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ABSTRACT

Neurodegenerative diseases are defined by advanced neuronal loss and can occur in hereditary or sporadic forms. As is generally 
known, the most common neurodegenerative diseases are Alzheimer’s disease (AD) and Parkinson’s disease (PD). Among these, AD 
is defined by the accumulation of beta-amyloid plaques, hyper phosphorylation of tau proteins, and chronic inflammation leading to 
neuronal loss. PD is related to the degeneration of dopaminergic neurons in the substantia nigra. Because of the wide heterogeneity 
of neurodegenerative diseases, various difficulties are encountered in diagnosing disease subtypes and developing effective treatment 
approaches. In recent years, microRNAs (miRNAs) have become efficient genetic biomarkers for several diseases. miRNAs regulate gene 
expressions post-transcriptionally and thus play a role in numerous neuronal and non-neuronal cell functions. Prior investigations have 
indicated the expression of miRNAs to become altered under pathological conditions, thereby suggesting that they may play a role in 
neurodegenerative diseases. This review focuses on the function of miRNAs in neurodegeneration and the possible contribution of altered 
levels of miRNAs and their target mRNAs in AD and PD patients compared to the controls shown in the previous studies. In short, altered 
expressions of miRNAs may play a role as potential diagnostic biomarkers with regard to neurodegenerative diseases.
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INTRODUCTION

Neurodegenerative Diseases

Neurodegenerative diseases are associated with the 
progressive loss of neurons and are leading causes of 
death worldwide after cancer and cardiovascular diseases. 
Many different neurodegenerative diseases occur, but the 
most prevalent ones are Amyotrophic Lateral Sclerosis, 
Huntington’s disease, Alzheimer’s disease (AD), and 
Parkinson’s disease (PD). Diseases occur in hereditary or 
sporadic forms depending on genetic and environmental 
factors (1). Although similar features are observed at 
the cellular level, the most important difference among 
these diseases is the affected cell and tissue types. For 
instance, while AD mainly occurs due to neuronal loss in 
the hippocampus and neocortex, the cells most affected in 
PD are dopaminergic neurons in the substantia nigra (1, 2). 

Because of the wide heterogeneity of neurodegenerative 
diseases, both genetically and clinically, their prevalence 
also varies (3). About 6.7 million AD patients aged 65 
and older were estimated to exist in the USA in 2023; 
however, approximately 930,000 Americans (≥65 years) 
had been diagnosed with PD in 2020 (4, 5). In addition, 
this heterogeneity causes failures in diagnosing and 
distinguishing among disease subtypes and determining 
preferentially effective treatment methods. When 
diagnosing a disease, several different techniques can 
be applied separately or in combination. In the case 
of AD, monitoring methods such as positron emission 
tomography (PET) and magnetic resonance imaging (MRI) 
can be used, as well as cerebrospinal fluid (CSF) biomarkers 
such as amyloid beta (Aβ) 42 and phospho-tau. Aβ42 forms 
plaques and phospho-tau forms neurofibrillary tangles 
in the brain, contributing to the pathology of AD (6). 
Meanwhile, α-synuclein in CSF and serum is a biomarker 
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for PD. In addition, PET, transcranial sonography (TCS), and 
dopamine transporter single-photon emission computed 
tomography (DAT SPECT) techniques can also be used in 
clinical diagnosis (7, 8).

The biochemical markers and imaging methods mentioned 
above have variable sensitivities and specificities (9). 
Moreover, due to the lack of curative treatments for almost 
all neurodegenerative diseases, the need for early diagnosis 
and effective therapeutic approaches before disease onset 
are absolutely present (10). Typically, AD and PD result from 
pathological instability influencing varied types of neurons at 
a diverse range of levels. This instability can be identified by 
alterations in the epigenome (9). MicroRNAs (miRNAs) control 
gene expression post-transcriptionally and have become a 
focus in this context (11).

miRNAs and Therapeutic Implementations

miRNAs are small, endogenous non-coding RNA molecules 
about 21-25 nucleotides in length. The biogenesis of miRNAs 
starts in the nucleus finishes in the cytoplasm (12). Each miRNA 
contains an evolutionary conserved region 2-8 nucleotides 
long called the seed region. The 3’ untranslated region (3’UTR) 
of the target messenger RNAs (mRNAs) contain complementary 
sequences to these seed regions, and thus miRNAs control 
gene expression by degrading mRNAs or inhibiting translation 
(1). A single miRNA may inhibit the translation of several 
mRNAs, and numerous miRNAs may control the same mRNA 
(13). In addition, miRNAs have critical roles in many biological 
processes, such as apoptosis, proliferation in response to 
immune stimuli, and differentiation (14–16). Thus, miRNAs’ 
altered levels of expression have been associated with many 
diseases (1). Examining miRNA expression levels enables one 
to better understand the molecular pathology of diseases and 
can be used as potential biomarkers for the early diagnosis of 
disease. Roughly 70% of miRNAs are produced in the nervous 
system in humans and are involved in primary signaling 
pathways (17). Therefore, researchers in recent years have 
concentrated on examining impaired miRNA expression in 
brain development and neurodegeneration, with altered 
expression levels of specific miRNAs having been observed in 
distinct neurodegenerative diseases, including AD and PD (18).

In addition to the features mentioned above, various studies 
are present in the literature on miRNAs being used for 
therapeutic purposes. For instance, decreased expression of 
miR-125b has been associated with neurotoxic effects in AD, 
with up-regulated expression of miR-125b by 17ss-estradiol 
being shown to protect neurons from neurotoxicity (19). In 
addition, miR-206 has been shown to promote the detrimental 
effect of Ass42 and to be up-regulated in the temporal cortex 
of the human brain in AD (20). Donepezil, a miR-206 inhibitor, 
can relieve the detrimental effects of Ass42 (21). As another 
example, miRNA’s rejuvenation of miR-150 mimics reduced 
inflammatory cytokines in PD (22). MiR-7 mimics, which are 
used to recover miR-7 downregulation, have also been shown 

in MPTP-induced Parkinsonian mice to reduce dopaminergic 
degeneration and to inhibit microglial activation (23). Another 
study showed the inhibition of miR-181 in PD to protect 
against neurodegeneration induced by alpha-synuclein 
overexpression (24). 

As noted above, the positive results obtained from experimental 
processes conducted with the help of anti-miR have directed 
researchers towards implementing clinical applications using 
this approach. As examples, the anti-miR study (ClinicalTrials.
gov Identifier: NCT04619420) that is currently in Phase 2 
of a clinical trial for treating AD, cognitive dysfunction, and 
dementia and started on January 6, 2021 is present. That 
study has reported expectation to finish up on November 
5, 2025 and includes 480 individuals. Another clinical study 
(ClinicalTrials.gov Identifier: NCT05462106) is in Phase 1 and 
2 for the treatment of AD. It includes 140 individuals and was 
initiated on June 21, 2021, with completion planned for June 
2026. In addition, a Phase 3 study (ClinicalTrials.gov Identifier: 
NCT02670083) was conducted between March 22, 2016, and 
May 31, 2019 with the participation of 813 individuals and 
aimed to treat AD. All the findings from these studies indicate 
that future clinical implications will occur regarding anti-miR 
applications and that more similar studies will be conducted.

miRNAs in Alzheimer’s Disease

AD is the most prevalent neurodegenerative disease and 
is characterized with a loss of neurons, memory loss, and 
cognitive impairments (25). Patients with AD are seen 
to express typical features such as personality changes, 
alterations in emotion, unsuitable social behaviors, and 
advanced memory impairments (26). Because aging is a 
significant risk for neurodegenerative diseases, the threat of 
AD progressing mainly elevates after the age of 65 (27). Ass 
peptide aggregation and neurofibrillary tangle accumulation 
due to tau phosphorylation in AD cause amyloidosis, neuronal 
loss, neuroinflammation, synaptic plasticity, and oxidative 
stress (28). The etiology of AD remains unclear because of 
the complexity of the cause and molecular mechanism of the 
disease; however, accumulation of extracellular Ass peptides 
and neurofibrillary tangles along with neuroinflammation form 
the essential biomarkers of AD (26). Because changes in miRNA 
expression contribute to AD pathogenesis, they could also be 
used as potential diagnostic biomarkers for the disease (29). In 
recent years, changes in the expression of many miRNAs have 
become associated with AD pathogenesis. For instance, miR-
9 is a miRNA expressed in the nervous system and related to 
control of the morphological differentiation of post-mitotic 
neuronal cells; its level of expression is also seen to change in 
AD (30). Souza et al. conducted a study in 2020 to investigate 
the peripheral miR-9-5p expressions of 36 AD patients and 38 
healthy controls using quantitative real-time polymerase chain 
reaction (qRT-PCR). They observed the expression of miR-9-5p 
in AD patients to have decreased 3-fold in comparison to the 
controls (31). Similarly, another study conducted by Yılmaz 
et al. in 2016 with 172 AD patients and 109 healthy controls 
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demonstrated the AD patients to have an approximately 5-fold 
decrease in miR-9-5p expression (32). As another example, the 
miR-29 family of miRNAs are known to post-transcriptionally 
regulate BACE1 expression, with the expression of miR-29 
being shown to be reduced in AD, resulting in increased BACE1 
expression and increased Ass accumulation (33). A study 
conducted by Hébert et al. in 2008 evaluated miR-29a and 
miR-29b-1 expression levels for 11 AD patients with elevated 
BACE1 expression levels, 23 AD patients with normal BACE1 
expression levels, and 21 healthy controls using qRT-PCR. Their 
study showed the expression of miR-29a and -29b-1 to mainly 
decrease in AD patients, particularly those with elevated BACE1 
expression levels (33). Another miRNA family that suppresses 
BACE1 expression is miR-15 (34). The miR-15 family has also 
been found to have a function in the apoptosis of neurons 
and tau phosphorylation. As an example of the importance 
of miR-15, a study conducted by Wu et al. in 2020 included 
40 AD patients and 31 healthy controls. Their study examined 
the expression of 816 blood miRNAs in samples taken from 71 
participants and observed essential variations in the expression 
levels of 71 miRNAs between the AD and control groups. Based 
on their study’s results, they observed a decrease in the miR-
15b expression in particular, compared to the controls (35). 
In addition to down-regulated miRNAs, other miRNAs are 
found to be upregulated in AD. Examples of the upregulated 
miRNAs can be given as miR-195, miR-106b-3p, and miR-34a 
(26). A study performed by Zang et al. in 2021 included 117 AD 
patients and 106 healthy controls; their study also evaluated 
the serum miR-128 level using qRT-PCR and found miR-128 
expression to have significantly increased (36). Another study 
showed miR-128 to downregulate the expression of PPAR-γ 
and to intensify the Aβ-induced damage survival of neurons 
in AD (37). Thus, upregulated miR-128 can have a remarkable 
function in AD’s progression. When taking the aforementioned 
into account, miRNAs obviously have essential roles in both 
the etiopathogenesis of AD and possess significant potential 
as genetic biomarkers. These details will be specified below 
through the similar features that are seen in PD.

miRNAs in Parkinson’s Disease

PD is the second most common neurodegenerative disease 
associated with the advanced loss of neurons in the brain, 
especially dopaminergic neurons in the substantia nigra. 
Degeneration of these neurons in PD patients may result in 
impaired motor function and clinical signs such as rigidity, 
postural instability, resting tremor, and bradykinesia, which are 
associated with a reduction in dopaminergic neurons (38). PD 
onset occurs generally after the age of 60 years and includes the 
interaction of genetic and elevated-risk environmental factors 
such as the consumption of dairy products, pesticides, traumatic 
brain injury, and a history of melanoma (39). PD involves the 
accumulation of α-synuclein in the Lewy bodies, which then 
impairs various pathways and activates neuroinflammation 
(40). Motor dysfunction begins to develop after approximately 
70% of the dopaminergic neurons in the substantia nigra 
have degenerated. This early phase of PD takes 8-17 years 

and involves complex mechanisms. Thus, the presence of 
preclinical biomarkers for PD is essential to the development 
of future neuroprotective approaches (41). Several specific 
miRNAs have been shown many times in the literature to have 
a function in the pathogenesis of PD. For example, Wu et al. in 
2022 investigated SNCA-associated miRNA expressions in 75 PD 
patients and 73 healthy controls using qRT-PCR and found miR-
153 and miR-223 expression levels to have decreased mainly in 
the PD patients compared to the controls (42). In 2020, Li et al. 
showed miR-150 to be another down-regulated miRNA in PD 
pathogenesis. They evaluated neuroinflammation-associated 
miR-150 expression in 80 PD patients and 60 healthy controls 
and ascertained miR-150 expression to have decreased in the 
PD patients when compared to the controls (22). In addition, 
the literature has shown up-regulated miRNA expression to 
occur in PD pathogenesis. For instance, miR-132 is an miRNA 
that has been negatively correlated with its downstream 
molecule nuclear receptor NURR1 (also known as NR4A2), 
which is one of the main factors that sustain dopaminergic 
features. Yang et al. conducted a study in 2019 involving 
667 people (269 sporadic PD patients, 222 healthy controls, 
and 176 individuals with several non-PD neurodegenerative 
diseases). They evaluated the expression levels of miR-132 and 
NURR1 and indicated miR-132 expression levels to be elevated 
in PD patients when compared to the healthy and non-PD 
controls. NURR1 was also crucially reduced in the PD patients 
compared to the healthy and non-PD controls, thus showing 
a negative correlation between reduced levels of NURR1 
expression and increased levels of miR-132 expression in PD 
(43). As mentioned above, the miR-29 family has decreased 
levels in AD pathogenesis. In addition, these miRNAs (miR-29a, 
-29b, and -29c) have been related to cognitive impairment in 
PD, with Han et al. assessing miR-29 expression levels in 98 PD 
patients and 40 healthy controls to examine this. They classified 
patients into three groups: PD patients with usual conditions (n 
= 39), PD patients with dementia (n = 22), and PD patients with 
mild cognitive impairment (n = 37) and found all miRNAs to 
be down-regulated in all three groups of patients compared to 
the healthy control group. In addition, they found the miR-29 
expression levels in the PD patients with dementia to be lower 
than that for PD patients with normal conditions, thus relating 
the decreasing trend of these miRNAs to more severe PD (44). 
When considering the roles miRNAs play in physiological 
and pathological conditions alongside the alteration of their 
expression in diseases, miRNAs have the potential to serve as 
biomarkers for the early diagnosis and prognosis of disease 
and also as targets for therapeutic intervention.

CONCLUSION

As explained with the examples above, miRNAs play important 
roles in many physiological conditions, with miRNA de-
regulation having been able to be associated with many 
pathological states. Obviously, miRNAs also have a function 
in the molecular etiopathogenesis of neurodegenerative 
diseases. This role may involve up-regulation or down-
regulation, as is the case in AD and PD, the two most common 
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neurodegenerative diseases exemplified in this review. 
Figure 1 shows several upregulated and downregulated 
miRNAs in AD and PD (32, 33, 35, 45–48). The number of 
studies evaluating miRNAs will undoubtedly increase in the 
future, and several reasons are thought to exist for this. First 
of all, significance in demonstrating the roles miRNAs have 
regarding the clarification of the mechanisms and progression 
of neurodegenerative diseases. Another reason is the potential 
miRNAs have as genetic biomarkers. The most important 
aspect of this is that many studies have shown miRNAs to be 
able to be utilized in the early diagnosis and follow-up of the 
disease. Lastly, attempts have been made to develop various 
therapeutic approaches utilizing the regulatory functions of 
miRNAs, especially in recent years. Anti-miR oligonucleotides, 
antagomirs, locked nucleic acid anti-miRs, and miR masks that 
are used to suppress miRNAs, as well as miRNA expression 
vectors and miRNA mimics that are used to restore miRNA 
expression reveal other aspects of the importance these small 
non-coding molecules have (1).

This article has compiled up-to-date information on the 
subject of the functions miRNAs have in neurodegeneration 
by evaluating the case of AD and PD. As mentioned above, 
this study assumes that studies in this field will gain more 
importance and increase in number in the future.
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