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Abstract
MicroRNAs (miRNAs) have emerged as pivotal regulators of gene expression, orchestrating intricate networks that 

influence a wide array of cellular processes. In recent years, research has illuminated their significant role in the aging 
brain and the pathogenesis of neurodegenerative diseases. This article delves into the remarkable impact of miRNAs 
on neurodegenerative processes and brain aging, shedding light on their potential as therapeutic targets and diagnostic 
tools.
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Introduction
Neurodegenerative diseases, including Alzheimer’s, Parkinson’s, 

and Huntington’s disease, represent a growing public health concern 
as populations age worldwide. A fundamental hallmark of these 
diseases is the progressive loss of neurons and neuronal function, 
leading to cognitive and motor deficits. Recent research has unveiled 
the multifaceted involvement of miRNAs in these processes, presenting 
a new layer of complexity in our understanding of neurodegeneration 
and brain aging [1].

Multiple cellular and functional transformations take place in 
the brain during aging. Neural cells may respond to these changes 
by reprogramming metabolic circuits in order to adapt and maintain 
its functionality, or they may give in to neurodegenerative cascades 
that result in disorders such as Alzheimer’s, cerebellar ataxias, and 
Parkinson’s diseases. A number of mechanisms are employed to 
maintain the integrity of nerve cell networks and to facilitate responses 
to external and internal environmental stimuli and maintain neuron 
integrity and functional capability after damage [2, 3].

Although rodent models to study brain aging and neurodegenerative 
disorders have been developed, these models do not satisfactorily 
parallel the brain changes and behavioural features observed in 
humans. The close physiological, neurological, and genetic similarities 
between humans and higher primates offer the opportunity to study 
the aging process and associated abnormalities in monkeys. Aged 
nonhuman primates undergo age-associated structural and functional 
brain changes similar to those that occur in aged humans and, to 
some degree, in individuals with Alzheimer’s disease. As in humans, 
declines in performance on cognitive and memory tasks begin at the 
monkey equivalent of late-middle life. The brains of old monkeys show 
degenerative changes in neurons, abnormal axons and neurites, and 
accumulations of amyloid plaques and lipofuscin around blood vessels 
and in the residential macrophages. Moreover, old nonhuman primates 
exhibit decline of specific neurotransmitter networks, most notably the 
forebrain cholinergic system that has been suggested to contribute to 
the memory deficit characteristic for older individuals.

miRNAs play an important role in the regulation of several cell 
processes, including cell proliferation, development, cancer formation, 
stress responses, and apoptosis. The rapid progression of miRNA 
research in these areas has revealed its prominent role in modulating 
gene expression. However, the role of miRNAs in senescence remains 
poorly understood. miRNA can affect pathways involved in ageing, and 
miRNA profiling has shown significant alterations in their expression 
level [4]. 

MicroRNAs: Molecular regulators of gene expression

MiRNAs are small, non-coding RNA molecules that play a critical 
role in post-transcriptional gene regulation. Through their interaction 
with target messenger RNAs (mRNAs), miRNAs can suppress gene 
expression by promoting mRNA degradation or inhibiting translation. 
This intricate control mechanism allows miRNAs to modulate the 
expression of numerous genes simultaneously, affecting diverse 
biological pathways [5].

MicroRNAs in neurodegenerative diseases

Mounting evidence suggests that dysregulation of miRNA 
expression is closely linked to the onset and progression of 
neurodegenerative diseases. Altered miRNA profiles have been 
observed in the brains of patients with Alzheimer’s, Parkinson’s, and 
other neurodegenerative disorders. These miRNAs often target genes 
involved in crucial cellular processes, including protein aggregation, 
synaptic plasticity, inflammation, and oxidative stress, all of which are 
implicated in disease pathogenesis [6].

MicroRNAs and brain aging

Aging is the primary risk factor for many neurodegenerative diseases. 
As the brain ages, miRNA expression patterns shift, contributing 
to the decline in neuronal function and plasticity. Dysregulated 
miRNAs can disrupt the delicate balance between neuroprotective and 
neurodegenerative mechanisms, accelerating the aging process and 
making the brain more susceptible to disease-associated insults [7,8].

Therapeutic potential and diagnostic applications

Harnessing the regulatory power of miRNAs holds great 
promise for the development of innovative therapeutic strategies 
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for neurodegenerative diseases. Researchers are exploring various 
approaches, such as miRNA replacement therapy to restore normal gene 
expression patterns and miRNA-based gene editing to modify disease-
associated targets. Additionally, the distinct miRNA profiles associated 
with specific neurodegenerative diseases offer potential diagnostic 
biomarkers, enabling early disease detection and personalized 
treatment plans [9].

Challenges and future directions

Despite the excitement surrounding miRNA research in 
neurodegeneration, challenges remain. Identifying the precise targets 
of specific miRNAs, deciphering the intricate miRNA-mRNA networks, 
and establishing efficient delivery methods for miRNA-based therapies 
are areas that require further investigation. Moreover, the potential 
off-target effects of manipulating miRNA pathways must be carefully 
considered to ensure the safety and efficacy of therapeutic interventions 
[10].

Conclusion
MicroRNAs have emerged as pivotal players in the complex 

landscape of neurodegenerative processes and brain aging. Their ability 
to modulate gene expression in a precise and coordinated manner 
highlights their potential as therapeutic targets and diagnostic tools 
for neurodegenerative diseases. As we uncover more about the roles 
of specific miRNAs in disease pathways, we move closer to unveiling 
innovative interventions that could transform the landscape of 
neurodegenerative disease treatment and prevention.

The discovery of miRNAs has revealed a new layer of regulation of 
gene expression, and studies in recent years have shown that miRNAs 
not only have a unique expression profile in the brain and peripheral 
nervous system but also play crucial roles in the regulation of both 
neuronal cell development and function miRNA play an important role 
in the molecular control of brain development and subsequently in the 
aging process and associated neuron pathologies. 

The field of miRNA and ncRNA research has developed quickly, and 
with the identification of brain-specific miRNAs in recent years, a new 
level of understanding of brain abnormalities associated with the aging 
has been acquired. However, more work remains to be done to fully 

understand the miRNA mechanism of action in normal brain aging 
and neurodegenerative conditions, so that expression of the miRNAs 
can potentially be exploited as a new point of entry for therapy. With 
the growing number of miRNAs and ncRNAs, each carrying a long list 
of putative targets, the challenge is now to annotate their biological 
functions.
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