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: caused by mutations in the SMN1 gene, studies have identified altered miRNA
Introductlon expression profiles in both the blood and spinal cord of affected individuals.
One particular miRNA, miR-125b, has been found to be significantly
upregulated in SMA patients and may serve as a potential biomarker for early
diagnosis. Additionally, the levels of miR-21 and miR-29a are altered in SMA
and correlate with disease severity and progression. These findings highlight
the potential of miRNAs to serve not only as diagnostic biomarkers but also as
prognostic tools that provide valuable insights into disease activity. Similarly,
Cystic Fibrosis (CF), another rare genetic disorder caused by mutations in the
CFTR gene, has been shown to exhibit specific changes in miRNA expression.
Studies have demonstrated that miR-145, which is involved in inflammation
and fibrosis, is upregulated in CF patients, indicating its potential role in both
diagnosing the disease and monitoring its progression. Such biomarkers offer
a non-invasive alternative to traditional diagnostic methods, enabling earlier
detection and more accurate assessment of disease severity [3].

Rare genetic disorders, though individually uncommon, collectively affect
a significant portion of the global population. These disorders often result from
mutations in a single gene and are typically associated with complex clinical
presentations. The challenge in diagnosing rare genetic disorders lies in the
heterogeneity of symptoms and the low prevalence, which leads to delays in
diagnosis and treatment. Traditional diagnostic approaches, such as clinical
evaluations and genetic testing, often fail to identify these disorders early,
contributing to prolonged patient suffering. Recent advancements in molecular
diagnostics, particularly the use of microRNAs (miRNAs), are revolutionizing
the early diagnosis of rare genetic disorders. miRNAs are small, non-coding
RNA molecules that regulate gene expression by binding to messenger RNAs
(mRNAs) and are involved in virtually all cellular processes. Because miRNAs
are stable in various body fluids and reflect the pathological changes occurring
at the molecular level, they offer great promise as diagnostic biomarkers for In addition to SMA and CF, miRNAs have shown promise in diagnosing
rare genetic diseases. The growing recognition of miRNAs as key players in other rare genetic disorders, such as Menkes disease, Prader-Willi syndrome,
disease mechanisms is opening new avenues for their use in early detection ~ and Angelman syndrome. These disorders, though rare, are associated with
and monitoring of these disorders, offering a non-invasive and highly sensitive  distinct changes in miRNA profiles that can be identified in circulating blood
approach to diagnosis [1]. or saliva samples. For example, miR-34a, a miRNA involved in cellular stress
responses, has been identified as a potential biomarker for Menkes disease,
a disorder caused by mutations in the ATP7A gene. Similarly, in Prader-
Willi syndrome, which results from the loss of function of certain genes on
chromosome 15, miRNA profiling has revealed dysregulation of miR-140,
providing a novel approach for early diagnosis. The advantage of using
miRNAs as biomarkers for these rare conditions lies in their stability, ease of
measurement, and ability to reflect the underlying genetic defects even before
clinical symptoms appear. By identifying disease-specific miRNAs, clinicians
can detect these disorders earlier in life, allowing for timely interventions
that can mitigate disease progression and improve patient outcomes. The
continued exploration of miRNA-based diagnostics for rare genetic disorders
represents a promising frontier in molecular medicine [4].

The potential of microRNAs as diagnostic biomarkers extends beyond
their role in gene regulation to their ability to provide insight into disease
pathophysiology. In rare genetic disorders, the expression of specific miRNAs
can be dysregulated due to genetic mutations or altered pathways. These
changes often occur well before the onset of clinical symptoms, providing a
unigue opportunity for early diagnosis and intervention. Furthermore, miRNAs
are tissue-specific and can be detected in a variety of body fluids such as
blood, saliva, and urine, making them accessible and practical for widespread
use. For example, in disorders like Spinal Muscular Atrophy (SMA) and Cystic
Fibrosis (CF), specific miRNAs have been identified as reliable biomarkers
that correlate with disease severity and progression. The identification of
these miRNAs is not only critical for diagnosing these conditions early but
also for tracking disease progression and response to treatment. Moreover, The use of miRNAs as biomarkers for rare genetic disorders is also
the versatility of miRNAs in reflecting the molecular changes occurring within ~ advancing the field of personalized medicine. By identifying specific
affected tissues makes them powerful tools for understanding the underlying ~ miRNA profiles associated with different genetic mutations, clinicians can
genetic mechanisms driving rare diseases. As research continues to uncover tailor diagnostic and therapeutic approaches to individual patients. This
more disease-specific miRNA signatures, their role in diagnosing and is particularly important in the context of rare genetic diseases, where the
monitoring rare genetic disorders is poised to expand significantly [2]. genetic heterogeneity of patients can complicate diagnosis and treatment.

MiRNA-based diagnostics offer a way to capture this variability and provide

Descri tiOﬂ a more precise and individualized approach to patient care. Furthermore,
p miRNAs are emerging as potential therapeutic targets themselves. Research

has shown that miRNA mimics or inhibitors can be used to modulate disease-

MicroRNAs have emerged as sensitive biomarkers for diagnosing related pathways, offering a novel therapeutic strategy for rare genetic
rare genetic disorders due.to their ability to reflect specific dlsegse-.related disorders. For example, in SMA, the antisense oligonucleotide therapy
molecular pathways. In Spinal Muscular Atrophy (SMA), a genetic disorder  gpinraza works by increasing the expression of the SMN2 gene, and studies
have shown that miRNA modulation could further enhance the effects of such
treatments. Thus, the discovery of miRNAs as biomarkers not only aids in
the early diagnosis and monitoring of rare genetic disorders but also holds
promise for developing targeted therapies that can modify disease outcomes
at the molecular level [5].
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understanding of disease mechanisms and therapeutic interventions. By
identifying key biomarkers associated with microbial composition and
functionality, researchers can uncover how these microorganisms influence
health outcomes. The role of metabolites, particularly short-chain fatty acids,
highlights the functional significance of the microbiome in maintaining gut
health and preventing disease. Furthermore, the gut-brain axis underscores
the intricate relationships between microbiota and mental health, emphasizing
the need for a holistic approach to health management. As research in this field
continues to expand, integrating microbiome-related biomarkers into clinical
practice has the potential to revolutionize diagnostics and treatments, paving
the way for personalized strategies that promote well-being and resilience.
Ultimately, understanding the microbiome connection enriches our ability to
harness the power of these microorganisms to optimize health outcomes for
individuals across diverse health conditions.

References

1. Pei, Xiaojing, Haoyan Yin, Tiancheng Lai and Junlong Zhang, et al. "Multiplexed
detection of attomoles of nucleic acids using fluorescent nanoparticle counting
platform." Anal Chem 90 (2018): 1376-1383.

2. Liu, Sitong, Tie Xie, Xiaojing Pei, Shujing Li, Yifan He, Yigang Tong and
Guogi Liu. "CRISPR-Casl2a coupled with universal gold nanoparticle
strand-displacement probe for rapid and sensitive visual SARS-CoV-2
detection." Sens Actuators B-Chem 377 (2023): 133009.

Page 2 of 2

3. Stone, P, J. Hardy, R. A. A. H. Huddart, R. A'hern and M. Richards. "Fatigue
in patients with prostate cancer receiving hormone therapy." Eur J Cancer 36
(2000): 1134-1141.

4. Stone, P, J. Hardy, R. A. A. H. Huddart, R. A'hern and M. Richards. "Fatigue
in patients with prostate cancer receiving hormone therapy." Med Sci Sports
Exerc 36 (2000): 1134-1141.

5. Jones, Lynnette M., Lee Stoner, J. Chris Baldi and Blair McLaren. "Circuit
resistance training and cardiovascular health in breast cancer survivors." Eur
J Cancer Care 29 (2020): e13231.

How to cite this article: Schmidt, Diana. “The Power of Micrornas as Diagnostic

Biomarkers in Rare Genetic Disorders.” J Mol Biomark Diagn 15 (2024):667.



https://pubs.acs.org/doi/abs/10.1021/acs.analchem.7b04551
https://pubs.acs.org/doi/abs/10.1021/acs.analchem.7b04551
https://pubs.acs.org/doi/abs/10.1021/acs.analchem.7b04551
https://www.sciencedirect.com/science/article/pii/S0925400522016525
https://www.sciencedirect.com/science/article/pii/S0925400522016525
https://www.sciencedirect.com/science/article/pii/S0925400522016525
https://www.sciencedirect.com/science/article/pii/S0959804900000848
https://www.sciencedirect.com/science/article/pii/S0959804900000848
https://www.sciencedirect.com/science/article/pii/S0959804900000848
https://www.sciencedirect.com/science/article/pii/S0959804900000848
https://onlinelibrary.wiley.com/doi/abs/10.1111/ecc.13231
https://onlinelibrary.wiley.com/doi/abs/10.1111/ecc.13231

