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Cleidocranial dysplasia and novel
RUNX2 variants: dental, craniofacial,
and osseous manifestations
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Cleidocranial dysplasia (CCD) is a skeletal disorder affecting cranial
sutures, teeth, and clavicles, and is associated with the RUNX2 mutations.
Although numerous patients have been described, a direct genotype–
phenotype correlation for RUNX2 has been difficult to establish. Further
cases must be studied to understand the clinical and genetic spectra of CCD.
Objectives: To characterize detailed phenotypes and identify variants causing
CCD in five unrelated patients and their family members. Methodology:
Clinical and radiographic examinations were performed. Genetic variants
were identified by exome and Sanger sequencing, data were analyzed by
bioinformatics tools. Results: Three cases were sporadic and two were familial.
Exome sequencing successfully detected the heterozygous pathogenic RUNX2
variants in all affected individuals. Three were novel, comprising a frameshift
c.739delA (p.(Ser247Valfs*)) in exon 6 (Patient-1), a nonsense c.901C>T
(p.(Gln301*)) in exon 7 (Patient-2 and affected mother), and a nonsense
c.1081C>T (p.(Gln361*)) in exon 8 (Patient-3). Two previously reported
variants were missense: the c.673C>T (p.(Arg225Trp)) (Patient-4) and
c.674G>A (p.(Arg225Gln)) (Patient-5) in exon 5 within the Runt homology
domain. Patient-1, Patient-2, and Patient-4 with permanent dentition had
thirty, nineteen, and twenty unerupted teeth, respectively; whereas Patient-3
and Patient-5, with deciduous dentition, had normally developed teeth.
All patients exhibited typical CCD features, but the following uncommon/
unreported phenotypes were observed: left fourth ray brachymetatarsia
(Patient-1), normal clavicles (Patient-2 and affected mother), phalangeal
malformations (Patient-3), and normal primary dentition (Patient-3,
Patient-5). Conclusions: The study shows that exome sequencing is effective
to detect mutation across ethnics. The two p.Arg225 variants confirm that
the Runt homology domain is vital for RUNX2 function. Here, we report a
new CCD feature, unilateral brachymetatarsia, and three novel truncating
variants, expanding the phenotypic and genotypic spectra of RUNX2, as well
as show that the CCD patients can have normal deciduous teeth, but must
be monitored for permanent teeth anomalies.
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Introduction

the heterozygous loss-of-function variants in RUNX2
are the major cause of CCD (60-70% of patients).

Cleidocranial dysplasia (CCD, MIM #119600) is a
congenital disorder that affects bone growth and teeth
formation.1 The incidence of CCD is about one in a
million.2,3 CCD is also known as Scheuthauer-MarieSainton syndrome, cleidocranial dysostosis, osteodental dysplasia, generalized dysostosis, mutational
dysostosis, and cleidocranial-pubic dysostosis.1,4 The
main clinical features of CCD are hypoplastic or aplastic
clavicles, defective ossification of anterior fontanelle,
and dental anomalies (retention teeth, supernumerary
teeth, impacted teeth, and cysts).1,3 The unique
facial appearances of CCD are prominent forehead,
midfacial hypoplasia, and hypertelorism. Other bone
deformities include wide pelvic joint, coxa vara (less
than 120 degrees angle between the femoral head
and shaft), coxa valga (increased angle between the
femoral neck and shaft), genu valgum (knock-knee
deformity), delayed growth of the pubic bone, merging
failure of the lower jaw, scoliosis, and brachydactyly.3,5
Treatment for CCD depends on the symptoms. The
patient may undergo several orthopedic and facial
reconstructive surgery to increase satisfaction and
function.6 Moreover, Orthodontics and oral surgery
treatment are necessary to remove extra teeth and
guide the eruption of affected teeth.7
Previous studies have reported that the human
CCD is caused by various variants in the RUNX2
gene.3,8,9 The human runt-related transcription factor
2 gene (RUNX2, OMIM *60021) consists of 9 exons,
but only 8 exons encode the 521-amino acid RUNX2
protein. The RUNX2 comprises a poly-glutamine and
poly-alanine (QA, amino acids 49-89) repeat region,
runt homologous domain (RHD amino acids 101226), nuclear localization signal (NLS, amino acids
227-235), proline–serine–threonine (PST)-rich region
(amino acids 236-516), nuclear matrix targeting
signal (NMTS, amino acids 390-427), and VWRPY
pentapeptide sequence (amino acids 517-521).10,11
Both the QA and PST regions act as the transactivation
regions. The RHD is highly conserved and plays a role
in DNA binding.10 The VWRPY pentapeptide sequence
functions as a transcriptional repression region.10

However, the genetic conditions in the remaining 3040% of the cases are still unknown. Direct genotype–
phenotype correlation for RUNX2 has been difficult to
establish due to variable phenotypic penetrance of the
variants. Most variants in the RHD domain result in a
classical CCD phenotype.13 However, some exceptions
like the families with p.Thr200Ala exhibited significant
intrafamilial variability: two of four children showed
classic CCD, while the father, who also possessed the
variant, only had dental anomalies.14 Diverse intraand inter-familial genotype-phenotype correlations
have been reported. For example, in a family with
c.203delAinsCG, mild intra-familial genotypephenotype were observed, including bell-shaped rib
cage, hypoplastic iliac wing, and hypoplastic femoral
head; in a family with c.614C>G, significant intrafamilial correlation were observed, including head
and neck findings, delayed tooth eruption, hypoplastic
clavicle, and short stature; and in patients with
c.1281delC, no inter- or intra-familial correlation was
found.15 In a study of 42 unrelated CCD patients, there
was no phenotypic difference between patients with
deletions or frameshifts and those with other intragenic
variants in RUNX2,16 whereas another study, with 24
unrelated Japanese patients, observed short stature
to be much milder in the patients with the intact RHD
domain than in those without.9 Despite having more
than 180 different pathogenic variants identified, the
genotype-phenotype correlation of the syndrome is
still unclear.15,16 The identification of novel variants and
phenotypes can provide more understanding about
CCD and how each variant contributes to different
expressivity.
Although numerous patients have been described,
more patients need to be reported for a better
understanding of its clinical and genetic spectra.
Herein, we describe the clinical and molecular
characteristics of five unrelated Thai CCD patients.
Exome sequencing successfully identified causative
variants in RUNX2 in all five cases. Three were
novel pathogenic variants, expanding the genotypic
spectrum of RUNX2.

RUNX2 is a transcription factor that either
activates or inhibits the gene expression by regulating
transcription through binding specific DNA sequences
or interacting with transcriptional co-inducers and
co-depressors to regulate osteogenesis.12 In humans,
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Methodology

impact structure and function of the protein. The

Subject Enrollment

and the Association for Molecular Pathology (ACMG-

American College of Medical Genetics and Genomics

Five unrelated Thai patients clinically diagnosed
with CCD (Patient-1 to Patient-5) and six additional
family members of Patients-2, -3, and -4 were
recruited. Thorough investigation and blood collection
were performed after receiving the written informed

AMP) guideline was used to classify the variants.18
The variants were identified as novel if they were not
published in the ClinVar-NCBI (https://www.ncbi.nlm.
nih.gov/clinvar) and the gnomAD (https://gnomad.
broadinstitute.org/).

consent from all subjects or their legal guardians. The
study was approved by the Human Research Ethics
Committee (HREC-DCU 2021-030, Date of approval:
9 July 2021) and complied with the Declaration of
Helsinki. The clinical diagnostic criteria of CCD involve

Results

forehead, enlargement of the fontanelles or delayed

Exome sequencing successfully identified the
heterozygous variants in RUNX2 in all affected
cases.

closure of the anterior fontanelle, and/or (c) retention

Patient-1 (1-I:2), a 28-year-old female, complained

of primary teeth, failure of secondary teeth, and

of missing teeth and chewing difficulty. She had

supernumerary teeth.1,5,17 Tooth number was used

short stature, narrow and down-sloping shoulders,

according to the FDI World Dental Federation notation

metopic depression, hypertelorism, prominent orbital

system or ISO 3950 Dentistry – Designation system

ridges, and protruding chin. Brachydactyly and short

for teeth and areas of the oral cavity (https://www.

fourth toe of the left foot were also observed (Figure

iso.org/standard/68292.html).

1A - E). Skull radiographs showed widened cranial

(a) hypoplasia or aplasia of the clavicles, (b) prominent

sutures, Wormian bones, frontal and parietal bossing,

Genetic Analyses

concave frontonasal suture, maxillary hypoplasia,

Genomic DNA extracted from 3 ml of peripheral

and mandibular prognathism. Anteroposterior

blood leukocytes of the probands, their available family

thoracolumbar spine radiograph showed hypoplasia

members, and from healthy individuals (as control) was

of the lateral part of both clavicles, spina bifida in

subjected to variant analysis using exome or Sanger

the lower cervical spine, and narrow thorax (Figure

sequencing. For exome sequencing, genomic DNA was

1F – H). Anteroposterior foot radiograph showed

captured using a SureSelect Human All Exon version

fourth-ray brachymetatarsia of the left foot (Figure

4 kit (Agilent Technologies, Santa Clara, CA, United

1I). Oral examination showed 9 erupted permanent

States) and sequenced using Hiseq 2000 Sequencer

teeth (16, 14, 25, 26, 27, 36, 35, 31, 41), 6 retained

(Macrogen, Seoul, South Korea). The sequence

deciduous teeth (52, 53, 73, 74, 82, 83), crossbite,

reads were aligned to the human genome reference

class III malocclusion, hypoplastic mandibular

sequence (University of California Santa Cruz (UCSC)

edentulous ridge, multiple caries, erosion, and gingival

hg19) using the Burrows-Wheeler Alignment software

inflammation (Figure 1J). Panoramic radiograph

(http://bio-bwa.sourceforge.net/). Downstream

showed 30 unerupted teeth including 5 supernumerary

processing was performed with SAMtools (http://

teeth (Figure 1K). Exome sequencing showed that

samtools.sourceforge.net/) and annotated by the

1-I:2 was heterozygous for a novel frameshift variant,

dbSNP and 1000 Genomes. Subsequently, the variants

c.739delA (p.(Ser247Valfs*3)), in exon 6 of RUNX2

were filtered out if their frequency were higher than

(SCV001763563) (Figure 3A, F).

1% in the 1000 Genomes Project, Genome Aggregation

Patient-2 (2-II:1), a 21-year-old male, was referred

Database (gnomAD), and our in-house database of

for orthognathic surgery due to chewing difficulty.

2,166 Thai exomes. The causal variants Identified in

Clinical examination showed that the patient had a

RUNX2 (NM_001024630.4, NP_001019801.3) were

dolichofacial shape, facial asymmetry (chin shift to the

confirmed by Sanger sequencing (Supplementary

right side), metopic depression, and protruding chin

Table 1). Prediction software, PolyPhen-2, SIFT, and

(Figure 1L - N). Skull radiographs showed widened

MutationTaster, were used to analyze the potential

cranial sutures, Wormian bones, frontal and parietal

pathogenicity of the variants based on the possible

bossing, maxillary hypoplasia, and skeletal class
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III malocclusion (Figure 1O – P). Chest radiograph

Patient-2’s mother (2-I:2) presented facial asymmetry,

exhibited spina bifida in the lower cervical spine and

protruding chin, unerupted permanent teeth, class

scoliosis of the lower thoracic spine (Figure 1Q). Oral

III malocclusion, and gingival inflammation (Figure

examination showed 20 erupted permanent teeth

1T – Y). 2-II:1 and 2-I:2 did not have hypoplastic

including 1 partially erupted, mesiodens, retained

clavicles and they were unable to oppose the shoulders

deciduous lower right incisor, narrow and high-arched

at the midline. Both possessed a novel heterozygous

palate, crossbite, dental caries, and periodontitis

nonsense variant, c.901C>T (p.(Gln301*)), in exon 7

(Figure 1R). Panoramic radiograph showed 19

of RUNX2 (SCV001763562) (Figure 3B, F).

unerupted teeth, comprising teeth 11, 13, 18, 23,

Patient-3 (3-II:1), a 6-year-old girl, presented

24, 28, 33, 35, 38, 43, 45, 48; six supernumerary

short stature (height 101.5 cm, <3rd percentile),

teeth in the mandible; and a mesiodens in the maxilla

macrocephaly (OFC 54 cm, >97th percentile), metopic

(Figure 1S). The upper left first molar developed

depression, saddle nose, hypertelorism, small

pulp necrosis with asymptomatic apical periodontitis.

shoulders that could be opposed at the midline, and

Table 1- Phenotypes of the CCD patients with different RUNX2 variants
Characteristics

1-I:2

2-II:1

3-II:1

4-II:2

5-II:1

Genetic variants

c.739delA
(p.(Ser247Valfs*3))

c.901C>T
(p.(Gln301*))

c.1081C>T
(p.(Gln361*))

c.673C>T
(p.(Arg225Trp))

c.674G>A
(p.(Arg225Gln))

Age (years)

28

21

6

20

3

Gender

Female

Male

Female

Female

Male

Clavicles

Hypoplasia

Normal

Aplasia

Aplasia

Hypoplasia

Abnormal facility in opposing the
shoulders

Y

N

Y

Y

Y

Dental features
Dentition

Permanent

Permanent

Deciduous

Permanent

Deciduous

Unerupted permanent teeth

30 teeth

19 teeth

NA

20 teeth

NA

Unerupted supernumerary teeth

5 teeth

7 teeth

2 teeth
(deciduous upper
incisors)

8 teeth

N

Malocclusion

Y

Y

Y

Y

Y

Crossbite

Y

Y

Y

Y

Y

Retention of deciduous teeth

Y

Y

N

Y

N

Delayed eruption of deciduous
teeth

NA

NA

NA

NA

Y

Open/delayed closure of
fontanelle

Y

Y (minimal)

Y

Y

Y

Wormian bones

Y

Y

Y

Y

Y

Frontal bossing

Y

Y

Y

Y

Y

Craniofacial features

Parietal bossing

N

Y

Y

N

Y

Metopic depression

Y

Y

Y

Y

Y

Maxillary hypoplasia

Y

Y

N

Y

Y

Hands

Brachydactyly

N

Partial
pseudoepiphysis
of 2nd and
5th proximal
metacarpal bone,
shortening of 2nd
and 5th middle
phalanges,
fusion of 1st distal
phalanx

N

N

Feet

Fourth-ray
brachymetatarsia of
the left foot

N

N

N

N

Other features

Y, present; N, not present; NA, not available
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lordosis (Figure 2A – D). Chest radiograph disclosed

hip radiograph showed a lack of ossification of pubic

absence of both clavicles (Figure 2E). Skull radiographs

bones with the resultant apparent widening of the

showed unclosed fontanelle, frontal and parietal

pubic symphysis and a characteristic “chef’s hat”

bossing, persistent metopic suture, multiple Wormian

appearance of the femoral head (Figure 2H). Hand

bones along the bilateral lambdoid and posterior aspect

radiograph exhibited partial pseudoepiphysis of 2nd and

of squamosal sutures, and prominent adenoid tissue

5th proximal metacarpal bones, shortening of 2nd and

and bilateral palatine tonsils. Maxillary hypoplasia

5th middle phalanges, and fusion of 1st distal phalanx

was not evident (Figure 2F – G). Anteroposterior

(Figure 2I). Oral examination revealed deciduous

Figure 1- Clinical and radiographic features of 1-I:2, 2-II:1, and 2-I:2. (A-K) 1-I:2 shows typical CCD craniofacial features, narrow shoulder,
and brachydactyly and short fourth toe of the left foot. Radiographs shows hypoplasia of the lateral part of both clavicles, widened cranial
sutures, Wormian bones, fourth-ray brachymetatarsia of the left foot, unerupted teeth, and supernumerary teeth. (L-S) 2-II:1 shows normal
clavicles, CCD facial features with asymmetry, widened cranial sutures, Wormian bones, spina bifida in the lower cervical spine, scoliosis
of the lower thoracic spine, supernumerary teeth. (T-Y) 2-I:2 has unerupted teeth and normal clavicles
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Cleidocranial dysplasia and novel RUNX2 variants: dental, craniofacial, and osseous manifestations

dentition, crossbite, and two supernumerary teeth

(p.(Gln361*)), in exon 8 of RUNX2 (SCV001763561)

in the upper incisor area (Figure 2J, K). 3-II:1 at 5

was detected (Figure 3C, F). The mother was

years 10 months old had the bone age of 4 years and

unaffected. The father was reported not to be affected.

(1959).

Patient-4 (4-II:2), a 20-year-old female, had a

A novel heterozygous nonsense variant, c.1081C>T

chief complaint of prominent chin and tooth missing.

2 months according to Greulich and Pyle

19

Figure 2- Clinical and radiographic features of 3-II:1, 4-II:2, and 5-II:1. (A-K) 3-II:1 shows macrocephaly and lordosis. Radiographs
shows aplastic clavicles, a “chef’s hat” appearance of the femoral head, partial pseudoepiphysis of 2nd and 5th proximal metacarpal bone,
shortening of 2nd and 5th middle phalanges, fusion of 1st distal phalanx, and supernumerary upper incisors. (L-R) 4-II:2 has square-shaped
face, aplastic clavicle, unerupted teeth, and supernumerary teeth. (S-Z) 5-II:1 shows bilateral deformity and pseudarthrosis of clavicles,
lordosis at lumbar spine, lack of ossification of pubic bones, and widening of the pubic symphysis

J Appl Oral Sci. 6/11 2022;30:e20220028
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The patient presented a square-shaped face, metopic

radiographs showed widened cranial sutures, frontal

depression, and a slant and narrow shoulder that

and parietal bossing, Wormian bones, maxillary

can be opposed at the midline (Figure 2L - M). Skull

hypoplasia, and class III skeletal malocclusions (Figure

Figure 3- Pedigrees and genetic variants of Family 1-5. (A) 1-I:2 possesses the frameshift variant, c.739delA (p.(Ser247Valfs*3)), in
RUNX2. (B) 2-II:1 and 2-I:2 possesses the nonsense variant, c.901C>T (p.(Gln301*)), in RUNX2. The variant was not identified in 2-I:1.
(C) 3-II:1 has the nonsense variant, c.1081C>T (p.(Gln361*)), in RUNX2. (D) 4-II:2 has the missense variant, c.673C>T (p.(Arg225Trp)), in
RUNX2. 4-I:1, 4-I:2 and 4-II:1 did not have the variants. (E) 5-II:1 possesses the missense variant, c.674G>A (p.(Arg225Gln)) in RUNX2.
The arrow indicates the proband. The dash above each symbol indicates the subject with genetic test. (F) Schematic diagrams of RUNX2
gene and protein showed the locations of RUNX2 variants identified in this study. QA, poly-glutamine and poly-alanine repeat region;
RHD, runt homologous domain; NLS, nuclear localization signal; PST, proline-serine-threonine-rich region; NMST, nuclear matrix targeting
sequence; VWRPY, pentapeptide sequence

J Appl Oral Sci. 7/11 2022;30:e20220028

Cleidocranial dysplasia and novel RUNX2 variants: dental, craniofacial, and osseous manifestations

Table 2- The heterozygous RUNX2 variants identified in the CCD patients
Patient Inheritance

Variants

Clinvar
accession
number

Zygosity

Variant
type

Exon

Domain/
Region

ACMGAMP
guideline

Status

1-I:2

Familial

c.739delA
(p.(Ser247Valfs*3))

SCV001763563

Het

Frameshift

6

PST

Pathogenic

Novel

2-II:1
& 2-I:2

Familial

c.901C>T
(p.(Gln301*))

SCV001763562

Het

Nonsense

7

PST

Pathogenic

Novel

3-II:1

NA

c.1081C>T
(p.(Gln361*))

SCV001763561

Het

Nonsense

8

PST

Pathogenic

Novel

4-II:2

Sporadic

c.673C>T
(p.(Arg225Trp))

SCV001780129

Het

Missense

5

RHD

Pathogenic

Previously
reported†

5-II:1

Sporadic

c.674G>A
(p.(Arg225Gln))

SCV002102512

Het

Missense

5

RHD

Pathogenic

Previously
reported‡

M, male; F, female; NA, not available; RHD, Runt homologous domain; PST, proline-serine-threonine region; Del, deleterious; Het,
heterozygous
ACMG-AMP, The American College of Medical Genetics and Genomics and the Association for Molecular Pathology
†1-10; ‡2, 5, 6, 8, 11-20 (References are provided in the supplementary figure 1)

2N – O). Chest radiograph showed aplastic clavicle

spine (Figure 2W – X). The patient had crossbite

and narrow thorax (Figure 2P). Orodental features

of deciduous teeth and a history of delayed tooth

include crossbite, malocclusion, 20 erupted permanent

eruption. Other dental anomalies were not observed

teeth, 2 retained deciduous teeth, 20 unerupted teeth

(Figure 2Y - Z). His bone age at 3 years corresponded

including 8 supernumerary teeth (3 in the upper and

with his chronological age.19 The patient possessed the

5 in the lower anterior regions) (Figure 2Q, R). The

de novo heterozygous missense variant, c.674G>A

lower right first premolar developed pulp necrosis

(p.(Arg225Gln)), in exon 5 of RUNX2 (SCV002102512,

and asymptomatic apical periodontitis. The patient

dbSNP rs104893991) (Figure 3E, F).16 This variant was

possessed the de novo heterozygous missense variant,

not detected in the parents. It was previously reported

c.673C>T (p.(Arg225Trp)), in exon 5 of RUNX2

in the familial and sporadic CCD cases.13,16,20

(SCV001780129, dbSNP rs104893992) (Figure 3D,

Phenotypically, all patients in this study shared

Her parents were unaffected and did not carry

typical features of CCD consisting of frontal and parietal

the missense. The variant was previously reported in

bossing, metopic depression, unclosed fontanelle, and

the familial and sporadic cases with CCD.13,16,20

Wormian bones. Except for 2-II:1 and 2-I:2, all patients

F).

16

Patient-5 (5-II:1), a 3-year-old boy, was referred

had hypoplastic/aplastic clavicles and abnormal facility

for genetic analysis due to congenital malformations

in opposing the shoulders. 1-I:2, 2-II:1, 2-I:2, and

of skull and face bones, deformed clavicles, and a

4-II:2 who had the permanent dentition showed

history of bilateral clavicular fractures. At 4 months

multiple dental anomalies including clinically missing

old, his whole-body bone mineral density (BMD) was

teeth, unerupted teeth, supernumerary teeth, and

0.267 g/cm within normal range (0.25 + 0.04 g/cm );

skeletal class III malocclusion. In contrast, 3-II:1

total body less head BMD was 0.267 g/cm ; lumbar

and 5-II:1 showed all deciduous teeth erupted and

spine BMD was 0.142 g/cm2; and whole-body mineral

only crossbite. Table 1 shows phenotypic data. Table

content was 163.14 g. At age 3, his height was 86.2 cm

2 shows genetic variants, bioinformatics data, and

2

2

2

(<3 percentile). Examinations showed that 5-II:1 had

variant interpretation according to the American

macrocephaly (OCF 52 cm, >97th percentile), metopic

College of Medical Genetics and Genomics (ACMG)

depression, narrow sloping shoulders opposing at the

guideline.18

rd

midline, and lordosis (Figure 2S-T). Skull radiographs
showed unclosed fontanelle, widened skull sutures,
multiple Wormian bones in parietal and occipital bones,
frontal and parietal bossing, maxillary hypoplasia, and
crossbite. The radiograph showed bilateral deformity
and pseudarthrosis of both clavicles, lack of ossification
of pubic bones with apparent widening of the pubic
symphysis, and increased lordosis at the lumbar

Discussion
Approximately two-thirds of CCD cases have been
found to harbor pathogenic variants in RUNX2 and
with heterogeneous phenotypic penetrance.3,15 In
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this study, we reported five index patients with five

the periodontal ligament.28 In RUNX2 knockout mice,

different RUNX2 variants who had classic craniofacial

molar tooth development arrested at the late bud

features of CCD with clinical heterogeneity.

stage.29 Interestingly, both Runx2–/– and Runx2+/-

Three truncating variants identified in the PST

mice developed lingual buds in front of the upper

region were novel. The variants in the PST were

molars more than in wild-type mice, representing the

shown to produce non-functional truncated proteins

extension of dental lamina for successional teeth.30

and impair the transactivation activities of RUNX2 on

It was suggested that Runx2 may have different

osteocalcin promoter, indicating that loss of function

effects at different stages of tooth development.

Most of the

Accordingly, the development of permanent dentition

missense variants have been observed in the RHD

in CCD patients is severely disturbed while the primary

Consistently, the other two missense

dentition is rarely affected.1,28,31 Patients 1-I:2, 2-II:1,

variants (c.673C>T and c.674G>A) were detected in

2-I:2, and 4-II:2 with permanent dentition, showed

the hotspot RHD domain and previously reported in

several dental anomalies, such as malocclusion,

in RUNX2 is responsible for CCD.
domain.

15,16

21

Although

clinically missing of permanent teeth, unerupted

these two variants alter the same amino acid p.Arg225,

teeth, and supernumerary teeth; whereas patients

different clinical features were observed in patients

3-II:2 and 5-II:1, with primary dentition, showed

4-II:2 and 5-II:1. Patient 4-II:2 had aplastic clavicles

no remarkable tooth abnormalities. It may also be

and no parietal bossing, whereas 5-II:1 had deformity

assumed that the effects of RUNX2 haploinsufficiency

and pseudarthrosis of clavicles and lordosis. Functional

on the development of the primary dentition may be

analyses showed that the variants at Arg225 markedly

too subtle to be detected clinically.28

many cases with typical CCD features.

8,16,21,22

reduced transactivation activities and interfered with

Apart from typical CCD features, 1-I:2 also presented

nuclear accumulation of the RUNX2 protein, resulting

with brachydactyly and fourth-ray brachymetatarsia of

in haploinsufficiency of the protein.9,16,22

the left foot and 3-II:1 had partial pseudoepiphysis of

Normal clavicles were observed in Patients 2-II:1

the 2nd and 5th proximal metacarpal bone, shortening

and 2-I:2, who possessed the novel p.Gln301*

of the 2nd and 5th middle phalanges, and fusion of

variant in the PST region. They also shared similar

the 1st distal phalanx. Hand abnormalities, including

craniofacial features, including facial asymmetry, class

brachydactyly, tapering fingers, and short and broad

III malocclusion, and unerupted teeth, suggesting

thumbs, are frequently observed in CCD patients.17,32-34

intra-familial genotype-phenotype correlation. Normal

A decrease or loss-of-function of RUNX2 is associated

clavicles were previously reported in CCD cases with

with CCD; while gain-of-function due to intragenic

different RUNX2 variants, including the missense in

duplications is related to metaphyseal dysplasia with

the RHD domain and the truncating variants in the

maxillary hypoplasia and brachydactyly (MDMHB,

A correlation

MIM #156510).35,36 These suggest that fine-tuning

between dental abnormalities and location of RUNX2

the expression level of RUNX2 is important for normal

variants was demonstrated in a group of five patients

development of the phalanges or metacarpals. There

having normal clavicles. The nonsense variants in the

have been only few clinical case reports describing

QA region presented milder dental phenotypes than

brachymetatarsia in CCD cases, but without genetic

those with missense variants in the RHD domain.

variant identification.37-39 Our findings could lead to

With variants in the PST region and normal clavicles,

genotype-phenotype correlation in the future.

N-terminal, QA, and PST regions.

3,15,23,24

3,23

previous CCD cases were reported with multiple
supernumerary teeth.25,26 Similarly, supernumerary
teeth were found in patients 2-II:1 and 2-I:2.
Further studies are needed to confirm this genotypephenotype correlation.
During tooth development, RUNX2 is expressed
from early stage to the formation of roots and
periodontium.27 It plays a role in osteoblast and
odontoblast differentiation, alveolar bone remodeling
essential for tooth eruption, and the maintenance of

Conclusions
This study showed that RUNX2 is the most common
causative gene of CCD in this small sample of five
patients. Here, we report three novel RUNX2 variants
expanding the genotypic spectrum of CCD and confirm
that the RUNX2 missense variants associated with
typical CCD features are commonly observed in the
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RHD domain. Additionally, we demonstrated that a

3- Baumert U, Golan I, Redlich M, Aknin JJ, Muessig D. Cleidocranial

patient with the novel frameshift variant, c.739delA

dysplasia: molecular genetic analysis and phenotypic-based

(p.(Ser247Valfs*3)), in RUNX2 had brachymetatarsia,
substantiating it as a clinical feature of CCD.
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