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Abstract 

A mesiodens is the most common supernumerary tooth present in the maxillary incisor area. There 

have been many reports regarding the prevalence and treatment for supernumerary teeth; however, the 

etiology of the condition is still unknown. This study aimed to identify genes associated with 

susceptibility to mesiodens formation. The study population comprised 24 patients with mesiodens and 24 

controls. Genomic DNA was obtained from the soft tissue of extracted supernumerary teeth or saliva 

samples. Genotypes and allele frequencies of single nucleotide polymorphisms (SNPs) in genes 

associated with the initiation of odontogenesis, including TP63, PITX2, LEF1, BMP2, BMP4, FGF9, 

FGF20, WNT10A, WNT10B, EDA, EDAR, MSX1, MSX2, PAX9, LHX6, and  RUNX2 were compared 

between mesiodens group and controls using chi-squared tests. In addition, SNPs in genes associated with 

supernumerary incisor formation in rodents, including SOSTDC1, LRP4, APC, PAX6, and CEBPB were 

tested. No positive polymorphisms were found in the tested SNPs between the two groups. These results 

suggest that these SNPs might not be candidates of genetic marker for mesiodens formation. 

 

Introduction 

Supernumerary teeth are developmental anomaly characterized by the existence of teeth in addition to 

the normal dentition. The mesiodens, which is located in the upper central incisor area (1), is the most 

common type of supernumerary tooth, with a population prevalence of 0.15–1.9% and affecting males 

twice as frequently as females (2). In addition, permanent dentition is more frequently affected than 

primary dentition (3). Many complications can be associated with mesiodens, including displacement of 

neighboring teeth, failure of eruption, resorption of root , malocclusion, crowding, cystic lesions, eruption 

in nasal cavity, and abnormal root formation of permanent teeth (4). Therefore, early diagnosis and 

treatment are needed to help correct dental occlusion. 

Several hypotheses have been suggested regarding the formation of supernumerary teeth, but the cause 

has not been fully explained. Dichotomy of the tooth germ, hyperactivity of the dental lamina, and 

molecular changes at the early stage of odontogenesis might be involved in the development of single 

supernumerary tooth (4). Genetic diseases such as cleidocranial dysplasia (5), Rubinstein-Taybi syndrome 

(6) and Gardner's syndrome (7) are associated with multiple supernumerary teeth, but the etiology of 

non-syndromic supernumerary teeth can be distinguished from these etiologies. Non-syndromic 

mesiodens occurs more frequently in patients with family history of the tooth than in general population 

(8). Cases of mesiodens in monozygotic twins have suggested the influence of genetic factor in its 

etiology (9). The inheritance patterns of mesiodens can be an autosomal dominant or autosomal recessive 

with incomplete penetrance or might be related to X-linked inheritance (1, 4).  

Animal models provide insight into the complex mechanisms of tooth formation in human dentition. 

Recent analysis of mouse mutants has provided important insights into the mechanisms underlying tooth 

development including supernumerary tooth formation. A variety of secreted molecules including 
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wingless-type MMTV integration site family (WNT), sonic hedgehog (Shh), bone morphogenetic 

proteins (BMPs), and fibroblast growth factors (FGFs) orchestrate development to regulate tooth shape, 

size, and number (10). In previous studies, sclerostin domain-containing protein 1 (Sostdc1)-, LDL 

receptor-related protein 4 (Lrp4)-, CCAAT/enhancer-binding protein beta (CEBPB)-, and adenomatous 

polyposis coli (APC)-deficient mice, as well as paired box 6 (Pax6)-mutant rats, presented with 

supernumerary teeth in the incisor area (11-15). 

Tooth formation is a complex process involving many molecules and signaling pathways. Several 

studies have suggested that polymorphisms in genes might cause susceptibility for various diseases (16). 

Recent study has suggested that congenital lack of tooth in the general population are associated with 

gene polymorphisms in WNT10A (17). Therefore, gene polymorphisms might be a risk factor for 

supernumerary teeth. The aim of this study was to clarify the association between single nucleotide 

polymorphisms (SNPs) in genes contributing to early tooth development and non-syndromic mesiodens 

in a Japanese cohort consisting of patients with mesiodens and normal controls. 

 

Materials and Methods 

Subject selection 

The number of 48 individuals were evaluated, including 24 subjects from 16 families (19 males and 5 

females) experienced mesiodens and 24 control subjects from 24 families (6 males and 18 females) in this 

analysis. The subjects were recruited at Nihon University Matsudo Hospital. Diagnosis of mesiodens was 

made by oral examination as well as periapical and panoramic radiographs or from interviews about past 

treatment for mesiodens. For the control subjects, the absence of supernumerary teeth was confirmed by 

panoramic radiographs and interviews confirming no family history of mesiodens. No subjects had any 

syndromic disease or other dental anomalies. This study was approved by Nihon University School of 

Dentistry at Matsudo, the ethical committee (approved number: EC16-15-012-1). Written, informed 

consent was obtained from all subjects who participate in this study  

 

Sampling and DNA extraction 

Genomic DNA from participants with mesiodens was obtained from the soft tissue of supernumerary 

teeth that were extracted for treatment using the DNeasy® Blood Tissue Kit (Qiagen, Tokyo, Japan) 

following instructions by the manufacturer. For participants whose supernumerary teeth had been 

extracted in the past and for control subjects, genomic DNA was obtained from 2 ml of saliva using the 

Oragene® DNA kit (DNA Genotek, Inc., Ottawa, Canada) following instructions by the manufacturer.  

 

Genomic DNA amplification 

Extracted genomic DNA was amplified by the IllustraTM GenomiPhiTM V2 DNA Amplification Kit (GE 

Healthcare, Chiltern, UK). One microliter of template (10 ng) was diluted tenfold with sample buffer and 
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kept at 94 °C for 3 min to denature the DNA. Then, the sample was cooled on ice for 3 min and mixed 

with 9 µl of reaction buffer and 1 µl of Phi29 DNA polymerase. After incubation at 30 °C overnight, the 

enzyme was inactivated at 65 °C for 10 minutes.  

 

SNP markers 

Sixteen SNPs in 16 genes associated with the initiation of odontogenesis, including rs11915751, 

rs3796902, rs10022956, rs1005464, rs2071047, rs4770190, rs10106536, rs2385199, rs833843, rs6625561, 

rs3827760, rs3775261, rs4868442, rs17176643, rs10818649, and rs1321081 were examined. Five SNPs 

in 5 genes associated with supernumerary incisor formation in rodents, including rs12699798, rs2306037, 

rs2431512, rs2239789, and rs6095811 were also tested. SNP probes for the genotyping were purchased 

from Applied Biosystems (Foster City, CA, USA). These SNPs were selected based on their allele 

frequencies of more than 20% in the Japanese population using data from the International HapMap 

Project (www.ncbi.nlm.nih.gov/probe/docs/projhapmap/).  

 

SNP genotyping analysis 

Extracted and amplified genomic DNA from participants was quantified by NanoDrop 2000 (Thermo 

Fisher Scientific, Waltham, MA, USA). Genotyping was carried out using Taqman® Genotyping assays 

(Applied Biosystems) and QuantStudioTM 6 Flex (Applied Biosystems). Reaction mixtures of PCR were 

as follows: 10 µl TaqMan® Genotyping Master Mix (Applied Biosystems), 1 µl of DNA (10 ng), 1 µl of 

TaqMan® probe, and 8 µl of distilled water to a final volume of 20 µl. Amplification and detection were 

performed using QuantStudioTM 6 Flex. Amplification conditions were as follows: an initial cycle at 

94 °C for 5 min, and then 40 cycles at 95 °C for 15 sec and 1 min at 60 °C. Genotype calling was 

performed by QuantStudioTM Real-Time PCR Software v1.3 (Applied Biosystems).  

 

Statistical Analyses 

Statistical analysis of genotyping data was performed by IBM SPSS Statistics (ver. 19.0, Armonk, NY, 

USA). To test the relationship between mesiodens and SNP genotype and allele frequencies, a Pearson 

chi-squared test was performed. The level of two-sided significance was set at 0.01. 

 

Results 

SNPs in genes associated with the initiation of odontogenesis 

Genotype frequencies of Sixteen SNPs in 16 genes, which are associated with early tooth development, 

are shown in Table 1, and allele frequencies of them are shown in Table 2. There were no significant 

differences in the 16 SNPs between mesiodens group and controls. Rs4868442 showed suggestive 

differences (p = 0.04) in allele frequencies. 
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SNPs in genes associated with supernumerary incisor formation in rodents 

Genotype frequencies of five SNPs in 5 genes, which relate to supernumerary incisor formation in 

rodents, are shown in Table 3, and allele frequencies of them are shown in Table 4. No positive 

polymorphisms were detected in the five SNPs between mesiodens group and controls. Rs2239789 

showed suggestive differences (p = 0.04) in allele frequencies. 

 

Discussion  

Research in recent years helped to understand many of the molecular mechanisms underlying tooth 

morphogenesis and differentiation (18). Individuals with different polymorphic alleles might express 

slight and specific phenotypic variations in tooth formation (16). Therefore, there could be associations 

between gene polymorphisms and mesiodens; accordingly, this study focused on such associations.  

The tooth germ develops through sequential and reciprocal interactions between the epithelium and 

mesenchyme which are common in various ectodermal organs. The ectodermal organs start to develop 

from a placode, and the dental lamina was formed by thickening of the oral placode, then develops 

through the bud, cap, and bell stages before hard tissue mineralization (19). Morphological initiation of 

the supernumerary tooth germ is required for mesiodens formation. Therefore, in this study, SNPs in 

genes associated with the initiation of odontogenesis were tested in a population with mesiodens.  

The transcription factor p63 is one of the essential genes regulating placode formation and expressed 

on the surface ectoderm (20). In p63-deficient mice, tooth development stops before epithelial budding 

(20). Other transcription factors in the dental lamina include Pitx2 (21) and Lef1 (22), which are linked to 

the acquisition of odontogenic potential in the oral epithelium. Epithelial-mesenchymal interactions on 

tooth morphogenesis are mediated by conserved signaling pathways including the sonic hedgehog (Shh), 

bone morphogenic protein (BMP), fibroblast growth factor (FGF), WNT, and ectodysplasin A (EDA) 

pathways (23). The dental lamina expresses the signaling molecules such as Shh, Bmp2, Bmp4, Fgf9, 

Fgf20, Wnt10a, and Wnt10b, which likely function as mediators of odontogenic potential from the 

epithelium to the mesenchyme (21, 23-25). The tumor necrosis factor (TNF) family ligand EDA and its 

receptor EDAR are locally expressed in the placodes of all ectodermal organs as well as in the primary 

enamel knot, and inactivating mutations in EDA or EDAR cause hypohidrotic ectodermal dysplasia (26). 

Mice with overexpression of Eda in the epithelium under control of the keratin-14 promotor develop 

supernumerary teeth in front of the molars (27). Therefore, SNPs in TP63, PITX2, LEF1, BMP2, BMP4, 

FGF9, FGF20, WNT10A, WNT10B, EDA, and EDAR involved in the initiation of odontogenesis were 

investigated as genetic markers in this study. However, they showed no significant differences. Shh was 

not tested owing to the lack of a good marker with appropriate allele frequencies. 

Transcription factors induced in the mesenchyme between the placode and dental lamina stages 

including Msx1, Msx2, Pax9, Lhx6, and Runx2 were also tested in this study. These genes are responsible 

for the acquisition of odontogenic potential in the mesenchyme and are critical for early tooth 
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development, as demonstrated in the knockout mice (20, 23). Genetic mutations in MSX1 (28) and PAX9 

(29) cause tooth agenesis, and mutations in RUNX2 are associated with cleidocranial dysplasia, that is 

characterized by multiple supernumerary teeth, including those in the upper incisor region (5). The results 

of this study suggested that SNPs in MSX1, MSX2, PAX9, LHX6, and RUNX2 might be not associated 

with genetic markers of mesiodens. Rs4868442 in MSX2 showed suggestive differences in allele 

frequencies between the mesiodens group and controls (p = 0.04); however, this might be because allele 

frequencies in the controls were different from those in the general population based on the Hapmap 

database, suggesting that these SNPs are candidates of genetic marker for mesiodens formation. 

In this study, SNPs in SOSTDC1, LRP4, APC, PAX6, and CEBPB, which are associated with 

supernumerary incisor formation in rodents, were tested. Sostdc1 (ectodin) is a Bmp antagonist that plays 

key roles as a local regulator of Bmp activity (30) and as a context-dependent activator or inhibitor of 

Wnt signaling (31). Both Bmp and Wnt are important molecules controlling tooth morphogenesis (32-34). 

Analysis of teeth in Sostdc1-null mice showed eruption of supernumerary maxillary incisors (11). LRP4 

is a member of the low-density lipoprotein (LDL) receptor family, which is a large conserved group of 

transmembrane proteins. Lrp4 modulates Bmp and Wnt signaling during tooth development by binding 

the secreted Bmp antagonist, Sostdc1 (12). In Lrp4-deficient mice, eruption of supernumerary incisors 

was seen in both the maxilla and mandible (12). APC (adenomatous polyposis coli), a tumor suppressor 

gene, inhibits the activity of the WNT/β-catenin signaling pathway, which plays an important role in the 

maintenance of homeostasis and during development (13). Conditional APC knockout mice exhibited 

supernumerary tooth formation from the incisor and molar epithelium (13). These previous reports 

suggest that activation of Wnt signaling by loss of function of its inhibitors leads to supernumerary teeth 

(20). Pax6, a paired homeobox protein transcription factor, is involved in neuronal and craniofacial 

development, including that of the optic and olfactory systems (14). In Pax6 rSey2/rSey2 mutant rats, 

histological analysis at E13.0 showed two dental placodes that were far apart, which was as opposed to 

those of wild-type embryos, and showed supernumerary incisors near the original upper incisor at E20 

(14). CEBPB (CCAAT/enhancer-binding protein beta) is a transcription factor that binds to consensus 

sequences and regulates the transcription of various genes involved in proliferation and differentiation; it 

is also suggested to be an important factor in osteogenesis and odontogenesis (35). CEBPB is purportedly 

involved in odontogenesis through interactions with DSPP (dentine sialophosphoprotein) and RUNX2 

(runt-related transcription factor 2) (35, 36). In adult Cebpb-deficient mice, supernumerary teeth and 

complex odontomas close by the root of the maxillary incisor were reported (37). Whereas 

loss-of-function of SOSTDC1, LRP4, APC, PAX6, and CEBPB are associated with supernumerary incisor 

formation in rodents, the findings of present study suggested that SNPs tested in these genes were not 

associated with mesiodens in humans. Rs2239789 in PAX6 showed suggestive differences (p = 0.04) in 

allele frequencies between the mesiodens group and controls; however, this might be because allele 

frequencies in controls were different from those in the general Japanese population based on data from 
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the International HapMap Project. These results suggested that the SNPs in tested can be ruled out as 

candidates for mesiodens etiology. 

No positive polymorphisms were detected between the mesiodens group and controls in the intron 

SNPs tested in this study, althought the SNPs were the highest frequency in Japanese. However, the entire 

region of each gene was not analyzed; therefore, SNPs as genetic markers might still be present in these 

genes. Alternatively, novel genes might be involved in the control of mesiodens formation. Detection of 

candidate loci and further definition of genes responsible for mesiodens could require a genome-wide 

survey based on a large number of markers and whole sequencing of candidate genes. Future studies 

should clarify the underlying mechanisms of mesiodens formation in humans and focus on the translation 

of those findings into clinical tools for early diagnosis and treatment. 
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Mesiodens Controls
(n=24) (n=24)

PITX2  rs3796902 CC 10 16 0.22 43%
CT 10 6 48%
TT 4 2 9%

LEF1  rs10022956 CC 4 6 0.58 15%
CT 12 10 43%
TT 8 8 42%

EDAR  rs3827760 CC 14 18 0.27 64%
CT 9 6 33%
TT 1 0 3%

MSX1  rs3775261 AA 7 6 0.87 35%
AC 15 15 38%
CC 2 3 27%

RUNX2  rs1321081 AA 11 9 0.46 42%
AG 11 10 45%
GG 2 5 13%

FGF9  rs4770190 AA 6 4 0.29 14%
AC 13 10 50%
CC 5 10 36%

FGF20  rs10106536 CC 9 3 0.06 24%
CT 10 18 45%
TT 5 3 31%

WNT10A  rs2385199 AA 16 16 0.19 53%
AG 8 6 42%
GG 0 2 5%

BMP4  rs2071047 CC 0 2 0.05 24%
CT 18 11 49%
TT 6 11 27%

BMP2  rs1005464 AA 8 6 0.27 21%
AG 12 9 45%
GG 4 9 34%

PAX9  rs17176643 AA 2 6 0.16 19%
AC 20 14 57%
CC 2 4 24%

LHX6  rs10818649 CC 2 4 0.68 20%
CT 13 12 49%
TT 9 8 31%

TP63  rs11915751 CC 5 4 0.93 22%
CT 8 8 44%
TT 11 12 34%

MSX2  rs4868442 AA 4 2 0.16 6%
AG 6 3 40%
GG 14 19 54%

WNT10B  rs833843 CC 8 7 0.94 17%
CT 9 9 47%
TT 7 8 36%

EDA  rs6625561 CC 14 9 0.12 60%
CT 3 9 19%
TT 7 6 21%

* International HapMap Project

Table 1.  Comparison of genotype frequencies of genes associated with
the initiation of odontogenesis between the mesiodens groups and controls

Gene SNP p -value   Japanese *
frequencyGenotype



Mesiodens Controls
(n=24) (n=24)

PITX2  rs3796902 C 30 38 0.09 67%
T 18 10 33%

LEF1  rs10022956 C 20 22 0.68 37%
T 28 26 63%

EDAR  rs3827760 C 37 42 0.18 80%
T 11 6 20%

MSX1  rs3775261 A 29 27 0.68 55%
C 19 21 45%

RUNX2  rs1321081 G 15 20 0.29 35%
A 33 28 65%

FGF9  rs4770190 C 23 30 0.15 61%
A 25 18 39%

FGF20  rs10106536 C 28 24 0.41 47%
T 20 24 53%

WNT10A  rs2385199 G 8 10 0.60 26%
A 40 38 74%

BMP4  rs2071047 C 18 15 0.52 49%
T 30 33 51%

BMP2  rs1005464 G 20 27 0.15 56%
A 28 21 44%

PAX9  rs17176643 A 24 26 0.68 47%
C 24 22 53%

LHX6  rs10818649 C 17 20 0.53 44%
T 31 28 56%

TP63  rs11915751 C 18 16 0.67 44%
T 30 32 56%

MSX2  rs4868442 G 34 42 0.04 74%
A 14 6 26%

WNT10B  rs833843 C 25 23 0.68 41%
T 23 25 59%

EDA  rs6625561 C 31 27 0.40 70%
T 17 21 30%

* International HapMap Project

Table 2.   Comparison of allele frequencies of genes associated with
the initiation of odontogenesis between the mesiodens groups and controls

Gene SNP p -value    Japanese *
frequencyAllele



Mesiodens Controls
(n=24) (n=24)

CEBPB  rs6095811 TT 6 9 0.49 36%
CT 11 11 44%
CC 7 4 20%

PAX6  rs2239789 AA 9 5 0.20 -
AT 8 6 -
TT 7 13 -

SOSTDC1  rs12699798 AA 5 8 0.58 19%
AG 13 10 56%
GG 6 6 25%

APC  rs2431512 TT 15 11 0.32 50%
CT 7 12 42%
CC 2 1 8%

LRP4  rs2306037 GG 5 2 0.46 25%
CG 10 11 43%
CC 9 11 32%

* International HapMap Project

Table 3.   Comparison of genotype frequencies of genes associated with
supernumerary incisor formation in rodents between the mesiodens groups and controls

Gene SNP Genotype p -value   Japanese *
frequency



Mesiodens Controls
(n=24) (n=24)

CEBPB  rs6095811 C 25 19 0.22 58%
T 23 29 42%

PAX6  rs2239789 A 26 16 0.04 49% **
T 22 32 51%

SOSTDC1  rs12699798 A 23 26 0.54 46%
G 25 22 54%

APC  rs2431512 C 11 14 0.49 29%
T 37 34 71%

LRP4  rs2306037 C 28 33 0.29 53%
G 20 15 47%

* International HapMap Project
** Chinese frequency

Table 4.   Comparison of allele frequencies of genes associated with
supernumerary incisor formation in rodents between the mesiodens groups and controls

Gene SNP Allele p -value    Japanese  *
frequency


