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Novel and recurrent COMP (cartilage oligomeric matrix protein) mutations in
pscudoachondroplasia and multiple cpiphyseal dysplasia
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Introduction

Pseudoachondroplasia (PSACH) is a relatively common
skeletal dysplasia characterized by short-1imbed short stat-
ure with normal facies and intelligence (Maroteaux and
Lamy 1959; Hall and Dorst 1969). Its clinical features
include joint laxity, limitation of the movement of joints,
severe bony deformities, and early onset of osteoarthroses;
radiographlc features include platyspondyly with anterior
beaking of the vertebral bodies and generalized dyspla-
sias of epiphyses and metaphyses of the long and short
tubular bones (Wynne-Davies et al. 1986). This syndrome
exhibits considerable clinical and genetic heterogeneity;
Hall and Dorst (1969) distinguished four varieties of
PSACH on the basis of severity of disease and mode of
inheritance, i.e., the Maroteaux-Lamy (severe) and the
Kozlowski (mild) types, each being subject to either au-
tosomal dominant or recessive inheritance. However, re-
cent clinical and molecular studies have demonstrated
gonadal/somatic mosaicism in PSACH families that were
originally considered to represent autosomal recessive
inheritance, suggesting that auto-somal recessive inherit-
ance is unlikely (Hall et al. 1 987; Hecht et al. 1995).
Multiple epiphyseal dysplasia (MED) defines a group of
dominantly inherited skeletal dysplasias involving epiphy-
ses of the long and short tubular bones. MED also exhib-
its considerable clinical heterogeneity. This disorder ap-
pears in two forms, i.e., severe (Fairbank type; Fairbank
1947) and mild (Ribbing type; Ribbing 1 955). Although
MED patients do not show the significant metaphyseal
and vertebral dysplasias characteristic of PSACH, their

epiphyseal mani-festations are very similar. Because of
the broad phenotypic overlap between the two conditions,
they are now considered to represent a continuous spec-
trum of disorders, being categorized as a family of skel-
etal dysplasias (Spranger 1988).

Genetic linkage of mild (Briggs et al. 1993) and severe
(Hecht et al. 1993) forms of PSACH, respectively, has
been demonstrated to a locus in the pericentromeric re-
gion of chromosome 19. A subsequent candidate-gene
approach revealed that mutations of the gene encoding
cartilage oligomeric matrix protein (COMP) were respon-
sible for PSACH (Briggs et al. 1995; Hecht et al. 1995).
Furthermore, COMP mutations werc also identified in
patients with Fairbank (Briggs et al. 1995) and Ribbing
(Ballo ct al. 1997) types of MED. These findings indi-
cated that PSACH and MED are allelic, and that muta-
tions of the COMP gene can produce a wide spectrum of
manifestations from severe PSACH to mild MED. How-
ever, the full extent of COMP mutations, and possible
phenotype-genotype relationships, are unclear because
so few mutations have been identified; we are aware of
only 15 previously documented COMP mutations, ten
of them in PSACH patients (Briggs et al. 1995, 1998;
Hecht et al. 1995; Susic et al. 1997) and five in MED pa-
tients (Briggs et al. 1995, 1998; Ballo et al. 1997; Susic
et al. 1997) .

To characterize additional COMP mutations and inves-
tigate possible phenotype-genotype correlations, we
screened the COMP gene in 15 patients with PSACH or
MED, by direct sequencing. We report here the identifi-

cation of ten mutations, seven of them novel, and pro-
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vide ev-idence to indicate a correlation of genotypes with
phenotypic manifestations.

Materials and methods

Patients

Patients were identified and followed at special clinics
for skeletal dysplasias in the National Rehabilitation
Center for Disabled Chil-dren, the Saitama Children's
Medical Center, or the Dokkyo University Hospital. Di-
agnosis of PSACH was made on the basis of clinical and
radiographic examinations. Criteria were (1) short-limbed
short stature, not identifiable at birth but recognized in
early childhood; (2) normal facies and intelligence; (3)
joint laxity, limitation of the movement of joints, and
severe bony deformities; (4) platyspondyly with anterior
beaking; and (5) generalized dysplasias of epiphyses and
metaphyses of the long and short tubular bones. Diagno-
sis of MED was also made on the basis of clinical and
radiographic criteria, including generalized dysplasias of
epiphyses of the long and short tubular bones and the
absence of spinal dysplasia.

Fifteen patients were included in the study; ten of them
were diag-nosed as having PSACH, and five as MED.
None had family histories of the disease except for two
of the MED patients. On the basis of the severity of the
disease, the PSACH patients could be divided into the
severe and mild types. Four PSACH patients were clas-
sified as the se-vere type, six the mild type. The heights
of PSACH patients of the se-vere type were below -6
SD, and those of the mild type, between -4SD and -2SD.
Limitation of the movement, and the deformities of the
joints were more severe in the severe type. However, ra-
diographs showed no significant qualitative difference
between the two types.

DNA samples and polymerase chain reaction (PCR)

Blood samples were obtained from patients and mem-
bers of their families with informed consent. Genomic
DNA samples were extracted by standard procedures and
amplified by the PCR. For exons 10 and 13 of the COMP
gene, primers were as described previously (Briggs et al.
1995; Hecht et al. 1995). Other exons were amplified by
sets of primers designed according to the published
COMP cDNA sequence (L32137 in GCG) and its ge-
nomic structure reported by Briggs et al. ( 1995). Primer

sequences for exon 9 were i7i9/F (sense): 5'-
TTGAGGCCGGCTTGGGTG-3" and i7i9/R (anti-sense):
5'-CCCGTAGATCTACCTTTTCATTGGG-3'. Primer
sequences for exon Il were i 10il I/F (sense): 5'-
CATCCTAATGAAGTCATTCTGGC-3' and ilOill/R
(anti-sense): 5'-ATCCAACTTGCAGTTCACCC-3".
Primer sequences for exon 14 were ¢ 14/F (sense): 5'-
GACGTGTGCCAGGA-CGACTT-3" and el4/R (anti-
sense): 5'-CCCACCTGGTrGAGCAC-CAC-3'. The PCRs
were performed with the Takara exTaq system (Takara
Shuzo, Otsu, Japan) according to the instructions of the
manufacturer, in a total volume of 25 xl using as tem-
plates 50 - 100 ng of each genomic DNA sample. The
PCR conditions were as follows: initial de-naturation
(94°C, 2 min) followed by 35 cycles of denaturation (94°C,
30 s), annealing (55°-63°C according to the Tm of the
primers, 30 s), extension (72°C, 30 s), and final extension
(72°C, 5 min).

Nucleotide sequence analysis

The PCR products were purified by Ultrafree-MC
(Millipore) and sequenced directiy by means of the
AB1377 automated sequencer and the Prism Ready Re-
action DyeDeoxy Terminator Cycle Sequencing Kit (ABI).
For confirmation of mutations, PCR products were
subcloned to T-vector (Invitrogen) and sequenced by the
automated sequencer using M 13 universal primers. Nucle-

otide sequences were determined on both strands.
Restriction digestion of PCR products

The PCR products were digested for 6-8 h with 10-20 U of
each appropriate restriction enzyme per microgram of
DNA, at the optimal temperature for each enzyme, then
electrophoresed on 3% or 4% NuSieve GTG agarose gels
(EMC, Rockland, Me., USA).

Results

Ten COMP mutations were identified, nine for PSACH
and one for MED. Three mutations comprised a 3-bp de-
letion, and the remaining seven were all missense muta-

tions.

Identification of a recurrent COMP mutation
in patients with severe PSACH
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Direct sequencing of exon 13 of the COMP gene identi-
fied 3-bp deletions in three patients [PS-SI (M), PS-S2(H),
PS-S3(0)]; each deletion had eliminated one of the five
copies of GAC from the trinucleotide repeat region at
nucleotides 1405-1419 (nucleotides are numbered from
the translation start site). This mutation, confirmed by
sequencing the subcloned PCR products, had been
describeci previously in patients with severe PSACH
(Hecht et al. 1995), It resulted in loss of an aspartic acid
residue (D473del) within the 7th calmodulin-like repeat
of the gene product. The phenotype of all three of our
patients with this mutation was also severe, their adult
heights being less than 110 cm. They were all sporadic

cases.

Identification of a novel COMP mutation
in a patient with severe PSACH

One patient [PS-S4(1)] was heterozygous for a single-
base change at nucleotide 1418 (A 141 8~,G) . This novel
missense mutation, which also occurred within the GAC
repeat in the 7th calmodulin-like repeat encoded in exon
13, would cause replacement of a conserved aspartic acid
residue with glycine at codon 473 (D473G). Direct se-
quencing of DNA samples from the patient's clinically
unaffected parents failed to find this mutation, nor was it
detected in normal controls or any other PSACH or MED
patients. The patient was a sporadic case. His height at
the age of 17 years was 108 cm (-10 SD).

Identification of novel COMP mutations i
n mild PSACH cases

Five of the six patients with mild PSACH carried novel
missense mutations elsewhere than in exon 13 of the
COMP gene. These mutations occurred at sites encoding
conserved amino acids in the calmodulin-like repeats of
the protein. Patient PS-M1 (O) was heterozygous for
G868->A (D290N) in exon 9; patient PS-M2(D) for
Al046->G (D349V) in exon 10; patient PS-M3(W) for
T1 159->G (C387G) in exon 11 ; patient PS-M4(1) for
G1552->A (D518N) in exon 14; and patient PS-M5(K)
for G895->A (G299R) in exon 9. These mutations were
confirmed by PCR-RFLP (restric-tion fragment length
polymorphism) analyses : the D349V and C387G muta-
tions created FnudHI and Sau961 sites respectively, and
the D290N , D518N, and G299R mutations abolished
Mval, Taql and Ddel sites, respectively. None of these

sequence changes were present among 50 unrelated, un-
affected individuals or in other PSACH or MED patients
of our panel. All patients were sporadic cases.

Identification of a novel COMP mutation in MED

We found a novel missense mutation in exon 10, A 1082-
>T (D361V), in a patient [MED-1 (M)] with Fairbank-
type MED The aspartic acid at codon 361 is a highly con-
served amino acid in the 3rd calmodulin-like repeat. This
mutation was confirmed by PCR-RFLP analysis, as the
change had created a Tsp451 site. The mutation was not
detected in 50 unrelated, unaffected individuals or in other
PSACH or MED patients. The patient had an affected
mother and an affected younger sister, who also had the
mutation.

Sequence variations

In all patients examined, nucleotides 766-767 and 854-
855 were GC, not CG as in the published sequence
(L32137). This difference would mean substitution of an
arginine residue for alanine at codon 256 (CGC->GCC)
and a phenylalanine residue for arginine at codon 285
(CCG->CGC). However, neither of these sites represents
a conserved amino acid. We also found two patients who
were heterozygous for C279->A, but this change did not

cause an amino acid substitution.

Discussion

COMP is an extracellular matrix protein specific to carti-
lage; it is localized mainly in the territorial matrix sur-
rounding chondrocytes. The COMP monomer is a 110-
kDa glycoprotein containing an amino-terminal domain,
four contiguous epidermal growth factor-like repeats, eight
contiguous calmodulin-like repeats, and a carboxy-termi-
nal domain (Newton et al. 1994; Briggs et al. 1995).
Calmodulin-like repeats are thought to bind calcium by
means of aspartic acid residues lining calcium-binding
pockets. The consensus sequence of the calmodulin-like
repeats of COMP is N-(D)Q-D-D-DG-GDAC(D)-D-D-
D...DNPC- (DiCesare et al. 1994). Because the amino ac-
ids in the repeats are highly conserved, replacement would
alter the conformation and function of the COMP gene
product. All COMP mutations reported in the previous and
present studies have involved calmodulin-like repeats,
except for two cases (Briggs et al. 1998), underscoring the
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functional importance of this domain. If one includes the
results of the present study, a total of 22 different COMP
mutations have been identified in 37 patients, 19 of them
with severe PSACH, 12 with mild PSACH, and 6 with
MED . All 19 patients with severe PSACH carried muta-
tions in the 7th calmodulin-like repeat encoded in exon
13, 17 of them within the GAC repeat sequence at nucle-
otides 1405-1419; 15 of these reflected deletion of one
trinucleotide. Hence, the GAC repeat is a mutational
hotspot of the COMP gene; more than one-third of the
identified mutations, and almost half of mutations in
PSACH comprised this delption. Mutations in the 7th
calmodulin-like repeat in exon 13 produce the severe
PSACH phenotype except one at the top of the repeat. In
contrast, patients with mutations in exons other than 13
showed mild PSACH or MED phenotypes. These geno-
type-phenotype correlations should facilitate molecular
diagnosis and classification of PSACH and MED, and
provide insight into the function of COMP and the physi-
ological consequences of different mutations. Among the
22 COMP mutations documented here and elsewhere, 18
were missense mutations and 4 were inframe deletions;
most of them substituted or deleted conserved aspartic
acid or cysteine residues. The type of mutation is unlikely
to be related to phenotype, however, because although
missense mutations such as D473G could produce a se-
vere PSACH phenotype, the most drastic change among
the reported mutations, a f'our amino acid deletion (V513-
K516del), resulted in mild PSACH (Susic et al. 1997).
To date, no mutations producing truncated gene products,
for example nonsense mutations or insertion/deletions
causing frameshifts, have been identified so far. It remains
to be determined whether these kinds of mutation would
produce phenotypes within the PSACH-MED spectrum
of skeletal dysplasias, or cause syndromes belonging to a
completely different category. The molecular mechanism
by which COMP mutations cause PSACH and MED re-
mains unclear. Haplo-insufficiency is unlikely, in view
of the wide spectrum of disease phenotypes associated
with known mutations. No individuals with a karyotypic
deletion of 19p have shown pheno-types similar to PSACH
and MED; no case of PSACH or MED with deletion of
the COMP locus has been reported. A dominant-nega-
tive mechanism has been postulated, on the ground that
COMP forms a pentamer (Morgelin et al. 1992). How-
ever, incorporation of mutant monomers into the COMP
pentamer has not been proven. COMP belongs to the
thrombospondin family of extra-cellular calcium-binding

proteins. Thrombospondins participate in calcium-depen-
dent interactions with a number of extracellular matrix
proteins, including type V collagen, laminin, and heparin
(Mumby et ai. 1984; Takagi et al. 1 993). Chondrocytes
from PSACH and MED patients show cytoplasmic inclu-
sion bodies that stain with antibodies against core protein
of proteoglycan (Stanescu et al. 1982). Patients carrying
mutations in the type IX collagen gene (COL9A2) also
exhibit a MED phenotype (Muragaki et al. 1996). These
lines of evidence suggest that COMP might interact with
these molecules. If so, dysfunction of COMP would likely
result in structural and functional disintegration of the ex-
tracellular matrix. Identification and charac-terization of
additional COMP mutations in PSACH and MED patients
would improve our understanding of the molecular patho-
genesis of these diseases and provide more information
about the relationship between the structure and function
of the COMP gene product.
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