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ABSTRACT. Pseudoachondroplasia (PSACH) is an autosomal
dominant skeletal dysplasia, generally identified clinically at two
years of age due to decreased linear growth and a waddling gait.
Radiographic features include small and irregular epiphyses, with
metaphyseal changes of the long bones and characteristic vertebral
changes. Mutations in the COMP gene cause PSACH and some cases
of multiple epiphyseal dysplasia. Mutations generally cluster in the
calmodulin-like repeat regions of the gene. Mutations in exon 13
(encoding the seventh calmodulin-like repeat) have been associated
with severe short stature (-6 SD) in PSACH. We examined an Inuit boy
with PSACH and severe short stature. Height essentially remained at
-1 SD on the PSACH growth curve (-7.5 SD on a normal growth curve
at 10.5 years). Analysis of COMP in our patient revealed a previously
undescribed heterozygous A>T substitution in exon &, at nucleotide
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812. This change in the sequence resulted in replacement of a highly
conserved and negatively charged aspartic acid with an uncharged,
hydrophobic valine at amino acid position 271. Both unaffected parents
were negative for this genetic change. This exon encodes the first
calmodulin-like repeat, which has not been previously implicated in
severe short stature. We propose that this novel missense substitution is
responsible for the phenotype of this patient.

Key words: Pseudoachondroplasia; COMP; Skeletal dysplasia;
PSACH

INTRODUCTION

Pseudoachondroplasia (PSACH; MIM#177170) is an autosomal dominant skeletal
dysplasia characterized by disproportionate short stature due to short limbs. Affected patients
have normal birth length and are usually diagnosed at 2 years of age, when there is a decel-
eration in linear growth and a waddling gait is identified. Intellect is normal and there is no
craniofacial involvement. There is ligamentous laxity and limb deformity is not uncommon.
Early osteoarthritis is also a feature. Radiographic findings include abnormalities of the tubu-
lar bones, with metaphyseal and epiphyseal involvement and anterior beaking of the vertebral
bodies (Unger and Hecht, 2001).

PSACH is arelatively genetically homogeneous disorder due to mutations in the carti-
lage oligomeric matrix protein (COMP) gene (Briggs et al., 1995; Hecht et al., 1995). Multiple
epiphyseal dysplasia (MED; MIM#132400), a genetically heterogeneous disorder, also results
from COMP mutations in some patients. The COMP protein consists of an N-terminal domain
that is involved in pentamer assembly, four epidermal growth factor-like repeats, eight type
IIT calmodulin-like repeats (CLRs) and a C-terminal globular domain. Most mutations in the
COMP gene have been localized to the CLR regions, while others occur in the C-terminal
globular domain (Oldberg et al., 1992; Newton et al., 1994; Efimov et al., 1994; Mabuchi et
al.,2003; Kennedy et al., 2005). Severe short stature (-6 standard deviation, SD) in PSACH has
been associated with mutations in exon 13 (encoding CLR7) (Mabuchi et al., 2003). Here, we
report the clinical, radiographic and molecular features of an Inuit male patient with PASCH
and severe short stature (-7.5 SD) who has a previously undescribed COMP mutation in exon
8, which encodes CLR1. This mutation was absent in his unaffected parents.

CLINICAL REPORT

At the time of this report, the patient is 11 9/12 years of age. He was born to a noncon-
sanguineous 29-year-old G7P6SA1 Inuit female and a 30-year-old Inuit male. The pregnancy
was complicated by myasthenia gravis in the mother, which was not treated. Review of the
family history was negative for short stature or other skeletal abnormalities. Birth parameters
were not available. At 7 days of age, the patient’s height was 49 cm (50th percentile), weight
3.15 kg (25th percentile) and occipitofrontal circumference (OFC) 34.2 cm (25th percentile).
At 6 months of age, height was 62.8 cm (5th percentile), weight 7 kg (25th percentile) and
OFC 45.5 cm (90th percentile). By 12 months of age, height was 67 cm (<5th percentile; -3.3
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SD), weight 8.46 cm (5th percentile) and OFC 47.5 cm (>50th percentile).

The patient was 2 9/12 years of age when first referred for genetics evaluation regard-
ing the possibility of a skeletal dysplasia. He was 77 cm (<5th percentile; -4.7 SD), 10.3 kg
(<5th percentile; -2.9 SD) and 48.2 cm (20th percentile) for height, weight and OFC, respec-
tively. Physical examination revealed obvious disproportionate short stature with short limbs.
No facial dysmorphism was noted. The ears were normal in shape. A narrow chest was noted.
Examination of his hands showed brachydactyly and bilateral clinodactyly of the fifth digit.
No trident positioning of the fingers was noted. The thumbs were not deviated. There were
no abnormalities noted in the cardiovascular, abdominal and genitourinary systems. Marked
genu varum as well as a waddling gait were noted. Investigations included a complete blood
count, serum immunoglobulins, urine for mucopolysaccharides, and a genetic skeletal survey.
All blood and urine investigations were normal and ruled out MPS 1V and cartilage hair hy-
poplasia syndrome. Review of radiographs revealed features suggestive of PSACH including:
anterior beaking of the vertebral bodies, small and irregular epiphyses, irregular metaphyses,
and brachydactyly (Figure 1A-C).

C

Figure 1. Radiographs at 33 months of age. A. Lateral spine. Anterior beaking (tonguing) of the vertebral bodies,
characteristic of pseudoachondroplasia, is present. There is platyspondyly and slight variation in the size of the
vertebral bodies. B. Bilateral PA of hands. There is generalized brachydactyly. There is widening of the metacarpals
with severe shortening. There is metaphyseal involvement (e.g., cupping of proximal phalanges, widening and
sclerosis of metacarpals). Pseudoepiphyses are present bilaterally. The epiphyses and carpal bones are small and
irregular (carpal bone age is between 3 and 6 months). C. AP of pelvis and lower extremities. The capital femoral
epiphyses are barely visible. There is shortening of the long bones. The metaphyses of the distal femurs, proximal
tibias and fibulae are particularly widened, flared and sclerotic. The epiphyses are small and irregular. Fibular
overgrowth (distally) is present. There is severe genu valgum.

At the age of 4 years, he started wearing leg braces. At 6 years of age, bilateral tibial
and fibular osteotomies were performed. At 9 years of age, his height was 92 cm (-7.5 SD; -1
SD on PSACH curve) and his weight 19.2 kg (-3.2 SD) (Horton et al., 1982). Bilateral asym-
metry of the femurs and a windswept appearance to his lower extremities were noted. His hand
joints were loose. Redundant skin was noted on his hands (Figure 2A,B). At 10 6/12 years of
age, height was 94 cm (-7.6 SD; -1 SD on PSACH curve), weight 21 kg (-3.4 SD) and OFC
was 54.6 (~90th centile). His upper to lower segment ratio was increased (1.7) and arm span
was 79 cm. Hand measurements revealed severe uniform brachydactyly (with a total length of
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9.6 cm, middle digit 4 cm; both 3rd centile for a 2 6/12 years old). Cognitive development was
normal. Subsequent radiographs taken at 11 6/12 years show an abnormal pelvis and progres-
sion of disease (Figure 3A,B). He lives in a remote Inuit community with a population of 748
(Statistics Canada 2006 census) in Nunavut, Canada. The limited population, geographic and
social isolation make access to services for children with special needs a challenge but our
patient to date is well accepted and integrated into his community. He is transported by air to
Children’s Hospital Winnipeg for acute medical care and subspecialty management.
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Figure 2. Full body photograph [AP (A) and lateral (B)] at 9 years of age showing disproportionate short limbed
dwarfism and a windswept appearance of the lower extremities. Scars from surgical procedures are evident. There
is no craniofacial involvement.

A

Figure 3. Follow-up radiographs at 11 6/12 years. A. Pelvis. There is severe delay and irregularity in ossification
of the proximal femoral epiphyses. The acetabulae are poorly formed and there is splaying of the ilia. The iliac
wings are small and flared. The triradiate cartilage is abnormally wide and the femoral necks are short. There are
small irregular centers of ossification for the lesser trochanters. B. Lower extremities. The bones remain short.
The metaphyses are still flared and irregular. There is still distal fibular overgrowth. The genu valgum has been
corrected surgically. There is distal ankylosis of the left tibia and fibula as a result of the surgery.
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MOLECULAR STUDIES

Initially, genomic DNA from the patient’s specimen was polymerase chain reaction
(PCR)-amplified for analysis of exons 14-18 of the COMP gene and no mutations were found.
Subsequent analysis of exons 1-8, 15 and 17-19 of the COMP gene and their flanking splice
sites was performed. Bi-directional sequence was obtained and DNA sequence was analyzed
and compared to the published gene sequence. Genetic analysis revealed a novel heterozygous
A>T nucleotide substitution in exon 8, resulting in the replacement of an aspartic acid codon
(GAC) with a valine codon (GTC) at amino acid position 271: mutation denoted ¢.812A>T
at the cDNA level or p.ASP271Val (D271V) at the protein level. The result was confirmed by
repeat sequence analysis. Both unaffected parents were negative for this genetic change.

DISCUSSION

The COMP gene consists of 19 exons and the majority of mutations are located within
exons 8-14, which encode the type III CLRs (Briggs and Chapman, 2002). Most mutations
are point mutations that result in amino acid substitutions or small in-frame deletions or inser-
tions. The mechanism of pathogenesis is likely dominant negative in both PSACH and MED,
as no mutations have been elucidated that would be expected to result in premature stop co-
dons (Briggs and Chapman, 2002). The most common mutation is the D473del mutation in
exon 13 encoding CLR7 (Deere et al., 1998; Ikegawa et al., 1998). Genotype/phenotype stud-
ies have revealed that mutations in CLR7 are associated with more severe short stature than
those found in other CLRs. In a previous study, apart from one patient with a 553-bp deletion
encompassing portions of exon 9 and intron 9, all patients with severe short stature (-6 SD)
had mutations in CLR7 (Mabuchi et al., 2003). However, other patients with mutations CLR7
(exon 13) have not had extreme short stature (Nakashima et al., 2005).

The de novo sequence change found in our patient results in the replacement of a highly
conserved and negatively charged aspartic acid with an uncharged, hydrophobic valine, and to
our knowledge, has not been previously reported. Deere et al. (1999) reported nine novel muta-
tions in COMP in patients with PSACH and MED. One of the PSACH patients (P1800) had a
G863C substitution, which resulted in aspartate 271 being changed to a histidine. This mutation
involves the same codon as our patient. Phenotypic information on their patient was not provided.

COMP is the fifth member of the thrombospondin (7SP) gene family of calcium bind-
ing proteins (Oldberg et al., 1992; Newton et al., 1994; Adams et al., 1995). All TSPs have
highly conserved sequences (the CLRs) that represent a contiguous series of conformationally
sensitive calcium-binding sites, thus, mutations in these repeats interfere with the protein’s abil-
ity to bind calcium. The majority of COMP mutations (>85%) occur in these domains reinforc-
ing the importance of the CLRs to the integral structure of the protein (Unger and Hecht, 2001;
Briggs and Chapman, 2002; Kennedy et al., 2005). Mutations in these domains likely interfere
with protein folding and underlie the retention of mutated COMP in the rough endoplasmic
reticulum of PSACH patient cells (Unger and Hecht, 2001; Kleerekoper et al., 2002; Kennedy
et al., 2005). Recently, Posey et al. (2009) generated a mouse model that recapitulated human
PSACH growth plate morphology, including retention of extracellular matrix proteins, intracel-
lular matrix formation in the rER cisternae and increased chondrocyte apoptosis.

The novel mutation and phenotype of our patient illustrates that severe short stature is
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not limited to mutations in CLR7 and further reinforces the importance of the CLRs and their
role in protein function.
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