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ABSTRACT
Osteogenesis imperfecta Type XV, first reported in 2013, is caused by WNT1 
gene mutations and is characterized by moderate to severe bone fragility 
and deformities with osteoporosis. We reported three cases of patients with 
WNT1-related osteogenesis imperfecta, who presented in early infancy and 
subsequently developed multiple fractures and bone deformities but with 
different extra-skeletal manifestations, including one patient with neonatal 
supraventricular tachycardia with Wolf-Parkinson-White syndrome, which was 
not reported in previous literature.
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Introduction
Osteogenesis imperfecta (OI) is an inherited skeletal 
dysplasia characterized by bone fragility and deformities. 
The majority of cases are caused by pathogenic variants 
encoding collagen Type 1 but alterations in genes 
not encoding collagen Type 1 account for 15-25% of 
cases.1 According to the Online Mendelian Inheritance 
in Man (OMIM) database, there are up to twenty-two 
types of osteogenesis imperfecta. OI Type XV is caused 
by mutations of the WNT1 gene, which is not related 
to collagen Type 1 synthesis but related to osteoblasts’ 
function. Here we report three patients with OI Type XV 
in recent years who had significant skeletal deformities 
and osteoporosis but with different extra-skeletal 
manifestations.

Case Report

Patient 1

Our first patient is a 29-year-old Chinese lady. She 
presented at one month of age with a large anterior 
fontanelle, craniotabes, blue sclera and generalized 
hypotonia. The skeletal survey showed multiple long 
bone fractures including the left humerus, left clavicle 
and left-sided ribs with generalized osteopenia. She 
subsequently developed repeated fractures of the long 
bones with severe skeletal deformities and scoliosis 
(Figure 1a, 1b). She was wheelchair-dependent and 
her final height was 82 cm. She had mild ptosis. 
She developed severe restrictive lung disease with 
obstructive sleep apnoea requiring nocturnal bi-level 
positive airway pressure ventilation support. She also had 
right conductive hearing loss. Targeted next-generation 

sequencing (NGS) of OI gene panel was performed 
in 2015 when she was 22 and it identified compound 
heterozygous mutations of the WNT1(NM_005430.3) 
gene: c.506dupG, p.(Cys170Leufs*6), which had been 
reported as pathogenic in patients with OI type XV and 
a novel frameshift variant c.776_782dupGCAACCG, 
p.(Gly262Glnfs*57) at that time. She was put on 
regular pamidronate infusion when she was 13 years 
old for five years. Her bone pain and bone mineral 
density improved after pamidronate. However, she 
developed increased bone pain during the drug holiday 
and hence pamidronate was resumed (Graph 1). 
Despite pamidronate, she continued to develop new 
fractures.

Figure 1a. X-ray of Patient 1 with severe scoliosis 
when she was 15.
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Figure 1b. X-ray of Patient 1 with lower limb 
deformities (arrows) when she was 26.

3.13 kg. He had down-slanting palpebral fissures, 
ptosis and craniotabes. There was no blue sclera. He 
developed cardiac arrest on day 4 of life responsive to 
cardiopulmonary resuscitation for 3 minutes. He had 
Wolf-Parkinson-White (WPW) syndrome features on 
the electrocardiogram (Figure 2a). He developed an 
episode of supraventricular tachycardia at one month 
of life which was aborted by carotid massage and was 
subsequently put on propranolol. The echocardiogram 
did not review any structural abnormalities. He was first 
noted to have fractures of the left clavicle and left 2-4th 
ribs with osteopenia on the chest X-ray at one month 
of life. Within the first three months, he developed 
multiple fractures of the long bones without significant 
trauma. He was started on pamidronate infusion at 
10 months of age. He continued to have fractures of 
the long bones 4-5 times per year documented by 
X-rays and significant osteoporosis. His family opted 
not for further pamidronate infusion when he was 4 
years old because they did not find a significant effect 
of pamidronate on the patient and the central line 
for pamidronate infusion had been blocked. He suffered 
from significant bone deformity with bowing over the 
femurs, tibias and humerus with scoliosis (Figure 2b). 
Osteotomy was offered to the family. Whole exome 
sequencing was performed when he was three years 
old and noted compound heterozygous mutations of the 
WNT1(NM_005430.3) gene: heterozygous missense 

Graph 1. Bone mineral density (BMD) of Patient 1 over L1-4 in relation to bisphosphonate treatment. Solid line: 
z-score. Dotted line: bone mineral density in g/cm2.

Reference for z-score: Wu XP, Liao EY, Zhang H, Shan PF, Cao XZ, Liu SP. Establishment of BMD reference 
plots and determination of peak BMD at multiple skeletal regions in mainland Chinese women and the diagnosis 
of osteoporosis. Osteoporosis international. 2004 Jan;15(1):71-9.

Patient 2

Our second patient was a 7-year-old Chinese 
boy. He was born at 35 weeks of gestation by 
spontaneous vaginal delivery with a birth weight of 

Bone mineral density L1-4 over Age for Patient 1
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likely pathogenic variant c.385G>A, (p.Ala129Thr) 
and c.937C>T, (p.Arg313Cys), which was novel at the 
moment of analysis but subsequently reported to be 
related to osteogenesis imperfecta. Regarding the other 
systems, an MRI of the brain at four months of age 
showed widened basal cisterns with brachycephaly and 
a cystic lesion in the left temporal lobe compatible with 
a porencephalic cyst (Figure 2c), which could be due to 
previous insults. He suffered significant developmental 
delay, achieving one-year-old milestones when he was 
6 years old. He was only able to sit on a specially-
designed chair designed chair. He also had poorly 
formed incisors and canine with staining. The WPW 
syndrome features were no longer identified on the 
electrocardiogram after 2 months of age (Figure 2a) 
and there was no recurrence of the supraventricular 
tachycardia. Propranolol was continued till the patient 
was 1.5 years of age. He recently developed snoring 
and was confirmed to have sleep-disordered breathing 
with desaturations on the overnight oximetry. He was 
put on nocturnal nasal continuous positive airway 
pressure ventilation.

Figure 2a. Electrocardiograms of Patient 2. The upper 
electrocardiogram showed the presence of delta waves 
suggestive of WPW syndrome. The PR interval and QRS 
duration were within the normal limit for age. The lower 
electrocardiogram was taken at 2 months of age, which 
did not show delta waves. An artifact was noted.

Figure 2b. X-ray of Patient 2 with significant lower 
limb deformities when he was 6.

Figure 2c. T2 weighted MRI of Patient 2 at 4 months 
of age showed brachycephaly, widened basal cisterns 
and a left porencephalic cyst (shown by the arrow).

Patient 3

Our third patient is a 5-year-old Chinese girl who was 
born at full term by Caesarean Section with a fracture 
of the right clavicle. She presented at five months of 
age with a fractured mid-shaft of the left femur after 
a trivial injury. At 11 months of age, she fractured 
her right distal femur after falling from the bed. She 
did not have any blue sclera but she had bilateral 
ptosis. Targeted NGS revealed two heterozygous likely 
pathogenic variants in the WNT1 (NM_005430.3) gene: 
c.104+1G>A and c.216dupA, p.(Arg73Thrfs*82). Her 
mother was an unaffected carrier of the c.104+1G>A 
variant. She was then started on pamidronate infusion 
at 15 months of age. She continued to have fractures of 
the long bone four to five times per year and developed 
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significant bone deformities (Figure 3) while the bone 
mineral density improved initially after pamidronate. 
She had limited mobility (standing with frame) but 
her development was otherwise normal. Her hearing 
was normal. The MRI of the brain was normal. 
Intramedullary rodding surgery of both lower limbs was 
performed at four years of age (Figure 3).

Figure 3. X-ray of the femurs before surgery showing 
bilateral lower limb curvatures and shortening of the 
right femur (Left, Fracture sites pointed by the arrows); 
and after surgery (Right) when Patient 3 was 5 years 
old.

and 34 female patients (gender information was not 
available in 30 patients), age ranged from 0.8-32 years 
(median 6.35 years) at the time of publication.2,4-24 Most 
of them presented with fractures during early infancy 
(Range from in utero to 8 years, median 0.17 
years) and had moderate to severe osteogenesis 
imperfecta with multiple fractures, which subsequently 
proceeded to bone deformities and osteoporosis. 
Regarding the extra-skeletal manifestations, 39 
patients had ptosis out of 61 cases (64%) with 
documented ptosis or not. Blue sclera was noted in 
24 out of 95 cases (25%). 19 out of 91 (21%) had 
dentinogenesis imperfecta. Hearing impairment was 
uncommon with only 4 out of 72 cases (5.6%). 25% 
(16 out of 64) of them had intellectual disabilities or 
autism with two of them having seizures. Yet only 12 
of them had brain imaging performed and 11 of them 
had abnormalities noted on the scans. One patient 
had cerebral atrophy but normal intelligence and one 
patient had autism but with a normal MRI. In fact, only 
22 patients had their status of presence or absence of 
structural brain abnormalities reported in the studies 
and 12 of them (55%) had abnormal brain imaging 
findings. Among the 12 patients, five patients had 
cerebral atrophy only. Five patients had malformations 
or hypoplasia of the brainstem or cerebellum. One 
patient had an arachnoid cyst. One patient had frontal 
lobes atrophy and hypoplasia of the left brainstem and 
cerebellum and also the presence of an arachnoid cyst. 
None of the patients had cerebellar ataxia clinically. 
No association was noted between the genotype and 
phenotype with regard to neurological manifestations. 
Even patients in the same family could have different 
manifestations from normal intelligence to severe 
intellectual disability and brain malformations. The 
porencephalic cyst in Patient 2 was not reported in 
previous literature. However, it is not possible to 
differentiate whether it is congenital or acquired due 
to possible brain injuries during his neonatal period. 
None of the reported cases had cardiac involvements. 
Patient 2 also had Wolf-Parkinson-White syndrome 
and neonatal supraventricular tachycardia. OI 
patients are prone to develop valvulopathies including 
mitral and aortic regurgitations, heart failure, atrial 
arrhythmia and aortic dilatations.25,26 Type 1 collagen 
is present in the heart valves, chordae tendineae, 
annuli fibrosis and the interventricular septum thus 
those with COL1A1/2 mutations are at risk of various 
heart conditions. However, previous studies did 
not mention the genotypes of OI patients hence it 
is not known whether the same association occurs 
in patients without collagen mutations. Two of our 
patients have sleep-disordered breathing which was 
not addressed in previous case reports on OI Type 
XV. Yet previous studies suggested that it is common 
in patients with severe OI with bone deformities.27 

Intravenous bisphosphonates are recommended for 

Discussion
We reported three Hong Kong-Chinese patients with 
osteogenesis imperfecta Type XV. The clinical features 
were summarized in Table 1. All of them presented 
in early infancy and subsequently developed multiple 
fractures, osteoporosis and bone deformities resulting 
in limited mobility. However, their extra-skeletal 
manifestations were different which suggested that OI 
related to WNT1 mutations is a heterogeneous disease. 
Osteogenesis imperfecta Type XV, first reported in 
2013, is caused by mutations of the WNT1 gene 
located on chromosome 12q13. In mice studies, 
WNT1 is expressed during neuronal development and 
inactivation of it results in midbrain and cerebellar 
malformations in mice. WNT1 gene is also expressed 
in the osteoblast lineage and osteoblast activities 
decreased if there was a mutation in the WNT1 gene 
in mice models. In, in vitro studies, WNT1 protein 
binds to LRP5 (low-density lipoprotein receptor-
related protein 5), which plays a role in the cell-fate 
decision, proliferation and differentiation of osteoblast 
lineage cells and activates the WNT-regulated 
β-catenin signaling cascade. Thus it is believed to 
be an important regulator of bone metabolism.2,3 

Osteogenesis imperfecta Type XV is inherited in an 
autosomal recessive manner. It was characterized by 
early onset of multiple fractures during infancy or in 
utero, which subsequently resulted in bone deformities 
and significant osteoporosis. In our literature review 
of all journal articles available on PubMed related to 
WNT1 mutations-related osteogenesis imperfecta, 109 
patients with clinical details were reported in 22 published 
journal articles from 2013 to 2022, including 45 male 
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use in children with severe osteogenesis imperfecta. 
Cochrane review showed a universal improvement in 
bone density. However, data on fracture reduction, 
bone pain, growth and functional improvement 
were incomplete.28 The effect of bisphosphonates 
on reduction in fractures or bone deformities was 
not substantial in previously reported OI type XV 
cases but improvement in bone density had been 
reported.2,4,5,6,7,8 In contrast to COL1A1/2 mutations 
which increase bone turnover, WNT1 mutations affect 

Table 1. Comparison of the phenotypes of the three patients with reported cases in the literature.

Clinical features Patient 1 Patient 2 Patient 3 Reported cases* 
(Total=109)

First presentation 1 month 1 month 5 months Early infancy  
(Median 0.17 years)

Current age (years) ^ 29 5 0.8-32

Multiple fractures Yes Yes Yes Yes

Osteoporosis Yes Yes Yes Yes

Bone deformities Yes Yes Yes Yes

Mobility Limited Limited Limited Usually limited

Response to 
bisphosphonates

Improved bone 
pain and bone 
mineral density

No significant 
response

Initial response 
in bone mineral 

density

Some responses in bone 
mineral density

Extra-skeletal manifestations

Clinical features Patient 1 Patient 2 Patient 3 Reported cases

Blue sclera Yes No No 25% (24/95)

Ptosis Yes Yes Yes 64% (39/61)

Hearing impairment Yes Not noted Not noted 5.6% (4/72)

Dentinogenesis 
imperfecta

No Yes No 21% (19/91)

Intellectual disability No Yes No 25% (16/64)

Structural brain 
abnormalities

No Widened basal 
c istern with a 
cystic lesion in the 
left temporal lobe

No A n y  a b n o r m a l i t y : 
5 5 %  ( 1 2 / 2 2 ) 
5 patients with cerebral 
atrophy; 5 patients with 
b ra ins tem/cerebe l l a r 
malformations; 1 patient 
with an arachnoid cyst; 
1 patient with cerebral 
atrophy with brainstem and 
cerebellar malformations 
and an arachnoid cyst

Sleep-disordered 
breathing

Yes, on BiPAP Yes, on CPAP No Not reported

Cardiac involvement No WPW syndrome No Cardiac complications not 
reported

*Ratios denote the number of patients showing a particular phenotype / total number of patients with that phenotype described 
^Age at the time of manuscript preparation.

osteoblasts’ functions and reduce bone formation. 
Bisphosphonate only blocks the action of osteoclasts 
and decreases bone resorption. It has no effects on 
osteoblasts’ functions. Sclerostin is a protein secreted 
by osteocytes that blocks the WNT1 signaling and has 
anti-anabolic effects on the bone.29 The use of sclerostin 
inhibitors in the treatment of osteoporosis has already 
been approved. It is currently under clinical trials for 
the treatment of OI in adult patients.1
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Conclusion
We reported three patients with osteogenesis imperfecta 
type XV. All of them presented in infancy with multiple 
fractures, severe bone deformities and osteoporosis. 
They had variable extra-skeletal manifestations. One of 
them was intellectually disabled and he also had Wolf-
Parkinson-White syndrome, which was not reported 
in previous literature. Pamidronate did not seem to 
prevent fractures in our patients. Novel therapies 
targeting osteoblasts’ functions hopefully will bring 
hope to these patients in the future.
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