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1. ABSTRACT

The role of genetics in oral diseases has emerged as a crucial area of research in oral medicine and radiology. Genetic predisposition
influences the onset, progression, and management of a variety of oral conditions, from periodontal diseases and craniofacial anomalies
to oral cancer and hereditary syndromes with oral manifestations. Advances in genetic studies have highlighted key markers such as
gene polymorphisms in periodontal diseases and mutations in genes like RUNX2, DSPP, and TP53 in craniofacial anomalies and
malignancies. Additionally, hereditary syndromes such as Gardner's syndrome and cleidocranial dysplasia exhibit unique genetic traits
that significantly impact oral health. Radiological techniques play a pivotal role in identifying these genetic influences, offering insights
into diagnosis and treatment planning. With emerging technologies like genome-wide association studies (GWAS) and CRISPR,
personalized medicine in dentistry is becoming a reality. This review explores the genetic basis of oral diseases, emphasizing their
clinical implications and the transformative potential of genetic research in oral medicine and radiology.

Keywords: Genetics in oral diseases, oral medicine and radiology, genetic predisposition, periodontal diseases, craniofacial anomalies,
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2. INTRODUCTION

Dental and oral health significantly impact overall well-being, influencing both physical health and quality of life. Poor oral hygiene
has been linked to systemic conditions like cardiovascular disease and diabetes, emphasizing its public health relevance. While
environmental factors such as diet, oral care practices, and fluoride exposure have long been recognized as key determinants of oral
health, recent research underscores the critical role of genetics in susceptibility to dental diseases.

This review explores the genetic basis of oral health and its applications in modern dentistry. Advances in genomics and technologies
like GWAS and NGS have revealed the hereditary components of conditions ranging from tooth decay and periodontal diseases to
craniofacial deformities and oral cancers. Mutations in genes like MSX1, IRF6, TP53, and CDKN2A are linked to craniofacial
abnormalities, cleft lip and palate, and oral cancers. These findings have deepened our understanding of the genetic mechanisms behind
tooth development, immune responses, and oral microbiota interactions ™

3. GENETIC BASIS OF ORAL DISEASE

Research highlights the significant role of genetic coding, transcription processes, and mutations in influencing tooth genesis,
positional anomalies, and morphological variations. Genetic coding, transcription processes, and mutations play a critical role in tooth
development, positional anomalies, and morphological variations. Mutations in the MSX1 gene are linked to posterior tooth agenesis,
including the third molar and lower second premolar, which may also cause positional anomalies like impacted canines 2
Hyperdontia, characterized by supernumerary teeth, follows an autosomal dominant inheritance pattern and is often associated with
syndromes such as cleidocranial dysplasia (caused by RUNX2 mutations) and Gardner syndrome (caused by APC mutations). These
syndromes feature dental anomalies like supernumerary teeth, hypodontia, odontomas, and dentigerous cysts. Key regulatory genes,
including MSX1, MSX2, DLX5, and PAX9, are involved in conditions like agenesis, malposition, and impacted teeth, significantly
affecting oral health 3
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4. IMPACT OF GENETIC MUTATION IN ORAL HEALTH

a. Genetics and periodontitis

Periodontitis is considered a multifactorial disease, where the balance between microbial plaque and the host response is disrupted. This
disruption can be caused by changes in plague composition, alterations in the host immune response, or environmental and behavioural
factors that affect both the plague and the host. ! Approximately 50% of susceptibility to periodontitis is attributed to genetic factors.
Studies have identified around 38 disease-related markers through candidate gene research. Among these, variations in the IL-1 gene
are frequently associated with severe or progressive chronic periodontitis, largely due to early reports of their connection. !

Research into aggressive periodontitis has revealed an association with an intronic SNP in the GLT6D1 gene, where the risk allele
significantly reduces the binding of the transcription factor GATA3 in cell models. [

Many SNPs have now been linked to aggressive periodontitis, with ANRIL emerging as the most consistently identified risk gene.
Other genes, such as COX2 and 1L10, have also been associated with an increased risk for aggressive periodontitis-{”

b. Occlusion
Malocclusion

—-

Dental occlusion reflects the interaction between several factors, including tooth size, arch size and shape, the number and arrangement
of teeth, as well as the size and relationships of the jaws. It also involves the influence of soft tissues, such as the lips, cheeks, and
tongue. Numerous studies have focused on developmental stages of the first and second molars, craniofacial structure, palatal height
and width, among other parameters.!

¢. Oral cancer

Hereditary instability in oral cancer arises from mutations in proto-oncogenes (e.g., GSTM1, GSTT1, CYP genes) or tumor suppressor
genes (e.g., p16, p53, APC).’l These mutations may result in loss of heterozygosity or impaired repair mechanisms.[*°! Targeted
therapies for squamous cell carcinoma have been studied extensively, focusing on oncogenes, biomarkers of epithelial-mesenchymal
transition, gene mutations, and signaling pathways like MAPK/Erk and PI13K/Akt/mTO. Prominent targets include EGFR and VEGF,
with their effectiveness significantly improved when combined with chemoradiation, especially in HPV-positive head and neck
cancers'?13] Additionally, PI3K/Akt/mTOR inhibitors are gaining attention due to mutations in PI3K and PTEN, which drive tumor
progression and resistance.[*4-1]

d. Craniofacial and dental abnormalities
.Ectodermal dysplasia

—

Ectodermal Dysplasia and Oligodontia: Ectodermal dysplasia (ED) is a genetic disorder that affects the development of teeth, skin,
hair, and sweat glands. People with ED often have missing or underdeveloped teeth, a condition known as oligodontia, along with
symptoms like dry skin and sparse hair. The condition is commonly linked to mutations in the EDA gene, which disrupts the normal
formation of these body parts. Studies have identified specific mutations in the EDA gene that contribute to these issues, helping doctors
diagnose ED more accurately and explore potential treatments. 6]

ii.Amelogenesis impefecta
Amelogenesis imperfecta (Al) is a group of inherited disorders affecting the maturation and mineralization of tooth enamel.

o Causes: The X-linked variant of Al is caused by a defect in the Amelogenin (AMELX) gene, which is located on both X and Y
chromosomes. The AMELX gene contributes to 90% of the body’s amelogenin.!”!

e Oral Manifestations: Individuals with Al may experience poor enamel quality, which leads to tooth sensitivity, gingivitis,
periodontitis, and poor oral hygiene. These issues arise due to the rough surface of the enamel, making it difficult for patients to maintain
proper oral hygiene. High caries index is commonly seen.Some X-linked variants of Al can influence periodontal health, potentially
contributing to alveolar bone loss and progressive tooth loss (AMTL).!®]

iii.Cleidocranial dysplasia

Cleidocranial dysplasia is a well-known syndrome associated with supernumerary teeth. It is an autosomal dominant skeletal disorder
caused by mutations in the RUNX2 gene, which encodes a transcription factor crucial for activating osteoblast differentiation. %

iv.Cleft lip and cleft palate

The prevalence of cleft lip and cleft palate varies across populations: 1 in 500 in Asian populations, 1 in 800 to 1,000 in Caucasians,
and the lowest rate is in African populations at 1 in 2,500. The incidence of cleft lip and cleft palate can result from chromosomal
disorders or multifactorial causes. Approximately 70% of cases are non-syndromic, while 30% are syndromic [Schutte BC, Murray JC.,
1999].1297 Some syndromic forms include:
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o Autosomal dominant syndromes: e.g., cleidocranial dysostosis, Teacher Collins syndrome.
o Autosomal recessive syndromes: e.g., cerebrocostomandibular syndrome, Roberts syndrome.
o X-linked inheritance: e.g., orofacial digital syndrome.
o Chromosomal disorders: e.g., Trisomy 13, Trisomy 18.

Children and siblings of affected individuals have a higher risk compared to the general population [Schutte BC, Murray JC., 1999].
Additionally, methylation of the CDH1 gene and deficiency of histone deacetylase 4 (HDAC4) have been associated with the
phenotypical appearance of orofacial clefts. 2!

e.Hereditary Syndromes with Oral Manifestations

i.Ehler Danlos syndrome

Ehlers-Danlos syndrome, particularly types 1V, VII, and IX, is linked with early-onset periodontitis, which may result in gingival
overgrowth and significant periodontal destruction [Byers PH, Holbrook KA., 1990].% Catalase plays a role in removing hydrogen
peroxide, but in the case of Acatalasia, a monogenic condition, the production of catalase is inhibited. This leads to adverse effects
from hydrogen peroxide, such as gingival necrosis and severe bone destruction [Delgado WA, Calderon R., 1979].%%

Moreover, ANRIL, COX2, and 1L10 genes have been associated with aggressive periodontitis [Kornman KS, Polverini PJ., 2014].24
Advanced analytical techniques, including "deep™ and "wide" approaches, are used to identify novel genetic loci, such as those encoding
the regulatory cytokine interleukin 37 (IL-37), which plays a role in periodontitis development [Divaris K., 2019].[23

ii.Marfan syndrome

Marfan syndrome (MFS) is an autosomal dominant genetic disorder that impacts connective tissue, caused by mutations in the fibrillin-
1 gene. Since the periodontium contains a significant amount of connective tissue, oral manifestations of MFS are commonly observed
is associated with cardiovascular complications, increasing morbidity and mortality among affected individual.?®]

Oral Manifestations of MFS:

e Periodontal pathogens trigger an immune-inflammatory response, which leads to the release of cytokines and matrix
metalloproteinases, contributing to periodontal disease (Suzuki et al., 63). 27}

e Oral findings include:

o Hypoplastic enamel spots

oRoot deformities

o Abnormal pulp shape and pulpal inclusions

oIncreased calculus and gingival inflammation

o These oral issues elevate the risk of dental disorders, especially periodontitis.

Impact on the Periodontal Ligament (PDL):

e The PDL, crucial for maintaining tooth stability, is affected by mutations in the fibrillin-1 gene.!

o This structural alteration makes the PDL more susceptible to periodontal breakdown, leading to more severe periodontal damage in
MES patients (Suzuki et al., 63).

Individuals with Marfan syndrome are at a higher risk of periodontal disease and other oral health issues due to the connective tissue-
related nature of the syndrome. The structural changes in the PDL also contribute to its increased susceptibility to periodontal
breakdown.?]

iii.Gardner’s syndrome

Gardner syndrome is a rare autosomal dominant disorder caused by mutations in the APC gene located at 5q21.5% This condition is
characterized by various dental anomalies, including:

¢ Impacted or unerupted teeth
¢ Hypodontia (missing teeth)
o Abnormal tooth morphology

e Supernumerary teeth (extra teeth)
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e Compound odontomas

» Dentigerous cysts

These are often linked to genetically controlled dental conditions, with specific genes such as MSX1, MSX2, DLXS5, and PAX9 playing
a role. Malposition, failure of eruption, and impacted teeth are particularly influenced by dentition aplasia, which is the absence or
underdevelopment of teeth. 3]

f.Salivary gland disease
i.Sjogren syndrome

Sjogren's syndrome is an autoimmune disorder primarily characterized by dry eyes and dry mouth, resulting from the immune system
attacking the glands that produce tears and saliva.

The key genes associated with Sjogren’s syndrome include:
1. HLA-DR and HLA-DQ — Involved in immune system regulation, with certain alleles increasing susceptibility.
2. STAT4 — Regulates immune response and is linked to multiple autoimmune diseases.
3. IRFS5 — Plays a role in interferon production, contributing to autoimmune inflammation.
4. TNIP1 — Regulates inflammatory pathways and is associated with autoimmunity.
Oral Health Risks:

o Increased risk of dental issues like tooth decay, gum disease, and oral infections due to reduced saliva production. While Sjogren's
syndrome often affects only the glands responsible for moisture production, extraglandular symptoms can lead to complications
involving other body systems. However, life expectancy is generally unaffected in most individuals.?

ii.Cystic fibrosis

Cystic fibrosis (CF) is a genetic disorder caused by mutations in the CFTR gene, which codes for the cystic fibrosis transmembrane
conductance regulator. Although CF patients face significant dental challenges, there are currently no specific oral care guidelines for
them.

CF patients should have dental check-ups at least every 6 months, regardless of age. Depending on the patient's condition, therapeutic
visits may need to be scheduled more frequently to address oral health risks. Treatment plans should be tailored to the individual patient's
oral health status and level of risk for dental issues, such as cavities and gum disease. These proposed management standards can help
enhance the quality of dental care provided to CF patients by offering guidance on preventive and therapeutic procedures.**!

g. Bone related disease
i.Cherubism

Cherubism is a hereditary form of fibrous dysplasia caused by mutations in the SH3BP2 gene. This disorder typically manifests in early
childhood (ages 3-5) with progressive, painless swelling of the jaw, leading to a characteristic "chubby" facial appearance. Most cases
of cherubism affect males, and while the condition tends to stabilize by adolescence, the facial deformities may persist. [**

ii.Fibrous dysplasia

Fibrous dysplasia (FD) is a non-cancerous bone disorder caused by a post-natal mutation in the GNAS1 gene, leading to abnormal
mesenchymal cell proliferation and replacement of normal bone with fibrous tissue. It manifests as either a single lesion (monostotic)
or multiple lesions (polyostotic). Monostotic FD is typically treated with surgical excision and reconstruction, while polyostotic FD
often requires conservative management to avoid deformities. Treatment options include bisphosphonates, stem cell therapy, aesthetic
recontouring, orthodontic correction, and regular follow-ups to monitor disease progression and address complications such as nerve
compression. ]

5. RECENT ADVANCES IN GENETICS:

a. DNAvaccination

DNA vaccination is an advanced method of immunization that involves injecting genetically engineered plasmid DNA into the body.
This DNA encodes antigenic proteins that are expressed within cells, stimulating an immune response. Unlike traditional vaccines, DNA
vaccines are more potent as they not only promote the production of antibodies but also enhance cytotoxic T-cell responses, helper
T-cell activation, and humoral immunity, offering more comprehensive protection against diseases. ¢
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b. CRISPR gene
CRISPR/Cas9 is a precise and selective gene-editing tool that enables targeted alterations to DNA. It holds significant potential for
treating genetic disorders and fighting cancer by allowing the correction of harmful mutations. CRISPR/Cas technology is also
valuable in creating disease models that accelerate the discovery of drug targets, with promising applications in the treatment of
dental disorders.3”]
¢. Recombinanttechnology
Recombinant DNA technology involves cutting and recombining DNA fragments from different genomes to create a new DNA molecule
that incorporates characteristics from each source. This technology is widely used in cloning microbial DNA for the diagnosis of
periodontal diseases, prosthodontics, and prognostic applications. It also facilitates the production of recombinant proteins, such as
human insulin, human growth hormone, and the hepatitis B vaccine [Slavkin HC., 1989].138!

6. FUTURE PERSPECTIVE

Comprehension of the hereditary premise of different orofacial disorders can prompt the early intersection and counteraction of ailment
onset.

7. GENETIC SCREENING

Genetic screening involves testing a population to identify individuals who may be at risk for specific genetic disorders or conditions.
These tests are designed to detect genetic mutations or variations that may predispose individuals to certain diseases. Genetic screening
is often used for early detection, prevention, and management of genetic conditions, allowing for more personalized healthcare
interventions and better long-term outcomes.*”!

8. CONCLUSION

Genetics plays a crucial role in oral health, influencing the development and progression of various dental conditions, such as cleft lip
and palate, amelogenesis imperfecta, and fibrous dysplasia. By understanding the genetic underpinnings of these conditions, dental
professionals can provide more personalized and effective treatments. Advances in genetic research and technologies, including DNA
vaccination, CRISPR gene editing, and recombinant DNA technology, offer exciting possibilities for the future of oral healthcare. These
innovations not only enhance disease prevention and early diagnosis but also hold the potential for developing targeted therapies,
improving treatment outcomes, and reducing the burden of hereditary oral health issues. Ultimately, integrating genetic knowledge into
dental practice will help clinicians provide better care, improve patient outcomes, and contribute to the ongoing evolution of precision
medicine in dentistry.
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