OPEN ACCESS

(& CME LIVE

International Journal of

Oral Health Dental Management

Review Article

The Art of Epitranscriptomics in Dental Disorders Management

Dito Anurogo*

*Faculty of Medicine and Health Sciences, Universitas
Muhammadiyah Makassar, Indonesia

International PhD Program for Cell Therapy and Regen-
erative Medicine, College of Medicine, Taipei Medical
University, Taipei, Taiwan

Corresponding Author: Dito Anurogo, Faculty
of Medicine and Health Sciences, Universitas
Muhammadiyah Makassar, Indonesia

International PhD Program for Cell Therapy and
Regenerative Medicine, College of Medicine,

Taipei Medical University, Taipei, Taiwan

Received: g 2023 Aug 06 Accepted: g 2023 Aug 26 Published: g 2023 Sept 05

Abstract

Epitranscriptomics, the study of RNA modifications and editing, has emerged as a promising field in dental disorders
management. This comprehensive review explores its multifaceted role in gene regulation and potential applications
in dentistry. The overview highlights the significance of epitranscriptomics in cellular functions and gene regulation.
Mechanisms of RNA modifications, such as RNA methylation and N6-methyladenosine (m6A), impacting dental
pathophysiology and enamel formation are discussed, as well as the importance of RNA editing in dental anomalies and
periodontal diseases. Epitranscriptomic biomarkers, including m6A and A-to-I editing, offer non-invasive approaches
for dental caries detection, while non-coding RNAs may predict dental diseases. Targeting RNA modifications for dental
tissue regeneration and personalized RNA editing-based gene therapies hold potential for precision dentistry. Challenges
and future perspectives encompass technological improvements, ethical considerations, and the exciting prospects of
personalized epitranscriptomic dental medicine. As research progresses, epitranscriptomic therapies offer new horizons
in dental care, revolutionizing diagnostics, treatment, and preventive strategies, leading to improved oral health outcomes
and patient-centered dental care.

Keywords: Epitranscriptomics, RNA modifications, RNA editing, dental disorders, personalized medicine, dental diag-

nostics, precision dentistry, RNA-based therapies, periodontal disease, ethical considerations.

I. Introduction

A. Overview of Epitranscriptomics

Definition and Significance in Gene Regulation
Epitranscriptomics is a groundbreaking field at the intersec-
tion of genetics and epigenetics, unraveling the intricate uni-
verse of RNA modifications and their profound implications
in gene regulation. Unlike traditional genetics, which pri-
marily focuses on the genetic code embedded within DNA,
epitranscriptomics delves into chemical modifications that
occur on RNA molecules post-transcription. These modifi-
cations act as dynamic regulators, modulating RNA stability,
localization, translation, and ultimately influencing gene ex-
pression in response to diverse cellular cues [1].

The significance of epitranscriptomics in gene regulation
lies in its ability to add an additional layer of complexity and
versatility to the genetic code without altering the underly-
ing DNA sequence [2]. This epigenetic mechanism enables
cells to rapidly adapt and respond to environmental changes,

developmental cues, and physiological stresses. Through a
sophisticated network of RNA modifications, cells fine-tune
gene expression, ensuring precise control of crucial biolog-
ical processes, including cell proliferation, differentiation,
and response to external stimuli [3,4].

Role of RNA Modifications in Cellular Functions

RNA modifications encompass a diverse array of chemical
changes occurring on different RNA species, including mes-
senger RNA (mRNA), transfer RNA (tRNA), ribosomal RNA
(rRNA), and non-coding RNAs. Among the most extensively
studied RNA modifications are N6-methyladenosine (m6A),
5-methylcytosine (m5C), pseudouridine (W), and adenos-
ine-to-inosine (A-to-I) editing [5].

The role of RNA modifications in cellular functions is mul-
tifaceted. For instance, m6A, the most abundant internal
mRNA modification, plays a pivotal role in mRNA stability,
splicing, export, and translation. It is dynamically added and
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removed by writers and erasers, respectively, while reader
proteins recognize the m6A marks to mediate downstream
effects. Through this intricate machinery, m6A influences the
fate of numerous mRNAs, impacting the expression of genes
involved in essential cellular processes [6].

Similarly, m5C is predominantly found in non-coding RNAs,
including tRNAs and rRNAs, where it modulates RNA struc-
ture and function. Pseudouridine, often found in rRNAs and
small nuclear RNAs (snRNAs), is essential for ribosome func-
tion and splicing efficiency. A-to-I editing, catalyzed by ADAR
enzymes, can recode genetic information by converting ade-
nosines to inosines in mRNA, leading to alternative splicing
or altered protein sequences [7].

Collectively, these RNA modifications orchestrate a sym-
phony of cellular functions, fine-tuning gene expression in
response to developmental cues, environmental stimuli, and
disease states. The dynamic and reversible nature of these
modifications endows cells with extraordinary regulatory
capabilities, shaping the intricate landscape of epitranscrip-
tomics [8,9].

1.1 Emerging Applications of Epitranscriptomics in
Medicine

Introduction to Epitranscriptomic Research in Disease
Management

Epitranscriptomics has garnered significant attention in the
field of medicine due to its potential to unravel the intricate
regulatory mechanisms underlying various diseases. By de-
ciphering the dynamic landscape of RNA modifications, re-
searchers have unveiled new avenues for disease diagnosis,
prognosis, and therapeutic interventions. Epitranscriptomic
dysregulation has been implicated in diverse pathologies, in-
cluding cancer, neurodegenerative disorders, and metabolic
diseases [10].

The discovery of disease-specific RNA modifications and
their functional consequences has sparked a revolution in
precision medicine. Understanding the epitranscriptomic
code allows researchers and clinicians to identify unique
biomarkers for disease detection and develop targeted ther-
apies that can modulate gene expression with high preci-
sion. This level of specificity offers the potential to minimize
off-target effects and enhance therapeutic efficacy, heralding
a new era of personalized medicine [11].

1.2 Potential Implications in Dental Disorders

In recent years, the application of epitranscriptomics in den-
tal research has started to gain traction. Dental disorders,
such as dental caries, periodontitis, and enamel defects, re-
sult from a complex interplay of genetic, environmental, and
lifestyle factors [12]. Epitranscriptomics presents an innova-
tive approach to unravel the molecular intricacies underly-
ing these conditions, offering novel insights into their patho-
genesis and potential therapeutic strategies [13,14].

One of the key areas of interest lies in identifying epitran-
scriptomic biomarkers specific to dental disorders. By ana-
lyzing the RNA modifications present in oral tissues or body
fluids, researchers can identify patterns associated with dis-
ease progression or response to treatment. These epitran-
scriptomic signatures can serve as diagnostic indicators,
allowing for early detection and targeted interventions to

prevent or manage dental diseases effectively [15,16].

Furthermore, understanding the epitranscriptomic reg-
ulation of key genes involved in dental development and
homeostasis can offer new therapeutic targets. By manipu-
lating RNA modifications using specific enzymes or modu-
lators, it may be possible to restore proper gene expression
patterns and ameliorate dental abnormalities. Epitranscrip-
tomic therapies hold the promise of promoting tissue regen-
eration, enhancing enamel mineralization, and modulating
immune responses in periodontal diseases [17].

Epitranscriptomics can also contribute to the development
of precision dental medicine. By analyzing individual epi-
transcriptomic profiles, dentists and clinicians may tailor
treatment strategies to each patient’s specific needs, opti-
mizing therapeutic outcomes and minimizing adverse effects
[18].

In conclusion, the burgeoning field of epitranscriptomics
has opened up exciting possibilities for disease management
across various medical disciplines, including dentistry. By
understanding the intricate role of RNA modifications in
gene regulation, researchers can gain valuable insights into
the pathophysiology of dental disorders and explore inno-
vative diagnostic and therapeutic approaches. As the art of
epitranscriptomics continues to unfold, its potential to revo-
lutionize dental care and improve oral health outcomes be-
comes increasingly evident.

1.3 Epitranscriptomic Mechanisms in Dental Health

A. RNA Modifications and Dental Pathophysiology
Exploring the Role of RNA Methylation in Dental Develop-
ment

RNA methylation, particularly N6-methyladenosine (m6A)
modification, has emerged as a crucial epitranscriptomic
mechanism in dental development. The m6A modification
involves the addition of a methyl group to the N6 position
of adenosine residues in RNA molecules and is dynamical-
ly regulated by methyltransferases (writers), demethylases
(erasers), and m6A-binding proteins (readers). In the con-
text of dental health, m6A modifications have been implicat-
ed in orchestrating gene expression programs that drive the
complex processes of tooth morphogenesis and differentia-
tion [19].

During odontogenesis, the formation and maturation of
teeth, precise regulation of gene expression are vital for the
proper development of dental tissues, including enamel,
dentin, and cementum [20]. Recent research has highlight-
ed the significance of m6A in shaping dental tissue devel-
opment. Various genes involved in tooth enamel formation,
such as amelogenin (AMELX) and enamelin (ENAM), have
been found to undergo m6A modifications, impacting their
mRNA stability and translation efficiency. The dynamic reg-
ulation of these m6A marks in enamel-related transcripts is
crucial for precise spatiotemporal expression during enamel
maturation [21,22].

Disruptions in the writers, erasers, or readers of m6A can
lead to dysregulated gene expression patterns, resulting in
enamel defects and structural anomalies in teeth [23]. De-
ficiencies in m6A-modifying enzymes have been associated
with amelogenesis imperfecta, a group of hereditary con-
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ditions characterized by enamel malformation and fragility
[24]. Furthermore, m6A dysregulation has been implicated
in enamel hypoplasia, a condition characterized by inade-
quate enamel thickness due to improper enamel matrix pro-
tein expression [25].

1.4 N6-methyladenosine (m6A) and its Relevance in
Tooth Enamel Formation

Tooth enamel, the hardest tissue in the human body, is com-
posed primarily of hydroxyapatite crystals and enamel ma-
trix proteins secreted by specialized cells called ameloblasts.
The precise control of gene expression during amelogenesis
is essential for enamel mineralization and the formation of a
durable protective layer on the tooth surface [26].

The m6A modification plays a central role in regulating
enamel matrix protein expression, including amelogenins,
ameloblastins, and enamelins. Studies have identified m6A
sites in the transcripts encoding these enamel matrix pro-
teins, suggesting that m6A modification influences their
stability, splicing, and translational efficiency. The addition
or removal of m6A marks dynamically regulates the expres-
sion of enamel-specific genes, allowing for coordinated and
precise control of amelogenesis. Beyond its role in enamel
matrix protein regulation, mé6A has also been linked to the
differentiation of ameloblasts, the enamel-forming cells. Epi-
transcriptomic control of transcription factors and signaling
molecules involved in ameloblast differentiation ensures the
proper timing and sequence of events during enamel forma-
tion. Dysregulation of m6A writers or erasers can disrupt
ameloblast differentiation, leading to enamel defects and
compromised enamel structure [27,28].

Concisely, RNA methylation, particularly the N6-methylad-
enosine (m6A) modification, represents a critical epitran-
scriptomic mechanism in dental health. Through its dynamic
regulation of gene expression, m6A exerts a profound impact
on tooth enamel formation, influencing the differentiation of
ameloblasts and the expression of enamel matrix proteins.
Disruptions in m6A-mediated processes can lead to dental
anomalies and enamel defects, providing valuable insights
into the pathophysiology of dental disorders and potential
therapeutic targets for precision dental medicine. As the
field of epitranscriptomics advances, further exploration of
RNA modifications in dental health promises to unravel the
intricacies of dental development and improve dental disor-
der management.

1.5 Impact of RNA Editing on Dental Disorders
Adenosine-to-inosine (A-to-1) Editing and Dental Anomalies
RNA editing, specifically adenosine-to-inosine (A-to-I) edit-
ing, is a post-transcriptional modification that involves the
deamination of adenosine bases in RNA, converting them
to inosine. This epitranscriptomic mechanism is catalyzed
by the adenosine deaminases acting on RNA (ADAR) family
of enzymes. A-to-I RNA editing is widespread in the human
transcriptome and can occur within coding sequences, un-
translated regions, and non-coding regions of various RNA
species, including mRNAs, non-coding RNAs, and viral RNAs
[29,30].

In the context of dental disorders, dysregulation of A-to-I
editing has been associated with dental anomalies. Ge-
nome-wide studies have revealed altered editing patterns

in transcripts of genes critical for dental development and
tooth morphogenesis. For instance, mutations or aberrant
expression of ADAR enzymes have been linked to enamel
defects, enamel hypoplasia, and amelogenesis imperfecta,
where proper enamel mineralization is compromised. Dis-
ruptions in A-to-I editing can lead to misregulated expres-
sion of enamel matrix proteins and other essential factors
involved in enamel formation [31,32].

Moreover, A-to-1 editing has been implicated in the regula-
tion of ion channels and receptors that influence tooth sen-
sitivity and pain perception. Studies have suggested that
altered editing of genes related to sensory perception may
contribute to dental hypersensitivity and other dental pain
disorders [33,34].

1.6 Significance of RNA Editing in the Etiology of Peri-
odontal Diseases

Beyond its role in dental anomalies, RNA editing has gar-
nered attention in the etiology of periodontal diseases. Peri-
odontitis, a prevalent inflammatory condition affecting the
supporting tissues of the teeth, is primarily driven by the
dysregulation of host immune responses and interactions
with the oral microbiome. RNA editing plays a role in modu-
lating the inflammatory response by affecting the expression
of cytokines, chemokines, and other immune-related genes
[35,36].

Dysregulation of A-to-I editing has been observed in the con-
text of inflammation, and altered editing patterns of tran-
scripts involved in immune responses have been associated
with periodontitis. Inflammatory cytokines, such as tumor
necrosis factor-alpha (TNF-a), interleukin-1f (IL-1B), and
interleukin-6 (IL-6), have been identified as targets of A-to-I
editing. Changes in editing efficiency can impact the produc-
tion and activity of these cytokines, leading to imbalanced
inflammatory responses in periodontal tissues [37-39].

Furthermore, A-to-l1 editing has been shown to influence
the stability and function of microRNAs (miRNAs), small
non-coding RNAs that play a critical role in post-transcrip-
tional gene regulation. Dysregulated editing of miRNAs in-
volved in immune regulation may contribute to the dysregu-
lated immune response observed in periodontitis [40].

The investigation of RNA editing in periodontal diseases is
still in its early stages, and the full extent of its impact on
disease pathogenesis remains to be elucidated. However,
emerging evidence highlights the significance of RNA edit-
ing in dental disorders, both in the context of dental anom-
alies and periodontal diseases. Understanding the epitran-
scriptomic landscape and its influence on gene expression
in dental health and disease provides novel opportunities
for developing targeted therapeutic approaches and preci-
sion dental medicine. As research in epitranscriptomics pro-
gresses, it holds the potential to revolutionize our approach
to dental disorders management and improve oral health
outcomes [41].

1.7 Epitranscriptomic Biomarkers in Dental Diagnostics
A. Detection of RNA Modifications as Diagnostic Indica-
tors

m6A and A-to-1 Editing as Potential Biomarkers for Dental
Caries
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Dental caries, commonly known as tooth decay or cavities,
is a prevalent dental disorder resulting from the demineral-
ization of tooth structures by acid-producing bacteria [42].
Early detection and intervention are crucial to prevent the
progression of dental caries. Epitranscriptomic biomark-
ers, such as m6A and A-to-I editing, have shown promise as
non-invasive diagnostic indicators for dental caries.

Recent studies have revealed altered m6A modification pat-
terns in the transcripts of genes associated with enamel min-
eralization and dental tissue development. Aberrant m6A
marks in enamel matrix protein genes, such as AMELX and
ENAM, have been detected in individuals with dental caries
[43]. These changes in m6A modifications may serve as early
indicators of enamel defects and increased susceptibility to
dental caries. Similarly, dysregulation of A-to-I editing has
been implicated in the pathogenesis of dental caries. Altered
editing patterns in genes involved in enamel formation and
immune responses may contribute to the development and
progression of dental caries. Detecting changes in A-to-I ed-
iting efficiency in saliva or oral tissues could potentially aid
in early caries risk assessment and personalized preventive
strategies [44].

1.8 Salivary Epitranscriptomic Signatures in Oral Health
Assessment

Saliva is an easily accessible bodily fluid that contains a
wealth of information reflecting the physiological state of
the oral cavity [45]. Recent advancements in high-through-
put sequencing technologies have enabled the profiling of
salivary epitranscriptomic signatures, presenting a promis-
ing avenue for oral health assessment [46].

Salivary RNA modifications, including m6A and A-to-I edit-
ing, can be analyzed to identify epitranscriptomic patterns
associated with different oral health conditions. For instance,
salivary m6A profiles may reveal variations in gene expres-
sion related to enamel mineralization, tooth development,
and immune responses. By comparing the epitranscriptomic
signatures of individuals with various oral health statuses,
researchers can identify potential biomarkers that correlate
with dental health or specific dental disorders [47,48].

The use of salivary epitranscriptomic signatures in oral
health assessment holds several advantages. Saliva collec-
tion is non-invasive, painless, and easily repeatable, making
it suitable for routine screening and monitoring [49]. Fur-
thermore, salivary biomarkers offer the potential for early
detection and intervention in dental disorders, allowing for
timely preventive measures and personalized treatment
strategies [50].

As research in the field of epitranscriptomics continues to
evolve, the identification of specific epitranscriptomic bio-
markers for dental diagnostics may revolutionize the way
oral health is assessed and managed. Salivary epitranscrip-
tomic signatures have the potential to complement tradition-
al diagnostic methods, providing a deeper understanding of
individual oral health status and guiding personalized dental
care. The integration of epitranscriptomic biomarkers and
artificial intelligence into dental diagnostics represents an
exciting frontier in precision dentistry, promising improved
oral health outcomes for individuals worldwide [51].

1.9 Non-coding RNAs and Epitranscriptomic Biomarkers
microRNAs and Their Epitranscriptomic Regulation in
Gingival Health

microRNAs (miRNAs) are a class of small non-coding RNAs
that play a crucial role in post-transcriptional gene regula-
tion [52]. These tiny molecules act as key regulators of gene
expression by binding to target mRNAs, leading to their deg-
radation or inhibition of translation. In gingival health, miR-
NAs are involved in maintaining tissue homeostasis, immune
responses, and wound healing processes [53].

Epitranscriptomic modifications can impact miRNA biogen-
esis, stability, and function, further regulating their target
gene specificity and activity [54]. For example, m6A modi-
fications within miRNA precursors can influence their pro-
cessing by the microprocessor complex, altering the mature
miRNA pool available for gene silencing. Dysregulation of
miRNA epitranscriptomic regulation may lead to imbalances
in gene expression networks, contributing to gingival inflam-
mation and other periodontal disorders [55].

Investigating the epitranscriptomic regulation of miRNAs in
gingival health could unveil novel diagnostic biomarkers or
therapeutic targets. Specific miRNA m6A modifications or
editing events may serve as indicators of gingival inflamma-
tion severity or responsiveness to treatment. Understanding
the complex interplay between miRNAs and their epitran-
scriptomic modifications provides valuable insights into the
molecular mechanisms underlying gingival health and dis-
ease [56].

1.10 Long Non-coding RNAs (IncRNAs) and their Role in
Dental Disease Prediction

Long non-coding RNAs (IncRNAs) are a diverse group of
non-coding RNAs with lengths exceeding 200 nucleotides
[57]. They play multifaceted roles in various cellular pro-
cesses, including gene regulation, chromatin remodeling,
and post-transcriptional modifications. In the context of
dental health, IncRNAs have been implicated in dental tissue
development, immune responses, and periodontal disease
progression [58].

Epitranscriptomic mechanisms can influence IncRNA sta-
bility, localization, and interactions with other molecules,
impacting their functional roles in dental health. For exam-
ple, m6A modifications within IncRNA transcripts may affect
their binding to chromatin or protein partners, leading to al-
tered gene expression profiles relevant to dental disorders.
Dysregulation of IncRNA epitranscriptomic regulation has
been associated with conditions such as oral squamous cell
carcinoma and dental caries [59].

As research continues to unravel the complex regulatory
roles of IncRNAs, identifying epitranscriptomic biomarkers
within IncRNAs may have predictive value for dental disease
susceptibility and progression. Analysis of IncRNA epitran-
scriptomic signatures in oral tissues or salivary samples
could provide valuable information for dental disease pre-
diction, allowing for early intervention and tailored treat-
ment approaches [60].

The investigation of miRNAs and IncRNAs, along with their
epitranscriptomic regulation, represents a cutting-edge area
of research in dental medicine. As we uncover the intrica-
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cies of non-coding RNA regulation and its impact on dental
health, we may unlock new opportunities for precision di-
agnostics and targeted therapeutics. Epitranscriptomic bio-
markers within miRNAs and IncRNAs hold the potential to
revolutionize dental disease prediction and management,
leading to more effective and personalized dental care for
individuals worldwide [61,62].

1.11 Epitranscriptomics and Therapeutic Targets in
Dental Disorders

A. Targeting RNA Modifications for Dental Therapeutics
Modulation of m6A in Dental Tissue Regeneration
Harnessing the power of epitranscriptomics, researchers
are exploring innovative approaches to target RNA modifica-
tions for dental tissue regeneration. The m6A modification,
with its dynamic regulatory role in dental development and
enamel formation, holds significant promise as a therapeutic
target for promoting tissue repair and regeneration [61].

In dental tissue engineering, manipulating m6A writers, eras-
ers, or readers could be utilized to enhance the expression of
critical genes involved in tooth enamel or dentin formation.
By promoting m6A marks on specific transcripts, research-
ers may facilitate their translation and stability, leading to
improved enamel mineralization and dentin regeneration in
dental lesions or defects [17].

Additionally, m6A-based approaches may be employed to
reprogram somatic cells into induced pluripotent stem cells
(iPSCs) for tissue regeneration [63]. By modifying m6A
marks on key pluripotency genes, researchers can enhance
the efficiency and fidelity of cellular reprogramming, provid-
ing a renewable source of dental stem cells for regenerative
therapies [64].

1.12 RNA Editing-Based Gene Therapies for Dental
Anomalies

RNA editing presents an exciting avenue for gene therapies
in dental disorders, particularly in cases of genetic dental
anomalies. Using CRISPR-Cas9 or other gene editing technol-
ogies, researchers can target specific genes associated with
dental anomalies and introduce precise A-to-I editing events
to correct disease-causing mutations [65,66].

In conditions like amelogenesis imperfecta or dentinogene-
sis imperfecta, where mutations in enamel or dentin genes
lead to structural defects, RNA editing-based therapies could
provide a viable approach to restore gene function. By cor-
recting specific A-to-I editing sites within transcripts, re-
searchers may rescue the proper expression and function of
enamel matrix proteins or dentin matrix proteins, thereby
ameliorating dental abnormalities [67,68].

Furthermore, RNA editing holds the potential to fine-tune
gene expression levels in a spatiotemporal manner, allow-
ing for targeted intervention during different stages of den-
tal development. This level of precision in gene editing may
pave the way for personalized gene therapies tailored to
each patient’s specific dental needs [69].

As with any gene editing-based therapy, the safety, delivery,
and ethical considerations must be carefully addressed. En-
suring off-target effects are minimized and addressing po-
tential long-term consequences of RNA editing are essential

steps in developing successful and safe RNA editing-based
gene therapies for dental disorders [70].

Therefore, epitranscriptomics offers exciting opportunities
for therapeutic interventions in dental disorders. Targeting
RNA modifications, such as m6A4, for dental tissue regener-
ation and exploring RNA editing-based gene therapies for
dental anomalies represent groundbreaking strategies with
the potential to transform the landscape of dental medicine.
As research in epitranscriptomics and gene or genome ed-
iting technologies continues to progress, the translation of
these findings into clinical applications may revolutionize
the treatment of dental disorders and pave the way for pre-
cision dental therapies tailored to individual patients [71].

1.13 Epitranscriptomic Approaches to Periodontal Dis-
ease Management

Potential of RNA Modification-Targeting Drugs in Treat-
ing Periodontitis

Periodontitis is a chronic inflammatory condition affecting
the supporting tissues of the teeth, characterized by the
destruction of the periodontium and loss of alveolar bone
[72]. Conventional treatments focus on controlling bacteri-
al infection and reducing inflammation. However, epitran-
scriptomics offers a novel approach to target specific RNA
modifications and modulate gene expression to alleviate the
pathogenesis of periodontitis [73,74].

RNA modification-targeting drugs, designed to selective-
ly modify or inhibit writers, erasers, or readers of specific
RNA modifications, hold great promise in periodontal dis-
ease management. By targeting enzymes involved in m6A or
A-to-1 editing, these drugs could influence the expression of
genes related to inflammation, immune response, and tissue
remodeling [75].

In periodontitis, m6A modification may impact the expres-
sion of inflammatory cytokines and matrix metalloproteinas-
es (MMPs), which contribute to tissue degradation and bone
resorption. Targeting m6A writers or readers with small
molecules may help regulate the inflammatory response and
promote tissue repair in periodontal tissues [76,77].

Similarly, RNA editing-targeting drugs could be utilized to
fine-tune the expression of specific genes involved in the
regulation of the oral microbiome. Dysbiosis, an imbalance
in the composition of the oral microbiota, is associated with
periodontal diseases. By editing RNA transcripts of key bac-
terial species or genes involved in bacterial communication,
researchers may restore a balanced oral microbiome, miti-
gating the progression of periodontitis [78,79].

1.14 Utilizing RNA Editing to Restore Oral Microbiome
Balance

RNA editing represents a powerful tool to modify bacterial
RNA sequences, potentially influencing the behavior of oral
pathogens and promoting a healthier oral microbiome. CRIS-
PR-Cas-based RNA editing systems can be engineered to tar-
get specific RNA sequences in bacteria, leading to changes in
gene expression or interfering with the production of viru-
lence factors [80,81].

In the context of periodontitis, RNA editing could be em-
ployed to target genes related to bacterial adhesion, biofilm
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formation, and secretion of inflammatory factors. By inhibit-
ing the expression of pathogenic virulence factors, research-
ers may reduce the aggressiveness of oral pathogens and
limit tissue damage in periodontitis [82,39].

Furthermore, RNA editing can also be used to engineer ben-
eficial bacteria for oral probiotic therapies. By enhancing
the expression of antimicrobial peptides or enzymes that
degrade pathogenic factors, edited probiotics could provide
a natural defense against oral pathogens, contributing to a
balanced oral microbiome and improved periodontal health
[83,84].

While RNA editing-based approaches show great potential
for modulating the oral microbiome, significant research and
optimization are required to ensure their safety, specificity,
and long-term effects. Ethical considerations and regulato-
ry guidelines must be carefully addressed before these ap-
proaches can be translated into clinical applications [85,86].

Epitranscriptomic approaches offer exciting opportunities to
revolutionize periodontal disease management. RNA mod-
ification-targeting drugs and RNA editing-based strategies
have the potential to modulate gene expression, regulate the
immune response, and restore oral microbiome balance in
periodontitis. By harnessing the power of epitranscriptom-
ics, researchers may pave the way for innovative and person-
alized therapeutic interventions for periodontal diseases,
ultimately improving oral health outcomes for individuals
worldwide [87,88].

1.15 Challenges and Future Perspectives

A. Technological Hurdles in Epitranscriptomic Research
Advancements in Sequencing and Analysis Techniques

One of the primary challenges in epitranscriptomic research
lies in the development of advanced sequencing technolo-
gies and analytical tools. While next-generation sequenc-
ing (NGS) has greatly expanded our understanding of RNA
modifications, current methods often lack the resolution
to accurately identify and quantify these modifications on
a transcriptome-wide scale. Improvements in sequencing
platforms, such as single-molecule long-read sequencing
and nanopore sequencing, hold promise for capturing the
full complexity of RNA modifications with higher accuracy
and sensitivity [89,90].

Moreover, robust bioinformatic pipelines are essential for the
accurate detection and interpretation of epitranscriptomic
data. Analyzing vast amounts of sequencing data requires
sophisticated algorithms and computational resources capa-
ble of distinguishing true RNA modifications from noise and
sequencing artifacts. As our knowledge of epitranscriptomic
modifications expands, the development of dedicated soft-
ware tools and databases for annotation and analysis will be
crucial for advancing epitranscriptomic research [91,92].

1.16 Improving Sensitivity and Specificity of Epitran-
scriptomic Tools

Epitranscriptomic modifications, such as m6A and RNA edit-
ing, are often present at low abundance, making their detec-
tion challenging. Existing experimental methods for profiling
RNA modifications may suffer from low sensitivity, resulting
in the underrepresentation of rare modifications and limit-

ing our understanding of their functional roles [93,94].

Developing innovative and sensitive detection methods,
such as chemical labeling approaches and antibody-based
enrichment techniques, is essential for capturing rare and
transient RNA modifications. Additionally, techniques that
allow single-cell epitranscriptomic analysis will provide in-
sights into cellular heterogeneity and dynamics, enabling a
deeper understanding of epitranscriptomics in different cell
types and during developmental processes [95,96].

Another critical aspect is improving the specificity of epitran-
scriptomic tools to accurately distinguish between different
RNA modifications. Some modifications, particularly those
that involve similar chemical groups, may be challenging to
discriminate using current methods. Addressing this chal-
lenge requires the development of high-specificity probes
and assays that can reliably identify distinct RNA modifica-
tions [97,98].

1.17 Future Perspectives

The future of epitranscriptomic research holds immense po-
tential for revolutionizing our understanding of gene regu-
lation and disease pathogenesis. Overcoming the technolog-
ical hurdles will pave the way for exciting new discoveries
and applications in various fields, including dental medicine
and periodontal disease management [99,100].

As advancements in sequencing technologies and analytical
tools continue, we can anticipate more comprehensive and
precise epitranscriptomic profiles, enabling the identifica-
tion of novel RNA modifications and their functional impli-
cations. Integrating epitranscriptomic data with other omics
data, such as genomics and transcriptomics, will provide a
holistic view of gene regulation and regulatory networks,
deepening our understanding of complex biological process-
es [101].

Furthermore, the development of targeted therapies based
on epitranscriptomic principles offers the potential for pre-
cision medicine, tailored to the individual’s unique epitran-
scriptomic landscape. Epitranscriptomic biomarkers could
facilitate early disease detection, allowing for timely inter-
vention and personalized treatment strategies [102,103].

Collaborations among scientists, clinicians, and bioinfor-
maticians will be crucial for accelerating epitranscriptom-
ic research and its translation into clinical applications. As
the field progresses, interdisciplinary approaches will foster
groundbreaking discoveries and innovations that will re-
shape the landscape of medicine and dental care [104].

In conclusion, while epitranscriptomic research faces sever-
al technological challenges, the future holds great promise
for unlocking the secrets of RNA modifications and their pro-
found impact on gene regulation and disease management.
Overcoming these hurdles will open new avenues for preci-
sion medicine, advancing the understanding and treatment
of dental disorders and periodontal diseases, ultimately
leading to improved oral health outcomes for individuals
worldwide [96].

1.18 Ethical Considerations in Epitranscriptomic Dental
Therapies
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Safeguarding Patient Privacy and Data Sharing
Epitranscriptomic dental therapies involve the use of sensi-
tive patient information, including genetic data, epigenetic
profiles, and health records. As personalized treatments
based on epitranscriptomics become a reality, it is crucial to
safeguard patient privacy and ensure the responsible han-
dling of data [105].

Researchers and clinicians must adhere to strict ethical
guidelines and data protection regulations to prevent un-
authorized access, use, or disclosure of patient information.
Informed consent from patients should be obtained before
conducting epitranscriptomic analyses, and individuals
must be informed about the potential risks and benefits of
participating in these studies. Proper de-identification and
anonymization of patient data during analysis and storage
are essential to maintain confidentiality [106].

Moreover, data sharing is vital for advancing scientific
knowledge and promoting collaboration among research-
ers. However, sharing epitranscriptomic data must be done
responsibly, ensuring that patient privacy is protected. Col-
laborations and data exchanges should only occur following
stringent data access and sharing agreements, guaranteeing
that patient identities and sensitive information remain se-
cure [107].

1.19 Navigating the Regulatory Landscape for RNA-
Based Treatments

As epitranscriptomic dental therapies advance from research
to clinical applications, navigating the regulatory landscape
becomes a significant ethical consideration. Regulatory
agencies, such as the Food and Drug Administration (FDA)
in the United States or similar authorities in other countries,
have rigorous processes for evaluating and approving novel
therapies [108].

Epitranscriptomic therapies may be considered gene thera-
pies, and as such, they may be subject to specific regulations
and safety assessments. Researchers and clinicians involved
in developing and testing these treatments must adhere to
the guidelines set forth by regulatory agencies to ensure pa-
tient safety and the efficacy of the therapies.

The ethical implications of using epitranscriptomic thera-
pies extend to considerations of equitable access and afford-
ability. As personalized treatments, epitranscriptomic ther-
apies may carry higher costs than traditional approaches.
Ensuring that these therapies are accessible to all patients
who could benefit from them requires a delicate balance be-
tween technological advancements and equitable healthcare
distribution [109].

Ethical reviews and oversight bodies play a crucial role in
evaluating the ethical considerations of epitranscriptomic
dental therapies. Multi-disciplinary ethics committees can
provide guidance on informed consent, data protection, reg-
ulatory compliance, and equitable access, ensuring that these
therapies adhere to the highest ethical standards [110].

In conclusion, ethical considerations are paramount in the
development and implementation of epitranscriptomic
dental therapies. Safeguarding patient privacy, responsibly
sharing data, and navigating regulatory requirements are

essential aspects of ethically conducting research and deliv-
ering personalized dental treatments. By upholding ethical
principles, the dental community can harness the potential
of epitranscriptomics while ensuring patient well-being and
equitable access to cutting-edge therapies [111].

1.20 Prospects for Personalized Epitranscriptomic Den-
tal Medicine

Tailoring Treatments Based on Individual Epitranscrip-
tomic Profiles

The field of epitranscriptomics holds immense promise for
revolutionizing dental medicine by enabling personalized
treatment approaches. Each individual’s epitranscriptomic
profile is unique, reflecting the dynamic regulatory land-
scape of their RNA molecules. Personalized epitranscriptom-
ic dental medicine aims to harness this uniqueness to tailor
treatments specifically to each patient’s genetic and epigen-
etic makeup [112].

With advancements in sequencing technologies and epitran-
scriptomic analysis tools, it is becoming increasingly feasible
to comprehensively profile an individual’s RNA modifica-
tions and gene expression patterns [113]. These profiles can
then be correlated with specific dental conditions, such as
dental caries, periodontitis, or enamel defects.

By understanding how specific RNA modifications and ed-
iting events contribute to dental disorders, clinicians can
develop personalized treatment strategies. Targeting key
epitranscriptomic regulators, such as m6A writers, erasers,
or readers, may allow for precise control of gene expres-
sion, promoting tissue regeneration, and reducing inflam-
mation [114]. Similarly, utilizing RNA editing to correct dis-
ease-causing mutations could offer tailored gene therapies
for genetic dental anomalies.

Tailoring treatments based on individual epitranscriptomic
profiles also extends to preventive strategies [115]. [dentify-
ing epitranscriptomic biomarkers associated with increased
risk for dental diseases could enable early intervention and
personalized preventive care. For instance, individuals with
specific m6A or A-to-l editing patterns may benefit from
tailored oral hygiene practices or dietary interventions to
mitigate their susceptibility to dental caries or periodontitis
[116].

1.21 Future Implications in Precision Dentistry

The prospects for personalized epitranscriptomic dental
medicine go hand in hand with the emerging field of preci-
sion dentistry. Precision dentistry aims to optimize dental
care based on an individual’s unique genetic, environmental,
and lifestyle factors. Epitranscriptomics adds a new dimen-
sion to precision dentistry by providing valuable insights
into the dynamic regulation of gene expression and potential
therapeutic targets.

As epitranscriptomic research continues to advance, the
integration of epitranscriptomic data into routine dental
practice may become a reality. Dentists and clinicians could
use epitranscriptomic biomarkers to assess an individual’s
oral health status and predict their susceptibility to specific
dental disorders. This information would enable the devel-
opment of personalized treatment plans, tailored to address
the unique epitranscriptomic characteristics of each patient
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[117].

Furthermore, precision dentistry could extend beyond diag-
nostics and treatment planning to guide preventive strate-
gies and oral health maintenance. Identifying epitranscrip-
tomic signatures associated with healthy oral tissues could
inform strategies to maintain oral health and prevent the
onset of dental diseases [118].

The integration of epitranscriptomics into precision den-
tistry also opens up opportunities for patient engagement
and education. Understanding the underlying genetic and
epigenetic factors influencing oral health may empower
individuals to take an active role in managing their dental
well-being [119].

In conclusion, the prospects for personalized epitranscrip-
tomic dental medicine are promising and offer exciting op-
portunities for the future of dental care. Tailoring treatments
based on individual epitranscriptomic profiles and integrat-
ing epitranscriptomics into precision dentistry hold the po-
tential to revolutionize how dental disorders are diagnosed,
managed, and prevented [120]. As research in epitranscrip-
tomics progresses, the realization of personalized dental
therapies and precision dentistry approaches draws closer,
ultimately leading to improved oral health outcomes and pa-
tient-centered dental care.

2. Conclusion

A. Recapitulation of Epitranscriptomics’ Role in Dental
Disorders

Epitranscriptomics, the study of RNA modifications and edit-
ing, plays a crucial role in dental disorders, offering valuable
insights into the molecular mechanisms underlying dental
development, health, and disease. The dynamic regulation of
RNA modifications, such as m6A and A-to-I editing, influenc-
es gene expression patterns critical for dental tissue forma-
tion, enamel mineralization, and immune responses in the
oral cavity.

Throughout this comprehensive exploration of epitranscrip-
tomics in dental disorders management, we have delved into
the definition and significance of epitranscriptomics in gene
regulation, the emerging applications of epitranscriptomics
in dental disease management, and the epitranscriptomic
mechanisms relevant to dental health, including RNA mod-
ifications and dental pathophysiology. The potential of epi-
transcriptomic biomarkers for dental diagnostics and the
use of RNA modifications and editing as therapeutic targets
in dental disorders have been elucidated.

2.1 Promising Outlook for Epitranscriptomic Therapies
in Dentistry

The future of epitranscriptomic therapies in dentistry holds
great promise and potential. Targeting RNA modifications
and using RNA editing to restore oral microbiome balance
present groundbreaking strategies for personalized dental
medicine. Modulation of m6A and RNA editing offers new
avenues for dental tissue regeneration, gene therapy for den-
tal anomalies, and precision dentistry tailored to individual
epitranscriptomic profiles.

While there are technological and ethical challenges to ad-
dress, advancements in sequencing technologies, analytical

tools, and epitranscriptomic bioinformatics promise to over-
come these hurdles. Safeguarding patient privacy and nav-
igating the regulatory landscape for RNA-based treatments
will be critical in the responsible development and imple-
mentation of epitranscriptomic therapies.

The prospects for personalized epitranscriptomic dental
medicine are exciting, with the potential to revolutionize
dental care by tailoring treatments based on individual epi-
transcriptomic profiles. Integrating epitranscriptomics into
precision dentistry offers new opportunities for diagnostics,
preventive care, and patient engagement, ultimately leading
to improved oral health outcomes for individuals worldwide.

In conclusion, epitranscriptomics represents a cutting-edge
field with transformative implications for dental disorders
management and precision dentistry. As research in epitran-
scriptomics continues to progress, the full potential of epi-
transcriptomic therapies in dentistry is within reach, prom-
ising a future where dental care is tailored to the unique
needs of each patient, resulting in healthier smiles and im-
proved oral well-being.

The integrated analysis of the dental genome, epigenome,
transcriptome, proteome, and/or metabolome from single
cells is also revolutionizing our comprehension of cell biol-
ogy in dental disorders [121,122].
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