
Journal of Cellular and Molecular Biology Research: Open Access 2025, 07, 03, 162. Commentary

MicroRNAs: Pivotal in Disease, Therapy, Diagnostics
Isabella Laurent

Department of Molecular Biology, Sorbonne University, Paris, France

Corresponding Authors*

Isabella Laurent
Department of Molecular Biology, Sorbonne University, Paris, France
E-mail: i.laurent@sorbonne.fr

Copyright: 2025 Isabella Laurent. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Received: 01-Jul-2025; Accepted: 08-Aug-2025; Published:
08-Aug-2025

Introduction
MicroRNAs, small non-coding RNA molecules, are fundamental to bio-
logical regulation, orchestrating gene expression across a spectrum of cel-
lular processes. Their pervasive influence extends to maintaining health
and contributing to disease pathogenesis, making them an intensive area of
research for their therapeutic and diagnostic potential. Understanding their
intricate roles is paramount to advancing medicine.

In oncology, MicroRNAs significantly influence the efficacy of cancer im-
munotherapy. This occurs through their modulation of various immune
checkpoints and critical signaling pathways. Their precise regulation can
considerably enhance therapeutic responses, positioning MicroRNAs as
promising candidates for both biomarkers and therapeutic targets aimed at
improving patient outcomes and refining personalized treatment strategies
[1].

Moving to the neurological domain, MicroRNAs play critical roles in
the pathogenesis of debilitating neurodegenerative diseases, encompass-
ing conditions like Alzheimer’s and Parkinson’s. The dysregulation of
these miRNAs offers promising avenues for novel therapeutic strategies,
with emerging miRNA-based approaches demonstrating substantial poten-
tial for early diagnosis and effective treatment in this challenging field [2].

In the realm of metabolic health, MicroRNAs are deeply involved in regu-
lating complex metabolic pathways and contribute directly to the devel-
opment of widespread metabolic diseases such as diabetes and obesity.
The strategic targeting of specific miRNAs or their associated pathways
presents significant potential for developing innovative therapeutic inter-
ventions to combat these prevalent conditions [3].

Cardiovascular well-being is also profoundly impacted by MicroRNAs,
which act as key orchestrators in cardiac remodeling and repair follow-
ing injury or stress. Their precise modulation offers a promising and tar-

geted strategy for developing new therapies to prevent and treat various
cardiovascular diseases, including severe conditions like heart failure and
myocardial infarction, aiming for improved cardiac function and patient
recovery [4].

Beyond endogenous functions, MicroRNAs are central to the dynamic in-
terplay during host-virus interactions, influencing both the intricate pro-
cesses of viral replication and the robustness of host immune responses.
Gaining a deeper understanding of this complex interplay provides crucial
insights essential for developing innovative antiviral strategies and for cre-
ating improved diagnostic tools to detect and manage viral infections more
effectively [5].

Fundamentally, MicroRNAs are essential regulators of immune cell de-
velopment, differentiation, and overall function. Their fine-tuned control
over gene expression pathways is absolutely critical for maintaining im-
mune homeostasis, ensuring the immune system operates correctly, and
for mounting effective responses against invading pathogens and various
diseases, underscoring their vital role in immunological defense [6].

MicroRNAs also function as crucial epigenetic regulators, exerting influ-
ence over gene expression at multiple levels and consequently impacting
the progression and manifestation of various human diseases. The compre-
hensive unraveling of these complex epigenetic mechanisms provides new
and exciting avenues for developing targeted therapeutic interventions and
advancing personalized medicine approaches [7].

Moreover, MicroRNAs are indispensable for normal cellular differentia-
tion, the proper formation of organs (organogenesis), and overall develop-
mental processes throughout an organism’s life. Their dysregulation can
lead to a spectrum of developmental disorders and is known to contribute
significantly to the progression of numerous other diseases, underscoring
their profound and fundamental biological importance across all stages of
life [8].

A critical aspect in cancer therapy is drug resistance, where MicroR-
NAs play a significant role in mediating this challenge. They achieve
this by modulating gene expression pathways involved in drug uptake,
metabolism, and efflux. Targeting these specific miRNAs represents a
promising and strategic approach to overcome therapeutic resistance and
thereby markedly improve the efficacy of existing cancer treatments, of-
fering hope for more successful outcomes [9].

Finally, MicroRNAs circulating freely in bodily fluids show immense po-
tential as non-invasive biomarkers. These stable molecules can be utilized
for early diagnosis, accurate prognosis, and effective monitoring of treat-
ment response across an extensive range of human diseases. Their inherent
stability and often tissue-specific expression patterns make them excep-
tionally valuable tools in diverse clinical settings, ushering in a new era for
advanced diagnostics and patient management [10].
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Description
MicroRNAs are pivotal small non-coding RNA molecules that meticu-
lously regulate gene expression, fundamentally influencing a vast array of
biological processes. Their essential roles commence early in life, being in-
dispensable for normal cellular differentiation, proper organogenesis, and
overall developmental processes [8]. Any dysregulation in their function
canmanifest as various developmental disorders, underscoring their crucial
biological importance throughout an organism’s lifespan. Beyond these de-
velopmental aspects, MicroRNAs are also fundamental regulators of im-
mune cell development, differentiation, and overall function [6]. Their
fine-tuned control over gene expression pathways is critical for maintain-
ing robust immune homeostasis, thereby ensuring the body’s defenses are
both balanced and highly effective against invading pathogens and other
diseases.

Their involvement extends deeply into the pathogenesis of diseases across
multiple physiological systems. For example, MicroRNAs play critical
roles in the progression of neurodegenerative diseases, including debilitat-
ing conditions such as Alzheimer’s and Parkinson’s. The precise dysregu-
lation of these miRNAs presents promising avenues for novel therapeutic
strategies, with emerging miRNA-based approaches showing substantial
potential for both early diagnosis and effective treatment within this chal-
lenging medical field [2]. Similarly, MicroRNAs are deeply involved in
regulating complex metabolic pathways and contribute significantly to the
development of widespread metabolic diseases like diabetes and obesity.
Targeting specific miRNAs or their associated pathways therefore holds
considerable potential for developing innovative therapeutic interventions
designed to combat these prevalent conditions [3]. In the context of car-
diovascular health, MicroRNAs are key orchestrators in cardiac remodel-
ing and repair following injury. Their precise modulation offers a highly
promising strategy for developing new therapies aimed at preventing and
treating various cardiovascular diseases, including severe conditions such
as heart failure and myocardial infarction, with the ultimate goal of improv-
ing cardiac function and patient recovery [4].

In the complex landscape of oncology, MicroRNAs exert a profound and
multifaceted impact. They significantly influence the efficacy of cancer im-
munotherapy by strategically modulating various immune checkpoints and
critical signaling pathways. Their precise regulation can considerably en-
hance therapeutic responses, positioning MicroRNAs as promising candi-
dates for both predictive biomarkers and direct therapeutic targets aimed at
improving overall patient outcomes and refining personalized cancer treat-
ment strategies [1]. Furthermore, a significant challenge in contemporary
cancer treatment is the development of drug resistance, where MicroRNAs
play a major and often detrimental role. They mediate this resistance by
intricately modulating gene expression pathways involved in drug uptake,
metabolism, and efflux. Consequently, targeting these specific miRNAs
represents a promising and strategic approach to overcome therapeutic re-
sistance and therebymarkedly improve the efficacy of existing cancer treat-
ments, offering new hope for more successful patient responses [9].

Beyond these direct disease-specific roles, MicroRNAs also function as
crucial epigenetic regulators. They exert their influence over gene expres-
sion at multiple intricate levels, consequently impacting the manifestation
and progression of a wide range of human diseases. The comprehensive un-
raveling of these complex epigenetic mechanisms provides new and excit-
ing avenues for developing targeted therapeutic interventions and advanc-
ing personalized medicine approaches, allowing for more tailored treat-

ments [7]. Furthermore, MicroRNAs are central to the complex and dy-
namic interplay that occurs during host-virus interactions. They influence
both the intricate processes of viral replication within host cells and the
robustness of host immune responses designed to combat infection. Gain-
ing a deeper understanding of this intricate relationship provides crucial
insights essential for developing innovative antiviral strategies and for cre-
ating improved diagnostic tools to detect and manage viral infections more
effectively, leading to better public health outcomes [5].

Critically, MicroRNAs circulating freely in bodily fluids show immense
potential as non-invasive biomarkers. These stable molecules can be effec-
tively utilized for early diagnosis, accurate prognosis, and efficient moni-
toring of treatment response across an extensive range of human diseases
within diverse clinical settings [10]. Their inherent stability and often
highly tissue-specific expression patterns make them exceptionally valu-
able tools, demonstrating their utility far beyond just therapeutic targets.
This positions MicroRNAs as essential components in the future of preci-
sion medicine, offering less intrusive yet highly informative ways to assess
health and disease progression.

Conclusion
MicroRNAs are pivotal small non-coding RNA molecules that orchestrate
gene expression, proving essential for normal cellular development, im-
mune system regulation, and maintaining overall biological homeostasis.
Their significant impact is evident in a broad range of human diseases. For
instance, they profoundly influence the efficacy of cancer immunotherapy
by modulating immune checkpoints and are implicated in mediating drug
resistance, suggesting their utility as targets to enhance therapeutic out-
comes. Beyond cancer, MicroRNAs play critical roles in the pathogene-
sis of neurodegenerative diseases, including Alzheimer’s and Parkinson’s,
and are deeply involved in metabolic disorders such as diabetes and obe-
sity, offering new therapeutic avenues. They are also key orchestrators
in cardiac remodeling and repair following injury, indicating their impor-
tance in cardiovascular health. Furthermore, MicroRNAs are central to
host-virus interactions, affecting both viral replication and host immune
responses, and function as crucial epigenetic regulators. Critically, Mi-
croRNAs circulating in bodily fluids show great promise as non-invasive
biomarkers for early diagnosis, prognosis, and monitoring treatment re-
sponse across diverse diseases, leveraging their stability and tissue-specific
expression. This comprehensive involvement highlights MicroRNAs as
significant players with vast potential for both therapeutic development and
diagnostic innovation in medicine.

References

1. Yue Z, Bing W, Yuxuan H. MicroRNAs as Emerging Regulators in
Cancer Immunotherapy: Progress and Challenges. Front Pharmacol.
2021;12:708306.

2. Jing C, Chunyi W, Hongbo W. MicroRNA-Based Therapies for Neurode-
generative Diseases: An Update. Front Aging Neurosci. 2022;14:868314.

3. Shiyuan M, Fan Y, Weijie S. MicroRNAs in metabolic diseases: from patho-
physiology to therapeutic opportunities. BMC Med. 2023;21:167.

Cite this article: Laurent I,(2025) MicroRNAs: Pivotal in Disease, Therapy, Diagnostics. jmcb 07: 162. DOI:
1037532.jmcb.2025.7.3.162

2

https://pubmed.ncbi.nlm.nih.gov/34366838/
https://pubmed.ncbi.nlm.nih.gov/34366838/
https://pubmed.ncbi.nlm.nih.gov/34366838/
https://pubmed.ncbi.nlm.nih.gov/35651586/
https://pubmed.ncbi.nlm.nih.gov/35651586/
https://pubmed.ncbi.nlm.nih.gov/37118635/
https://pubmed.ncbi.nlm.nih.gov/37118635/


4. Ying G, Lei W, Yanfeng L. MicroRNA Regulation of Cardiac Remodeling
and Repair: Therapeutic Implications. Int J Mol Sci. 2021;22:11928.

5. Chunhui W, Li Z, Guoxian W. The interplay between microRNAs and vi-
ral infections: Implications for diagnostics and therapeutics. Cell Biosci.
2022;12:83.

6. Xiang L, Yuanyuan L, Yingying L. MicroRNAs in the Regulation of Immune
Cell Development and Function. Front Immunol. 2021;12:700088.

7. Hongyan Z, Yanan S, Chunmei L. MicroRNAs as Epigenetic Regulators in
Human Diseases: FromMechanisms to Therapeutic Potential. Int J Mol Sci.

2023;24:2529.

8. Qiang S, Jingjing C, Yuanyuan L. The Diverse Roles of MicroRNAs in De-
velopment and Disease. Cells. 2022;11:2928.

9. Jing Z, Yi Z, Yuhui C.MicroRNA-mediated drug resistance in cancer: mech-
anisms and therapeutic implications. Mol Cancer. 2021;20:103.

10. XiaoliW, Yuanyuan L,Chunyan L.MicroRNAs as Promising Diagnostic and
Prognostic Biomarkers in Various Human Diseases. Biomed Pharmacother.
2023;161:114407.

Cite this article: Laurent I,(2025) MicroRNAs: Pivotal in Disease, Therapy, Diagnostics. jmcb 07: 162. DOI:
1037532.jmcb.2025.7.3.162

3

https://pubmed.ncbi.nlm.nih.gov/34769222/
https://pubmed.ncbi.nlm.nih.gov/34769222/
https://pubmed.ncbi.nlm.nih.gov/35725791/
https://pubmed.ncbi.nlm.nih.gov/35725791/
https://pubmed.ncbi.nlm.nih.gov/35725791/
https://pubmed.ncbi.nlm.nih.gov/34290644/
https://pubmed.ncbi.nlm.nih.gov/34290644/
https://pubmed.ncbi.nlm.nih.gov/36768846/
https://pubmed.ncbi.nlm.nih.gov/36768846/
https://pubmed.ncbi.nlm.nih.gov/36768846/
https://pubmed.ncbi.nlm.nih.gov/36139433/
https://pubmed.ncbi.nlm.nih.gov/36139433/
https://pubmed.ncbi.nlm.nih.gov/34294191/
https://pubmed.ncbi.nlm.nih.gov/34294191/
https://pubmed.ncbi.nlm.nih.gov/36906231/
https://pubmed.ncbi.nlm.nih.gov/36906231/
https://pubmed.ncbi.nlm.nih.gov/36906231/

