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Background Biallelic variants in SPARC are extremely rare, and have been reported in only a few cases of autosomal
recessive osteogenesis imperfecta (Ol) type XVII. Here, we describe an individual with a SPARC homozygous missense
variant (c.787G > A; p.Glu263Lys) and expand on the phenotype.

Case presentation The proband had a history of multiple fractures, osteopenia, severe thoracolumbar levoscoliosis,
rib fusion, global hypotonia, conductive hearing loss, and was non-ambulatory. Several of his features were similar
to previously described cases, such as early neuromuscular concerns, scoliosis, long bone and vertebral compression
fractures, and delayed motor milestones, suggesting these are consistent across SPARC-related osteogenesis imper-
fecta (Ol). However, the proband sustained fractures at a younger age with a more severe course compared to most
previous reports. He also had bony fusion of several ribs and hearing loss, which have not been reported in SPARC

Conclusions Overall, the proband supports the current phenotype of SPARC-related Ol, but also expands the pheno-

Background
Osteogenesis Imperfecta (OI) is a group of inherited
conditions which affect skeletal development and cause
bone fragility. Ol is genetically heterogeneous, but most
cases are due to heterozygous pathogenic variants in
COLIAI and COLIA2 [1]. However, there are multiple
rarer genetic causes of Ol One example is OI due to bial-
lelic pathogenic variants in SPARC, termed OI type XVII
(OMIM 616507) [2].

The SPARC (secreted protein, acidic, cysteine-rich)
gene encodes osteonectin, or basement membrane pro-
tein 40 (BM-40) [3] Osteonectin has been shown to bind
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collagen and regulate cell matrix interactions [3, 4]. It is
abundantly expressed in mineralized tissues [2]. Oste-
onectin-null mice have decreased numbers of osteoblasts
and osteoclasts with a severe osteopenia phenotype [4].
Based on the role of osteonectin in collagen produc-
tion, collagen assembly, and bone mineralization [3], it
is not surprising that variants in SPARC lead to an OI
phenotype.

In 2015, Mendoza-Londono et al. [5] described the
first two individuals with a severe form of OI attributed
to bi-allelic missense mutations in SPARC, subsequently
defined as OI type XVII (OMIM 616507) [2]. Since that
time, Hayat et al., Durkin et al., Selina et al., and Storoni
et al. [6-9] have described six additional individuals. All
but one of the affected individuals have homozygous var-
iants in SPARC; one patient has compound heterozygous
variants (summarized in Table 1). Seven unique variants
have been described, including nonsense, missense and
intronic variants. The variant c.497G>A (p.Argl66His)
has been described in two individuals [5, 6]; Argl66 is
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highly conserved among species and has previously been
shown to be essential for binding collagen [10]. Substitu-
tion of these residues reduces the ability to bind to col-
lagen type I [10]. Mendoza-Londono et al. also reported
that the migration of collagen type I alpha chains pro-
duced by skin fibroblasts of their affected patients was
mildly delayed, suggesting overmodification of collagen
alpha chains [5].

Given the small number of individuals reported to
date there are limited data on the phenotypic spectrum
of OI type XVIL In addition, one individual reported by
Hayat et al. [6] passed away at age 22 months, limiting
knowledge of age-related outcomes. However, based on
these few reports [5-9], the current consistent pheno-
typic findings of OI type XVII include severe scoliosis,
fractures, and normal cognition. Most reports mention
motor delays and some discuss hypotonia or muscle
weakness in the affected individuals. There was variabil-
ity of the sclerae with the sclerae being reported as white,
gray, blue, and blue-gray. Most individuals had normal
dentition, although one individual had dentinogenesis
imperfecta. No individuals have been reported with hear-
ing loss. Here, we present an additional affected individ-
ual with a homozygous missense variant in SPARC and
unique features.

Case presentation
The child was born at 36 weeks via induced vaginal deliv-
ery due to severe oligohydramnios, and the pregnancy
was complicated by maternal nephrotic syndrome. The
pregnancy was otherwise uncomplicated and routine
ultrasounds were reported as normal. The child was of
Asian Indian descent and parents were first cousins.
Birth weight was 2.36 kg (3rd centile), birth length was
47 cm (18th centile), and birth head circumference was
34 cm (21st centile). At 9 weeks of age, he was noted to
have global hypotonia and was unable to lift his head.
There were no other significant concerns until
6 months of age when he had his first known fracture, a
femur fracture. He subsequently had multiple additional
identified fractures (Fig. 1): left femur between 1-2 years;
right femur, left femur, rib, and right tibia between
2-3 years; left femur, right humerus, right radius, right
ulna, and right tibia after 3 years. He required surgery
with instrumentation in both of his femurs and in his
right forearm. He developed a severe 47-degree levosco-
liosis of the thoracolumbar spine and bilateral coxa valga.
He had a thoracic cage abnormality (Fig. 1) with bony
fusion of several ribs with the development of multilevel
loss of vertebral body height/compression fractures and
biconcave vertebrae. Radiographs showed delayed bone
age and generalized osteopenia. He also had restrictive
lung disease due to the scoliosis, and mild obstructive
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sleep apnea. Magnetic resonance imaging of the brain
showed mild periventricular white matter volume loss.

The patient was started on bisphosphonate therapy
(pamidronate) at 31 months of age, although he contin-
ued to sustain fractures. He also received calcium and
vitamin D supplementation.

He had bilateral undescended testes and required a
right sided orchiopexy, and a left sided orchiectomy due
to testicular torsion at 14 months of age. Additionally,
the patient had failure to thrive with recurrent vomiting
requiring gastrostomy tube placement at 19 months of
age. At the time of last evaluation, at 3 years of age, the
patient continued to receive feedings through the gas-
trostomy tube and was only able to take a few teaspoons
of purees and some water by mouth per day. A swallow
study showed penetration with thin liquids but no frank
aspiration.

He initially passed his newborn hearing screen, but
at age 3 years, was found to have mild conductive hear-
ing loss. At 3 years of age he continued to have diffuse
hypotonia, gross and fine motor delays, and joint hyper-
mobility. He was non-ambulatory and mostly remained
in a supine position. He was able to support himself sit-
ting for about 5 min at a time and could roll over. He was
receiving physical and occupational therapy at the time
of evaluation at 3 years of age. There was no evidence of
cognitive delays and he had normal speech for his age.

Trio whole exome sequencing was performed clinically
and a homozygous missense variant was identified in
SPARC (c.787G > A; p.Glu263Lys). The laboratory classi-
fied this variant as pathogenic according to the American
College of Medical Genetics and Genomics criteria. The
variant has been previously reported in the literature in
an affected individual with OI type XVII, and is absent
from population databases (Exome Aggregation Consor-
tium). Multiple functional prediction algorithms predict
this variant to be damaging. The parents had no history
of fractures, but the proband’s brother, found to be a car-
rier of the SPARC variant, had a fracture of his foot at
5 years of age after an incorrect step off a curb, with nor-
mal healing, without any additional features indicative of
OL

Discussion

Our case represents another individual with OI type
XVII caused by biallelic variants in SPARC, and expands
upon the phenotype that has been previously reported in
the literature [5-9]. The clinical features of our patient
and previously reported cases are summarized in Table 1.
SPARC (secreted protein acidic and rich in cysteine)
which is located on chromosome 5 (5q31-q33) encodes
osteonectin, which is critical for calcification of colla-
gen in bone [5, 11]. The autosomal recessive inheritance
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Fig. 1 Radiographs of proband with SPARC-related osteogenesis imperfecta showing A scoliosis, B fracture of right tibial, C fracture of right

humerus, and D fractures of right radius and ulna

pattern with homozygous variants of the few reported
patients, in addition to a similar phenotype in osteonec-
tin-null animal models [4], support loss of function of
SPARC as causative for an OI phenotype.

Our case provides additional evidence that SPARC
-related OI is a moderate-severe form of OI. Compared
to other reported cases, our patient experienced fractures
on average at a younger age and had additional features,
including hearing loss and a thoracic cage deformity
with bony fusion of several ribs. Our case supports vari-
able expressivity with the potential for other modify-
ing factors, as our patient and individual 2 presented by
Mendoza-Londono et al. [5] carry the same homozygous
variant, but have slightly varying phenotypes. Compared
to that individual [5], the herein reported patient appears
to have a more severe presentation, as he is non-ambu-
latory, has severe scoliosis, and an earlier age of fracture
onset.

There is no previous evidence of individuals heterozy-
gous for a pathogenic SPARC variant presenting with
symptoms. The brother of our patient was found to be
heterozygous for the SPARC variant and had a history of
one fracture with minimal trauma. He did not have any
other manifestations of OI. Although the fracture history
could raise questions about the possibility of a manifest-
ing carrier, there are no other reports of heterozygous
individuals having an OI phenotype (including the par-
ents of our patient), and heterozygous Sparc knockout
mice appear unaffected [4].

Conclusion

SPARC-related Ol is a rare disorder with some pheno-
typic variability based on current information. At this
time, there are still only a few cases reported and further
reports will be helpful to better clarify the phenotype
spectrum.

Abbreviation
Ol Osteogenesis imperfecta
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