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ABSTRACT:

Introduction: Tooth agenesis is one of the most frequent congenital abnormalities found in the maxillofacial region. Oligodontia,
a severe form of tooth agenesis, occurs as an isolated anomaly or as a syndromic feature.

Objectives: To identify the molecular genetic etiology of multiple missing permanent teeth (oligodontia).

Discussion: Disruptions in tooth development arise from mutations in genes like WNT10A and PAX9, where PAXO plays a crucial
role in dental epithelial cell differentiation. Additional genes, such as MSX1, AXIN2, EDA, EDAR, and EDARADD, play diverse
roles in tooth agenesis. The WNT pathway, particularly the WNT/B-catenin signaling, is crucial in tooth development. Mutations in
LRP6 compromise the activation of this pathway, indicating its functional significance in tooth development. Biallelic variants in
POLR3GL have been associated with oligodontia, expanding the spectrum of POLR3-related disorders. Disruption of Pol III
function may affect the transcription of essential RNAs involved in tooth development.

Conclusions: Oligodontia is a genetically heterogencous condition with a complex genetic basis involving multiple genes and
pathways. Molecular analysis and genetic testing are essential for accurate diagnosis and management, contributing to our evolving
understanding of the genetic causes of oligodontia.
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INTRODUCTION

Tooth agenesis is defined as the absence of teeth from the normal series due to a failure to develop and encompasses
hypodontia, oligodontia, and anodontia.! The absence of up to five teeth is classified as hypodontia, the congenital absence of six or
more teeth is defined as oligodontia, and anodontia refers to the complete absence of all teeth from the normal series.! Tooth
development is regulated by a series of signaling pathways, and genetic mutations in specific genes have been described as the causes
of such defects.2 Moreover, environmental factors such as trauma, infections, toxins, and dietary deficiencies have been implicated
and could interact with the genetic factors as a complex and multifactorial disease.> The prevalence of oligodontia is rare with an
estimated incidence of 0.08% to 0.14% worldwide.*

The occurrence of oligodontia can be observed as an isolated trait (non-syndromic oligodontia) or accompanying other
features as part of a syndrome.* In cases of non-syndromic oligodontia, the congenital absence of teeth stands as the sole discernible
clinical characteristic.® Nevertheless, the intricate interplay between oligodontia and syndromes has increasingly captured attention.
The association of oligodontia with over 60 different syndromes, including but not limited to hypohidrotic ectodermal dysplasia
(HED), Rieger’s syndrome, Down’s syndrome, and Van der Woude’s syndrome, underscores its significance as a phenotypic marker
and a consequence of intricate genetic interactions.”

Patients with oligodontia present serious deficiencies in their quality of life due to decreased masticatory function, phonetic
ability, and maxillofacial aesthetics.* In addition to genetic factors, studies have suggested that tooth agenesis can also be influenced
by many environmental and/or host factors, such as radiotherapy, chemotherapy, disease/infection of the preceding deciduous teeth,
viral infection during pregnancy, and metabolic imbalances, etc.? In this study, we focus only on oligodontia caused by genetic factors.

AIMS

The aim of this library study is to comprehensively understand the genetic basis of oligodontia, focusing on the mutations
in specific genes associated with this condition. The study aims to elucidate the molecular pathways and genetic factors contributing
to the development of oligodontia, providing a foundation for improved diagnosis and management of patients with this condition.
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The information for this library study is derived from multiple scientific studies and research papers. The search was
conducted using PubMed, Scopus, Wiley Online Library, and supplemented by a gray literature search on Google Scholar. The
literature reviewed spans from 2013 to 2021, encompassing studies and research articles that investigate the genetic underpinnings of
oligodontia. This period ensures the inclusion of recent findings and advancements in genomic technologies, such as next-generation
sequencing, which have contributed to the identification of novel genes and variants associated with tooth agenesis.

DISCUSSION

Mutations in specific genes have been associated with oligodontia. The study from (Ruf, etal., 2013) identified seven genes
that are known to have the potential to cause nonsyndromic oligodontia: PAX9, EDA, MSX1, AXIN2, EDARADD, NEMO, and
KRT17. These genes exhibit variability in terms of the number of identified mutations and documented patients. PAX9, for example,
has 33 mutations and 93 patients on record, while EDARADD, NEMO, and KRT17 each have only one mutation documented in one
patient.®

Mutations in WNT10A disrupt the WNT signaling pathway, which is crucial for tooth development, leading to the absence
of multiple teeth. Another gene frequently implicated in the genetic etiology of isolated oligodontia is PAX9. Mutations in PAX9
have been shown to cause tooth agenesis, and they are often associated with the absence of specific teeth, such as premolars and third
molars. PAX9 is involved in dental epithelial cell differentiation and tooth development, and its disruption can result in the failure of
tooth formation. In addition to WNT10A and PAXO, several other genes have been linked to oligodontia. MSX1, AXIN2, EDA,
EDAR, and EDARADD are examples of genes that, when mutated, can lead to tooth agenesis. These genes are involved in various
developmental processes during tooth morphogenesis, including dental placode formation, signaling pathways regulation, and
ectodermal- mesenchymal interactions.!®

The mode of inheritance of oligodontia can vary depending on the specific gene involved. X-linked, autosomal dominant,
and autosomal recessive patterns of inheritance have been reported. For instance, X-linked hypohidrotic ectodermal dysplasia (HED)
caused by mutations in the EDA gene is associated with oligodontia. On the other hand, mutations in PAX9 and MSX1 are typically
inherited in an autosomal dominant manner. It is important to note that the genetic causes of oligodontia are highly heterogeneous,
and different genetic mutations can result in a similar clinical phenotype.'°

The study from (Sun, et al., 2021), have identified different types of PAX9 variants in patients with non-syndromic
oligodontia NSO, including frameshift variants and missense variants. Frameshift variants result from the insertion or deletion of
nucleotides within the gene sequence, leading to a shift in the reading frame and ultimately producing a non-functional or truncated
PAXO9 protein. Missense variants, on the other hand, involve a single nucleotide change that results in the substitution of one amino
acid with another in the PAX9 protein sequence. These variants can disrupt the normal structure and function of the protein. The
PAX9 gene contains a paired domain (PD) that is critical for its function. The PD consists of two helix-turn-helix motifs connected
by a linker and is responsible for binding to specific DNA sequences. Structural impairment of the PD, caused by PAX9 variants, can
affect the ability of the protein to bind to its target DNA sequences and activate downstream genes involved in tooth development,
such as the bone morphogenetic protein 4 (BMP4) gene. Furthermore, functional analyses have revealed that PAX9 variants can
exhibit a dominant-negative effect. This means that even in the presence of one normal copy of the PAX9 gene, the mutated variant
can interfere with the function of the normal protein, leading to impaired tooth development and the manifestation of NSO.!!

The study from (Yang, et al., 2020), two novel mutations in MSX1 were identified in unrelated individuals with non-
syndromic oligodontia. The mutations, a missense mutation (c.572 T>C) and a frameshift mutation (c.590_ 594 dup TGTCC), were
located in the homeodomain of the MSX1 protein. The homeodomain is a conserved region that plays a crucial role in DNA binding
and transcriptional regulation. Structural modeling and bioinformatics analysis were performed to predict the conformational changes
caused by these mutations, particularly in terms of hydrogen bond formation and protein binding. The findings of this study, combined
with previous structural analyses of MSX1 mutations, suggest a correlation between the observed phenotypes (oligodontia) and
alterations in hydrogen bond formation. Disruption of hydrogen bond interactions within the homeodomain can potentially affect the
binding of MSX1 to its target DNA sequences and interfere with its transcriptional regulatory functions. These disruptions in gene
regulation during tooth development can lead to the absence of multiple teeth seen in oligodontia. It is important to note that
oligodontia is a genetically heterogeneous condition, and mutations in other genes, such as PAX9, AXIN2, WNTI10A, EDA, and
LRP6, have also been associated with NSTA. These genes are involved in various signaling pathways and molecular interactions
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critical for tooth development. The identification of mutations in these genes has provided further insights into the genetic basis of
oligodontia and expanded our understanding of the complex regulatory networks involved in tooth development.?

The research from (Zhou, et al., 2021) identified a total of 20 causative genes associated with oligodontia based on the
analysis of 393 cases. Among these genes, WNT10A, EDAR, and LRP6 were found to be particularly relevant. A novel mutation in
WNTI10A (c.99 105dup) and eight previously reported mutations in WNT10A (c.433 G> A; c.682 T> A; c.318 C>G; c.511.C >
T; c.321 C > A), EDAR (c.581 C > T), and LRP6 (c.1003 C > T, ¢.2747 G > T) were identified. The study also examined the
correlation between specific gene mutations and the clinical features of oligodontia patients. The analysis revealed that molars
agenesis is more likely linked to PAX9 mutations, while mandibular first premolar agenesis is least associated with PAX9 mutations.
Mandibular incisors and maxillary lateral incisor agenesis were found to be most closely linked to EDA mutations."

The researchers from (Park, et al., 2019) conducted whole-exome sequencing on two Korean families with oligodontia to
identify potential genetic mutations. In family 1, the proband was missing 14 permanent teeth, and compound heterozygous WNT10A
mutations (¢.364A > T and ¢.511C > T) were identified. In family 2, two affected individuals were missing 20 and 12 permanent
teeth, respectively, and compound heterozygous WNT10A mutations (¢.364A > T and ¢.637G > A) were found. The findings of this
study highlight the role of WNT10A gene mutations in the pathogenesis of non-syndromic oligodontia. The Wnt signaling pathway,
in which WNT10A is involved, plays a critical role in tooth development (odontogenesis). Mutations in genes related to odontogenesis
can disrupt the normal formation and eruption of teeth, leading to dental agenesis. The use of whole-exome sequencing in this study
allowed for the efficient identification of compound heterozygous mutations in the WNT10A gene, which may have been challenging
through candidate gene sequencing alone. This approach provides a comprehensive analysis of the entire exome, enabling the
detection of potential genetic variants associated with oligodontia.'

The WNT pathway, particularly the WNT/B-catenin signaling, is of significant importance in regulating cell differentiation,
proliferation, and migration during dental and orofacial development. One gene associated with the WNT pathway that has been
implicated in oligodontia is the low-density lipoprotein receptor-related protein 6 (LRP6). LRP6 is a transmembrane receptor and a
coreceptor for WNT ligands. It has been found to have crucial functions in WNT signal transduction. Mutations in LRP6 have been
identified in patients with oligodontia. In the study mentioned in the document, four novel LRP6 mutations were discovered in a
subset of oligodontia patients. These mutations included two nonsense mutations (¢.2292G>A and ¢.1681C>T) and two frameshift
mutations (c.195dup and c¢.1095dup). The presence of these mutations compromised the activation of WNT/B-catenin signaling,
indicating the functional significance of LRP6 in tooth development.'*

The identification of the LRP6 variant in the Japanese family provides further evidence of the involvement of the Wnt/3-
catenin signaling pathway in tooth development and the genetic causes of oligodontia. The truncated LRP6 protein resulting from the
mutation is likely to disrupt the normal Wnt signaling cascade, affecting tooth development and leading to the absence of multiple
permanent teeth. !¢

The study from (Zhang, et al., 2020), the researchers investigated the role of the ectodysplasin A receptor (EDAR) gene in
nonsyndromic oligodontia. EDAR is a key component of the ectodysplasin A (EDA)/EDAR/nuclear factor-xB (NF-«kB) signaling
pathway, which plays a critical role in the development of teeth and other ectodermal organs. Mutations in genes associated with this
pathway, such as EDA, EDAR, and EDAR-associated death domain (EDARADD), have been linked to hypohidrotic ectodermal
dysplasia (HED)-related tooth agenesis. The researchers performed mutation screening using whole-exome sequencing in a cohort of
112 unrelated patients with nonsyndromic oligodontia. They identified seven heterozygous mutations in the EDAR gene, including
five novel mutations (c.404G>A, c.871G>A, c.43G>A, ¢.1072C>T, and ¢.1109T>C) and two known mutations (c.319A>G and
c.1138A>C). These findings suggest that EDAR mutations are present in approximately 10.7% of nonsyndromic oligodontia cases.'”

To assess the potential pathogenic effects of the identified mutations, the researchers conducted evolutionary conservation
and conformational analyses. The results indicated that the mutations might lead to conformational changes in the EDAR protein,
which could impair its function in the NF-«xB signaling pathway. This provides evidence for the involvement of EDAR
haploinsufficiency in nonsyndromic tooth agenesis. Furthermore, the researchers compared the tooth agenesis patterns between
EDAR-related and EDA-related oligodontia. They found that the mandibular second premolars were most frequently missing in
patients with EDAR mutations. This pattern differed from the tooth agenesis pattern associated with EDA mutations. These findings
suggest that EDAR and EDA mutations result in distinct phenotypic manifestations of tooth agenesis, indicating the need for different
mutation screening approaches in clinical genetic diagnosis."”
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The identification of EDAR as a candidate gene for nonsyndromic oligodontia expands our understanding of the genetic
causes underlying this condition. Although previous studies have primarily focused on genes such as PAX9, MSX1, and WNT10A,
which are frequently associated with nonsyndromic oligodontia, this study highlights the importance of considering the role of EDAR
in the pathogenesis of tooth agenesis. The findings also emphasize the phenotypic variability and genotype-phenotype correlations in
oligodontia, which can guide mutation screening and improve clinical diagnosis."”

Previous research has shown that variants in genes encoding other subunits of Pol III, such as POLR3A, POLR3B, POLRI1C,
and POLR3K, can cause a spectrum of phenotypes termed POLR3-related disorders. These disorders are characterized by various
neurological and developmental abnormalities, including oligodontia. The identification of biallelic variants in POLR3GL expands
the spectrum of POLR3-related disorders and suggests that POLR3GL should be included in genetic testing for suspected cases. The
specific mechanisms by which variants in POLR3GL lead to oligodontia are not fully understood. However, it is likely that disruption
of Pol I1I function affects the transcription of essential RNAs involved in tooth development. The loss of full-length POLR3GL RNA
transcripts may result in abnormal expression of genes that are crucial for tooth development, leading to the absence of multiple
permanent teeth.!®

Molecular analysis plays a crucial role in understanding the genetic basis of oligodontia. Genetic testing and screening for
specific gene mutations can aid in the diagnosis and management of patients with oligodontia. Additionally, advances in genomic
technologies, such as next-generation sequencing, have facilitated the identification of novel genes and variants associated with tooth
agenesis, further expanding our understanding of the genetic causes of oligodontia.

CONCLUSION

Oligodontia, a condition characterized by the absence of multiple teeth, is caused genetically heterogeneous condition with
a complex genetic basis involving multiple genes and pathways such as WNT10A, PAX9, MSX1, and others. Several studies also
highlight the role of the Wnt/B-catenin signaling pathway, especially through the LRP6 gene, in regulating tooth development and
causing oligodontia. EDAR-related oligodontia may exhibit distinct phenotypic manifestations compared to EDA-related cases.
Additionally, variations in Pol III subunit genes, such as POLR3GL, may also contribute to this condition. Although understanding
is continually evolving, further research is needed to enhance the diagnosis and management of oligodontia.
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