Unique occurrence of long bone fragility with cranial hyperostosis:

Searching for the genetic culprit
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Background

Clinical course
Craniosynostosis

Disorders which inversely affect intramembranous and
enchondral bone formation have been associated with
irregular Runx2 expression:
While inactivating Runx2 mutations cause low-turnover
bone disease and patent fontanels in cleidocranial
dysplasia, Runx2 overexpression leads to metaphyseal
dysplasia with maxillary hypoplasia and brachydactyly
(MDMHB) with a nearly opposite phenotype. To our
knowledge, no similar entities without alterations of
Runx2 expression have been described .

At the age of 26 months, head circumference was above the
97th percentile. Fundoscopy revealed mild bilateral
papilledema. Cerebrospinal opening pressure was elevated
(26 cm H2O). After unsuccessful conservative treatment and
because of persistent papilledema a shunt was implanted at
age 28 months. Thereafter, the papilledema regressed
somewhat and became stable.
An MRI at the age of 40 months showed signs of increased
intracranial pressure without any involvement of optic and
auditory nerves and no changes compared with the MRI at
the age of 22 months. In follow-up investigations, vision and
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date.
Overview of genetic causes for craniosynostosis

We describe a 5 year old boy of non-consanguineous
Austrian parents. Early onset of long bone fractures due
to bone fragility and severe scoliosis were combined with
cranial hyperostosis and craniosynostosis. Elevated ALP
Fig 1: Patient at 36 months
and TRAP5b suggested a high turnover bone disease,
which was confirmed in a bone biopsy. Linear growth and psychomotoric development are
so far unaffected, but fracture rate is high.

Case history
Clinical history
The boy was born full term after an uneventful pregnancy. Birth
was by caesarian section because of umbilical cord enlacement.
Birth weight was 3730g, length 53 cm and head circumference 38
cm. Apgar score was 7/9/9. Both parents are healthy and of
average height. There is no family history of bone disorders or
increased fracture rates.

Plagiocephaly was diagnosed clinically and treated with a helmet.
The deformity improved after some months and no further
investigations or X-rays were performed. Psychomental and cross
motor development was normal. The boy started walking at age
13 months. Severe scoliosis was diagnosed (50 degree according to
Cobb at L5/TH1, Fig 2) after a second episode of limping at age 22
months. Conservative therapy with a corsage was initiated (Fig 1).

Discussion
Craniosynostosis and long bone fragility fragility due to high turnover diseases
represent two distinct bone phenotypes which can be caused by defects in the in
coupling of osteoblast and osteoclast function.
To our knowledge, the phenotype of our patient featuring hyperostosis of
membranous bone and long bone fragility with high turnover has not been
described in detail so far. Due to the striking differences between the phenotypes
in the different types of bone within the same patient, an underlying cause in a
major regulator of bone formation is anticipated.
In animal model systems, a similar phenotype of osteopenia and relatively
increased mineralization of membranous bone and craniosynostosis has been
shown in Runt-related transcription factor 2 (Runx2) overexpression models (He
et al, Geoffroy et al).
Recently, several case reports on patients featuring multiplications of the Runx2
locus have been published with the diagnosis of “metaphyseal dysplasia with
maxillary hypoplasia and brachydactyly” (MDMHB). Interestingly, striking
similarities of symptoms except the eponymous clinical features became obvious
between MDMHB cases and our patient (Fig. 6; Tab. 3).
Regarding craniosynostosis and cranial hyperostosis, the inner rather than the
outer table showed overgrowth in imaging studies of our patient. Differing gene
expression patterns in ectocranial and endocranial osteoblasts have been shown
for osteopontin (OPN), bone sialoprotein (BSP) and osteocalcin (OCN) (Candeliere
et al). Supporting our hypothesis, both BSP and OPN are known to contain RUNX2
binding site osteoblast-specific binding elements.
In contrast to Runx2 knockout mice, knockouts of these genes exhibited relatively
mild phenotypes. Thus, we suspect a genetic alteration in a regulator of Runx-2
rather than in a Runx-2 regulated mediator in our patient. So far, neither whole
exome sequencing nor mutational analysis of Runx2 revealed an underlying
genetic alteration.

Fig 2: CT scan spine
Scoliosis was occuring in the
second life year and treated
with a corsage

Long bone fractures
At the age of 24 months, a minimal trauma led to a fracture
of the left femur and an X-ray revealed an old fracture on
the right femur (Fig 3). Both fractures healed quickly under
extraction therapy without complications. A clear diagnosis
was not possible even after repeated expert evaluation of
radiographs.
At the age of 3 years, the boy sustained four fractures of
the femur, all of which healed quickly and without
complications or deformities. His statomotor development
was normal and he was able to attend kindergarten.
With time, fractures became more frequent and a therapy
with bisphosphonates (neridronic acid 2mg/kg every 3
months) was started at age 4 years and 9 months. Since
then (9 months) two more fractures have occurred (Total
fracture history: 2x right femur, 6x left femur, 5x left tibia,
1x right tibia, 1 sacrum).

Fig 3: Femoral fractures
Fracture of the left femur after
minimal trauma and previously
undetected old fracture of the right
femur at the age of 24 months

Clinical feature

Lab results
Laboratory
investigations
showed
elevated
alkaline
phosphatase (1793 IU/l, normal
range 42-362 IU/l) but normal
serum calcium, phosphate 25
and 1,25 vitamin-D levels. PTH
and osteocalcin levels were
within the age-specific normal
range.
Cathepsin
K
and
scleorstin were detectable in the
serum of the patient. In line with
high turnover bone disease,
TRAP5b levels were above
detection range of the assay
(>15,5 U/l ).
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Schematic overview of selected key pathways, regulators and functions of osteoblasts
and osteoclasts. Items which were investigated in our patient are marked according to
the legend in the lower right corner .(created with PathVisio3)
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Transiliac bone biopsy
At the age of 4 years, transiliac bone biopsy was taken and histomorphometric analysis
was performed. The patient exhibited an extreme decrease in bone matrix
mineralization in cancellous, to a lesser degree in the cortical bone compartments (Fig
7).
The increased bone turnover was likely to be responsible for these changes in bone
matrix mineralization density distribution (BMDD). However, an additional contribution
of changes in matrix mineralization kinetics could not be excluded. The BMDD width
was markedly increased indicating an increased heterogeneity in mineralization.
The produced bone matrix was not laid down in well ordered bone lamellae. Further,
the osteoblast number and density appeared remarkably increased.

Tab 1: Differential diagnosis 1
Overview of genetic and syndromal causes for high
turnover bone disease and osteosclrosis

Plain x-ray and cranial CT revealed enormous thickening of the calvarium at the age of 26
(Fig 4). All cranial sutures were closed with scalloping of the inner table, involvement
the orbital roofs and the base of the skull. Osteosclerosis of the spine and clavicles was
observed while the iliac wings are somewhat underdeveloped.
Bowing of the femur and tibia suggesting a weak bone disorder, different to sclerosteosis,
LRP5 activation, or van Buchem’s disease. The cortex in areas of the femur appeared thin
with lucencies.

Fig 7: Bone matrix mineralization density distribution
Decrease in bone matrix mineralization was mainly observed in cancellous
bone. Broader heterogenity in mineralization is in line with high-turnover bone
disease.
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Fig 6: Overview of osteoblast and osteoclast function

Moffat et al

Fig 4: Comparison of phenotypes
Similarities between the patient’s clinical features and a patient with metaphyseal dysplasia with maxillary
hypoplasia and brachydactyly due to Runx2 duplication (Moffat et al).

Genetic analyses
Mutational analysis of candidate genes has been performed both at the Medical
University of Vienna and at the Washington Univerisity, St. Louis, USA (Tab. 1, 2).
No mutation was found in the analyses.
SNP array analysis as well as whole exome sequencing was performed in the
patient as well as in the parents. So far, no underlying genetic alteration could
be identified. Due to similarities of clinical features, the Runx2 locus was
additionally sequenced but no mutation could be identified.
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Tab 3: Comparison of case report with Runx2 multiplications
Multiplications of the Runx2 locus have been reported to be causative for various
skeletal symptoms under the diagnosis of “metaphyseal dysplasia with maxillary
hypoplasia and brachydactyly” (MDMHB). Prevalence of single symptoms was
variable and showed similarities with the case of our patient.

Conclusions
So far, we could not identify an underlying genetic cause for the
complex phenotype of our patient.
Despite the absence of mutations or duplications of Runx2 in our
patient, many clinical features resemble metaphyseal dysplasia
with maxillary hypoplasia and brachydactyly (MDMHB) caused by
Runx2 overexpression.
We speculate that genetic alterations of a novel, Runx2-associated
regulator of bone formation could be causative for this uncommon
clinical picture.
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