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SUMMARY The Ehlers-Danlos type IV syndrome is a severe disease with premature death from
catastrophic tearing of large arteries and a tendency to intestinal rupture. These patients lack the
genetically distinct type III collagen. Here evidence is presented that obligate heterozygotes have
lowered levels of type III collagen in their skin and that their cultured fibroblasts produce less than
normal amounts of this protein. The inheritance is autosomal recessive.

The Ehlers-Danlos syndrome (EDS) is an inherited
defect of connective tissue, which combines hyper-
extensible fragile skin and loose jointedness with a
bruising and bleeding tendency. Though earlier
authors (Tschernogobow, 1892; Ehlers, 1901 ; Danlos,
1908) considered it a homogeneous disorder, 7 types
are now recognized (McKusick, 1972) which vary in
severity, in inheritance, and in the underlying molecu-
lar defects. Johnson and Falls (1949) first described
autosomal dominant inheritance, though McKusick
(1959) suspected that the disorder was heterogene-
ous. Barabas (1967) described 3 autosomal domi-
nant varieties and Beighton et al. (1969) 5, one of
which was inherited as a sex-linked recessive charac-
ter. More recently 2 autosomal recessive variants
have been added (Pinnell et al., 1972; Lichtenstein
et al., 1973). Specific biochemical defects have been
identified in EDS types V, VI, and VII. Type V only
affects males and is inherited as a sex-linked reces-
sive trait. Cultured fibroblasts from such patients
are deficient in lysyl oxidase (Di Ferrante et al.,
1975). Type VI combines specific clinical features
such as loose jointedness, scoliosis, and retinal de-
tachment, with type I collagen which is low in
hydroxylysine (Pinnell et al., 1972). Type VII shows
extreme joint laxity and short stature with the per-
sistence of precursor forms of type I collagen (pro-
collagen) in tissues. Both defects probably interfere
with normal crosslinking of type I collagen, the
major structural protein of skin, tendon, and several
other tissues. EDS types I to III show autosomal
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dominant inheritance, possibly with amino acid
substitutions in type I collagen. Such defects as yet
await demonstration.

Patients with EDS IV are readily distinguished
from those with other forms of the disease. It is an
especially grave disorder since premature death from
major arterial tears and other severe complications,
such as intestinal rupture and haematomas, are
commonplace. Unique clinical features include a
characteristic facies, unusually thin but inextensible
skin, and a tendency towards keloid scarring after
wounding (Fig. 1). We have studied tissues from 5
such patients; all lack type III collagen (Pope et al.,
1975). Moreover, cultured skin fibroblasts from these
patients produce only type I collagen, in contrast to
normal control cells which synthesise both types I
and III. The extreme fragility of skin, blood vessels,
intestines, and other organs in the absence of type
III collagen implies an essential structural role for it.
Here we report on levels of type III collagen in

skin samples and type III collagen synthesis by skin
fibroblasts in various relatives of 3 affected patients.
The pedigree patterns of such biochemical studies
allow us to deduce the genetics of this disorder.

Subjects and methods

We have previously reported on 5 individuals with
EDS type IV (Pope et al., 1975). Here we describe
more detailed family studies on 3 of them. In one
family samples were available over 3 generations and
in the others from 2 generations. Tissue was obtained
from the skin of the right forearm by standard pro-
cedures, and a portion was donated to the America
Type Culture Collection, Rockville, Md., where cell
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strains were obtained. Chemical studies were carried
out on other portions which were stored at - 20°C
until used. Family data are shown in Fig. 2.

PEDIGREE 1
The propositus died aged 17 years after spontaneous
rupture of the aorta. He had bruLised and bled
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easily since childhood. His sibs included a completely
normal brother and 2 sisters with minimal loose
jointedness.

PEDIGREE 2
The propositus aged 27 had suffered a variety of
vascular ruptures including both femoral arteries, a
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Fig. I (a) Characteristic fadies of an EDS IV patient; (b) the hands are prematurely aged (acrogeria); (c) keloids are
common; (d) the skin is exceptionally thin with a prominent venous pattern. Note splenectomy and laparotomy scars.
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Fig. 2 Pedigrees of the various patients reported here.

left popliteal artery, and an epigastric artery. No
gross abnormalities were observed in other family
members.

PEDIGREE 3

The proposita, aged 17, had the usual history of
excessive bruising and bleeding. A large spontaneous
haemorrhage of the intestinal wall had produced
acute intestinal obstruction. Other family members
were normal.

BIOCHEMICAL STUDIES
The amount of type I and III collagens were esti-
mated after digestion of the tissue with cyanogen
bromide (Miller et al., 1971). The peptides produced
were resolved in part electrophoresis in sodium
dodecyl sulphate on 7-5yo polyacrylamide gels.
Peptidyl material was localized in the gels by the
uptake of stain after exposure to Coomassie blue
and subsequent removal ofunbound dye (Furthmayr
and Timpl, 1971). Authentic samples of type I and
lII collagen were prepared by standard methods

from fetal skin (Chung and Miller, 1974; Epstein,
1974; Trelstad et al., 1974). The patterns of peptides
produced from skin by digestion with cyanogen
bromide were compared with the peptides produced
from these standards. In addition, we used authentic
aI(III)-CB8 (the kind of gift of Dr Ervin Epstein) as
a standard.

FIBROBLAST STUDIES
Cell strains were obtained from the American Type
Culture Collection of mutant Human Strains. Con-
fluent cultures of these cells were exposed to media
containing 20 ,uCi each of 14C-glycine and 14C-pro-
line. The medium lacked carrier lysine, glycine, and
proline and was supplemented with ascorbic acid
and ,B-aminopropionitrile as previously described.
After a 24-hour labelling period, the medium was
removed from each culture and collagenous protein
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Fig. 3 Separation ofpeptides produced by cyanogen
bromide digestion of skin collagens. The left gel is from
an EDS IV patient. The centre gel is authentic
aI(III)-CB8. The right gel is from a control skin. Digest,
SO p.g, was applied to the gels on the left and right.
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precipitated by the addition of (NH4)2S04 to a 20%.
saturation (Church et al., 1973). The precipitated
materials were dissolved in 0 05 M Tris-HCl, pH 7-4
and type I procollagen was resolved from type III
procollagen by chromatography on DEAE-cellulose
(Church et al., 1974; Smith et al., 1972).
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et al., 1974; Smith et al., 1972; Layman et al., 1971;
Lichtenstein et al., 1975). While EDS IV cell strains
produce only type I procollagen, all others so far
examined produce both type I and type III pro-
collagens (Church et al., 1974; Lichtenstein et al.,
1975). We observed similar results here (Fig. 5).

Results

After digestion with CNBr at least on peptide pro-
duced from type III collagen, cl(III)-CB8 can be
readily resolved from peptides produced from type I
collagen. In our previous study, we showed that this
peptide was not detectable in digests of skin and the
other tissues from 5 ED-IV patients (Pope et al.,
1975). Similar results were obtained here. Surprising-
ly, when the peptides produced from the skin of cer-
tain apparently normal family members were
examined at normal sample loads, the type III colla-
gen specific peptide was not seen (Fig. 3). However,
when the amount of protein applied to the gel was
increased, we could detect aI(III)-CB8 (Fig. 4). In
general, twice to three times as much digest was
required to obtain levels of aI(III)-CB8 comparable
to those obtained from normal controls. Tissue from
still other family members produced normal levels of
I(III)-CB8 while none of this peptide was observed at
any sample load from digests of EDS IV tissue.
Most of the collagenous protein produced in cul-

ture by cells obtained from skin biopsies accumu-
lates in the culture media as procollagens (Church

Heterozygote
50 100 150

C[8

300

2000(

E 10000

E

C-)
-4

40000

30000

20000

10000

NORMAL SIB
TYPE I

TYPE III

-GRADIENT TP I

IIr

EDS-IV HETEROZYGOTE
TYPE I

ERAIN TYPE I

EDS-IV
TYPE I

30000

20000 -

10000 - GRADIENT

'I I

TI
10 20 30 40 50

FRACTION NUMBER

Fig. 5 The measurement of type I and IIIprocollagen
synthesis by culturedfibroblasts. The labelled
procollagens secreted by the cells were resolved by
DEAE-cellulose chromatography.
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Fig. 4 Demonstration ofan aI(III) derived peptide in
digested heterozygote skin with increasing sample sizes.

However, cells from heterozygous individuals whose
skin contained less type III collagen also produced
less type III collagen in culture. In general, this
represented no more than half the normal amount of
type III relative to type I procollagen. The overall
level of collagen synthesized was similar in all these
cell lines.
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Discussion

While type I collagen is the most abundant protein in
the body, there are other genetically and chemically
distinct collagens, including type II or cartilage colla-
gen and type IV or basement membrane collagen.
Type III collagen is found in many of the same tissues
as type I collagen but is located in anatomically
distinct fibres (Gay et al., 1975).
The tissue weakness observed in patients with the

EDS IV syndrome is caused by a lack of type III
collagen. Some apparently normal relatives of 3
patients with this disorder have lower than normal
levels of type III collagen in their skin. Their fibro-
blasts make less type III collagen relative to type I
collagen than normal cell strains. Still other family
members have normal cutaneous levels of type III
collagen and their cell strains make a normal pro-

portion of type I and III collagens (Fig. 5). We in-
terpret these results to mean that in these families
EDA IV is transmitted as an autosomal recessive
trait. Obligate heterozygotes are clinically undis-
tinguished but do not make or have a normal amount
of type III collagen. Earlier authors have suggested
that EDS IV is transmitted as an autosomal domi-
nant trait (Barabas, 1967; Beighton, 1970). Un-
doubtedly, the patients described by them are hetero-
geneous, some have the disorder which we have
studied while others do not. Of course, it is possible
that a deficiency of type III collagen could occur in
other families as autosomal dominant defects. There
are obvious parallels between our disorder and the
thalassaemias. Both have the complete absence of an
essential protein in affected individuals with inter-
mediate levels in heterozygotes. In contrast to the
thalassaemias the obligate heterozygotes of EDS IV
show little or no clinical defect.
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