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The phenotypic features of osteogenesis
imperfecta resulting from a mutation of the
carboxyl-terminal proocl (I) propeptide that
impairs the assembly of type I procollagen and
formation of the extracellular matrix

W G Cole, C W Chow, J F Bateman, D 0 Sillence

Abstract
The features ofa baby with lethal perinatal
osteogenesis imperfecta (OI-II), resulting
from the substitution of tryptophan 94 by
cysteine in the carboxyl-terminal pro-
peptide of proal(I) chains of type I pro-
collagen, were studied. The limbs and
torso were of normal length, shape, and
proportion. Similarly, all bones were of
relatively normal shape and the long bones
showed normal metaphyseal modelling.
These clinical and radiographic features
were similar to those observed in another
baby with 01-II resulting from a mutation
of the carboxy-terminal propeptide of
proal(I) chains but dissimilar from those
reported in babies with 01-II resulting
from helical mutations of type I collagen.
(J Med Genet 1996;33:965-967)
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Osteogenesis imperfecta (OI) is a brittle bone
disease that usually results from mutations in
the COLlAl or COL1A2 genes that encode
the proodl(I) and prooa2(I) chains of type I
procollagen, respectively.' Most of the mut-
ations involve the main triple helical domain
and result in a dominant negative effect or in
haploinsufficiency.'2 Mutations of the carb-
oxyl-terminal propeptides are rare but their
consequences confirm the critical roles of this
domain in the chain selection, registration,
alignment, and disulphide bonding steps that
are required for the assembly of type I pro-

collagen trimers containing two pro 1(I) chains
and one proa2(I) chain.-8 The carboxyl-ter-
minal propeptides are also important in the
initiation of triple helix formation.
The severity of OI resulting from mutations

of the carboxyl-terminal propeptides is de-
pendent on the extent to which the mutations
impair procollagen assembly. Two frameshift
mutations, one in proot (I) and the other
in prooa2(I), completely prevented the in-
corporation of the mutant chains into type I
procollagen trimers resulting in haplo-
insufficiency.34 Heterozygotes for the COLlAl
mutation had mild OI type I while hetero-
zygotes for the COL1A2 mutation were clin-
ically normal. Homozygotes for the latter

mutation had moderately severe OI type III.5
In contrast, five different carboxyl-terminal
propeptide mutations, which impaired but did
not prevent the assembly of type I procollagen
trimeric molecules, resulted in lethal OI.- This
report concerns one of the latter babies (OI64)
who was heterozygous for a single base change
in exon 49 of COLlAl that converted the
codon for the procd (I) carboxyl-terminal pro-
peptide residue 94 from tryptophan (TGG)
to cysteine (TGT).8 The mutation disturbed
procollagen folding and retarded the formation
of disulphide linked trimers. The endoplasmic
reticulum resident molecular chaperone BiP,
which binds to malfolded proteins, was induced
and bound to type I procollagen in the OI64
fibroblasts. Unassembled mutant prood (I)
chains were also retained in the rough en-
doplasmic reticulum. Although most of the
mutant type I procollagen molecules and un-
assembled mutant chains were degraded in the
rough endoplasmic reticulum, some of the type
I procollagen molecules containing mutant
prooa 1 (I) chains were secreted. These molecules
were enzymatically overmodified owing to de-
layed formation of the triple helix. The overall
effect of the mutation was to produce a major
biosynthetic deficiency of type I procollagen
that reduced the accumulation of type I
collagen in the extracellular matrix to ap-
proximately 20% of normal. In this paper we
describe the clinical, radiographical, and patho-
logical features of this baby with lethal OI.

Case report
CLINICAL HISTORY
The proband (OI64) was born at 38 weeks'
gestation with numerous fractures of the limbs,
skull, and ribs and with subarachnoid and sub-
dural haemorrhages. Death from respiratory
distress occurred within hours of birth.

RADIOGRAPHICAL FEATURES
There was generalised osteopenia and numer-
ous fractures of the long bones and skull (fig 1).
The skull contained multiple wormian bones.
However, the long bones were of relatively
normal shape and showed normal metaphyseal
modelling (fig 2). The shapes of the vertebrae,
pelvis, and the bones of the hands and feet
were also relatively normal.
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Figure 1 Anteroposterior radiograph of the torso. The ribs
contain numerous fresh and healing fractures. The
vertebrae are well formed.

PATHOLOGICAL FEATURES
The birth weight was 3060 g (50th centile) and
the total body length was 49 cm (50th centile).
The sclerae were deep blue. The limbs and
torso were all of normal length, shape, and
proportion. The skin, especially over the thighs,
was lax. The j'oints were also lax and fractures
were palpable in all long bones.
Necropsy showed fresh and healing fractures

of all major long bones. There were healing
nodules on all ribs, particularly posteriorly. In
contrast, the pelvis and vertebrae were not
fractured.
The head circumference was 35.5 cm (75th

centile) and the very thin calvarium contained
multiple fractures and wormian bones. There
were no fractures of the base of the skull. There
were extensive subdural and subarachnoid
haemorrhages. The brain, which was of normal
weight, appeared normal except where com-
pressed by the haematomas. All other viscera
were of normal appearance and size.

Histological examination showed normal
growth plates in the long bones and ribs. How-
ever, the metaphyseal trabeculae contained
persistent cartilaginous cores with very thin
overlying osteoid seams (fig 3). The car-
tilaginous cores persisted into the diaphyseal
bone. The bone matrix was intensely basophilic
and the osteoblasts were plump and more
numerous than normal. There was little bone
matrix around each osteoblast. The me-
taphyseal and diaphyseal bone was woven with
focal areas of lamellar bone (fig 4). There were
no Haversian systems, although in some areas
the osteoblasts produced pseudoHaversian
systems. The vertebral bodies contained tra-
beculae of woven bone and near the vertebral
end plates the trabeculae contained car-
tilaginous cores. The calvarium was composed
of 0.4 mm thick plates of hypercellular woven
bone which lacked a diploic space.
The sclerae were of normal thickness but the

collagen fibres were less compact and more

Figure 3 Light microscopy of the growth plate of the
femur The cartilaginous architecture is normaL The
trabeculae are covered by a thin layer of osteoid and
contai'n persistent cartilage cores.

.....

Figure 4 Light microscopy of woven cortical bone. The
osteoblasts are plump and closely spaced. Cartilage cores
persist in the cortical and cancellous bone. There are focal
areas of lamellar bone (arrowheads). The peri'Osteum is
labelled P

Figure 2 Radiograph oj
the arm. The humerus,
radius, and ulna are
slender but well modelled.
They contain healing
diap/,yseal fractures. The
hand bones are well
formed.
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randomly orientated than normal. The cornea
had a loose pale inner zone. The dermis was
thinner than normal.

Apart from haemorrhages, the brain and
lungs were histologically normal. All other vis-
cera were also histologically normal.

Discussion
Many of the radiographical, pathological, and
biochemical features of the proband are similar
to those of a baby (OI26) who had a lethal
perinatal form of OI owing to a heterozygous
frameshift mutation of the carboxyl-terminal
propeptide of procxl (I) chains.79 The mutation
produced a change in the amino acid sequence
beginning at valine 106 ofthe carboxyl-terminal
propeptide and resulted in a truncated chain.
The propeptide lacked asparagine 147, which
normally carries an N linked oligosaccharide
unit, and had an altered distribution of cysteine
residues. The major clinical difference was that
OI26 was born earlier at 35 weeks' gestation
and was smaller, being below the 10th centile
for weight, length, and head circumference. It
is likely, however, that the many similarities
between OI64 and OI26 were because they
shared a similar severe deficiency in the amount
of type I collagen that was available to form
the extracellular matrix. They also shared a
similar maturational defect in osteogenesis in
which the numerous plump osteoblasts and
woven bone matrix maintained an appearance
more typical of early embryonic bone.'0
The relatively normal shapes of the torso,

limbs, and bones in OI64 and OI26 were the
main features that distinguished them from the
more common forms of lethal perinatal 01.
The latter forms of OI, which are the result of
mutations in the helical domains of the type I
collagen chains, have been classified into three
groups." Group A have broad crumpled long
bones and beaded ribs; group B have broad
crumpled long bones with little beading of
the ribs; and group C have thin, fractured,
cylindrical, dysplastic long bones and thin
beaded ribs. We have designated the distinct
clinical and radiological features of OI64 and
OI26 as group D. In groups A to C, the ex-
tracellular matrix contains a mixture of normal
and mutant type I collagen molecules in con-
trast to the extracellular matrix of 0164 and
OI26, group D, which contains a severely re-
duced amount of predominantly normal type
I collagen molecules. However, the histological
appearances of the bone matrix and osteoblasts
in OI26 and OI64 were indistinguishable from
those reported in groups A to C.2
Three additional cases of lethal osteogenesis

imperfecta resulting from mutations of the
carboxyl-terminal propeptide of prooc (I)
chains also shared the biochemical features of
OI64 and OI26. A second trimester fetus (86-
146) who was stillborn had a heterozygous
deletion of six base pairs that resulted in the
deletion ofglutamic acid 1 19 and tyrosine 120.6
A term baby (86-237), who died at a day of

age from respiratory failure, had a heterozygous
substitution of histidine 59 by aspartic acid.6
Finally, a 17 week fetus (88-251) delivered
spontaneously and was shown to be hetero-
zygous for the substitution of arginine 170 by
leucine.6
The mutations in these five cases resulted

in severe reductions in the amount of type I
collagen available for formation of the ex-

tracellular matrix and some of the collagen
incorporated into the matrix was enzymatically
overmodified. Increased levels of intracellular
degradation of mutant collagen molecules and
monomeric proa chains were the major factors
that produced the severe deficiency in secreted
type I procollagen. The endoplasmic reticulum
mediated quality control of type I collagen
production in these cases was in large part
because of the increased production of the
endoplasmic reticulum resident binding pro-
tein, BiP, which binds to malformed proteins.712
It specifically bound to type I procollagen pro-
duced by the OI fibroblasts but not control
cells. This quality control mechanism was not
stimulated in the more common cases of OI
resulting from mutations in the triple helical
domains of the type I collagen chains.'2 These
findings highlighted the importance ofthe carb-
oxyl-terminal propeptide in normal type I col-
lagen biosynthesis and in the pathogenesis of
a subset of cases of lethal OI.
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