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Abstract
Background: Cleidocranial dysplasia (CCD) is a rare hereditary disorder that arises from heterozygous loss of
function mutations in the runt-related transcription factor 2 (RUNX2) gene. As RUNX2 is mainly expressed in
osteoblasts, CCD typically affects the skeletal and dental systems. Few studies have investigated RUNX2 mutation
effects on non-skeletal systems. Here, we describe limb-girdle myopathy, an uncommon phenotype of CCD, in a
patient with a heterozygous missense mutation (p.R225Q) in the RUNX2 gene.
Case presentation: A 58 year-old man presented with progressive back pain and six months of weakness in the
proximal parts of all four limbs. Physical examinations showed that he was short in stature (height, 164.4 cm;
weight, 79.1 kg) with a dysmorphic face, including hypertelorism, midface hypoplasia, and chin protrusion. At a
young age, he had received orthodontic surgery, due to dental abnormalities. Neurological examinations revealed
sloping shoulders, weakness, and atrophy in the proximal areas of the arms, shoulder girdle muscles, and legs. The
deep tendon reflex and sensory system were normal. Radiological examinations revealed mild scoliosis, shortened
clavicles, and a depressed skull bone, which were consistent with a clinical diagnosis of CCD. Electromyography
(EMG) studies showed myogenic polyphasic waves in the deltoid, biceps brachii, and rectus femoris muscles.
Instead, the EMG findings were normal in the first dorsal interosseous, tibialis anterior and facial muscles. The EMG
findings were compatible with a limb-girdle pattern with facial sparing. The patient’s family history showed his
father and eldest daughter with similar dysmorphic faces, skeletal disorders and proximal upper extremity weakness.
We sequenced the RUNX2 gene and discovered a heterozygous missense mutation (c.G674A, p.R225Q), which
altered the C-terminal end of the RUNX2 protein. This mutation was predicted to inactivate the protein and might
affect its interactions with other proteins. This mutation co-segregated with the disease phenotypes in the family.
Conclusions: We described limb-girdle myopathy in a patient with CCD that carried a heterozygous RUNX2
missense mutation. This uncommon phenotype expanded the phenotypic spectrum of the RUNX2 p.R225Q
mutation. The role of RUNX2 in myogenic development merits future studies. Our findings remind clinicians that
myopathic patients with myopathies combined with facial dysmorphism and shortened clavicles should consider
the diagnosis of CCD.
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Background
Cleidocranial dysplasia (CCD, OMIM 119600) is a rare
skeletal disorder of autosomal dominant inheritance
with an estimated incidence of 1/1,000,000 [1]. The main
clinical features of CCD include persistent, open cranial
sutures with bulging calvaria; hypoplasia or aplasia of
the clavicles; dental anomalies; a short middle phalanx
in the fifth finger; and associated vertebral anomalies [2].
This condition is primarily caused by mutations in the
gene that encodes runt-related transcription factor 2
(RUNX2, MIM #600211), located on chromosome 6p21
[3]. The RUNX2 gene encodes a 521 amino-acid protein
with a highly conserved region of 128 amino acids (runt
domain), an N-terminal stretch of glutamine/alanine repeats (Q/A domain), and a C-terminal proline/serine/
threonine-rich (PST) domain [2]. The RUNX2 protein
functions mainly in osteoblast differentiation and regulation [4], which contributes to the skeletal and dental
abnormalities observed in CCD. In addition to its expression in osteoblasts, the RUNX2 protein is also
present in non-osteoblast cells, including skeletal and
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smooth muscle cells [5], T cells [6], sperm cells, and
neurons [7]. However, few patients with CCD manifest
extra-skeletal manifestations. Here, we describe limbgirdle myopathy, an uncommon phenotype in CCD, in a
patient with a heterozygous missense mutation in the
RUNX2 gene.

Case presentation
We examined a 58-year-old man with no underlying
medical conditions. He presented with progressive back
pain and 6 months of weakness in the proximal parts of
all four limbs. There was no diplopia, chocking, swallowing difficulty, drop neck, respiratory distress or other
symptoms of heart failure while tracing back his history.
Physical examinations showed he was short in stature,
with a height of 164.4 cm and a weight of 79.1 kg. He
had a dysmorphic face with hypertelorism, midface hypoplasia, and chin protrusion (Fig. 1a). He had received
orthodontic surgery due to dental abnormalities while
he was young. Neurological examinations revealed sloping shoulders, atrophy of the shoulder girdle muscles,

Fig. 1 Clinical pictures and radiologic findings for the index patient with CCD. a The photographs show a flat face, sunken nasal bridge,
hypertelorism, chin protrusion, and sloping shoulders. Arrows indicate atrophy of bilateral shoulder girdle muscles. b Chest X-ray shows the
absent right clavicle (arrow) and a hypoplastic left clavicle. c Skull X-ray shows wormian bones in the skull (left panel) and a hypoplastic maxilla
(right panel). d Spine X-ray reveals mild scoliosis of the thoraco-lumbar spine
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and symmetrical weakness in the proximal parts of the
arms and legs. There was no facial weakness or limitation of extra-ocular movement. The deep tendon reflex
and sensory systems were normal. Radiological examinations revealed wormian bones in the skull, the absence
of the right clavicle, hypoplasia of the left clavicle, and
mild scoliosis. These signs were consistent with the clinical diagnosis of CCD (Fig. 1b–d). Electromyography
(EMG) revealed myogenic polyphasic waves of small
amplitude and short-duration polyphasic waves at 400–
500 μV in the bilateral biceps brachii, deltoid, infraspinatus, trapezius, and rectus femoris muscles. However, the
EMG findings were normal in bilateral first dorsal interosseous, tibialis anterior and facial muscles. Magnetic
resonance imaging (MRI) of the upper extremity showed
atrophy associated with fatty infiltration of right deltoid
and biceps brachii muscles without acute edematous
changes, suggesting a chronic muscle insult (Fig. 2a, b).
These findings indicated a limb-girdle distribution of
chronic myopathy. Laboratory data, including the serum
creatine kinase level, were normal. The thyroid function,
tumor markers, and autoimmune profiles for survey of
common metabolic and inflammatory myopathy were
within normal limits. Muscle biopsy of right biceps brachii muscle was suggested but this suggestion was declined by the patient. The patient did not have
symptoms of respiratory distress or heart failure sign.
Cardiac echo showed normal cardiac contractility and
the heart ejection fraction is within normal limits. The
patient’s family history showed that his father and eldest
daughter had similar skeletal, dental disorders and proximal weakness of upper extremity (Fig. 3a). EMG findings of bilateral deltoid, biceps brachii and rectus
femoris muscles of the proband’s elder daughter also
showed myopathic polyphasic waves. These observations
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suggest that the myopathy is not a sporadic condition
associate with the patient but segregate with the skeletal
problems within his family.
The patient initially presented with facial dysmorphism, sloping shoulders, atrophy, and weakness, predominantly over the shoulder girdle. Therefore, we
analyzed the double homeobox DUX4 gene for facioscapulohumeral muscular dystrophy. In addition, the
radiologic findings and the patient’s autosomaldominant family history were consistent with CCD.
Therefore, we also analyzed the RUNX2 gene after
the patient provided informed consent. Genomic
DNA was extracted from peripheral whole blood for
PCR analysis. We amplified exons 1 through 8 and
the flanking intronic sequences of the RUNX2 gene
with eight pairs of PCR primers, designed as previously described [8]. Genetic analysis for the DUX4
gene was performed as previously described [9]. The
purified PCR products were sequenced in both directions at our on-site biochemistry sequencing facility
with Big Dye Version 3.1 and a 3730 XL sequencer
(Applied Biosystems, Foster City, CA). We found that
the patient carried a heterozygous missense mutation
(c.G674A, p.R225Q), located at the C-terminal end of
the RUNX2 protein. This mutation was predicted to
inactivate the protein, and it might also affect protein
structural stability and interactions with other proteins. The reference sequence and base-pair numbers
refer to GenBank accession numbers AF001443AF001450 and NM_001024630. This mutation cosegregated with the disease phenotype in the patient’s
family (Fig. 3B). Research protocol was reviewed by
the institutional ethics board committee of the National
Taiwan University Hospital and all subjects gave informed
consent.

Fig. 2 MRI of right upper extremity of the index patient. a Coronal T1 weighted MRI shows atrophy and fatty infiltration of the deltoid (arrow),
and biceps brachii (arrowhead) muscles. b Sagittal T1 weighted MRI displays concomitant atrophy and fatty infiltration of the trapezius (arrows)
and biceps brachii (arrowhead) muscles
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Fig. 3 Family pedigree and genetic analysis of the RUNX2 gene of the index patient with CCD. a Family pedigree of the index family. Black
symbols denote family members affected with CCD. The proband we described in the current study is marked with an arrow. m, mutated alleles;
wt, normal alleles. b Chromatograms of direct sequencing of the RUNX2 genomic sequence. Genetic analysis reveals a single nucleotide change
(c.674G > A, p.Arg225Gln, right panel) compared to the wild type sequence (left panel). The mutations identified in this study were located in the
indicated position

Conclusions
To date, variable RUNX2 mutations have been described
in subjects with CCD, including insertions, deletions,
nonsense, and missense mutations. CCD has been reported in people of Mongoloid ethnicity, including Japanese, Korean, Chinese, and Taiwanese [10–13]. In most
cases, patients present with classical skeletal and dental
abnormalities that appear in childhood. Here, we described a patient with CCD that exhibited an uncommon
initial manifestation of late-onset, limb-girdle myopathy,
due to a missense mutation (c.G674A, p.R225Q) in the
RUNX2 gene.
The missense mutation, p.R225Q, located at the Cterminal end of the runt domain, is a known mutational
hotspot in the RUNX2 gene [14, 15]. The runt domain is
a highly conserved DNA-binding domain, which binds
to a consensus DNA sequence. The runt domain also
mediates binding to CBFβ, an unrelated partner protein
that does not interact directly with DNA, but enhances
the DNA-binding affinity of the RUNX protein [16]. In
our patient, the substitution of Arg225 with glutamine
abolished the positive charge of the protein at this position, which was predicted to impair the DNA binding
ability of RUNX2 [15]. Therefore, the p.R225Q mutation
can cause severe phenotypes in CCD.

The p.R225Q mutation was previously reported in a
Taiwanese patient with sporadic CCD. The age of onset
was 8 years old, and the patient presented with classical
bone phenotypes that had appeared in childhood [10].
This mutation was later reported in a teenage Korean
patient with sporadic CCD, who also presented with
dental and skeletal problems [11]. Those carriers of the
RUNX2 p.R225Q mutation reported no neurological
complaints; in particular, there were no symptoms or
signs of myopathy. In addition, a nearby nucleotide missense mutation, which changed the same amino acid,
c.C673T (p.R225W), was previously described in one
Italian family, but no atypical features were reported
[17]. Those observations reinforced the notion that
Arg225 played a vital role in the function of the RUNX2
protein, and the mutation carriers most commonly exhibited childhood or juvenile onset of dental or skeletal
abnormalities, without neurological system involvement.
Notably, the patient in the present study initially presented with an upper extremity, predominant limbgirdle myopathy. As extra-skeletal presentation, especially myopathy, is not common in patients with CCD,
we performed computerized English language literature
searches to identify case reports of myopathy or other
related neurological presentations in patients with CCD,
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Table 1 Clinical and genetic findings in three CCD patents presented with myopathy
Subjects/reference

Classical
CCD

Involvement of
weakness

Other neurological
signs

EMG findings

MRI findings

Muscle
biopsy

RUNX2 mutation

Case 7, Tessa et al.,
2003 [17]

+

Limb-girdle
myopathy

Conductive
deafness

N.A.

N.A.

N.A.

Exon 2-intron junction
(IVS2 + 2 T > A)

Case 4, Tessa et al.,
2003 [17]

+

Limb-girdle
myopathy

-

N.A.

N.A.

N.A.

c.389G > A (W130X)

Index patient of the
current study

+

Limb-girdle
myopathy

-

Short-duration,
small-amplitude
polyphasic waves

Atrophy with fatty
infiltration patterns

N.A.

c.674G > A (R255Q)

CCD cleidocranial dysplasia, EMG electromyography, MRI magnetic resonance imaging, N.A. not available

making use of the following databases: PubMed (from
1975), and Ovid MEDLINE (from 1975). We used the
following main key words for searches: cleidocranial dysplasia, myopathy, weakness, atrophy and neurological
symptoms. For each selected article, the clinical descriptions of study subjects were carefully reviewed. After
carefully reviewing more than 500 case studies, 13 studies reported their CCD patients present with muscle
weakness. Among these 15 reported cases, 2 were found
to carry FIG 4 gene mutation without RUNX2 gene mutations, 1 patient was diagnosed as Ritscher-Schinzel
syndrome, 2 subjects’ weakness were secondary to cervical myelopathy, 8 cases were lacking of detailed descriptions of the weakness and the remaining 2 cases
presented with limb-girdle myopathy (Table 1). In those
cases, CCD was related to the c.G389A nonsense mutation (p.W130X) and a mutation in the exon 2-intron
junction splice site (IVS2 + 2 T > A) [17]. The p.W130X
mutation produced a protein predicted to lack 390
amino acids, including part of the runt and PST domains. The subject with the IVS2 + 2 T > A mutation
exhibited mild conductive deafness, in addition to myopathy. Histological and histochemical analyses of a muscle
biopsy specimen from the patient that carried the
p.W130X mutation revealed minor, non-specific, myopathic changes [17]. These observations, combined with
our findings, suggested that muscular weakness was not
associated with mutations in any particular protein domain; thus, muscle weakness might be related to the loss
of function of the gene product. Recent studies have
shown that the expression of the RUNX2 transcription
factor may not be limited to osteoblasts and mesenchymal stem cells; expression was also found in nonosteoblast cells [5–7]. Several lines of evidence have indicated that RUNX2 also plays an important role in adipogenesis and skeletal muscle differentiation [18, 19].
RUNX2 stimulated the trans-differentiation of primary
skeletal myoblasts into a mineralizing osteoblastic
phenotype. RUNX2 also prevented myogenesis and myotube formation via the suppression of MyoD and myogenin transcripts [19]. Thus, RUNX2 broadly modulates
cellular fates, including the fate of skeletal muscle cells.

Therefore, we hypothesized that mutations in the
RUNX2 gene may lead to damaging effects in muscle
cell maturation, which result in myopathy.
In summary, this case study described an uncommon
phenotype of late-onset limb-girdle distribution myopathy in a patient with CCD, associated with a RUNX2
p.Arg225Gln mutation. Considering the role of the
RUNX2 transcription factor in myogenesis, it is not surprising that a carrier of the RUNX2 mutation presented
with extra-skeletal features. Our findings extended the
phenotypic spectrum of the RUNX2 p.R225Q mutation,
from typical dental/skeletal abnormalities to a limbgirdle pattern of myopathy. Our results also remind clinicians that patients with myopathies that present with
facial dysmorphism and dental or skeletal deformities
should be differentially diagnosed for CCD.
Abbreviations
CCD: Cleidocranial dysplasia; RUNX2: Runt-related transcription factor 2
Acknowledgements
We thank the patient in this case study and his family for participating in the
study. We are also grateful to the staff of the Second Core Lab, Department
of Medical Research, National Taiwan University Hospital, for technical
support during the study.
Funding
This work was supported by the Ministry of Science and Technology
(grant number: MOST 104-2314-B-002-175-MY2).
Availability of data and materials
All the relevant raw data in the current study will be freely available to any
scientist wishing to use them for non-commercial purposes, without breaching
participant confidentiality.
Authors’ contributions
Study concept and design: CH Lin. Acquisition of data: SJ Hsueh, NC Lee, SY
Yang, and HI Lin. Analysis and interpretation of data: SJ Hsueh, HI Lin, and
CH Lin. Drafting of the manuscript: SJ Hsueh and CH Lin. Critical revision of
the manuscript for important intellectual content: SJ Hsueh and CH Lin.
Study supervision: CH Lin. All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Consents to publish have been obtained from the index patient and his
family members reported in this study.

Hsueh et al. BMC Neurology (2017) 17:2

Ethics approval and consent to participate
This study was approved by the institutional review board of National Taiwan
University Hospital and all study participants gave their inform consents before
entering the study. Our study is in accordance with the Declaration of Helsinki
and all authors agreed the Publish Statements of BMC Neurology.

Page 6 of 6

18. Enomoto H, Furuichi T, Zanma A, Yamana K, Yoshida C, Sumitani S, et al.
Runx2 deficiency in chondrocytes causes adipogenic changes in vitro. J Cell
Sci. 2004;117:417–25.
19. Gersbach CA, Byers BA, Pavlath GK, García AJ. Runx2/Cbfa1 stimulates
transdifferentiation of primary skeletal myoblasts into a mineralizing
osteoblastic phenotype. Exp Cell Res. 2004;300:406–17.

Author details
1
Department of Neurology, National Taiwan University Hospital, No. 7,
Chung-Shan South Road, Taipei 100, Taiwan. 2Department of Medical
Genetics, National Taiwan University Hospital, Taipei 100, Taiwan.
3
Department of Orthopedics, National Taiwan University Hospital, No. 7,
Chung-Shan South Road, Taipei 100, Taiwan.
Received: 24 August 2016 Accepted: 7 December 2016

References
1. Brueton LA, Reeve A, Ellis R, Husband P, Thompson EM, Kingston HM.
Apparent cleidocranial dysplasia associated with abnormalities of 8q22 in
three individuals. Am J Med Genet. 1992;43:612–8.
2. Mundlos S. Cleidocranial dysplasia: clinical and molecular genetics. J Med
Genet. 1999;36:177–82.
3. Lee B, Thirunavukkarasu K, Zhou L, Pastore L, Baldini A, Hecht J, et al.
Missense mutations abolishing DNA binding of the osteoblast-specific
transcription factor OSF2/CBFA1 in cleidocranial dysplasia. Nat Genet.
1997;16:307–10.
4. Komori T. Regulation of osteoblast differentiation by transcription factors.
J Cell Biochem. 2006;99:1233–9.
5. Tanaka T, Sato H, Doi H, Yoshida CA, Shimizu T, Matsui H, et al. Runx2
represses myocardin-mediated differentiation and facilitates osteogenic
conversion of vascular smooth muscle cells. Mol Cell Biol. 2008;28:1147–60.
6. Satake M, Nomura S, Yamaguchi-Iwai Y, Takahama Y, Hashimoto Y, Niki M,
et al. Expression of the Runt domain-encoding PEBP2 alpha genes in T cells
during thymic development. Mol Cell Biol. 1995;15:1662–70.
7. Jeong JH, Jin JS, Kim HN, Kang SM, Liu JC, Lengner CJ, et al. Expression of
Runx2 transcription factor in non-skeletal tissues, sperm and brain. J Cell
Physiol. 2008;217:511–7.
8. Mundlos S, Otto F, Mundlos C, Mulliken JB, Aylsworth AS, Albright S, et al.
Mutations involving the transcription factor CBFA1 cause cleidocranial
dysplasia. Cell. 1997;89:773–9.
9. Lemmers R, Miller DG, van der Maarel SM. Facioscapulohumeral Muscular
Dystrophy, in GeneReviews(R), R.A. Pagon, et al., Editors. University of
Washington: Seattle; 1993.
10. Lin WD, Lin SP, Wang CH, Tsai Y, Chen CP, Tsai FJ. RUNX2 mutations in
Taiwanese patients with cleidocranial dysplasia. Genet Mol Biol. 2011;34:201–4.
11. Lee KE, Seymen F, Ko J, Yildirim M, Tuna EB, Gencay K, et al. RUNX2
mutations in cleidocranial dysplasia. Genet Mol Res. 2013;12:4567–74.
12. Wu LZ, Su WQ, Liu YF, Ge X, Zhang Y, Wang XJ. Role of the RUNX2 p.R225Q
mutation in cleidocranial dysplasia: a rare presentation and an analysis of
the RUNX2 protein structure. Genet Mol Res. 2014;13:1187–94.
13. Shibata A, Machida J, Yamaguchi S, Kimura M, Tatematsu T, Miyachi H, et al.
Characterisation of novel RUNX2 mutation with alanine tract expansion
from Japanese cleidocranial dysplasia patient. Mutagenesis. 2016;31:61–7.
14. Otto F, Kanegane H, Mundlos S. Mutations in the RUNX2 gene in patients
with cleidocranial dysplasia. Hum Mutat. 2002;19:209–16.
15. Yoshida T, Kanegane H, Osato M, Yanagida M, Miyawaki T, Ito Y, et al.
Functional analysis of RUNX2 mutations in Japanese patients with
cleidocranial dysplasia demonstrates novel genotype-phenotype
correlations. Am J Hum Genet. 2002;71:724–38.
16. Bartfeld D, Shimon L, Couture GC, Rabinovich D, Frolow F, Levanon D, et al.
DNA recognition by the RUNX1 transcription factor is mediated by an
allosteric transition in the RUNT domain and by DNA bending. Structure.
2002;10:1395–407.
17. Tessa A, Salvi S, Casali C, Garavelli L, Digilio MC, Dotti MT, et al. Six novel
mutations of the RUNX2 gene in Italian patients with cleidocranial dysplasia.
Hum Mutat. 2003;22:104.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

