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Abstract:

MicroRNAs (miRNAs) have emerged as key regulators of gene expression in various
biological processes, including those associated with oral health and disease. This review
explores the current understanding of the roles played by miRNAs in oral diseases, including
dental caries, periodontal diseases, oral cancer, and other oral pathologies. [!! We discuss the
potential applications of miRNAs as diagnostic biomarkers and therapeutic targets in oral
disease management. Additionally, we highlight the challenges and future perspectives in
harnessing the power of miRNAs for personalized oral disease treatments.

Introduction:

Oral diseases represent a significant global health burden, affecting billions of
individuals across the world. Despite significant advancements in oral healthcare, there is an
increasing need to identify novel diagnostic tools and therapeutic strategies to combat these
diseases effectively.[?) MicroRNAs, a class of small non-coding RNA molecules, have recently
gamered considerable attention as potent regulators of gene expression and cellular
processes.*! This review aims to explore the growing body of evidence regarding the roles of
miRNAs in various oral diseases and their potential clinical applications.

100 Bulletin of Pure and Applied Sciences-Zoology / Vol.43B No.2s/ July-December 2024



Micro RNA:

MicroRNAs (miRNAs) are small, non-coding RNA molecules that play a crucial role in
the regulation of gene expression. These tiny molecules, consisting of only 21 to 23
nucleotides, are found in plants, animals, and even some viruses. They have been shown to be
involved in RNA silencing and post-transcriptional regulation of gene expression.[*! miRNAs
bind to complementary sequences in mRNA molecules and can silence the target mRNA
through processes such as cleavage, destabilization, or translation inhibition.
Evolutionary Origin of Micro RNA:
The origins of miRNAs can be traced back to the RNA interference (RNA1) pathway, which
functions as a defense mechanism against exogenous genetic material, such as viruses.
However, miRNAs have evolved to have distinct characteristics and functions compared to
other small interfering RNAs (siRNAs) involved in RNAi. While siRNAs are derived from
longer regions of double-stranded RNA, miRNAs are formed from regions of RNA transcripts
that fold back on themselves to form short hairpins.’) miRNAs are highly conserved across

species, indicating their important biological functions. The human genome is believed to
encode over 1900 miRNAs, with more recent analysis suggesting that the number is closer to
2,300. However, only about 500 human microRNAs are considered bonafide miRNAs in the
manually curated miRNA gene database [MirGeneDB].

1.1 The Biogenesis of MicroRNAs

The biogenesis of miRNAs involves a series of intricate steps that take place in the nucleus and
cytoplasm of cells. The process begins with the transcription of miRNA genes by RNA
polymerase II, resulting in the production of primary miRNA transcripts (pri-miRNAs). These
pri-miRNAs are then processed by the Microprocessor complex, consisting of the proteins
Drosha and DGCRS, to generate precursor miRNAs (pre-miRNAs). ¢! The pre-miRNAs are
exported from the nucleus to the cytoplasm by Exportin-5, a nucleocytoplasmic shuttler
protein. In the cytoplasm, the pre-miRNAs are further processed by the endoribonuclease
Dicer, resulting in the formation of mature miRNA duplexes. One strand of the duplex, known

as the guide strand, is selected and incorporated into the RNA-induced silencing complex
(RISC), while the other strand, called the passenger strand, is usually degraded. ")

1.2 The Functions of MicroRNAs

MicroRNAs have emerged as key regulators of gene expression, with the ability to target
approximately 60% of the genes in humans and other mammals. They are involved in various
cellular processes, including development, differentiation, proliferation, and apoptosis.

miRNAs have been found to play essential roles in the development and function of various
organs and tissues, such as the brain, heart, and immune system.!”! One of the fascinating
aspects of miRNAs is their ability to regulate gene expression through multiple mechanisms.
They can inhibit translation initiation, disrupt ribosome assembly, induce ribosome drop-off,
and promote mRNA decay. Additionally, miRNAs can also modulate gene expression through
epigenetic modifications, such as histone modification and DNA methylation. These
multifaceted mechanisms allow miRNAs to fine-tune gene expression and contribute to the
complexity of cellular processes. [

2. The Role of MicroRNAs in Oral Diseases:

Oral diseases, such as periodontal disease and oral cancer, pose significant health challenges
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worldwide. Understanding the underlying molecular mechanisms that contribute to the
development and progression of these diseases is crucial for the development of effective
diagnostic and therapeutic strategies. In recent years, there has been growing interest in the role
of microRNAs (miRNAs) in oral diseases. 2! MicroRNAs are small non-coding RNA
molecules that play a critical role in the regulation of gene expression. They are involved in
various cellular processes, including cell proliferation, differentiation, and apoptosis.
Dysregulation of miRNAs has been implicated in the pathogenesis of many diseases, including
oral diseases. ©*!

The Role of Micro RNAs in Dental Caries:

Dental caries is one of the most prevalent oral diseases worldwide. miRNA is involved in
dental caries development, progression, and resolution. Specific miRNAs associated with
cariogenic bacteria, enamel mineralization, and immune responses are there, along with their
potential as diagnostic markers and therapeutic targets.

2.1 The Role of MicroRNAs in Periodontal Disease:

Periodontal disease is a chronic inflammatory condition that affects the supporting structures
of the teeth, including the gums, periodontal ligament, and alveolar bone. Multiple studies have
identified dysregulated miRNA expression patterns in patients with periodontal disease. These
miRNAs have been shown to target genes involved in inflammation, extracellular matrix
remodelling, and bone resorption. Studies have shown that miR-146a, an important regulator
of the immune response, was significantly upregulated in gingival tissues of patients with
periodontitis.”) This upregulation was associated with increased expression of pro-
inflammatory cytokines and chemokines. Another study identified miR-155 as a key regulator
of the inflammatory response in periodontal disease. In addition to their role in inflammation,
miRNAs have also been implicated in the regulation of osteoclastogenesis, the process by
which bone resorption occurs.[!”Studies have shown that miR-223 and miR-21 are involved in
the differentiation and function of osteoclasts, suggesting their potential as therapeutic targets
for the treatment of bone loss associated with periodontitis.!'!)

2.2 MicroRNAs in Oral Cancer:

Oral cancer is a significant public health problem, with high mortality rates and limited
treatment options. The identification of miRNAs that are dysregulated in oral cancer has
provided valuable insights into the molecular mechanisms underlying the development and
progression of this disease. Several studies have shown that specific miRNAs are aberrantly
expressed in oral cancer tissues compared to normal tissues. For example, miR-21, miR-31,
and miR-155 have been found to be upregulated in oral cancer and are associated with tumor
growth, invasion, and metastasis. On the other hand, miR-375 and miR-486-5p have been
identified as tumor suppressors in oral cancer, with their downregulation being associated with
poor prognosis.['2l Moreover, miRNAs have been shown to be involved in the regulation of
epithelial-mesenchymal transition (EMT), a process that plays a crucial role in tumor invasion
and metastasis. miR-200 family members, including miR-200a, miR-200b, miR-200c, miR-
141, and miR-429, are known to inhibit EMT by targeting transcription factors involved in the
process. Dysregulation of these miRNAs has been implicated in the acquisition of invasive and
metastatic phenotypes in oral cancer cells.
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2.3 Diagnostic and Therapeutic Potential:

The dysregulation of miRNAs in oral diseases suggests their potential as diagnostic and
prognostic biomarkers. miRNAs are highly stable in biological fluids, such as saliva and blood,
making them attractive candidates for non-invasive diagnostic tests.!!3! Several studies have
shown that specific miRNA signatures can distinguish between healthy individuals and those
with oral diseases, including periodontal disease and oral cancer. In addition to their diagnostic
potential, miRNAs may also serve as therapeutic targets for the treatment of oral diseases. The
development of miRNA-based therapies, such as miRNA mimics or inhibitors, holds promise
for the targeted modulation of gene expression and the inhibition of disease progression. [

2.4 Future Perspectives:

Despite the progress made in understanding the role of miRNAs in oral diseases, several
challenges remain. Further research is needed to identify the complete repertoire of
dysregulated miRNAs in oral diseases and to elucidate their specific functions and target genes.
Additionally, the development of reliable and sensitive techniques for miRNA detection and
quantification is essential for the translation of miRNA research into clinical practice. [!* The
integration of miRNA research with other omics technologies, such as genomics and
proteomics, may provide a more comprehensive understanding of the molecular mechanisms
underlying oral diseases. Furthermore, the investigation of miRNA interactions with other non-
coding RNAs, such as long non-coding RNAs, may uncover novel regulatory networks
involved in the pathogenesis of oral diseases. %]

Conclusion:
MicroRNAs are fascinating molecules that have revolutionized our understanding of gene
regulation. Their small size belies their significant impact on cellular processes and the intricate
mechanisms through which they modulate gene expression. From their evolutionary origins to
their involvement in various diseases, miRNAs continue to captivate researchers and hold
immense potential for future therapeutic applications. With ongoing research and
advancements, we can expect miRNAs to continue to shape our understanding of biology and
pave the way for innovative approaches to disease diagnosis and treatment. Furthermore,
miRNAs hold promise as therapeutic targets for the treatment of oral diseases. Continued
research in this field may lead to the development of innovative diagnostic tools and novel
therapeutic strategies for oral diseases.
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