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Summary
The Ehlers-Danlos syndrome (EDS) is a heterogeneous
connective-tissue disorder of which at least nine sub-
types are recognized. Considerable clinical overlap exists
between the EDS I and II subtypes, suggesting that both
are allelic disorders. Recent evidence based on linkage
and transgenic mice studies suggest that collagen V is
causally involved in human EDS. Collagen V forms het-
erotypic fibrils with collagen I in many tissues and plays
an important role in collagen I fibrillogenesis. We have
identified a mutation in COL5A1, the gene encoding the
proal(V) collagen chain, segregating with EDS I in a
four-generation family. The mutation causes the substi-
tution of the most 5' cysteine residue by a serine within
a highly conserved sequence of the proal(V) C-propep-
tide domain and causes reduction of collagen V by pre-
venting incorporation of the mutant proal(V) chains in
the collagen V trimers. In addition, we have detected
splicing defects in the COL5A1 gene in a patient with
EDS I and in a family with EDS II. These findings con-
firm the causal role of collagen V in at least a subgroup
of EDS I, prove that EDS I and II are allelic conditions,
and represent a, so far, unique example of a human
collagen disorder caused by substitution of a highly con-
served cysteine residue in the C-propeptide domain of a
fibriliar collagen.

Introduction

The Ehlers-Danlos syndrome (EDS) is a heterogeneous
connective-tissue disorder affecting primarily the skin,
ligaments, joints, and blood vessels (Steinmann et al.
1993). Several EDS subtypes are caused by mutations
in the structural genes for collagen I (EDS VII A and B)
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and III (EDS IV) or in genes coding for enzymes involved
in collagen I biosynthesis (EDS VI and VIIC) (Steinmann
et al. 1993). Abnormalities in size and structure of der-
mal collagen fibrils are found also in EDS I, II, and III
(Holbrook and Byers 1982; Hausser and Anton-Lam-
precht 1994). The genes encoding the major fibrillar
collagens I, II, and III have been excluded as the mutant
loci for EDS II (Wordsworth et al. 1985, 1991).
A confident clinical diagnosis of special EDS types is

often quite difficult: the intra- and interfamilial variation
in expression of clinical symptoms, as well as the influ-
ence of genetic background and epigenetic factors, i.e.,
age-dependent alteration is remarkable; moreover, the
assessment of clinical severity is inevitably a matter of
interpretation and experience. Thus, the unequivocal la-
beling of a connective-tissue disorder presenting as EDS
by a clear molecular genetic defect is an important con-
tribution to the efforts in genetic counseling, prognosis,
and therapeutic management.
Growing evidence suggests that another fibrillar colla-

gen, type V, is causally involved in EDS. Collagen V is
coexpressed with collagen I in many tissues and plays
an important role in collagen I fibrillogenesis (Birk et
al. 1990; Linsenmayer et al. 1993). It consists of three
different polypeptide chains, i.e., proal(V), proa2(V),
and proa3(V), encoded, respectively, by the COLSA1
(9q34.2-q34.3; Greenspan et al. 1992), COL5A2 (2q31;
Emanuel et al. 1985), and COLSA3 gene (not mapped).
Linkage studies performed in three families with EDS II
(Loughlin et al. 1995) and in one family with EDS I/I
(Burrows et al. 1996) have shown linkage to the
COLSA1 gene. On the other hand, Greenspan et al.
(1995) have excluded this gene as the causal locus in a
large EDS II family. In addition, it has been shown that
transgenic mice homozygous for an exon 6 deletion in
the COL5A2 gene have phenotypic features reminiscent
of human EDS (Andrikopoulos et al. 1995). Recently,
evidence for the causal involvement of COLSA1 in EDS
I was given by Toriello et al. (1996), who characterized
a translocation disrupting the COLSA1 gene in a patient
with EDS I and hypomelanosis of Ito. In addition,
Wenstrup et al. (1996) have characterized a splicing ab-
normality causing the skipping of the COLSA1 exon 65
in a family with EDS I.
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Here, we report the characterization of a mutation in
the COL5A1 gene in a four-generation family with EDS
I, which substitutes a highly conserved cysteine residue
within the proal(V) C-propeptide domain with serine.
In addition, we have identified splicing abnormalities in
the COL5A1 gene in two other unrelated families with
EDS I or II.

Subjects and Methods

Subjects
Family 1.-The index patient (III-2 in pedigree; see

fig. 1A) is a 40-year-old man. He was born prematurely
with unilateral clubfoot and inguinal hernia. He pre-
sented skin and joint hyperextensibility, poor wound
healing, and easy bruising, since childhood. He showed
facial characteristics of EDS I, including extensively
wrinkled forehead with several scars, small eyes, mild
ptosis, excessive folding of the eyelids, and a short nose
with upturned nosetip. He presented several scars on
elbows, knees, and shins and had hyperlaxity of all
joints, with a Beighton score for hyperlaxity of 9/9
(Beighton et al. 1969). He also had pectus excavatum,
mild scoliosis, varicosities of the distal parts of the legs,
and typically broad feet with low plantar arches.

Several other family members presented a similar phe-
notype, including his mother (II-2) who on clinical ex-
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Figure 1 A, Pedigree of family 1. The solid black symbols indi-
cate affected family members. Asterisks (*) indicate family members
from whom a DNA-sample was analyzed. B, StyI restriction pattern
found in the different family members from family 1. Genomic DNA
was amplified using primers localized within exon 62 of the COLSA1
gene, generating a 208-bp fragment. Affected individuals had an addi-
tional Styl restriction site, cleaving the 208-bp fragment into a 175-
bp and a 33-bp fragment. A 100- and 50-bp ladder are loaded, respec-
tively, on the left and the right side of the gel.

amination at age 60 years, showed mild skin hyperexten-
sibility, several atrophic scars on elbows, knees and
lower extremities, and mild scoliosis. Joint laxity was
less pronounced than in her son and involved mainly
the small joints. Her skin around the knees was inelastic,
showing excessive large folds. Her father (I-3) and aunt
(I-1) reportedly showed the same symptoms.
The proband's sister (III-5) also has mild skin and

joint hyperlaxity, easy bruising, and scarring, since
childhood. One other sister and one brother (III-3 and
III-4) are unaffected.
The two eldest children of the proband (IV-1 and

IV-2) also showed the typical features of EDS I. The
son (IV-1) was born at 32 wk and the daughter
(IV-2) at 37 wk of gestation, respectively. The son, aged
17 years, had moderate skin hyperextensibility, general-
ized joint laxity, and easy bruising and presented several
cigarette paper scars and poorly healing wounds on
knees and shins. He also had mild pectus excavatum
and typical broad flat feet. The daughter, aged 15 years,
had pronounced skin hyperextensibility, numerous
atrophic scars on the forehead, elbows, and knees, and
molluscoid pseudotumors on the shins. She presented
with severe generalized joint hypermobility, with a
Beighton score of 9/9. She showed thoracic hyper-
kyphosis and had a facial appearance typical for EDS I,
with small eyes and redundant skin on the upper eyelids.
The younger son (IV-3) was born at term and had no
clinical features of EDS I.

Family 2.-The proband, a 13-year-old girl, pre-
sented with classical features of EDS I. She was the only
affected in a sibship of five children from healthy non-
consanguineous parents. She was born prematurely after
premature rupture of membranes with an umbilical her-
nia and bilateral dislocation of the hips. She suffered
some walking difficulties in the first years of life, because
of joint instability.

She had a shoulder dislocation at age 3 years and a
luxation of the right knee at age 5 years. On clinical
examination, she showed a pale, hyperextensible skin;
numerous ecchymoses and paper scars on shins and
knees; generalized joint hyperlaxity with genua re-
curvata; broad, flat feet; epicanthic folds; strabismus; a
small, upturned nose; and a deep nasal bridge.

Family 3.-The proband was diagnosed with EDS
type II at the age of 23 years. He had a history of easy
bruising and abnormal scarring and suffered several lux-
ations of the ankles while playing basketball.
On clinical examination at age 32 years, he presented

with moderate skin hyperextensibility and joint laxity
and several pigmented paper scars on knees and shins.
His two affected sons, aged 9 and 16 years, showed mild
skin hyperextensibility, hyperlaxity of several joints,
poor wound healing, and several ecchymoses and
atrophic scars on the lower legs. None of them had
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suffered any major complication of the disease. The
overall clinical phenotype was milder than that of the
affected patients in family 1 and 2.

Electron Microscopy (Performed only in Family 1)
A knife biopsy was taken from a scar region at the

elbow from patient III-2. The skin sample was processed
for conventional transmission electron microscopy as
reported elsewhere (Hausser and Anton-Lamprecht
1994).

Fibroblast Cultures and Labeling
Skin biopsies used for biochemical analysis were ob-

tained from the proband (III-2 in fig. 1A) and his affected
mother (II-2 in fig. 1A) in family 1, the proband and
her parents in family 2, and the proband and his two
affected sons in family 3.

Skin fibroblast cultures were established under stan-
dard conditions. Labeling of the fibroblasts and purifi-
cation of the collagen molecules was performed as re-
ported elsewhere (Nuytinck et al. 1996).

Protein Analysis
Collagens were extracted from the medium by alcohol

precipitation and redissolved in 0.5M acetic acid. Medi-
um- and cell-layer samples were counted in a scintilla-
tion counter and digested with 50 ,ug/jul pepsin (Boeh-
ringer) for 4 h at 15'C. The digestion was stopped by
adding 0.5 jig/jil pepstatin (Boehringer). SDS-electro-
phoresis was performed using the Laemmli system
(Laemmli 1975). The gels were processed for fluorog-
raphy or for autoradiography, dried, and exposed to a
Hyperfilm MP (Amersham). The autoradiographs were
scanned and evaluated using a Phosphorimager (Molec-
ular Dynamics).

Linkage Studies
Linkage studies were performed in family 1 with the

COLlA1, COL1A2, and COL3A1 genes as described
by Sokolov et al. (1991). Linkage analysis with the
COLSA1 gene was done using intragenic polymor-
phisms described by Greenspan and Pasquinelli (1994)
and Greenspan et al. (1995).

cDNA Analysis
Total RNA was prepared from skin fibroblasts with

TrizolT (Life Technologies), and first-strand cDNA was
synthesized by Moloney murine leukemia virus tran-
scriptase (Life Technologies). Genomic DNA was ex-
tracted from peripheral blood leukocytes by the Qiagen-
Blood miniprep kit (Qiagen, Inc.). Oligonucleotide
primers were designed based on the cDNA structure of
the COLSA1 gene (Greenspan et al. 1991) to obtain 12
overlapping PCR fragments amplifying a part of the N-
propeptide, the complete a-helix, and a part of the C-

propeptide. PCR products were visualized by ethidium
bromide.
Heteroduplex analysis (HA) was performed with

MDETM gels (1 x MDE-gel supplemented with 10%
glycerol in 1 x Tris-borate EDTA). The bands were
visualized by ethidium bromide and photographed.
Fragments showing an abnormal migration pattern after
HA analysis were cloned using the pCR-Script (SK+)
cloning kit (Stratagene) according to the manufacturer's
instructions and sequenced using Auto Read Sequencing
Kit and an Automated Laser Fluorescent Sequencer
(Pharmacia).

Genomic DNA Analysis
Family 1.-The mutation created a Styl restriction

site, which was used for restriction analysis of amplified,
genomic DNA corresponding to exon 62 of the
COLSA1 gene in all the family members. The digested
PCR products were separated on a 2.5% agarose gel.
Genomic DNA from 200 unrelated individuals and from
12 other patients with EDS I and EDS II was amplified
and digested as described above.

Family 2. -Primers were designed to amplify 80 bp
at the 3' end of IVS 41, the whole exon 42 (108 bp),
and 80 bp at the 5' end of IVS 42. The amplified frag-
ment was cloned and sequenced as described above.

Family 3.-Primers were designed to amplify the
branch site, the 3' splice site, and the 5' splice site of
exon 65. Amplimers were cloned and sequenced as de-
scribed above. The mutation created a BsrI restriction
site. Genomic DNA from the two other affected family
members and 30 unrelated controls was screened by BsrI
restriction analysis.

Results

Histological and Ultrastructural Studies
By light microscopy, the dermal connective tissue

showed an unusually loose organization with many
small collagen bundles and prominent elastic fibers. The
distribution of the dermal components and cells seemed
to be disturbed. Within the reticular dermis, conspicu-
ous large collagen bundles appeared "cloudy" and
stained deeply with methylene blue.
By electron microscopy (fig. 2A, B), most collagen

bundles contained numerous aberrant collagen fibrils
with extremely varying diameters and flowerlike cross-
sections, but also highly irregular contours. The collagen
bundles that were aberrant by light-microscopic obser-
vation consisted of dense aggregations of bizarre fibrils
with pronounced variation in shape and diameter;
within central regions of these collagenous masses, sin-
gle fibrils could hardly be distinguished and identified.
According to the classification of EDS I-III by differen-
tial ultrastructural aberrations of collagen fibrils (Haus-
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Figure 2 Electron microscopy of a skin biopsy from the proband in family 1, showing chaotically organized collagen bundles in the mid-
dermis consisting of densely packed and tangled fibrils with irregular, extremely variable shapes and diameter. A, Longitudinal sections, revealing
the typical collagen fibril cross-banding periodicity and bizarre-shaped cross-sections. Magnification x 23.000. B, Cross-sections. Magnification
x 30.000.

ser and Anton-Lamprecht 1994), such collagen material
is characteristic for EDS I.

Elastic fibers were fragmented and porous and often
contained focal calcifications and were not distributed
regularly between collagen bundles, but crowded to-
gether. Since connective-tissue components are inter-
active and consist of interdependent molecules, the mor-
phological alterations of the elastic material and the
overall disintegrated dermal organization strengthen the
idea of general consequences of a single genetic defect.

Biochemical Collagen Studies
Family 1.-The proband (111-2) and his mother (II-

2) showed normal migration patterns for collagen I, III,
and V in medium and cell layer. However, the intensity
of the aol(V) and a2(V) bands in the cell layer was re-
duced as compared to a control (fig. 3). Scanning densi-
tometry confirmed that the amount of collagen V pro-
portional to collagen I was decreased by ¢a50% in
affected individuals as compared to controls (table 1).

Families 2 and 3.-The affected family members
showed normal migration patterns for collagen I, III,
and V in medium and cell layer. The intensity of the
al(V) and a2(V) bands in the cell layer appeared slightly
decreased compared to the controls.

Molecular Studies
Family 1.-Linkage analysis has excluded the

COLlA1, COL1A2, and COL3A1 genes in this family
but was inconclusive for the COL5A1 gene (data not
shown). HA of the COLSA1 gene revealed a migration
shift in the cDNA fragment encoding exons 58-63. Se-
quencing of the cloned PCR product showed a G-to-C

transversion that resulted in the substitution of cysteine
(TGC) by serine (TCC) in position 1181 of the proal(V)
collagen chain (fig. 4) (Numbers starting from the first
glycine residue in the proal(V) collagen helix). The mu-
tation created a restriction site for the endonuclease StyI.
The presence of the mutation was confirmed in all af-
fected family members by Styl restriction digestion and
were shown to be absent in all unaffected family mem-
bers (fig. 1B). The mutation was not found in 200 unre-
lated healthy individuals nor in 12 unrelated patients
with EDS I or II, indicating that this mutation neither
represented a common polymorphism nor was the cause
of the EDS phenotype in the other patients studied.

Family 2. -RT-PCR amplification performed on
cDNA encoding exons 40-46 of the COL5A1 gene
showed a fragment of the expected size and a fragment
shortened by 100 bp (fig. 5) because of the deletion
of exon 42. Cloning and sequencing of genomic DNA
fragments spanning exon 42, the flanking 3' and 5'
splice sites, and the branch site revealed no sequence
abnormalities in these regions. As such, the mutation
causing the deletion of exon 42 remains to be defined.

Family 3. -HA of the COL5A1 cDNA revealed sev-
eral migration shifts in the cDNA fragment encoding
exon 63 to a part of exon 66. Sequencing of the corre-
sponding genomic DNA region revealed a T-to-A trans-
version at position -11 of the 3' splice site of exon
65. This transversion caused abnormal splicing of the
COLSA1 gene yielding two different mRNA products
(fig. 6). One mRNA contained a 9-bp insertion because
of the use of a new 3' splice site within IVS 64. The
second mRNA contained a deletion of 45 nucleotides at
the 3' end of exon 65, because of the use of a cryptic
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Figure 3 SDS-PAGE of radio-labeled, pepsin-digested collagens
from the cell layer derived from family 1. al(I), a2(I), al(V), and
ac2(V) represent the polypeptide chains of collagen type I and V;
[al(III)]3 represents collagen III homotrimers. The intensity of the
bands representing the al(V) and a2(V) collagen chain is reduced in
the EDS I patients (Lane 3, II-2; and Lane 4, 11-2) as compared to
controls (Lanes 1, 2, 5, and 6).

splice site within exon 65. The mutation created a BsrI
restriction site, which allowed us to confirm the presence
of the mutation in the other EDS subjects and absence
of the mutation in 30 control individuals.
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Figure 4 Sequencing data of the normal (N) and the mutant (M)
COL5A1 allele in the proband from family 1. A G-to-T transversion
changes the codon for cysteine (TGC) in position 1181 of the proal(V)
collagen chain to the codon for serine (TCC).

a sporadic patient with EDS I, and a family with EDS
II. The involvement of collagen V in EDS I and II was
first shown by linkage studies (Loughlin et al. 1995;
Burrows et al. 1996) and subsequently by the discovery
of a translocation disrupting the COLSA1 gene in a
patient with EDS I (Toriello et al. 1996). Recently,
Wenstrup et al. (1996) identified a splicing defect in the
COLSA1 gene in a family with EDS I.

Collagen V has been shown to exist in at least two
different stoichiometries within tissues (Moradi-Ameli

Discussion
In this study, we have identified a mutation in the

COL5A1 gene in a four-generation family with EDS I,

Table 1

Amount of Collagen V Proportional to the Total Amount of
Collagen I Plus V Measured by Scanning Densitometry

Collagen V/Collagen I+V
Lane No. Sample (%)

1 control 1 27
2 control 2 20
3 II2 8
4 III2 8
5 control 1 24
6 control 2 24

NOTE.-In the EDS I patients from family 1, the amount of collagen
V is reduced to <50% of the values measured in the controls.

1 2 3 4 5 6

-500 bp
-392 bp

Figure 5 RT-PCR amplification and agarose gel electrophoresis
of cDNA encoding exons 40 to 46 in the EDS subject of family 2.
Lanes 1-3 and lane 5, control samples. Lane 4, EDS I patient. Lane 6,
100-bp ladder. Separation of the amplimers derived from the patients
cDNA revealed a PCR fragment of 500 bp and a second fragment of
392 bp, which showed a deletion of 108 bp.
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Figure 6 Aberrant splicing of exon 65 of the COLSA1 gene in
family 3, caused by the T-to-A transversion in position -11 of the 3'
splice site of IVS 64. The upper panel shows the use of a newly created
3' splice site within IVS 64, resulting in the insertion of 9 bp derived
from IVS 64. The lower panel shows the use of a cryptic splice site
within exon 65, resulting in the deletion of the first 45 bp from exon
65.

et al. 1994). The most abundant and widespread popu-
lation consists of [al1(V)]2 a2(V) heterotrimers in which
the N-terminal globular extension of the proal(V) and
procc2(V) chain is retained. It is thought that this N-
terminal domain projects onto the surface of the colla-
gen I fibrils as a hingelike region and that it modulates
the collagen I fibril diameter by steric hindrance (Linsen-
mayer et al. 1993). A second population of collagen V
molecules found in human tissues consists of [al(V)]3
homotrimers that are fully processed (Moradi-Ameli et
al. 1994) and of which the function is not known. A
third stoichiometry al (V)a2(V)a3(V) has been de-
scribed for placental tissues (Niyibizi et al. 1984) and
in postburn granulation tissues (Hashimoto et al. 1988).
In addition, heterotypic (al [XI])2 a2(V) molecules
where characterized in bovine vitreous humor (Mayne
et al. 1993) and al(V)a2(V)ccl(XI) in bovine bone (Ni-
yibizi et al. 1994).
The mutation reported in family 1 affects the most 5'

of eight conserved cysteines in the C-propeptide domain
of the proal (V) collagen chain. It resides within a region
that is highly conserved throughout evolution among
the different fibrillar collagens as well as among fibrillar
collagens in different species (table 2). This residue is
essential for interchain disulphide bonding prior to as-
sembly of the proa-chains and initiation of triple-helix
folding of fibrillar collagen molecules (Lees and Bulleid
1994). Most likely, substitution of a conserved cysteine
in the proal (V) carboxyl-propeptide prevents the incor-
poration of mutant proal (V) chains into the molecule
and results in a reduction of collagen V heterotrimers,
as shown by the protein gels and scanning data in the

affected members of family 1. In addition, since it has
been shown for collagen III that substitution of either
one of the 5' cysteines in the proal(III) chain prevents
interchain disulphide bonding and trimer formation
(Lees and Bulleid 1994), the present mutation may also
prevent assembly of the homotrimeric form of colla-
gen V.
Although the substitution of a highly conserved cys-

teine residue in the C-propeptide domain of fibrillar col-
lagens has not yet been reported, several examples of C-
propeptide mutations exist in human collagen disorders.
In mild forms of osteogenesis imperfecta (OI), deletions
in the proal(I) C-propeptide result in a nonfunctional
COLlA1 allele and in a reduction of collagen I (Willing
et al. 1994). Similar C-propeptide mutations in collagen
X are causal in Schmid metaphyseal chondrodysplasia
(McIntosh et al. 1995). In addition, a few mutations in
the proal(I) C-propeptide have also been reported in
association with lethal OI (Chessler et al. 1993), al-
though here the disease-causing mechanism is different,
since the mutant proal(I) chains are incorporated and
impair helix folding, thereby producing extensively
overmodified collagen I molecules. The fact that in fam-
ily 1 the collagen V molecules were reduced but not
overmodified suggests that a mechanism causing func-
tional haploinsufficiency of COLSA1 is involved. This
might account also for the numerous aberrant composite
or "flowerlike" collagen fibrils within collagen bundles
in the upper and deep dermis (as well as in EDS II dermal
connective tissue). The prevention of triple helix assem-
bly by lack of interchain disulphide bonding resulting
in functional absence of collagen V could well explain
the deposition of highly disorganized collagen masses in
the mid-dermis characteristic of EDS I.

In family 2, deletion of exon 42 in the COLSA1 gene
was found. This exon deletion results in the production
of shortened proal(V) chains. It is possible that these
shortened proal(V) chains are not incorporated in the
collagen V trimers or that the trimers containing mutant
proal(V) chains are rapidly degraded intracellularly.
This could explain the reduction of collagen V observed
in the EDS patient. The underlying genomic mutation in
this family is still unknown. A mutation in the sequence
spanning exon 42, both splice sites and the branch site,
has been excluded. Either the causal mutation is local-
ized in a neighboring region or it remains undetected
because of preferential amplification of the normal
COLSA1 sequence.
The mutation in family 3 disturbs proper splicing of

the COLSA1 gene, respectively, by the use of a newly
created 3' splice site in IVS 64 and by the use of a cryptic
splice site in exon 65. As a result, two different proal (V)
chains are produced, one shorter and one longer than
the normal proal (V) chain. It is expected that these
mutant proal (V) chains are not incorporated in the col-
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Table 2

Position of the Substituted Cysteine Residue in a Region of the C-Propeptide That Is Highly Conserved
throughout Evolution among Fibrillar Collagens in Different Species

Fibrillar Collagen Types
in Different Species Amino Acid Sequence Flanking Conserved Cysteine Residue
-~~

ac 1(I)-.human .a P S D N
a 1(I)-chick M G D N
a 2(I)-human R S s Y
a 2(I)-chick R Ss F
a 1(11)-human D
a 1(II)-chick i D
a 1(11)-mouse Q D
a 1(111)-human ,.
a 1111,)-chick F.
a 1I(11)-rat N F

cc1(V)-human Q QiDF P D V S
l(V)-hamster Q K Q DF P D V S
ca2(V)-human wHit Dsu eo g
a(XI)-human T Ki Q, S D F P D S

a 1(XI)-rat TK QDFPDs
cc2(XI)-human D QS PD
axl(V)-EDS I QN#÷j KDE QI DF P D W S

NOTE.-The cysteine-to-serine substitution in family 1 with EDS I is indicated by a box. The shaded area
indicates the region with complete sequence homology.

lagen V trimers because the length difference between
mutant and normal proccl(V) chains causes misalign-
ment of their C-propeptide domains prior to chain as-
sembly. The mild reduction in collagen V observed in
this family supports this hypothesis.

In conclusion, this paper confirms the causal role of
collagen V in at least a subgroup of patients with EDS
I or EDS II and demonstrates that both conditions can
be allelic. In addition, the important role of the highly
conserved cysteine in the C-propeptide domain in fibril-
lar collagens in chain assembly is illustrated.
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