape the phenotypic disease outcomes [8]. Recent research
has placed increasing importance on discovering RNAs
networks for both understanding molecular mechanisms
and developing novel diagnostic and prognostic markers as
well as therapeutic targets [10]. In this review, we summarize
the emerging preclinical and clinical evidence on the role
of microRNAs (miRNAs), long noncoding RNAs (IncRNAs)
in circulatory fluid, and AD pathogenesis, and discuss their
potential usage as biomarker candidates for AD along with
possible limitations.

Methods
Search Strategy

The initial literature searches were conducted on
the comprehensive online electronic database, including
English literature, research articles published till 31 march
2020. The search was conducted using “Scopus” “PubMed”
MEDLINE, EMBASE, Web of Sciences, and Cochrane Library.
The keywords and text used for search include: “Alzheimer’s
disease,” “Confounding factors,” “risk factors,” “biomarker,”
“Alzheimer’s and miRNA,” “Alzheimer’s disease, and miRNA
profiling,” and “Alzheimer’s disease and neurodegenerative
disease “. Expanding these search terms on PubMed,
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relevant articles were selected for a comprehensive review,
and investigation of literature was further supplemented
by searching the reference articles created by the original
investigators. A total of 10 studies were included in this
systematic review (PRISMA guidelines; Moher, 2009), as
outlined in Figure 1 [11].

Figurel: Flow diagram expanding the relevant search
terms related articles were selected, for a comprehensive
systematic review (PRISMA protocol 2009).

Pathology of Alzheimer Disease

95% cases of AD are late-onset and sporadic, while
around 5% of AD cases are early-onset and associated
with genetic mutations in some proteins (e.g., presenilin 1,
presenilin 2, amyloid precursor protein), which is known
as familial AD [12]. Interestingly, biochemical changes
produced in familial AD seem similar to those in sporadic AD
[13]. In general, the physiopathology of AD is characterized
by a loss of synapses mainly related to the extracellular
deposition of the B-amyloid peptide in the form of senile
plaques, one of the classic histological marks of AD [14].
This B-amyloid substance comes from the cleavage of the
amyloid precursor protein (APP) by the beta-site APP-
cleaving enzyme 1(BACE1). Another histological mark of
the disease is tau protein intracellular accumulation [15].
This protein is involved in the maintenance of the cellular
cytoskeleton microtubule network, and its function is
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enzymatically regulated by different phosphorylation degree.
In fact, this hyperphosphorylated protein is less functional
and forms oligomers that tend to autoaggregation and
sedimentation, resulting in the formation of neurofibrillary
tangles. Also, chronic inflammation could be an important
physiopathological mechanism, contributing to the
metabolism and accumulation of -amyloid peptide [16].
Both amyloid and tau pathologies usually spread from medial
temporal lobe grey matter to the rest of cortical grey matter
in a relatively predictable pattern [17]. Initial involvement
in medial temporal lobe structures that are involved in the
correct episodic memory working explains the memory
impairment as the first disease symptom [18]. Nevertheless,
variations in pathology spreading would explain the
different damage degrees in the brain cortex among patients,
involving in some cases also language disturbance, frontal
lobe dysfunction, and even agnostic or apraxia syndromes.
Moreover, advanced-age patients show concurrent brain
comorbidities (e.g., depression, psychiatric disorders).
However, the prevalent vision of the physiopathological
mechanisms of AD is considered incomplete, and it could
be the cause of an inability to develop effective therapeutic
targets based on the AD molecular pathogenesis [19].
Recent studies suggest that MCI due to AD is the result of
an imbalance in the interactions among different brain cell
types, pathogenic forms of tau and amyloid proteins, and
the brain signaling pathways impairment [20]. In this way,
the neurodegenerative process would affect each cell type at
multiple levels (epigenomic, transcriptomic, metabolomic/
lipidomic, proteomic) [21]. Therefore, complete knowledge
of the AD mechanisms could be achieved from a multi-omic
approach applied to different biological samples. In this
sense, the omic tools would contribute importantly to the
knowledge of the early AD physiopathological mechanisms
and develop specific and reliable AD biomarkers in common
biological samples.

Current Diagnosis of Alzheimer’s Disease

From a clinical point of view, AD is a pathological
condition characterized by specific structural changes in the
brain and a characteristic pattern of cognitive and functional
abilities [18]. Briefly, its symptomatic development consists
of three phases: i) preclinical phase, characterized by a
normal cognitive status while ongoing brain pathology
is being generated; ii) Mild cognitive impairment (MCI),
characterized by the presence of symptoms and signs of
cognitive deficit secondary to fully developed brain pathology
[22]. The habitual performance on daily life activities,
however, is not altered; and iii) dementia, characterized by
progressively greater cognitive impairment affecting the
ability to carry out everyday activities. Cognitive markers are
altered at the MCI phase, while image and cerebrospinal fluid
(CSF) markers start to get alter from the preclinical phase
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[23]. Current research diagnostic criteria from the National
Institute on Aging and the Alzheimer’s Association (NIA-
AA) propose the simultaneous use of neuropsychological
evaluations, neuroimaging techniques, and biomarkers
in CSF samples to obtain a reliable and early AD diagnosis
[24]. In this sense, the standard diagnosis of MCI due to AD
is based on global neuropsychological evaluations (Clinical
Dementia Rating, CDR; Global Deterioration Scale, GDS,
specific cognitive evaluations (episodic memory, attention,
language, recognition, praxis, executive function), structural
and functional neuroimaging (Magnetic Resonance Imaging,
MRI; positron emission tomography, PET), and CSF
biomarkers (-amyloid, total tau (t-tau), phosphorylated tau
(p-tau)) AD diagnostic criteria allow in vivo diagnosis using
pathological processes detection; however, they show some
limitations to be introduced in clinical practice [25]. In fact,
MRI features are relatively not AD specific or sensitive, PET
is a costly imaging procedure not available in most hospitals,
CSF samples are obtained by an invasive procedure with
some contraindications and secondary effects, so it is
commonly rejected by patients, and neuropsychological
evaluations are time-consuming [26]. A non-invasive and
non-expensive diagnostic method is required in the AD
research field and in the global dementia assistance network
to improve treatment and prognosis management. In the
searching for specific and reliable AD biomarkers in non-
invasive biological samples, the omics technologies play an
important role since they can address the complex diagnosis
from different molecular levels [27-29].

Figure 2: Role of tau hyperphosphorylation information
of hyperphosphorylated neurofibrillary tangles [NFTs],
which consequently leads to neurodegeneration and
commencement of tauopathies.

miRNA in Alzheimer’s Disease

A microRNA (miRNA) are endogenous short [19-
22 nt) noncoding RNA molecules that can function in
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RNA silencing and post-transcriptional regulation of
gene expression, reducing the expression of their target
mRNAs either by inhibiting its translation or by promoting
its degradation [30]. miRNAs usually regulate gene
expression post-transcriptionally by binding to the 3° UTR
(untranslated region) for target mRNA [31]. A single miRNA
can target several mRNAs and repress protein production
by destabilizing the mRNA and translational silencing,
increasing the complexity of the regulatory mechanism
mediated by these molecules. In malignancies, miRNAs
can act as oncogenes, including sustaining proliferative
signaling, evading growth or tumor suppressors, under
certain conditions [32]. The miRNA expression across
human tissues profiles are specific of tissue and cell type.
Variations in miRNA levels have been reported for patients’
solid tissues, blood, and other body fluids, making miRNAs
promising candidates for markers in a manifold of diseases
[33]. The still increasing information density on reference
repository 1917 human miRNA precursors, coding for more
than 2656 mature miRNAs have been described in humans
(Julia Alles) studies about biogenesis, functions, roles, and
characterization of the mechanism of action of miRNAs have
grown considerably, and nowadays, they are considered
as pathophysiological players and excellent biomarkers of
Alzheimer’s disease [34].

The Role of miRNA in AD Pathogenesis

The fact that Alzheimer’s disease patients are
distinguished by miRNA alteration in the brain and biological
fluid changes, including blood, plasma, and cerebrospinal
fluid (CSF), inspired the concept of utilizing such noncoding
sequences as disease biomarkers [35]. At present, A
peptides and tubulin-associated unit (tau) proteins are the
only biomarkers currently recognized for AD; however, some
CSF and blood tests have certain drawbacks. In addition to
the concerns relevant to the standardization of the technique
of body fluids, there is inadequate support of modern clinical
practice fortheacceptance of cut-offvalues ofsuchbiomarkers
(alone or in combination) [35]. Therefore, the predictive role
of such biomarkers is also debated in individuals with mild
cognitive impairment (MCI). Prediction in asymptomatic
individuals to develop symptomatic AD (MCI or dementia)
is important. Furthermore, there is currently no therapeutic
agent capable of curing or preventing AD [36]. Biomarkers
may also be used to determine the efficacy of therapeutic
agents under study in clinical trials and thereby speed the
phase of therapeutic development. MiRNAs, unlike mRNAs,
are stable enough in biological fluids, including CSF, plasma,
and serum. Besides, many of them target genes directly
involved in AD pathophysiologies such as presenilins, BACE-
1, APP, TOMM40, and BDNF [37]. Moreover, there is evidence
that, in APOE4 mice, the association between certain miRNAs
(miR-146a) and inflammatory mediators (NFkB) seems to be
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even greater. Analysis of miRNAs in body fluids is a relatively
simple procedure Angelucci F, et al. [35], and a non-invasive
approach. If we compare miRNAs to conventional protein-
based biomarkers of AD, the level of sensitivity achieved for
miRNAs due to amplification by PCR is far superior to what
is currently available for proteins [38]. Besides, the cost of
miRNA quantification is far lower than that of established
biomarkers, such as structural magnetic resonance imaging
(MRI) and molecular neuroimaging with positron emission
tomography (PET). For this purpose, many miRNAs appear
to be promising [39].

miRNAs as Candidate Biomarkers

Several studies have found miRNA as a signature
representative of diseases. Serum, plasma, and other body
fluids have varying expression of miRNA in numerous
pathologies, making them an appropriate candidate for
biomarkers [40]. As many miRNAs are tissue-specific, their
systemic dysregulation in peripheral blood points towards
a distinct pathology. miRNAs are now emanating as leading
biomarkers, not only for diagnostic purposes but also for
disease stratification and therapeutics [41]. It has also
been observed that detecting a small number of miRNAs
gives more information about the disease than studying
the expression of several mRNAs. An ideal biomarker is one
that is specific to the disorder, can be detected early in the
disease process, accessible from peripheral tissue (non-
invasive), stable, reproducible, and associated with a known
mechanism [42]. There are many challenges to identify
new protein-based biomarkers due to the complexity of
the structure of a protein and various post-translational
modifications [43]. miRNAs may be more attractive as
biomarkers due to their lower complexity, tissue specificity,
and no known post-translational modifications. They are
stable in blood, urine, and tissues, and can, therefore, serve
as potential biomarkers for many conditions, including
AD [39]. However, the precision and accuracy of miRNA
measurements are challenging. A miRNA is a short sequence
of nucleotides with highly variable GC content, which leads
to different hybridization properties and makes its detection
difficult. Furthermore, their minuscule amount present in
serum or urine requires further advancements in technology
to develop robust, precise, and highly sensitive techniques for
miRNA detection [43]. Despite the limitations, the discovery
of miRNAs has opened new horizons in the unraveling of the
pathomechanisms of various diseases and has given a whole
new dimension to the field of biomarkers [44].

Various Techniques of miRNA Profiling

Various techniques can study the relative expression
of miRNAs. miRNA profiling typically includes three main
phases: the process of exploration, the process of validation,
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and the functional study [45]. The miRNA expression
profile is evaluated for differentially expressed miRNAs
between cases and controls in the discovery process, to
allow for maximal potential targets [46]. This is followed by
a validation step, in which the findings of the first step are
corroborated employing more sensitive techniques. Finally,
the functional relevance of miRNAs and the mRNA-miRNA
relationship is explored utilizing in silico analysis [47].
Usually, hybridization-based methods, like microarrays,
are used as an initial approach to finding the potential
candidate miRNAs; real-time PCR (qRT-PCR) is often used
subsequently to validate highly dysregulated miRNAs among
the distinct profile obtained using microarrays. qRT-PCR,
due to its high precision, accuracy, and vast range, remains
the gold standard for miRNA quantification. miRNAs can
be sequenced using next-generation sequencing (NGS)
platforms, in which after reverse transcription, millions
of DNA fragments are sequenced in parallel [48]. A range
of platforms can be used for miRNA sequencing, including
SOLiD (Applied Biosystems), Solexa, HiSeq, MiSeq, MiniSeq,
NextSeq (Illumina), and Ion Torrent (Invitrogen), to name
a few. Using bioinformatics, these fragments are aligned
and mapped, and their expression levels are analyzed, thus
eliminating the need for sequence-specific hybridization
probes which are required in a microarray. Moreover, NGS
has the advantages of high sensitivity and resolution, and
excellent reproducibility, though considerable computational
support is required. The biggest drawback is that there is
a great variation in the performance among the different
platforms [49]. hybridization-based platforms exhibit
lower sensitivity, irrespective of input RNA amount, while
sequencing-based platforms display high sensitivity in the

presence of ample of RNA, and the sensitivity is lost, if the
amount of RNA is limiting. Thus, there are considerable
interplatform differences, with different pros and cons for
each technique [50].

Discussion

A total of ten peer-reviewed studies were included, and
comprehensively reviewed in this analysis. All of them were
multi-institutional. The study characteristics, like the country,
mean age of the participants, study cohort, sample type, are
described in Table 1.The ten studies included analyzed 771
patients with Alzheimer’s disease and 458 with healthy
control in total. The controls were from patients undergoing
(Mini-mental State Examination (MMSE) score=27);for
various neurological indications. After evaluating each
study, using the PRISMA tool (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) tool, the score ranged
from moderate to high for all the included studies. Four were
from China, two from the United States, one from Brazil,
Ireland, Spain, and one from Iran. The sample type was CSF
in four studies, and plasma in the three and remaining one
obtained from the brain post-mortem banked human skin
fibroblasts and lymphoblasts. The baseline characteristics of
all the studies are listed in Table2. Total RNA was extracted in
all the manuscripts using various kits, as described in Table3.
All except two used global miRNA profiling by microarray,
followed by validation by qRT-PCR. The remaining two
research studies analyzed the expression of several chosen
miRNAs using qPCR. Different normalization controls for
gRT-PCR were utilized in the various studies; most common
was U6snRNA.

. Mean Age (Years) L.
S. No|Author| Country | Sample Size Sample Type Characteristics of Controls
Cases Controls
Case-80 1) no dementia symptoms
Control-40 RT-gPCR CSF|70.3+68 | 69.3+94 (M(in)i-mental State E};arrr)lination
(MMSE) score=27); (2) no
significant psychiatric symptoms;
(3) no history of stroke, epilepsy,
1 [51] China Parkinson’s disease or another
Case-8 Control-8 Microarray CSF | 69.3+7.5 | 67.9+7.9 | severe neurological disease; (4)
age=40 years; (5) willingness to
receive CSF examination;(6) With
normal CSF biomarkers (AfB42,
t-tau, and p-tau)
. Case-36 . . .
2 [52] Brazil Whole blood 79.5 + 6.0 76.4+9.2 Patients without dementia
Control-38
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Frontal cortex
Broadmann'’s area
10 dissected from
Case-27 brain obtained Healthy controls were obtained
3 [53] usa Control-15 at post-mortem NA NA from three NIH NeuroBioBanks.
banked human

skin fibroblasts

and lymphoblasts.
Case- (17 AD
4 | [54] China and 35 with CSF ((772 441133'121\:]%) NA Healthy Control
MCI) Control-41 T
Case MCI (n =
5 [55] Ireland | 30)AD (n=25) Plasma (76.8 (4.0) MCI) 75.0 (4.7) Healthy Control
Control (n = 31) (84.6 (3.5)AD) | [69-86]
6 [56] Iran Case 5§(§Jontrol Serum 73.90+8.95 |71.36+7.4 Healthy controls
7 | 571 | China |3 1?2) Ocontml Plasma 725+7.7 |71.2+10.8 Healthy controls
Case (101 MCI)
Dementia of (MCI 61.63
8 [58] China | Alzheimer type Serum +7.32) DAT NA Healthy controls
(DAT) 107 (74.15+£7.93)
Control 30
Case 26 MCI And

) 72.0 +8.49 MCI| 68.29 +
9 [59] Spain 56 AD Control Plasma 7777 + 6.69 AD 8.99 Healthy controls

14
10 | [60] USA Case 47 AD CSF 73.13+£9.22 72.72 + | Controls were in good health with
Controls 71 591 a mean MMS]i. ;clore 0f29.13

Tablel: The study characteristics, like the country, mean age of the participants, study cohort, sample type, are described.

Methodologic Parameter Number of Studies (Out of 8 Manuscripts Analyzed)

Kits used for RNA extraction

mirVANA PARIS kit
PureZOL RNA isolation reagent

Trizol
Small RNA kit (Qiagen,)

Beyotime small RNA isolation kit

SanPrep Column microRNA Mini-Preps Kit

RlRr[RrlW|rR R[N

miRcute miRNA isolation Kkits

Real-time PCR technique

SYBR Green
TagMan

(28

Normalization control in qPCR

Internal reference 6

External reference

Table 2: Research methodologies.
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We found only a single circulating miRNA dysregulated
in a similar direction, across more than one study, miR-20a
(Table 3). The various dysregulated miRNAs could not be

statistically evaluated due to the lack of consensus among
the published literature and the absence of statistical data
presented in the manuscripts.

S.No Author miRNA detection methods Normalization Control Used in qRT-PCR

1 [51] Microarray RT-qPCR GAPDH

2 [52] RT-qPCR RNU43

3 [53] RT-qPCR U6snRNA

4 [54] RT-qPCR U6snRNA

5| B RT-qPCR ol RNUAB, RNU44and U6 1)
6 [56] RT-qPCR CelmiR-39-3p

7 [57] RT-qPCR U6snRNA

8 [58] RT-gPCR U6snRNA

9 [59] RT-qPCR RNU48
10 [60] RT-qPCR U6snRNA

Table 3: List of circulating miRNAs dysregulated in Alzheimer’s disease after validation by qRT-PCR, as found in various studies.

The miR-9 expression is confined to the nervous system
and is responsible for controlling neuronal physiology.
It regulates the differentiation of neurons from neural
progenitor cells. Therefore, the deregulation of miR-9 leads
to neurodegenerative disorders by negatively regulating
BACE1. Downregulation of miR-9 leads to progression of
AR-42 aggregation and senile plague formation negatively
affectingCNS. miR-455-3pis also one of the potential
biomarkers, differentially expressed in AD from other
neurological disorders. It has a high level of expression in
both sporadic and familial AD localized in Brain, fibroblast,
and B lymphocytes. miR-455-3p controls a significant
number of genes expression such as APP, SMAD2, SMAD4,
NGEUSP25,PDRG1, UBQ2N, NRXN1 etc. CSF and blood
containingsmiR-let-7band miR206 are upregulated in AD
which positively correlates with t-tau and p-tau expression.
Kelly et al. state that both are differentially expressed as
per the disease severity. It is found the level of miR-let-
7b is comparatively higher than miR-206 in MCI as the
disease severity increases the level ofmiR-206 increases.
miR106b which is involved in Af3- clearance is found to be
downregulated in serum of AD patients. Similarly, miR-
103 and miR-107 are downregulated and are negatively
correlated in AD. Both are responsible for silencing BACE1
and RE1; thus, downregulation of miR-103 and miR-107leads
to increased susceptibility of AD. Increased level of miR-135a
and miR-384 is found in serum of AD patients which control
the expression of APP and BACE1 whereas reduced level
of miR-193b is observed in the same which controls APP
expression. Circular RNA also plays a crucial role in disease
pathology of AD. 112 CirRNA were upregulated whereas
51 are downregulated. Circ-LPAR1, AXL-1, and GPHN
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were significantly upregulated with positive correlation
with t-tau and p-tau whereas Cir-PCCA, HAUS-4, K1F18B
is downregulated with positive correlation with Af342
expression.

Conclusion

miRNA and Cir-RNA play a crucial role in disease
progression and pathology of Alzheimer’s. Literature reveals
that circulating miRNA are potential candidates as a non-
invasive biomarker for Alzheimer’s. Studies have identified
different miRNA for prognostic purpose but none have done
a comparative analysis or have identified the best biomarker
for AD of clinical relevance. Therefore more extensive, well-
controlled, systematic validation studies need to be carried
out involving a larger subset of population with uniformity
in research approaches. Furthermore, an elaborated
study needs to be carried out to identify more reliable and
stably expressed miRNA to identify .a diagnostic panel
of differentially regulated miRNA that could be used for
detection and progression of AD.
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