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A novel small deletion mutation in RUNX2 gene in one 
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Abstract: Cleidocranial dysplasia (CCD) is a skeletal dysplasia with autosomal-dominant inheritance. The runt re-
lated transcription factor 2 (RUNX2) gene is the only gene in which mutations are known to cause CCD. We report 
identification of a novel small deletions mutation in the RUNX2 gene in a Chinese family with CCD. A 29-year-old fe-
male was diagnosed as proband of CCD based on the clinical findings, which show delayed closure of the fontanels, 
hypoplastic or aplastic clavicles and dental anomalies. Similar dental and skeletal symptoms were also observed 
in the other three affected individuals. We prepared genomic DNA from all four affected individuals, unaffected 
individual from her family members, as well as 100 unrelated healthy controls. PCR was conducted using the above 
genomic DNA as template and the RUNX2 gene-specific primers. The PCR product was subjected to direct sequenc-
ing and the sequence was compared to that of RUNX2 gene within the NCBI database. We detected a small deletion 
CCTA from nucleotide 635 to nucleotide 638 in exon 3 of RUNX2 gene of the proband. This will lead to the introduc-
tion of a translational stop codon at codon 220, resulting in a truncated RUNX2 protein, and therefore within the 
runt domain of the RUNX2 protein. We detected the same mutation in the the other three affected individuals, and 
did not detect any mutation in the unaffected family members or the 100 unrelated healthy controls, demonstrating 
that this is a novel missense mutation in RUNX2 gene and therefore, contributes to the molecular diagnosis of CCD.
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Introduction

Cleidocranial dysplasia (CCD; OMIM 119600) is 
a skeletal dysplasia with autosomal-dominant 
inheritance, which is characterized by delayed 
closure of the cranial sutures, hypoplastic or 
aplastic clavicles, and multiple dental abnor-
malities [1]. Jackson [2] described an extensive 
family with CCD. Manifestations may vary 
among individuals in the same family. Mutations 
in Runt related transcription factor 2 (RUNX2, 
known previously as CBFA1) results in haploin-
sufficiency for the protein and are associated 
with classic CCD. The protein, runt-related tran-
scription factor 2 (RUNX2) is a transcription 
factor involved in bone and cartilage develop-
ment and maintenance. RUNX2 is located at 
chromosome 6p21 and contains nine exons. 
The runt-related transcription factor 2 (RUNX2) 
is a 521-residue protein encoded by three 

RUNX2 transcripts that differ in the 5’-untrans-
lated region (UTR). RUNX2 is essential for the 
osteoblast differentiation during intramembra-
nous as well as chondrocyte maturation during 
endochondral ossification [3]. RUNX2 contains 
an N-terminal stretch of consecutive polygluta-
mine and polyalanine repeats known as the Q/A 
domain, a runt domain, and a C-terminal pro-
line/serine/threonine-rich (PST) activation do- 
main. The majority of RUNX2 mutations in indi-
viduals with classic CCD affect the runt domain 
and most mutations are predicted to abolish 
DNA binding [4-7]. Although additional cases of 
heterozygous mutation in RUNX2 gene have 
been identified in nearly 500 families with CCD, 
including familial and sporadic cases during the 
past ten years [7, 8], mutational screening on 
RUNX2 gene is still far from saturation, and 
more novel mutations will be identified to enrich 
the insights into the molecular basis for patho-
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genesis of CCD. In this study, with one year col-
lection, we obtained one family and six sporad-
ic cases with CCD. By PCR and direct DNA 
sequencing, here, we report identification of a 
novel small deletion mutation in the RUNX2 
gene in a Chinese family with CCD.

Materials and methods

Clinical and radiographic analysis of CCD

A family and six sporadic cases of CCD were 
obtained in the Department of Stomatology, 
Nanfang Hospital, China (Figure 1). Patients 
suspicious of having CCD were determined and 
selected by at least two experienced dentists. 
Dental anomalies, delayed closure of the cra-
nial sutures, and hypoplastic clavicles from pro-
band, affected family members and sporadic 
cases were subjected to radiographic exams. 
Diagnosis of CCD was based on the clinical and 
radiographic findings.

PCR and exon sequencing

PCR was performed using above genomic DNA 
as a template and the RUNX2 gene-specific 
primers. Details of primers and PCR conditions 
have been published elsewhere [6]. Specifically, 
for amplification of exon 3 and 6, the following 
primer pairs were used: for exon 3, sense 5’- 
TCATTGCCTCCTTAGAGATGC and antisense 5’- 
GGACATGAAAGTGACACTAAC; for exon 6, sense 
5’- CTCTGGGAAATACTAATGAGG and antisense 
5’- AGTGCCATGATGTGCATTTGTAAT. The 50 μl 
PCR reaction system contains 100 ng of 
genomic DNA, 10× ThermoPol buffer: 5 μl, pri- 

using Qiagen QIAquick PCR Purification Kit 
(Hilden, Germany), and then sequencing was 
performed at Life Technologies, Inc, Shanghai.

Results

Clinical and radiographic examination

All the patients diagnosed as CCD show delayed 
closure of the cranial sutures, hypoplastic or 
aplastic clavicles, and multiple dental abnor-
malities. She was noted to the dental anoma-
lies including irregular forms of dentition, 
unerupted teeth with supernumerary perma-
nent teeth in the maxilla and mandible, maloc-
clusion, retention of primary teeth, and erup-
tion failure of permanent teeth. By clinical and 
radiographic examinations, her dental develop-
ment (Figure 2A) was characteristically abnor-
mal showing supernumerary teeth that were 
shed spontaneously and delayed eruption of 
permanent teeth. She had other craniofacial 
and other skeletal features. Craniofacial fea-
tures (Figure 2B, 2C) include delayed closure of 
the fontanelles and sutures, wormian bones, 
incomplete gasification of the frontal sinus and 
depressed nasal bridge. Other skeletal fea-
tures (Figure 2D-G) include delayed ossification 
of the pubic symphysis and pubic bones, hypo-
plastic iliac wings, hypoplastic or aplastic clavi-
cles, brachydactyly and joint laxity. Typical den-
tal and skeletal features can be seen both at 
the other three affected individuals and at the 
proband. Overall, the clinical and radiographic 
characteristics of the cases supported the clini-
cal diagnosis of CCD.

Figure 1. Pedigree of the family. 

mer pairs (20 μM): 1 
μl×2, dNTPs (10 mM): 1 
μl, DNA Taq Polymerase 
(Takara, Japan): 0.25 
μl, add ddH2O to 50 μl. 
The PCR conditions 
were: DNA Taq Polyme- 
rase activation at 95°C 
for 5 min, followed by 
35 cycles of denatur-
ation at 95°C for 30 s, 
annealing at 58°C for 
30 s and extension at 
68°C for 1 min, and the 
final extension was 
68°C for 10 min. After 
amplification, the PCR 
products were purified 
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PCR and sequence analysis of RUNX2 gene 

All the coding exons of RUNX2 gene were suc-
cessfully amplified by PCR using corresponding 
exon-specific primers. Sequence comparison 
was conducted according to the NCBI data-
base. We did not detect any mutation in exon 3 
of healthy controls (Figure 3E), while a novel 

small deletion mutation in exon 3 (c.635-
638delCCTA) was detected in a 29-year-old 
female proband (Figure 3A). This mutation will 
result in an amino acid change at codon 212 
(P.Thr212Iso.), which is from an arginine codon 
(ACC) to a glycine codon (ATC). The small dele-
tion/frameshift in the posterior  of the exon 3 
leads to the introduction of a translational stop 

Figure 2. Radiological findings in the proband. (A) Panoramic view showing supernumerary teeth that were shed 
spontaneously and delayed eruption of permanent teeth. (B, C) Cephalometric radiograph showing delayed closure 
of the fontanelles and sutures, wormian bones, incomplete gasification of the frontal sinus and depressed nasal 
bridge. (D-G) Radiograph showing delayed ossification of the pubic symphysis and pubic bones, hypoplastic iliac 
wings, hypoplastic or aplastic clavicles, brachydactyly and joint laxity.
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codon at codon 220, resulting in a truncated 
RUNX2 protein, and therefore within the runt 
domain of the RUNX2 protein. The same muta-
tion was detected in the other three affected 
individuals in this family (Figure 3B, 3D). No 
mutations were detected in non-affected family 
members and the one hundred healthy 
controls.

Discussion 

Cleidocranial dysplasia was originally described 
as dento-osseous dysplasia affecting several 
individuals in a large  pedigree. The term cleido-
cranial dysostosis has been used; however, 
given that  RUNX2  has important functions 
both during skeletal formation and in bone 
maintenance, the disease is more correctly 
considered a dysplasia [9]. Multiple cases with 
Cleidocranial dysplasia have now been report-
ed with most as sporadic cases. Cleidocranial 
dysplasia is inherited in an autosomal domi-
nant manner. Jackson [2] described an exten-
sive family with CCD. Posteriorly, other familial 
cases with Cleidocranial dysplasia suggesting 
autosomal dominant inheritance pattern were 
described in the literature [10-16]. These 
authors reported familial occurrence of 
Cleidocranial dysplasia in which father or moth-
er and his or her son and daughter were affect-
ed, suggesting autosomal dominant inheri-
tance.  CCD affects most prominently those 
bones derived from intramembranous ossifica-
tion, such as the cranium and the clavicles, 
although bones formed through endochondral 
ossification can also be  affected. Our case, 
including six affected individuals in three gen-
erations of a family, presents typical dento-
osseous appearance and clinical findings of 
CCD. The locus for CCD has been mapped to 
chromosome 6p21 where the responsible 
RUNX2 has been located [5]. At the genomic 
level, the longest  RUNX2  transcript variant 
(NM_001024630.3) contains nine exons. 
Transcript variants that encode different pro-
tein isoforms [17] result from the use of alter-
nate promoters as well as alternate  splicing. 
Mutations in RUNX2 result in haploinsufficien-
cy for the protein and are associated with clas-

sic CCD. RUNX2 contains a Q/A domain, a runt 
domain, and a C-terminal PST activation 
domain. The runt domain is a 128-amino-acid 
polypeptide motif originally described in the 
Drosophila runt gene that has the unique ability 
to independently mediate DNA binding and pro-
tein heterodimerization [18].

In this study, we performed a direct DNA 
sequencing of RUNX2 gene in one familial and 
4 sporadic cases of DSAP and one hundred 
unrelated healthy controls. We found a novel 
small deletion mutation (c.635-638delCCTA) in 
the affected individuals, while the normal sister 
did not carry the same mutation. The small 
deletion/frameshift in exon3 leads to the intro-
duction of a translational stop codon at codon 
220, resulting in a truncated RUNX2 protein at 
a length of 220 amino acids. The frameshift 
mutation caused the deletion of the nuclear-
localization signal (NLS). RUNX proteins, in gen-
eral, have an NLS at the C-terminal border of 
the Runt domain. Since NLS is necessary for 
accumulation of RUNX2 protein in the nucleus, 
it was supposed that mutations that deleted 
NLS or located in the NLS might affect the sub-
cellular distribution of RUNX2 [19]. The muta-
tion is located in the carboxy terminus of the 
runt domain of RUNX2 protein, which has been 
frequently identified in CCD patients [7, 8, 20].

In summary, we detected a novel small deletion 
mutation in exon 3 of RUNX2 gene of the pro-
band. This will result in an amino acid change at 
codon 212 (P.Thr212Iso.), and the introduction 
of a translational stop codon at codon 220, 
resulting in a truncated RUNX2 protein at a 
length of 220 amino acids, which will further 
our understanding of the pathogenesis of CCD 
and help with the molecular diagnosis of CCD.
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Figure 3. Mutational analysis of exon 3 of RUNX2. (A-D) The sequences are from the proband (A), the father (B), the 
aunt (C) and the cousin (D) which show a new mutation (c.635-638delCCTA)  in the runt domain. (E) The sequence 
is from the proband’s normal sister. (F) The schematic shows functional domains and the mutation site (c.635-
638delCCTA) identified in the present study. QA, glutamine and alanine repeats; RUNT, Runt domain; NLS, nuclear 
localization signal; NMTS, nuclear matrix targeting signal. 



Novel RUNX2 small deletion mutation in CCD

2495	 Int J Clin Exp Pathol 2014;7(5):2490-2495

Address correspondence to: Dr. Bu-Ling Wu, Depar- 
tment of Stomatology, Nanfang Hospital, College of 
Stomatology, Southern Medical University, 1838 N. 
Guangzhou Ave, Guangzhou 510515, Guangdong, 
P.R. China. Tel: 86-20-62787148; Fax: 86-20-
61642021; E-mail: Wubulingwu@yeah.net

References

[1]	 Zhou G, Chen Y, Zhou L, Thirunavukkarasu K, 
Hecht J, Chitayat D, Gelb BD, Pirinen S, Berry 
SA, Greenberg CR, Karsenty G, Lee B. CBFA1 
mutation analysis and functional correlation 
with phenotypic variability in cleidocranial dys-
plasia. Hum Mol Genet 1999; 8: 2311-2316. 

[2]	 Mundlos S. Cleidocranial dysplasia: clinical 
and molecular genetics. J Med Genet 1999; 
36: 177-182.

[3]	 Jackson WP. Osteo-dental dysplasia (cleido-
cranial dysostosis); the “Arnold head”. Acta 
Med Scand 1951; 139: 292-307.

[4]	 Zheng Q, Sebald E, Zhou G, Chen Y, Wilcox W, 
Lee B, Krakow D. Dysregulation of chondro-
genesis in human cleidocranial dysplasia. Am J 
Hum Genet 2005; 77: 305-312.

[5]	 Matsushita M, Kitoh H, Kaneko H, Mishima K,  
Itoh Y, Tokita Y, Ishiguro N. A novel in-frame  de-
letion of the RUNX2 gene causes a classic  
form of cleidocranial dysplasia. J Bone Miner 
Metab 2014; 32: 96-99. 

[6]	 Lee B, Thirunavukkarasu K, Zhou L, Pastore L, 
Baldini A, Hecht J, Geoffroy V, Ducy P, Karsenty 
G. Missense mutations abolishing DNA binding 
of the osteoblast-specific transcription factor 
OSF2/CBFA1 in cleidocranial dysplasia. Nat 
Genet 1997; 16: 307-310.

[7]	 Mundlos S, Otto F, Mundlos C, Mulliken JB, 
Aylsworth AS, Albright S, Lindhout D, Cole WG, 
Henn W, Knoll JH, Owen MJ, Mertelsmann R, 
Zabel BU, Olsen BR. Mutations involving the 
transcription factor CBFA1 cause cleidocranial 
dysplasia. Cell 1997; 89: 773-779.

[8]	 Otto F, Kanegane H, Mundlos S. Mutations in 
the RUNX2 gene in patients with cleidocranial 
dysplasia. Hum Mutat 2002; 19: 209-216.

[9]	 Kim HJ, Nam SH, Kim HJ, Park HS, Ryoo HM,  
Kim SY, Cho TJ, Kim SG, Bae SC, Kim IS, Stein 
JL, van Wijnen AJ, Stein GS, Lian JB, Choi JY. 
Four novel RUNX2 mutations including a splice 
donor site result in the cleidocranial dysplasia 
phenotype. J Cell Physiol 2006; 207: 114-122.

[10]	 Mendoza-Londono R, Lee B. Cleidocranial dys-
plasia. GeneReviews™ [Internet]. (http://www.
ncbi.nlm.nih.gov/books/NBK1513/).

[11]	 Aggarwal AK, Gargaya S, Sharma S, Pal LS,  
Bahl L, Puri DS, Sarin NK. Cleido cranial dysos-
tosis in five generations of a family with some 
atypical roentgenologic features. Indian Pedi-
atr 1979; 16: 1145-1150.

[12]	 Giannotti A, Tessa A, Patrono C, Florio LD, Ve-
lardo M, Dionisi-Vici C, Bertini E, Santorelli FM. 
A novel CBFA1 mutation (R190W) in an Italian  
family with cleidocranial dysplasia. Hum Mutat 
2000; 16: 277.

[13]	 Golan I, Baumert U, Wagener H, Preising M, 
Lorenz B, Niederdellmann H, Müssig D. Evi-
dence of intrafamilial variability of CBFA1/
RUNX2 expression in cleidocranial dysplasia-a 
family study. J Orofac Orthop 2002; 63: 190-
198. 

[14]	 Puppin C, Pellizzari L, Fabbro D, Fogolari F, Tell 
G, Tessa A, Santorelli FM, Damante G. Func-
tional analysis of a novel RUNX2 missense mu-
tation found in a family with cleidocranial dys-
plasia. J Hum Genet 2005; 50: 679-683.

[15]	 Chelvan HT, Malathi N, Kailasam V, Ponnudu-
rai A. Cleidocranial dysplasia: a family report. J 
Indian Soc Pedod Prev Dent 2009; 27: 249-
252.

[16]	 Marchisella C, Rolando F, Muscarella LA, Zel-
ante L, Bracco P, Piemontese MR. Identifica-
tion of a novel RUNX2 gene mutation in an Ital-
ian family with cleidocranial dysplasia. Eur J 
Orthod 2011; 33: 498-502.

[17]	 Wang S, Zhang S, Wang Y, Chen Y, Zhou L. Clei-
docranial dysplasia syndrome: clinical charac-
teristics and mutation study of a Chinese fam-
ily. Int J Clin Exp Med 2013; 6: 900-907.

[18]	 Geoffroy V, Corral DA, Zhou L, Lee B, Karsenty 
G. Genomic organization, expression of the hu-
man CBFA1 gene, and evidence for an alterna-
tive splicing event affecting protein function. 
Mamm Genome 1998; 9: 54-57.

[19]	 Zhou G, Chen Y, Zhou L, Thirunavukkarasu K, 
Hecht J, Chitayat D, Gelb BD, Pirinen S, Berry 
SA, Greenberg CR, Karsenty G, Lee B. CBFA1 
mutation analysis and functional correlation 
with phenotypic variability in cleidocranial dys-
plasia. Hum Mol Genet 1999; 8: 2311-2316.

[20]	 Zhang C, Zheng S, Wang Y, Zhao Y, Zhu J, Ge L. 
Mutational analysis of RUNX2 gene in Chinese 
patients with cleidocranial dysplasia. Muta-
genesis 2012; 25: 589-594.

[21]	 Yoshida T, Kanegane H, Osato M, Yanagida M, 
Miyawaki T, Ito Y, Shigesada K. Functional anal-
ysis of RUNX mutations in Japanese cases with 
cleidocranial dysplasia demonstrates novel 
genotype-phenotype correlations. Am J Hum 
Genet 2002; 71: 724-738.

mailto:Wubulingwu@yeah.net

