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Detection and characterisation of an
overmodified type III collagen by analysis of
non-cutaneous connective tissues in a patient
with Ehlers-Danlos syndrome IV

L Nuytinck, P Narcisi, A Nicholls, J P Renard, F M Pope, A De Paepe

Abstract
The clinical and biochemical observa-
tions in a patient with a mild form of
Ehlers-Danlos syndrome (EDS) type IV
are described. The patient's skin fibro-
blasts produced markedly diminished
amounts of type M collagen. SDS-
polyacrylamide gel electrophoresis of
collagens produced by cells obtained
from other, non-cutaneous tissues showed
two forms of collagen al(a) chains, a
normal and a slow migrating, mutant
form. Further analysis confirmed that the
type III collagen molecules containing
mutant a chains which were overmodified
had a lower thermal stability and were
poorly secreted into the extracellular
medium.
The protein defect was mapped by in

situ cyanogen bromide digestion and was
located in al(III) CB9, the C-terminal
peptide of the collagen triple helix.
This study shows that non-cutaneous

connective tissues can be a useful source
for the study of type III collagen defects
in patients with EDS type IV.
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Ehlers-Danlos syndrome (EDS) is a hetero-
geneous group of inherited connective tissue
diseases, sharing hyperextensible skin, easy
bruising, dystrophic scarring, joint hyper-
mobility, and tissue fragility as principal
features.'

In type IV or 'ecchymotic' EDS cata-
strophic ruptures of arteries or hollow organs
occur, for which surgical repair is difficult or
impossible because of the extreme fragility of
the tissue. These are often fatal in the second
or third decade.2'
EDS IV is clinically heterogeneous. In its

most severe form the skin is very thin with a
prominent venous pattern and pronounced
bruising and scarring. The face, hands, and
feet have a prematurely aged appearance (acro-
geria). Facial features include large, prominent
eyes, sharp nose, and thin lips.34 However,
many EDS IV patients have a milder pheno-
type and complications arise later giving a

longer life expectancy. The tissues affected
in EDS IV are rich in type III collagen. All
evidence to date suggests that EDS type IV is
caused by abnormalities of this protein.5'0 An
increasing number of collagen type III defects
are now being identified and characterised at
the DNA level."1-'6

Type III collagen is an homotrimeric mo-
lecule containing three identical protein chains
encoded by a single complex gene. The protein
is synthesised as a precursor which undergoes
a series of post-translational modifications.
The most notable of these are hydroxylation of
specific proline and lysine residues and glyco-
sylation of some of the hydroxylysines thus
formed. From the random association of three
a chains into trimers, it follows that a mutation
in one of the COL3A1 alleles will affect 7/8 of
the completed type III collagen molecules.'7
This paper reports clinical data and bio-

chemical analysis of a patient with a mild form
ofEDS IV, using conventional skin fibroblasts
and cells derived from non-cutaneous tissues
such as artery, vein, and peritoneum. The
patient is heterozygous for a structural muta-
tion in the collagen helix close to the C-
propeptide of the collagen type III molecule.

Case report
The proband is a 54 year old woman with a
lifetime history of easy bruising and recurrent
bleeding and haematomas. She had suffered
from varicose veins on the lower legs and from
attacks of superficial phlebitis for several years.
On three occasions her right shoulder had
dislocated spontaneously. She was the fourth
of seven sibs. Family history was otherwise
unremarkable.

Clinical examination showed a short
woman, below the 3rd centile for height
(149 cm). Her facial features included promin-
ent eyes with blueish sclerae, a pinched nose,
and hypoplastic earlobes strongly suggestive of
EDS IV (fig 1). The skin was generally thin
and showed a prominent venous network but
was not hyperextensible. Several ecchymoses
were visible on the legs and abdomen. The
knees and shins showed atrophic scars and
haemosiderin deposits at the sites of old haem-
atomas. There was hyperextensibility of the
large joints (especially the elbows and knees),
but mobility of the small joints was within
normal limits. The Beighton score was raised
at 5/9. The heart was clinically normal.
The patient's most recent hospital admis-

sion, at the age of 54 years, followed an acute
volvulus of the sigmoid colon which was
successfully reduced endoscopically. Shortly
afterwards she developed a perforated bowel.
At laparotomy, a superficial perforation of the
sigmoid colon was observed and a sigmoid-
ectomy was performed. Biopsies from artery,
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Figure 1 Facies of the patient at the age of 20 and 54 years, showing the typical
features of EDS IV: large prominent eyes, sharp, long nose, and thin lips.

vein, peritoneum, and skin were obtained and
cell cultures were established from the dif-
ferent tissues.

Material and methods
HISTOLOGY

Samples for light microscopy were fixed in
formaldehyde and stained with haematoxylin
and eosin; those for electron microscopy were

fixed with 4% glutaraldehyde, 0 1 mol/l caco-

dylate buffer, pH 7.4.

CELL CULTURE AND LABELLING

Cell cultures were established from explants of
skin, artery, vein, and peritoneum. Control
skin fibroblasts were obtained from a healthy
adult. The cells were maintained in Optimem-1
(Gibco-BRL) supplemented with 2% Ultroser
G (Gibco-BRL) and 5% fetal calf serum under
standard conditions. Cells from passage 3 were
grown on 50mm plastic dishes and supple-
mented with 25 ig/ml ascorbic acid 24 hours
before labelling.

Confluent cells were labelled for 20 hours in
BME medium (FLOW laboratories) supple-
mented with 100 U/ml penicillin, 100 jg/ml
streptomycin, 10 mmol/l Hepes, 50 ,.g/ml P-
aminopropionitrile, 25 gig/ml ascorbic acid,
5% dialysed fetal calf serum, and 1 jCi/ml 14C-
proline. In some experiments incubation was

at temperatures below 37°C and in others
0-3 mmol/l aa'-dipyridyl was added to the
labelling medium.

After labelling, the medium was removed
and proteinase inhibitors were added (50 1Lg/
ml phenylmethylsulphonylfluoride (PMSF),
50 jg/ml N-ethylmaleimide (NEM), and
10 mmol/l EDTA final concentration). The
cells were washed several times with phos-
phate buffered saline (PBS) and trypsinised
from the dish. The pelleted cells were lysed at
4'C for one hour with 05 mol/l acetic acid
containing 0-5% Triton X-100.

After aa'-dipyridyl labelling, cells were

lysed with PBS (phosphate buffered saline)

containing 0-5% Triton X-100 and proteinase
inhibitors. The lysates were combined with
the medium for analysis.

PROCOLLAGEN AND COLLAGEN ISOLATION
Medium proteins were precipitated with two
volumes of absolute ethanol at 4°C overnight.
The precipitates were washed several times
with 66% ethanol, dried, and finally redis-
solved in 0 5 mol/l acetic acid.
For the analysis of procollagens, aliquots

were lyophilised and redissolved in electro-
phoresis sample buffer containing 2 mol/l urea
and 1% P-mercaptoethanol.
To convert procollagen to collagen the alco-

hol precipitates were digested with pepsin
(50 gtg/ml, Boehringer) for six hours at
15°C. The pepsin was inhibited with pepstatin
(0-05 ig/ml, Boehringer), the sample lyophil-
ised, and redissolved in electrophoresis buffer
without f3-mercaptoethanol.

GEL ELECTROPHORESIS
Samples were analysed by 5% sodium dodecyl
sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE) with the Laemmli buffer sys-
tem'8 containing 2 mol/l urea. Type III colla-
gen was analysed under non-reducing con-
ditions (as disulphide bonded trimers) and
after delayed reduction (as monomers).'9 After
electrophoresis, the gels were processed for
fluorography2" and exposed to Kodak X-
OMAT S films.
For two dimensional mapping, a chains

were first separated by delayed reduction on
SDS gels, then gel lanes were cut out and
treated with cyanogen bromide (CNBr) in
70% formic acid for three hours at room
temperature. The gel slices were re-equilib-
rated in gel sample buffer, embedded in 5%
stacking gel, and electrophoresed in the second
dimension on a 10% SDS-polyacrylamide gel.
Radioactively labelled peptides were visualised
by fluorography.

IMMUNOPRECIPITATION OF TYPE III COLLAGEN
AND INCUBATION WITH aa'-DIPYRIDYL
Procollagen type III molecules produced in
the presence or absence of aa'-dipyridyl were
isolated by immunoprecipitation. Alcohol pre-
cipitates or lyophilised pepsin treated products
were redissolved in PBS containing 0 05%
NP-40. Goat antihuman type III collagen
antiserum" was added and left overnight at
4°C. Then rabbit antisheep antiserum was
added and incubated at 4°C overnight. The
immunoprecipitate was collected by centrifu-
gation, the pellet washed with PBS + NP-40
solution, and finally dissolved in 0-5 mol/l
acetic acid. Aliquots of this solution were
either lyophilised directly (procollagens) or
treated with pepsin (collagens).

THERMAL STABILITY OF COLLAGEN
The thermal stability of pepsin treated colla-
gens was determined using trypsin digestion as
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Figure 2 Electron microscopic appearance of the collagen fibrils in the patient's skin.
Some of the collagen fibrils show an irregular shape (arrows) .

a measure of the entity of disruption of the
triple helical domain.1122 Collagens were dis-
solved in 0 1 mol/l Tris-HGl, pH 7 5, 04 mol/l
NaCi overnight at 4°C.
The temperature of the collagen solution

was increased linearly from 33°C to 44°C at a
rate of 15°C/hour. At temperature intervals of
1°C, aliquots were removed and digested with
100 ptg/ml trypsin for two minutes at 20°C then
100 jtg/ml ovomucoid trypsin inhibitor was
added.
The reaction products were analysed by

SDS-polyacrylamide gel electrophoresis with
delayed reduction.

A B

RNA ISOLATION
Total cytoplasmic RNA was isolated from skin
fibroblasts by the NP-40 lysis technique,23
slot blotted onto nitrocellulose filters, and
hybridised to nick translated cDNA probes
specific for a1(III) and a2(I) mRNA. Quantit-
ative estimates of type III mRNA levels were
obtained by comparing signal intensity of the
two probes.

Results
HISTOLOGY
Various tissues from the patient were ex-
amined by light and electron microscopy. In
the skin, connective tissue fibres were sparse
and collagen fibrils were irregular with marked
variability in the diameter (fig 2). Some fibro-
blasts showed a dilatation of the rough endo-
plasmic reticulum.

In the distended bowel, the mucous mem-
brane and the muscularis mucosae were rel-
atively well preserved. The submucosa was
generally thin with few fibroblasts and irregu-
lar, fragmented collagen fibres.

In several areas the deep muscle layer
showed inflammatory infiltration and intra-
mural bleeding. In other sites the muscularis
was narrow and disrupted by distension.
There was serositis and mesothelial prolifera-
tion. There were striking vascular malforma-
tions and telangiectasias.

ANALYSIS OF PROCOLLAGENS AND COLLAGENS
Analysis ofunreduced pepsin treated collagens
secreted into the medium by the patient's skin
fibroblasts showed barely visible amounts of
type III collagen. In contrast, cells from the
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Figure 3 SDS polyacrylamide gel electrophoresis of collagens and procollagens from the EDS IV cells
(P=peritoneum, V=vein, S=skin, A=artery) andfrom a control cell line (C=skin control). (A) Separation of
the pepsin treated unreduced collagens. The ax, (III)3 band showed marked diminution, especially in the skin
fibroblasts of the EDS IV patient. There was a variable but higher expression of the X, (III))3 chains in the
non-cutaneous tissues. (B) After delayed reduction (cx, (III) chains running as monomers), all the cells from the
different tissues of the patient showed a doublet in the position of reduced a, (III) chains with one component

(a', (III) ) migrating slower than the normal component. In the skin fibroblast the a', (III) chains were also faintly
visible. (C) Separation of the procollagens secreted into the medium by the patient's cells showed a doublet for the
pro cx, (III) chains whereas procollagens from the control showed a normal pattern.
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other tissues (peritoneum, vein, and artery)
showed higher but variable amounts of type
III collagen (fig 3A). After delayed reduction a
doublet consisting of normal and slow migrat-
ing ocl'(III) chains was clearly visible in the
medium of cells from non-cutaneous tissues
and faintly detectable in that from the skin
fibroblasts (fig 3B). Examination of the cellular
proteins showed that a significant amount of
the slow migrating component was retained
intracellularly (data not shown). Two forms of
type III pro a chains were also observed after
separation of procollagens under reducing
conditions (fig 3C).
To prove the slow migrating a chains were

from type III collagen, the pepsinised colla-
gens were separated unreduced on a first
dimension gel and in the second dimension
after in situ reduction with P-mercaptoetha-
nol. The patient's pattern showed two bands
corresponding to type III collagen, compared
to the expected single spot from the control
cell line (fig 4A). When the cells were incu-
bated with aa'-dipyridyl and the type III
procollagens immunoprecipitated, electro-
phoresis showed only a single band for type III
collagen (fig 4B). A similar result was obtained
when aa'-dipyridyl treated samples were pep-
sinised and treated in the same way (data not
shown). When cells were incubated at 300C the
amount of type III collagen secreted into the
medium was increased (data not shown).
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MELTING CURVE
Exposure of collagen molecules to increasing
temperatures and digestion with trypsin
showed that molecules containing the mutant
al'(III) chains were degraded at 38'C, 2°C
lower than the normal type III collagen mo-

lecules from the patient and from a normal
control (fig 5).

CYANOGEN BROMIDE (CNBR) DIGESTION OF THE

TWO COLLAGEN TYPE III COMPONENTS
Two dimensional cyanogen bromide mapping
of the unreduced type III collagen from the
patient showed quite a normal peptide pattern
although there were some differences, es-

pecially in the ca(III) CB5 (fig 6). Mapping of
the type III collagen components, separated
by electrophoresis with delayed reduction,
showed a triplet of spots in the CB5, CB9
region. The patient's normal al(III) chain
gave a single spot for both peptides compar-
able to control sample whereas the slow
migrating al'(III) chains had a doublet of
spots for these peptides, both migrating slower
than the normal peptides. The partial cleavage
products higher up the gel were also tilted,
showing the presence of both normal and slow
migrating components.

RNA ISOLATION

Steady state levels of mRNA for type III
collagen were normal (data not shown).
This indicates that the reduction of type III
collagen in the medium was not because of

Figure 4 (A) Two dimensional separation of a, (III)
chains to verify the origin of the doublet which was
visible only after separation of the collagen molecules
with delayed reduction. In the first dimension the pepsin
treated molecules were separated unreduced, reduced in
vitro, and separated in the second dimension. The
patient's type III collagen shows a clear doublet in the
second dimension whereas the control gives a single spot.
EDS IV patient: V= vein, P= peritoneum, S = skin,
A = artery. C= skin control. (B) Separation on
SDS-PAGE of the immunoprecipitated procollagens
produced by the arterial fibroblasts in the presence of
aa.c'-dipyridyl. Lanes 1 and 7, control medium (without
aax-'dipyridyl), lane 2, EDS IV medium + cells
(without aac'-dipyridyl), lanes 3-6, EDS IV medium +
cells incubated in the presence of caa'dipyridyl in
different concentrations. Incubation of the cells with
aa'-dipyridyl abolished the doublet for the
immunoprecipitated pro a, (III) showing that the slow
migration was the result of excessive post-translational
modification. - = incubation without aa'dipyridyl.
+ = incubation with aac'dipyridyl.

decreased synthesis, but the result of poor
secretion and intracellular accumulation and
degradation of the mutant collagen.

Discussion
This patient shows many of the clinical
features of Ehlers-Danlos syndrome type IV,'
but she is not typical. She is not acrogeric and
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Figure 5 Thermal
denaturation of collagens
from the control cell line
(A) andfrom the EDS IV
patient (B). Normal type
III collagen from the
patient andfrom the control
melted at 40°C; the slow
migrating a,'(III) chains
melted at 38°C.
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Figure 6 (A) Two dimensional mapping of CNBr peptides
synthesised by cells of the patient. The CB peptide pattern oI
unreduced oa, (III)3 chains is indistinguishable from that of t)
CB peptide pattern of the reduced a, (III) chains showed a t
peptides a, (III) CB5 and a, (III) CB9 (arrow) and a mar
representing partial cleavage products higher up the gel. (B)
peptides of the cx, (III) chain.

has survived until her mi
ing serious vascular or
while patients with clas
vascular ruptures at a rel
must, therefore, be consi
variant of the disorder.

7 & 39- 40 41 Nevertheless, the initial collagen analysis of
skin fibroblast cultures from this patient
showed the marked deficiency of type III

OW *00 collagen characteristic of EDS IV patients. It
was the opportunity to investigate cells from
non-cutaneous tissues, which apparently pro-
duce more type III collagen than skin fibro-

3 - "0413 EM, i blasts, that first indicated the presence of the
slow migrating al(III) chains. These were

* iS 41 41 subsequently observed in skin fibroblasts
when techniques were developed to concen-
trate and purify the small amounts of type III
collagen produced by these cells.
Although some mutant al(III) chains were

found in the culture medium of cells from all
__ tissue sources, analysis of intracellular proteins

showed that mutant molecules were preferen-
tially retained within the cells, presumably
destined for degradation. By reducing the

* 4p incubation temperature of the cells the secre-
.. ........tion of type III collagen could be improved

considerably. A similar observation has been
made with cells from some other patients with
EDS IV."4 This may reflect the thermal instab-
ility of the mutant molecules which have a
melting temperature some 2C lower than nor-
mal. It may also explain why cooler superficial
tissues, such as skin, are less dramatically
affected than internal organs.

..__________ Slow migration of collagen a chains may
<eCdLi: brlreduced result from an insertion of peptide sequences

or from excessive post-translational modifica-
tion of lysine residues. To control the nature of
the slow migration, cells were incubated with
aa'-dipyridyl, an iron chelator that inhibits

CBR9 the enzymes responsible for post-translational
hydroxylation. It will thus abolish any changes
owing to variation in the post-translational

* 4 B- 9 modification and distinguish them from pep-
4 CB59 tide insertion. In this patient the presence of a

single band for type III collagen and procolla-
gen after treatment with aa'-dipyridyl showed
that the slow migration of the al(III) chains

* 0 CB5 was the result of excessive post-translational
modification.

In the normal collagen molecule, triple helix
formation starts at the C-terminus and moves
towards the N-terminus. If a mutation in the
protein delays this process then sequences N-
terminal of the mutation remain substrates for
the modifying enzymes and become excess-
ively modified.25 A consequence of this is that
locating the onset of overmodification within
the molecule gives an approximate location of

1--~-COOH the mutation. This can be achieved by in situ
cyanogen bromide digestion of gel separated

of the collagen chains normal and mutant a chains. In this patient the
btainedfrom the mutant type III collagen gave two spots for the
re control cell ines. The peptides al(III) CB5 and al(III) CB9. Both
*ked distortion of the spots migrated more slowly than the single spot
Linear map of CB obtained for these two peptides in the normal

al(III) chain and were thus overmodified
(fig 6). Since al(III) CB9 is the most C-
terminal of the CB peptides (fig 6B) a mutation

d fifties before suffer- in this peptide was indicated.
intestinal problems, These results were further substantiated by

sical EDS IV die of cleavage of the protein with a vertebrate-like
latively early age. She collagenase which cleaves al(III) CB9 from the
idered to have a mild rest of the molecule before cyanogen bromide

digestion (Nicholls et al, in preparation). This
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clearly showed an overmodified CB9 peptide.
The location of the mutation has now been
confirmed by PCR amplification, cloning, and
sequencing of the cDNA encoding acl(III) CB9
and identification of a G to T substitution
converting glycine residue 910 to valine.2627
So far very few type III collagen abnormal-

ities have been published; these include four
point mutations, Gly to Arg 619,"5 Gly to Ser
790,12 Gly to Asp 883,"3 and this Gly to Val
910. The patients with Gly to Ser 790 and Gly
to Asp 883 produce normal and slow migrating
al(III) chains, (P Narcisi, personal communi-
cation) while the patient with Gly to Arg 619
produces a reduced amount of electrophoreti-
cally normal acl(III) chains. The clinical phe-
notype of these point mutations is quite vari-
able: Gly to Ser 790 is associated with severe

EDS IV, both Gly to Asp 883 and this patient
have relatively mild disease while the Gly to
Arg 619 was associated with familial aortic
aneurisms. This variability must reflect subtle
differences in the effects of the mutations on

the physical and biological properties of the
resultant proteins. Many more characterisa-
tions of type III collagen mutations will be
required before any correlation between muta-
tion and clinical phenotype can be meaningful.
By analogy to type I collagen, both the position
and nature of the mutations are factors28 in
determining disease severity.
This study has also shown the utility of

culturing cells from non-cutaneous, type III
collagen rich tissues wherever possible. Their
greater production of type III collagen facil-
itates the identification of mutations in this
protein compared to the more routinely avail-
able skin fibroblasts. However, the latter can

be used if steps are taken to concentrate and
purify the type III collagen before analysis.

We are indebted to Dr J De Roose, thoracic-
vascular surgeon, who provided us with biops-
ies from the patient, and to Drs G Quatacker
and A Dierick from the N Goormaghtigh
Institute for Pathological Anatomy, who per-
formed the morphological and ultrastructural
studies on this patient. This work was sup-
ported in part by the EC Concerted Action on

Heritable Connective Tissue Disorders 1990-
1992, project leader Dr M Matton. Part of
the collagen analysis was carried out while
L Nuytinck was a visiting worker at the
MRC Dermatology Research Group at the
Clinical Research Centre, Harrow.
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