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ABSTRACT

Dental diseases, encompassing conditions such as dental caries and periodontal diseases, are among the
most prevalent chronic diseases globally, posing significant public health challenges. While environmental
factors play crucial roles in disease development, there is increasing recognition of the contribution of
genetic factors to individual susceptibility to dental diseases. This comprehensive review synthesizes
current evidence on the genetic basis of dental diseases, exploring key genetic determinants, molecular
pathways, gene-environment interactions, and implications for personalized dental care. We discuss
findings from candidate gene studies, genome-wide association studies (GWAS), and emerging genomic
approaches, shedding light on the complex interplay between genetic predisposition, environmental factors,
and oral health outcomes. Additionally, we highlight challenges, future directions, and opportunities for
translating genetic research into clinical practice to advance precision dentistry and improve oral health
outcomes.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under

the identical terms.

For reprints contact: reprint@ipinnovative.com
P Y p

1. Introduction

Dental diseases represent a significant public health
burden globally, affecting individuals of all ages and
socioeconomic backgrounds. Dental caries, characterized
by demineralization of dental hard tissues, and periodontal
diseases, involving inflammation and destruction of
periodontal tissues, are the most prevalent oral conditions
worldwide.! While environmental factors such as diet,
oral hygiene, and tobacco use play crucial roles in
disease development, there is growing recognition of the
contribution of genetic factors to individual susceptibility to
dental diseases.?

Understanding the genetic basis of dental diseases is
essential for elucidating disease etiology, identifying at-
risk individuals, and developing targeted preventive and
therapeutic interventions. > This comprehensive review aims
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to provide an overview of current knowledge regarding
the genetic determinants of dental diseases, focusing
on key findings from candidate gene studies, genome-
wide association studies (GWAS), and emerging genomic
approaches. We discuss the molecular pathways underlying
dental diseases, gene-environment interactions, challenges,
future directions, and implications for personalized dental
care.

2. Genetic Determinants of Dental Caries

Dental caries, commonly known as tooth decay, is a
multifactorial disease influenced by genetic, environmental,
and behavioral factors. Candidate gene studies have
identified several genetic variants associated with caries
susceptibility, primarily focusing on genes encoding enamel
matrix proteins, amelogenin, and salivary proteins.* For
example, variations in the amelogenin gene (AMELX)
have been linked to enamel defects and increased caries
susceptibility. However, the findings from candidate gene
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studies have been inconsistent, highlighting the complex
nature of caries etiology and the need for larger, well-
powered studies. >

In recent years, GWAS have provided valuable insights
into the genetic architecture of dental caries. Large-scale
GWAS have identified multiple genetic loci associated
with caries susceptibility, implicating genes involved
in enamel formation, immune response, and salivary
function. These findings underscore the polygenic nature
of caries susceptibility, with multiple genetic variants
contributing to individual risk.! Additionally, gene-
environment interactions play a critical role in caries
development, with genetic factors modulating susceptibility
to environmental risk factors such as dietary sugar intake
and oral hygiene practices.

Despite significant progress in understanding the
genetic basis of dental caries, several challenges remain.
Replication of GWAS findings across diverse populations
is essential to ensure the generalizability of results.
Functional validation of identified genetic variants is
needed to elucidate their biological significance and
potential therapeutic targets.> Furthermore, integrating
genetic information into clinical practice requires
addressing ethical, social, and practical considerations,
including genetic counseling, privacy protection, and
cost-effectiveness.?

3. Genetic Determinants of Periodontal Diseases

Periodontal diseases, including gingivitis and periodontitis,
are characterized by inflammation and destruction of
periodontal tissues, leading to tooth loss and systemic health
implicatiorls.6 Similar to dental caries, periodontal diseases
are influenced by genetic and environmental factors, with
genetic predisposition playing a significant role in disease
susceptibility and severity.’

Candidate gene studies have identified genetic variants
in genes related to immune response, inflammation, and
extracellular matrix remodeling as potential contributors to
periodontal disease risk.® For example, variations in genes
encoding interleukins (IL-1, IL-6), tumor necrosis factor-
alpha (TNF-@), and matrix metalloproteinases (MMPs)
have been associated with increased susceptibility to
periodontitis. However, like caries research, candidate gene
studies in periodontal diseases have yielded inconsistent
results, emphasizing the need for rigorous study designs and
replication in independent cohorts.”

GWAS have provided new insights into the genetic basis
of periodontal diseases, identifying genetic loci associated
with disease susceptibility, severity, and response to
treatment. These studies have highlighted the involvement
of genes involved in immune regulation, tissue homeostasis,
and host-microbial interactions in periodontal disease
pathogenesis. ! Moreover, gene-environment interactions
play a crucial role in modulating periodontal disease risk,

with genetic factors influencing individual responses to
environmental stressors such as smoking, diabetes, and
microbial dysbiosis. !

Despite advances in periodontal genetics research,
several challenges persist. The genetic heterogeneity of
periodontal diseases, along with the complex interplay
between genetic and environmental factors, presents
challenges for identifying causal genetic variants
and elucidating disease mechanisms.!> Furthermore,
integrating genetic risk assessment into periodontal disease
management requires addressing practical considerations
such as accessibility, affordability, and patient acceptance
of genetic testing. '3

4. Emerging Genomic Approaches in Dental Diseases
Research

In addition to candidate gene studies and GWAS, emerging
genomic approaches offer new opportunities for studying
the genetic basis of dental diseases. These include whole-
exome sequencing (WES), whole-genome sequencing
(WGS), transcriptomics, epigenomics, and metagenomics,
which enable comprehensive analysis of genetic variation,
gene expression, epigenetic modifications, and microbial
composition in relation to oral health and disease. '

Whole-exome  sequencing and  whole-genome
sequencing allow for the identification of rare genetic
variants with large effects on disease risk, offering
insights into the missing heritability of dental diseases. !>
Transcriptomic studies provide information on gene
expression patterns in dental tissues and cells, elucidating
molecular pathways underlying disease pathogenesis
and treatment response. Epigenomic studies investigate
DNA methylation, histone modifications, and non-coding
RNAs, revealing epigenetic mechanisms regulating gene
expression in response to environmental cues. '

Metagenomic analysis of the oral microbiome
offers insights into the role of microbial dysbiosis in
dental diseases and its interaction with host genetics
and environmental factors. Integrating genomic,
transcriptomic, epigenomic, and metagenomic data
enables a comprehensive understanding of the molecular
mechanisms underlying dental diseases, paving the way
for personalized approaches to prevention, diagnosis, and
treatment. !’

S. Implications for Precision Dentistry

Advances in genetics and genomics hold promise for
the development of personalized approaches to dental
care, tailored to individual genetic profiles, environmental
exposures, and oral health needs. Genetic risk profiling
may enable early identification of individuals at high
risk for dental diseases, facilitating targeted preventive
interventions such as personalized oral hygiene regimens,
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dietary modifications, and antimicrobial therapies. !’

Furthermore, pharmacogenomic approaches offer the
potential for personalized treatment strategies in dental
diseases management. Genetic variation in drug metabolism
enzymes, drug targets, and immune response genes may
influence individual responses to periodontal therapies,
analgesics, and antimicrobial agents. Incorporating genetic
information into treatment decision-making can optimize
therapeutic outcomes, minimize adverse effects, and
improve patient satisfaction. '8

However, the translation of genetic research into clinical
practice requires addressing several challenges, including
the validation of genetic biomarkers, standardization of
genetic testing protocols, integration of genetic information
into electronic health records, and education of dental
professionals and patients about the benefits and limitations
of genetic testing. Furthermore, ethical, legal, and social
implications (ELSI) of genetic testing, including privacy
protection, informed consent, and genetic discrimination,
must be carefully considered to ensure the responsible
implementation of precision dentistry. 1°

6. Conclusion

In conclusion, genetic factors play a significant role in
the etiology and pathogenesis of dental diseases, including
dental caries and periodontal diseases. Candidate gene
studies, genome-wide association studies, and emerging
genomic approaches have identified genetic variants,
molecular pathways, and gene-environment interactions
underlying disease susceptibility and severity. Integrating
genetic information into clinical practice holds promise
for advancing precision dentistry and improving oral
health outcomes through personalized risk assessment,
preventive interventions, and treatment strategies. However,
realizing the full potential of precision dentistry requires
addressing scientific, technological, ethical, and practical
challenges, emphasizing the importance of interdisciplinary
collaboration and evidence-based practice in translating
genetic research into clinical care.

7. Future Directions

Future research directions in the field of dental genetics
include:

1. Replication and validation of genetic findings across
diverse populations.

2. Functional characterization of identified genetic
variants and molecular pathways.

3. Integration of genetic information with clinical and
environmental data.

4. Development of standardized protocols for genetic
testing and counseling.

5. Evaluation of the clinical utility and cost-effectiveness
of genetic testing in dental practice.

6. Investigation of gene-environment interactions and
gene-diet interactions in dental diseases.

7. Exploration of novel therapeutic targets and
personalized treatment strategies based on genetic
profiles.

8. By addressing these research priorities, the field of
dental genetics can advance our understanding of
disease etiology, inform personalized approaches to
oral health care, and ultimately improve oral health
outcomes for individuals and populations worldwide.
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