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Abstract
The features of a child with spondyloepiphyseal dysplasia congenita resulting
from a mutation in one COL2A1 allele
were studied. The child was heterozygous
for a G to A transition in exon 48 that
resulted in the substitution of glycine 997
by serine in the triple helical domain of
al(II) chains of type II collagen. Her longitudinal growth was close to the mean
growth curve for children with this chondrodysplasia. Expression of the mutation
by chondrocytes would account for the
abnormal growth and development of
the bones of the limbs and spine. Early
expression of the mutation by epithelial
cells and later expression by chondrocytes of the developing craniofacial
structures would also account for her
complex pattern of craniofacial anomalies. The findings in this study confirm
that mutations of exon 48 of the COL2A1
gene, that alter the normal Gly-X-Y triplet structure of the corresponding region
of acl(II) chains of type II collagen, produce the spondyloepiphyseal dysplasia
congenita phenotype.
(JT Med Genet 1993;30:27-35)
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Heterozygous mutations of the COL2A1

have been identified in patients with
spondyloepiphyseal dysplasia congenita. In

gene

one of them, there was a heterozygous deletion
of 390 bp from the middle of intron 47 to the

splice donor site of intron

48.3 The deletion
eliminated exon 48 which normally encodes 36

amino acids from glycine 964 to alanine 999 of
the triple helix of cxl(II) chains. In another
patient, there was a tandem duplication of
45 bp within exon 48 of one allele that would
be expected to add 15 amino acids to the triple
helical domain of the mutant al(II) chains.4 In
contrast, a relatively mild form of autosomal
dominant spondyloepiphyseal dysplasia, with
the onset of symptoms of osteoarthritis in the
second and third decades of life, was shown to
be the result of a heterozygous substitution of
arginine 519 by cysteine in the triple helix of
al(II) chains.5 This defect was produced by a
C to T transition in exon 31.
Abnormal type II collagen has also been
identified in achondrogenesis type II and
hypochondrogenesis. In one case, a heterozygous point mutation in exon 46 converted
GGC for glycine 943 in the triple helix to
AGC for serine.'
Linkage has also been reported between
restriction fragment length polymorphisms of
the COL2A1 gene and Stickler syndrome in
some families.7 In one such family, a point
mutation in exon 39 converted the codon CGA
for arginine 732 of the triple helix of azl(II)
chains to TGA, a stop codon.8
Type II collagen anomalies have also been
found in patients with Kniest dysplasia. In
epiphyseal and physeal cartilages, the collagen
fibrils are abnormal and the amount of the
carboxy-propeptide of the pro al(II) chains is
reduced.9 Abnormal processing of the carboxy-propeptide has been proposed to account
for these findings but the molecular defect is
unknown.9
In this paper, we describe the phenotypic
consequences of a COL2A1 mutation in a
child with typical spondyloepiphyseal dysplasia congenita.'0 The low basal rate of transcription ('illegitimate transcription'), splicing, and
polyadenylation of al(II) mRNA by cultured
dermal fibroblasts and lymphoblastoid cells
provided the opportunity to localise and sequence the mutation in amplified cDNA
from this patient from whom affected tissue
was unavailable. A sequence mismatch was
identified using chemical modification of
cDNA:cDNA heteroduplexes by hydroxylamine and cleavage with piperidine. The
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Case report
The girl was the third child of healthy, unrelated parents. Her sibs were normal and there
was no family history of short stature. After a
normal pregnancy of 40 weeks' duration, she
was born by a breech vaginal delivery. She was
well at birth but was noted to be small.
At birth, her length was 44 cm, which was
well below the 10th centile, while her weight of
2570 g and head circumference of 33 5 cm
were within the low normal ranges." Her head
was large relative to her short trunk and limbs,
her face was flat, and the mandible was small
with retrognathia. The limbs and spine were
wellaligned
aligned but
but her
2 Lateral radiograph of the trunk at 1 week of
her chest
chest was
short and
and broad.
Figure
broad.
well
was short
age showing ovoid lumbar
vertebral bodies.
She had a U shaped cleft palate involving the
soft and hard palate.
Radiographs showed the typical features of
spondyloepiphyseal dysplasia congenita (figs 1
to 3).2 The long bones of the upper and lower
limbs were short, their metaphyses flared and
epiphyses unossified. The ossification centres
in the carpal and tarsal bones were smaller
than normal. The pubic symphysis was not
ossified and the ilia were short and broad. The
bodies of the cervical and thoracic vertebrae
X
were flatter than normal while they were ovoid
E
2-

Figure 3 Radiograph of the legs at 1 week of age
showing absence of ossification in the femoral and tibial
epiphyses, flaring of their metaphyses, and absent
ossification of the pubic symphysis.

Figure I Radiograph of the trunk at I week of age
showing generalised platyspondyly and absent
ossification of the pubic symphysis.

in the lumbar spine. The calvarium was large,
elongated posteriorly, and had wide open sutures. The floor of the anterior fossa was steep.
The facial bones and the mandible were hypoplastic.
Her lonigitudinal growth remained well below the normal range but it followed at or a
little below the mean growth curve for children with spondyloepiphyseal dysplasia con-

genita (fig 4). 12 When last reviewed at the age
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amplification products containing the mismatched region were sequenced and the mutation was shown to change the codon GGC for
glycine 997 to AGC for serine in the triple
helical domain of the cxl(II) chains. The corresponding region of the genomic DNA was
sequenced and the heterozygous point mutation was shown to be in exon 48 of the
COL2A1 gene. Allelic restriction mapping
showed that neither parent carried the mutation in their leucocytes.
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Figure 5 Radiograph of
the legs at 3 years of age
showing coxa vara,
absence of ossification in
the proximal femoral
epiphyses, small and
abnormally shaped ossific
nuclei of the other
epiphyses, and genu
valgum.

Figure 6 Radiograph of the pelvis at 12 years of age. Each hip shows coxa vara,
short broad femoral neck, high greater trochanter, lack of ossification of the femoral
epiphysis, a metaphyseal fragment, and abnormal acetabular development.
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in increased adduction and reduced abduction
of the hips. The range of abduction of the hips
diminished during growth owing to progressive coxa vara, short and broad femoral necks,
as well as impingement of the greater trochanters on the pelvis.
By 3 years of age, she had developed a small
triangular fragment in the lower metaphysis of
each femoral neck (fig 5). These anomalies
were probably the result of mild slippages of
the proximal femoral epiphyses as a result of
shear forces on the abnormally vertical
physes."3 At the age of 12 years, bilateral
Pauwel's intertrochanteric osteotomies of the
femora and arrests of the greater trochanteric
physes were undertaken because of increasing
coxa vara with worsening Trendelenberg gait
(fig 6).13 In each hip, the neck-shaft angle and
the
plane of the proximal femoral physes were
8
14
1
10 12
16 18
4
3
2
6
restored to normal. The metaphyseal fragAge (years)
ments healed and the greater trochanters no
Figure 4 Growth pattern from birth to 17years of age. longer impinged on the pelvis (fig 7). She still
The normal centile growth curves are shaded. The lower
had a mild limp but her physical endurance
curves, including the mean and 1 SD on either side of
the mean, were based on the growth of 62 males and
improved markedly. Ossification centres had
females with spondylepiphyseal dysplasia congenita.'2
not
appeared in either proximal femoral epiThe growth of our patient is shown at or a little below
by 17 years of age. MRI scans of the
physis
the mean curve for patients with this disorder.
hips showed that the cartilaginous proximal
femoral epiphyses were flatter and broader
of 17 years, her height was 108 cm and her than normal but the articular surface appeared
congruent with the acetabulum (fig 8).
weight was 303 kg.
Her knees were normally aligned at birth
After repair of her cleft palate at 1 year of
age, her speech developed normally with ex- but by 2 years of age she had bilateral genu
cellent velopharyngeal function. Her cognitive valgum, worse on the left side (fig 5). The
development was normal but her motor de- severity of the genu valgum increased minivelopment was delayed because of hypotonia mally during growth. The patellofemoral
and the skeletal anomalies. She started stand- joints were stable but the patellae were located
ing at 18 months of age and walking at 19 further laterally than normal. She maintained
a full range of flexion but an increasing range
months of age.
She had an outset gait owing to an excessive of hyperextension of each knee during growth.
range of external rotation and lack of internal At 17 years of age, her right knee was noted to
rotation of the hips. Flexion and extension of clunk and give way, which was probably
the hips were normal in early childhood but because of cruciate ligament laxity.
mild fixed flexion deformities of the hips deDelayed ossification of the distal femoral
veloped in later childhood. Coxa vara resulted and proximal tibial epiphyses was observed on
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serial radiographs. At all ages, the ossification
centres were smaller than normal and abnormally shaped (fig 5). After closure of the
physes, the femoral and tibial condyles
appeared to be incongruous (fig 9). However,
MRI scans showed that the articular surfaces
were congruent as an abnormal amount of
unossified cartilage covered the condyles, particularly the medial femoral condyles (figs 10
and 11). The menisci and cruciate ligaments
appeared normal.
Ossification of the distal tibial epiphyses was
delayed but her ankle shape and range of
movement were normal (figs 3 and 5). She had
mobile pes planovalgus which exaggerated her
outset gait.
Her upper limbs were well aligned and all
joints had a normal range of movement. Serial
radiographs showed that the ossification
centres of all epiphyses were slow in appearing, small, and abnormally shaped.
Her neck was short but had a full range of
movement. There was generalised platyspondyly of the cervical vertebrae and elongation of
the pedicles. The odontoid process of the axis
was underdeveloped but she did not develop
any clinical evidence of spinal cord compression. At 4 years of age, standard tomograms
showed hypoplasia of the tip of the odontoid
process (fig 12). On flexion of the neck, the
anterior arch of the atlas moved minimally
forward. However, on extension of the neck it
moved posteriorly to lie on top of the odontoid

Figure 8 Coronal MRI scan of the pelvis at 17 years of age. The unossified proximal
femoral epiphyses (F) are flat but with good acetabular coverage (A). The screws in
the femoral necks have produced some artefacts.

4,.j;

Figure 9 Radiographs of the knees at 15 years of age. The physes have closed and the
femoral and tibial condyles are misshapen and appear incongruent.

.

.

..........

Figure 10 Coronal MRI of the left knee at 17 years of
age showing that the articular surfaces are more normal
in shape and congruency than expected from the plain
radiographs. There is a thick layer of unossified
cartilage on the medial femoral condyle. The nienisci
appear normal.
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Figure 7 Radiograph of the pelvis at 14 years of age. The appearance of the hips has
improved after bilateral realignment osteotomies of the proximal femora and closure of
the physes of the greater trochanters.
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Figure 13 Sagittal MRI scan of the upper cervical
spine and posterior fossa at 17 years of age. There is
generalised platyspondyly and hypoplasia of the tip of
the odontoid process. The spinal cord, brain stem, and
cerebellum are normal.

The thoracolumbar spine was normally
aligned at birth (fig 1). After starting standing
and walking, she rapidly developed a more
protuberant abdomen, excessive lumbosacral
lordosis, thoracic kyphosis, pectus carinatum,
and a more obvious barrel chest. A rigid right
thoracolumbar scoliosis also developed at approximately 2 years of age. It showed minimal
progression. These early changes in spinal
contour and length altered her body proportions to produce a disproportionately short
trunk form of dwarfism (figs 14 and 15).
Serial radiographs confirmed the clinical
changes in spinal contour. Platyspondyly and
irregular vertebral shape worsened with
growth
(figs 16 and 17). In the lumbar spine,
Figure 12 Lateral tomogram of the upper cervical
she developed dorsal wedging of the vertebral
spine with the neck in flexion at 4 years of age. The
odontoid process of the axis is hypoplastic.
bodies and elongation of the pedicles. The
thoracic vertebral bodies were markedly flattened and misshapen by late childhood. Wideprocess. Repeat standard tomograms and comspread secondary osteoarthritis was evident in
puterised tomograms at later ages showed the early teens.
minimal anterior and posterior movement of
Yearly examinations of vision and of the
the anterior arch of the atlas. The summit anterior and posterior chambers of the eyes
ossification centre which normally appeats at 3 showed moderately severe myopia but no
to 6 years of age did not appear.'4 The syn- other anomalies.
chondrosis between the odontoid process and
Hearing impairment was suspected when
neural arches and the body fused between 5
and 6 years, the normal age of fusion.'4 An
MRI scan of the neck at 17 years of age
confirmed hypoplasia of the tip of the odontoid
process, fusion of the synchondroses at the
base of the odontoid process, and absence of
impingement of the odontoid process on the
spinal cord or brain stem (fig 13). The brain
stem, mid brain, cerebellum, and occipital
lobes appeared normal on MRI scan.

she was 3 years of age. Audiometry showed she
had right conductive loss for the low tones
owing to fluid within the middle ear following
repeated upper respiratory tract infections.
This loss improved after myringotomy and
drainage of the middle ear. Her left ear drum
had an abnormal impedence consistent with a
hypermobile drum. At 17 years of age, the
impedence of the left ear drum was still abnormal but less mobile than previously. She also
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Figure 11 Sagittal MRI of the left knee at 17 years of
age showing irregular ossification of the posterior portion
of the femoral condyle, thick articular cartilage, and an
apparently congruent joint.
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Figure 17 Radiograph of the spine at 14 years of age
showing a structural right thoracolumbar scoliosis,
generalised platyspondyly, and a barrel shaped thorax.

Figure 15 Appearance at 11 years of age showing short
neck and trunk, excessive lumbar lordosis with
protuberant abdomen, and thoracic kyphosis with
prominence of the sternum and anterior chest wall.

had bilateral, moderately severe high frequency hearing loss at 4000 Hz. Repeat audiometry at 14 and 17 years of age confirmed the
earlier findings of sensorineural hearing loss at
high frequencies. The loss was greater than at
3 years of age. At 17 years of age, she had a
50 db hearing loss in both ears at 4000 Hz and
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Figure 14 Appearance at 11 years of age showing short
limbs, genu valgum, pes planovalgus, and
disproportionately short trunk.

Figure 16 Lateral radiograph of the spine at 3 years of
age showing excessive lumbar lordosis and thoracic
kyphosis. There is widespread platyspondyly with
elongation of the pedicles of the lumbar vertebrae.
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apophyses resulted in progressive coxa vara
that required surgical correction. Asymmetrical growth of the distal femoral physes and
epiphyses produced mild genu valgum which
increased slowly throughout childhood.
Asymmetrical growth of the lumbar vertebrae
was also observed with elongation of the pedicles and wedging of the vertebral bodies. Abnormal ossification of the tip of the odontoid
process was associated with mild instability
between the atlas and axis that did not warrant
atlantoaxial fusion.
Complex developmental abnormalities of
the craniofacial structures were also observed.
Abnormal endochondral ossification would account for the smallness of the skull base and
face. Early mandibular hypoplasia, owing to
abnormal Meckel's cartilages, with consequent
extrinsic obstruction of palatal closure by a
posteriorly displaced tongue would also account for the U shaped cleft palate.' 1619 Type
Discussion
This patient, with a mutation of type II colla- II collagen cannot be directly implicated in the
gen, had the typical clinical and radiological production of the palatal defect as the developfeatures of spondyloepiphyseal dysplasia con- ing palate lacks this collagen.20
The asymmetrical developmental anomalies
genita with major anomalies of the peripheral
of
the teeth, involving three of the first permaand axial skeleton and of the craniofacial structures. The tissues involved were those that nent molars which were either absent or
in
were expected from the known mammalian severely delayed in appearance, are unusual
21
patterns of expression of the COL2A1 gene by spondyloepiphyseal dysplasia congenita.
The moderately severe myopia can be
chondrogenic and non-chondrogenic cells." 16
explained
by the adverse effects of the type II
Although we were unable to study the type
II collagen protein in our patient, because collagen mutation, expressed by non-chondrocartilage was unavailable, it is likely that a genic cells, on eye development and structure.
mixture of normal and mutant type II collagen Type II collagen appears transiently beneath
molecules were present in the involved tissues. the surface ectoderm of the optic vesicle and in
This prediction was based on the protein find- the neural retina, the corneal and conjunctival
ings in patients who were heterozygous for epithelia, and the sclera of the developing
substitutions of glycine 943 by serine or argi- mammalian eye."16 Type II collagen in the
nine 519 by cysteine.'718 We expect that a vitreous humour of the differentiated eye is
mixture of normal and mutant oal(II) chains found, with type IX collagen, in a network of 7
was produced by chondrocytes and other cell to 13 nm diameter fibres embedded in a hyatypes that expressed the COL2A1 gene. Ap- luronate gel.22 Abnormalities of this network
proximately 75% of the type II collagen mol- contribute to the production of retinal detachecules would be heterotrimers containing a ment in patients with spondyloepiphyseal dysmixture of normal and mutant al(II) chains, plasia congenita.2'
The middle and inner ear abnormalities can
12-5% would be mutant homotrimers containing only mutant chains, and 12-5% would be also be explained by the adverse effects of the
normal homotrimers. The substitution of gly- mutation on the development and structure of
cine 997 by serine interrupts the mandatory the ear. During normal development of the
Gly-X-Y triplet structure of the helical do- mammalian ear, type II collagen is found first
main of the alI(II) chain so that helix formation beneath the otic vesicle epithelium and the
and stability would be abnormal in the hetero- adjoining neuroepithelium." 16 With further
trimers and mutant homotrimers."7 Such mol- differentiation, type II collagen is observed on
ecules would be enzymatically overmodified, the basal and apical surfaces of the epithelium
unstable, and poorly secreted. As a result, it is of most regions of the inner ear, including the
likely that the involved tissues would contain cochlea, and in the cartilaginous periotic
some mutant type II collagen and a grossly mesenchyme.'6 In the differentiated inner ear,
type II collagen is a major fibrous component
reduced amount of normal type II collagen.
Her short stature was the result of poor of the osseous spiral lamina, spiral limbus, and
longitudinal growth and deformities of her tectorial membrane.2324 Abnormalities of these
long bones and vertebrae. Serial radiographs structures, particularly in the basal turn of the
showed generalised abnormalities of the phy- cochlea, provide an explanation for her severe
seal and epiphyseal cartilages and the interver- high frequency sensorineural hearing loss.25
Abnormal formation of the cartilaginous
tebral discs. Even at 17 years of age, the ossific
nuclei of the femoral heads had not appeared eustachian tubes may have contributed to the
and ossification of the femoral condyles was middle ear deafness that was associated with
incomplete although the articular surfaces repeated middle ear infections in early life.
Abnormal development of the ossicular chain,
appeared congruent.
Asymmetrical growth of the proximal which is also formed from cartilage, was
femoral physes and the greater trochanteric probably responsible for the hypermobility of
a 70 db loss at 8000 Hz. Anti-type II collagen
antibodies, which have been implicated in the
pathogenesis of sensorineural deafness in
patients with rheumatoid arthritis, were not
detected in her serum.'5 Her vestibular function was not determined.
At 8 years of age, her dental development
was clinically normal except that only the
maxillary left first permanent molar had
erupted. Panoramic radiographs at 8 years and
17 years of age confirmed normal development
of the maxillary left first permanent molar but
the other first permanent molars were either
congenitally absent or severely delayed in their
development. The radiographs also showed
that the maxilla and mandible were a little
smaller than normal although cephalometric
measurements were not undertaken.
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and delayed ossification of epiphyses.28 The
DNA construct contained a large in frame
deletion that produced shortened al(II) chains
capable of disulphide bonding to form mutant
homotrimers but also disulphide bonding with
normal al(II) chains to produce heterotrimers. The latter molecules, because of the
disparity in the normal and mutant chain
lengths, were probably degraded. Finally,
transgenic mice expressing introduced mutations that resulted in the substitution of glycine 85 by cysteine, the cross linking lysine 87
of the helix by arginine, the cross linking lysine
residue of the aminotelopeptide by arginine, or
deletion of exon 7, which removed residues 4
to 18 of the triple helix, resulted in many
neonatal deaths and a few surviving pups.29
Affected mice were dwarfed with short limbs
and trunk, craniofacial deformities, and cleft
palate. Neonatal death was from acute respiratory distress caused by an inability to inflate
the lungs at birth. In all of these transgenic
mouse models, the severity of the phenotype
appeared to be dependent on the level of
expression of the transgene.
The findings in the present study confirm
the importance of heterozygous mutations of
type II collagen in producing the spondyloepiphyseal dysplasia congenita phenotype.
Further mutations need to be characterised in
order to understand better the pathogenesis of
the various phenotypes within the chondrodysplasia family of type II collagenopathies.
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Wood et all6 have proposed that the type II
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form of the vertebrate chondrocranium. Comparison of the three dimensional distribution
of the early appearing type II collagen and the
subsequent shape of the chondrocranial cartilages indicates that the chondrocranial form
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epithelial-mesenchymal tissue interfaces.'6
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has been found. It is transiently expressed
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the brain and cervical spinal cord, heart, epidermis, tendon, and calvarial mesenchyme." 16
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brain, cerebellum, and occipital lobe of the
cerebrum did not show any anomaly. Type II
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who also had heterozygous mutations involving exon 48 of the COL2A1 gene.'4 This
observation and the reported milder phenotype produced by a heterozygous substitution
of arginine 519 by cysteine suggests that carboxy-terminal mutations of the triple helix
may produce severer phenotypes than more
amino-terminal mutations.5 Such a proposal is
in keeping with the findings in osteogenesis
imperfecta.26 However, the achondrogenesishypochondrogenesis phenotype produced by a
heterozygous point mutation in exon 46 leading to the substitution of glycine 943 by serine
is severer than the phenotypes produced by the
three reported mutations that involve exon 48.6
As in osteogenesis imperfecta, it is to be
expected that such exceptions will occur as not
only the type of mutation, but also its site,
surrounding sequences, and other unknown
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influence the phenotype.
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that anomalies of type II collagen can result in
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chain gene under the control of the rat
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limbs and a cleft palate.27 The DNA constructs
were designed to ablate chondrocytes in order
to study the regulation and role of type II
collagen in embryogenesis. In another model,
expression of a DNA construct consisting of a
minigene version of the human COL2A1 gene
produced a form of spondyloepiphyseal dysplasia with dwarfism, short and thick limbs, a
short snout, a cranial bulge, a wide cleft palate,
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