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Abstract

Background: The etiology of supernumerary teeth is still unclear however heredity is believed to be a major factor
and this idea was supported by several case reports. Recently, a relationship between supernumerary tooth forma-
tion and deficiency of Uterine Sensitization Associated Gene-1 (Usag-1), a rat gene that is expressed in sensitized
endometrium, was reported in mice. The human homolog gene for Usag-1, Sclerostin Domain Containing 1 (SOS-
TDCI1), shows 85% identity with mouse Usag-1. The present study aimed to investigate SOSTDCI coding regions
in non-syndromic patients with one or more supernumerary teeth.

Material and Methods: Twenty-five non-syndromic patients (21 male and 4 female) aged 5-15 years, with one
or more supernumerary teeth were included in the study. Saliva samples were collected from patients and DNA
samples were isolated and analyzed using PCR.

Results: Eight phenotypes of supernumerary tooth formation were observed in the study. From the DNA analysis,
2 novel and 3 previously identified sequence alterations were identified however, in investigating the Usag-1 ho-
molog SOSTDCI gene, the present study could not find any phenotype-genotype relationship.

Conclusions: There are many SOSTDCI homolog genes in the human genome and future studies should investigate
these candidate genes. Also studies in larger case groups including family members may reveal the hereditary pattern.

Key words: Genetics, Usag-1, mesiodens, DNA sequencing, pediatric dentistry, PCR.

Introduction

Teeth produced in greater numbers than the normal den-
tal formula are referred to as supernumerary teeth (1). The
etiology of supernumerary teeth is still unclear, although
there are some theories regarding the mechanism of their
formation, including genetic and environmental factors
(2). While this anomaly is most commonly observed in the
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premaxilla, it can be found everywhere in the dental arch,
and can occur in both primary and permanent dentition
(3,4). Its prevalence ranges from 0.5% to 3.8% in perma-
nent dentition and from 0.3% to 1.9% in primary dentition
(5-8).

Heredity is believed to be a major factor behind super-
numerary tooth formation. It has been suggested that
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supernumerary teeth may be associated with autosomal
recessive heredity, with lower penetrance in females (9).
However, a few case reports have also proposed a low fre-
quency autosomal dominant inheritance of this phenotype
(10-12). Several articles support the idea that genetic com-
ponent is needed for development of supernumerary teeth
(13-15).

Recently, a relationship between supernumerary tooth for-
mation and deficiency of Uterine Sensitization Associated
Gene-1 (Usag-1), a rat gene that is expressed in sensitized
endometrium (16), was reported in mice (17-19). Previous
studies have shown that Usag-1 and its human orthologous
(ectodin) binds, neutralizes and acts as an antagonist of
morphogenetic proteins (BMP). It has also been reported
to inhibit Wnt signaling (18,20,21) while it is well estab-
lished that both BMP and Wnt play a role in tooth morpho-
genesis (22,23), making it is very likely that Usag-/ has a
role in supernumerary teeth formation.

The human homolog gene for Usag-1, Sclerostin Domain
Containing 1 (SOSTDC1), shows 85% identity with mouse
Usag-1. The gene is localized on 7p21.1 with two tran-
scripts of 3 and 5 exons, coding protein products of 206
and 230 amino acids respectively.

This study is the first investigation of SOSTDC! in hu-
mans with supernumerary teeth phenotype. We aimed to
investigate SOSTDC! coding regions in non-syndromic
patients with one or more supernumerary teeth.

Material and Methods

Twenty-five non-syndromic patients who were recruited
through Ankara University’s Department of Pediatric
Dentistry between January 2011 and January 2013 with
one or more supernumerary teeth were included in the
study. There were 21 male and 4 female patients, aged 5-15
years. Additional patient information is given in the Table
1. Ethical approval was received from the Institutional Re-
view Board (144/4), and informed consent was obtained
from all participants and their parents.

- DNA isolation

Samples were collected from patients’ saliva. Before iso-
lating saliva DNA, the samples were dissolved in 10 ml
isotonic solution in 15 ml falcon tubes. The tubes were
centrifuged at 400g for 10 minute. Afterwards, the pellets
were incubated at 56°C for 10 min, in 180 pl dH,O and
20 pl proteinase K (20mg/ml). DNA isolations were per-
formed using QIAamp DNA Blood Mini Kit (Qiagen Inc.)
kit according to the manufacturer’s instructions. DNA
samples were spectrophotometrically analyzed and stored
at -200C.

- Polymerase Chain Reaction (PCR)

To amplify the SOSTCI gene (ENST00000396652), 3
pairs of primers were designed for coding exons (Table
2). Optimum PCR condition was obtained with 10 pmol
primer mix, 0.5 unit SuperHot Taq polymerase enzyme
(Bioron Inc.), and 1X Buffer Complete (Bioron Inc.) in

e532

Investigation of SOSTDCI1 gene in supernumerary tooth formation

25 ul total volume. For each PCR reaction, a 20-50 ng/ul
DNA template was used. Primer annealing temperature
was optimized to 60°C. Thermal cycling conditions were
95°C 10 min for 1 cycle, 95°C 45 sec, 60°C 45 sec, 72°C
45 sec for 35 cycles, and 72°C 10 min. The PCR product
was loaded in 2% agarose gel. Amplicon sizes of the PCRs
were 531 bp (exon 3), 354 bp (exon 4) and 597 bp (exon 5).
- PCR Purification and DNA Sequencing

All PCR products were purified by using NucleoFast® 96
PCR kit (Macherey-Nagel GmbH). DNA sequencing was
performed by cycle sequencing in 20 pl total volume. Se-
quencing reactions were set with both forward and reverse
primers. Purification of the sequencing reaction was per-
formed with ZR-96 DNA Sequencing Clean-up Kit (Zymo
Research Corp.) according to the manufacturer’s recom-
mendations. Capillary electrophoresis was performed by
ABI 3130 capillary electrophoresis instrument (Applied
Biosystems Inc.). Electrophoregrams were analyzed by
using SeqScape 2.5.0 software (Applied Biosystems Inc.).
- Bioinformatics analysis

DNA sequence results of the patients were aligned to En-
sembl Grch37 Homo sapience SOSTDCI1 coding regions
nucleotide sequences to determine alterations. Subse-
quently, alterations were compared to “NCBI/NIH dbSNP
(The Short Genetic Variations Database) short variations
catalogs Homo sapience dataset”(24). The effect of mis-
sense mutation alterations in protein were investigated
with SIFT analysis (25,26).

Results

A total of 25 patients (21 male, 4 female) were examined,
of which 9 had single supernumerary teeth while the rest
had 2 or more. Among the patients with single supernu-
merary teeth, 7 had mesiodentes (Table 3). Eight pheno-
types were observed in our cohort (Table 4).

From the DNA analysis, we identified 2 novel and 3 previ-
ously identified sequence alterations (Table 5). The three
previously discovered SNPs (Single Nucleotide Poly-
morphisms) are rs6945425, rs67149353, rs143801072.
For the first two of these, the Minor Allele Frequencies
(MAF) were 0.1212 and 0.2084 respectively in the db-
SNP database. rs6945425 (c.-48A>G) and rs67149353
(IVS4+9G>C) are intronic nucleotide substitutions with
no functional consequences on the protein. According
to dbSNP, these SNPs have not been related with any
syndrome. On the other hand, rs143801072 (c.476A>G,
N159S), which shows a very low frequency in other Cau-
casian populations (0.010), is a missense mutation causing
a change from asparagine to serine. We found rs143801072
in only one patient with phenotype 1 in heterozygous state,
showing that the Asp>Ser amino acid alteration was toler-
ated by the protein. This patient was also found to carry
rs6945425 variation in homozygous state.

The 2 novel mutations we identified had heterozygous
genotype in phenotypes 3 and 5. One of these alterations,
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Table 1. DNA analysis and additional patient information.

Investigation of SOSTDCI1 gene in supernumerary tooth formation

Variation known intronic known intronic novel deleterous known missence novel silent
type: variation variation variation variation variation
Patient rs6945425 rs671149353 ¢.221-223delCGA rs143801072 ¢.298C>T Phenotype
number (c.-48A>G) (Ivs4+9G>C) (p.Leu73del) (c.476A>G, (p-Asn99Asn) | Name
p-Asn159Ser)
1 HET HET WT WT WT Phenotype 5
2 MUT HET WT WT WT Phenotype 5
3 HET WT WT WT WT Phenotype 3
4 MUT aWT WT WT WT Phenotype 5
5 MUT HET WT WT WT Phenotype 8
6 MUT WT WT WT WT Phenotype 3
7 MUT MUT WT WT WT Phenotype 5
8 MUT WT WT WT WT Phenotype 5
9 MUT WT WT WT WT Phenotype 6
10 HET HET WT WT WT Phenotype 8
11 MUT WT WT WT WT Phenotype 8
12 MUT WT WT HET WT Phenotype 1
13 MUT WT WT WT WT Phenotype 3
14 MUT HET WT WT WT Phenotype 3
15 MUT WT WT WT HET Phenotype 3
16 HET WT WT WT WT Phenotype 7
17 MUT HET WT WT WT Phenotype 5
18 MUT WT WT WT WT Phenotype 5
19 HET WT WT WT WT Phenotype 2
20 MUT HET WT WT WT Phenotype 5
21 MUT HET WT WT WT Phenotype 4
22 MUT HET WT WT WT Phenotype 5
23 MUT HET WT WT WT Phenotype 3
24 MUT HET HET WT WT Phenotype 5
25 HET HET WT WT WT Phenotype 3

*HET: Heterozygous genotype, HOM: Homozygous genotype, WT: Wild type.
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Table 2. Sequences of primers used of the amplification of SOSTC1 gene.

Gene Exon Orientation Sequence (5°->3%)
USAGI1 3 Forward GGCAATTTGTATACCAAGCTCCTCC
USAGI1 3 Reverse ATTCTACAGGAATGTGAGCTAATGCTACCAG
USAGI1 4 Forward GTTTTAACTTTCACGAAGCTGGTTGC
USAGI1 4 Reverse GCTTAAGGGGAACGTGATAGTTGTGG
USAGI 5 Forward CTATCATTTGCCTATTATTTTTGTCATTGC
USAGI 5 Reverse GCAGTGGCAGGCTTGAGTCTTCC

Table 3. Distribution on number, region and types of supernumerary teeth.

Patient Gender g::;btee::flf Region and Type

1 M 2 Bilateral maxillary centrals

2 M 2 Bilateral maxillary centrals

3 M 1 Mesiodens

4 M 2 Bilateral maxillary centrals

5 M 2 Unilateral maxillary primary and permanent centrals
6 M 1 Mesiodens

7 M 2 Bilateral maxillary centrals

8 M 2 Bilateral maxillary centrals

9 M 5 Bilateral maxillary central and laterals

10 M 2 Unilateral maxillary primary and permanent centrals
11 M 2 Unilateral maxillary primary and permanent centrals
12 F 6 Bilateral maxillary centrals and bilateral mandibular 1st and 2nd

premolars

13 M 1 Mesiodens

14 M 1 Mesiodens

15 M 1 Mesiodens

16 M 1 Unilateral maxillary lateral

17 M 2 Bilateral maxillary centrals

18 F 2 Bilateral maxillary centrals

19 M 1 Unilateral mandibular premolar
20 F 2 Bilateral maxillary centrals

21 M 5 Bilateral maxillary centrals and mandibular premolars
22 M 2 Bilateral maxillary centrals

23 F 1 Mesiodens
24 M 2 Bilateral maxillary centrals

25 M 1 Mesiodens
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Table 4. Phenotypic variations.

Name Phenotype n

Bilateral maxillary centrals and bilateral mandibular 1st

Phenotype 1 | and 2nd premolars 1
Phenotype2 Unilateral mandibular premolar 1
Phenotype3 Mesiodens 7
Phenotype4 Bilateral maxillary centrals and mandibular premolars 1
Phenotype5S Bilateral maxillary centrals 10
Phenotype6 Bilateral maxillary central and laterals 1
Phenotype7 Unilateral maxillary lateral 1
Phenotype8 Unilateral maxillary primary and permanent centrals 3

Table 5. Identified alterations in our study.

Nucleotide change Rs no Number % Presence Localization Effect on protein
and genotypes on the gene

c.-48A>G_ rs6945425
AA 0 0 Intron 2 -
AG 20 76,9 Intron 2 -
GG 6 23,1 Intron 2 -
IVS4+9G>C_ rs67149353 46,2 -
GG 12 Intron 4
GC 13 50 Intron 4 -
CC 1 3,8 Intron 4 -
¢.221-223delCGA
WT 25 96,2 Exon 4 -
WT/3del 1 3.8 Exon 4 p.Thr74del
3del/3del 0 0 Exon 4 =
c.476A>G_ rs143801072
AA 25 96,2 Exon 5 -
AG 1 3,8 Exon 5 p-Asn159Ser
GG 0 0 Exon 5 =
¢.298C>T
cC 25 96,2 Exon 5 -
CT 1 3,8 Exon 5 p-Asn99Asn
TT 0 0 Exon 5 =
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¢.221-223delCGA, was an in-frame deletion causing one
tyrosine amino acid to be deleted in SOSTDCI (Table 1).
This was detected in 1 in 10 patients with phenotype 5.
The other novel nucleotide alteration, ¢.298C>T, is a syn-
onymous mutation that does not change asparagine amino
acid at residue 99. This substitution was identified in 1 in 7
cases with phenotype 3.

Discussion

The etiology behind the formation of supernumerary teeth
still remains unknown. However, several theories have
been investigated previously. One of these theories was
dichotomy, which claims that the developing tooth bud
may be divided to form a supernumerary tooth (27). Hy-
peractivity of the dental lamina has also been suggested as
a possible factor behind the formation of supernumerary
teeth (4).

Various genes (RUNX2, PLOD, EVC, GLA, APC, NEMO)
have been associated with supernumerary teeth formation
in several syndromes, such as Cleidocranial dysplasia,
Ehlers-Danlos Type 1V, Ellis-Van Creveld, Fabry disease,
Familial adenomatous polyposis, and Incontinentia pig-
menti (13,28,29). As previously noted, our study focused
on non-syndromic supernumerary tooth formation.

In the last two decades, several studies conducted on mu-
tation induced mice in Usag-1, Gasl, Eda, Spry 2, Spry 4,
and Pax 6 resulted in supernumerary tooth formation (14,
15,17,30-33).

Even though the etiology behind supernumerary teeth
cannot be clearly determined, studies have shown that
cell cycle related pathways like WNT, MAPK/ERK, and
PI3K/AKT/Mtor are involved in supernumerary tooth
formation. It is well known that BMP and Wnt are key
molecules controlling tooth morphogenesis (22). BMP
is known to regulate embryonic development in all ani-
mals, being present in practically all tissues and organs.
Usag-1 (also known as Ectodin, Sostdcl or Wise), which is
expressed in the epithelium and mesenchyme of the devel-
oping tooth germ, encodes a secreted BMP-inhibitor (21,
34). Recently, Murashima-Suginami et al. have shown that
Usag-1 abrogation in mice resulted in the survival of rudi-
ment incisors and formation of supernumerary teeth (18).
In a different study, their team also found that BMP signal-
ing increases in Usag-/ deficient mice since this gene is an
antagonist of BMPs, which results in the formation of su-
pernumerary teeth (19). According to Kiso ez al., as aresult
of Usag-1 gene deficiency, due to lack of apoptotic elimi-
nation, odontogenic mesenchymal cells were retained in
mice, while the interaction between Bmp-7 and Usag-1
had a role in the formation of supernumerary organs (35).
Kassai ef al. also reported supernumerary tooth formation
in Usag-1 (which they named Ectodin) deficient mice (17).
In this study, we investigated Usag-I gene homolog SOS-
TDCI in 25 patients with at least one supernumerary tooth
without any syndromes. The majority (84%) of our study
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group were male patients. We detected 2 novel and 3 previ-
ously identified nucleotide alterations (Table 4).

The known variations 156945425 (c.-48A>G) and
rs67149353 (IVS4+9G>C) are intronic nucleotide substi-
tutions with no functional consequences on the protein
whereas, as previously noted, rs143801072 (c.476A>QG)
is a missense mutation (p.Asnl59Ser). This residue
(p-Asnl159Ser) is found to be conserved in many species
(Table 6). MAF is 0.01 among Caucasian populations. This
residue lies within the evolutionarily conserved C-termi-
nal cystine knot-like (CTCK) domain. As in other heredi-
tary diseases, such as Bardet Biedl and Meckel Syndrome,
hereditary non-syndromic supernumerary phenotype
seems to be multigenic. Thus, this rare SNP in a function-
al domain in a very highly conserved residue may cause
supernumerary teeth formation in just 1 in 10 patients
with phenotype 1. It is important to emphasize that phe-
notype 1 was found in only one patient with rs143801072
heterozygous variation. However, this patient, for whom
we lacked the family history, was the only case where we
identified a potentially deleterious heterozygous mutation.
It is therefore not possible to fully establish the relation-
ship between supernumerary tooth formation, phenotype
1 and rs143801072. Besides, rs6945425 homozygous gen-
otype was also detected in this patient, along with other
20 patients. Further investigations are therefore needed
to elucidate the functional consequences of this missense
mutation.

We also identified 2 novel mutations, ¢.221-223delCGA
and ¢.298C>T. One patient was heterozygous for the ¢.221-
223delCGA alteration, which causes an in-frame deletion
of tyrosine at residue 74 in the SOSTDC! protein (Table 1).
Further functional assays need to be conducted in order
to establish whether this deletion impairs protein func-
tion. We evaluated probable functional consequences of
this amino acid deletion in silico using three dimensional
structure analysis tools (Coils regions, Domain linker pre-
diction, Helical context). The analyses showed that the de-
letion of tyrosine at residue 74 did not have any structural
or functional effect on the protein. Besides, this residue is
not conserved across species. According to the sift analy-
sis, this variation can be tolerated without affecting protein
function.

The other novel nucleotide variation, ¢.298C>T, is a silent
mutation that does not change asparagine at residue 99.
Thus, this substitution has no functional impact on SOS-
TDCI.

In investigating the Usag-/ homolog SOSTDCI! gene, we
could not find any phenotype-genotype relationship. Ac-
cording to our in silico analysis, there are many SOSTDC!
homolog genes in the human genome (Table 7). Future
studies should investigate these candidate genes within
the same study group. It would also be useful to enlarge
the case group, and include family members, which may
reveal the hereditary pattern.
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Table 7. SOSTDC1 90% and more homologue genes in the human genome (Blast-Ensembl tool).

Chromosome ngelsg(l; )ing %r::ty Q::;y (SIeJ(elzgltll:e) Score E-val %ID (Aligment)
7 SOSTDC1 28607 69100 40494 78394 | 0.00E+00 100
7 GS1-166A23.1 | 28607 69100 40494 78394 | 0.00E+00 100
4 HERC3 44028 44322 295 516 1.30E-146 94.24
1 AGBL4 44026 44320 295 510 1.10E-144 92.88
2 LPINI 44196 44508 314 521 3.70E-148 92.68
5 RP11-541P9.3 | 43956 44322 367 616 1.10E-176 92.37
X MAP3K15 44036 44443 408 683 5.90E-197 92.16
3 RP11-23D24.2 | 44031 44508 479 792 9.90E-230 92.07
3 ROBO1 43960 44446 487 815 1.80E-236 91.99
7 NODI 44026 44428 403 668 1.80E-192 91.81
3 STXBP5L 44084 44508 426 703 6.20E-203 91.78
6 LAMA4 43976 44508 534 883 5.10E-257 91.76
13 RP11-141M1.3 | 44024 44446 423 698 2.20E-201 91.73
3 TBCI1DS5 43949 44299 351 588 2.50E-168 91.45
1 DNAHI14 44026 44350 325 534 6.70E-152 91.38
1 DNAH14 44053 44446 394 652 1.70E-187 91.37
8 RGS22 44022 44446 425 705 1.90E-203 91.29
6 SAMD3 43956 44466 512 837 3.80E-243 91.21
7 PPPIR9A 43976 44503 529 851 2.30E-247 90.93
8 RP11-770E5.1 43977 44428 452 740 5.00E-214 90.93
4 CENPE 44026 44508 484 779 9.70E-226 90.91
3 WDR49 43959 44363 408 655 1.50E-188 90.69
10 FRMD4A 43956 44508 554 890 4.40E-259 90.43
6 ADGRB3 44022 44508 489 786 6.30E-228 90.39
1 KCNK2 44032 44391 360 577 7.30E-165 90.28
4 RP11-8L2.1 43977 44499 524 836 6.10E-243 90.27
4 RP11-103J17.1 | 44036 44446 411 664 5.20E-191 90.02
3 LINCO00578 44025 44503 480 759 7.40E-220 90
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