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Abstract
Ehlers-Danlos syndrome (EDS) is a het-
erogeneous group ofconnective tissue dis-
orders. Recently mutations have been
found in the genes for type V collagen in a
small number of people with the most
common forms of EDS, types I and II.
Here we characterise a COL5A2 mutation
in an EDS II family. Cultured dermal
fibroblasts obtained from an affected sub-
ject synthesised abnormal type V collagen.
Haplotype analysis excluded COLSAl but
was concordant with COL5A2 as the
disease locus. The entire open reading
frame of the COL5A2 cDNA was directly
sequenced and a single base mutation
detected. It substituted a glycine residue
within the triple helical domain (G934R)
of a2(V) collagen, typical of the dominant
negative changes in other collagens, which
cause various other inherited connective
tissue disorders. All three affected family
members possessed the single base
change, which was absent in 50 normal
chromosomes.
(J7Med Genet 1998;35:846-848)
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Mutations in the genes for type V collagen
(COL5AI and COL5A2) have recently been
reported'-4 in cases of the commonest forms of
Ehlers-Danlos syndrome (EDS types I and II).

ber 1997 Other EDS types also have defects which result
pted for in abnormal collagen molecules. Fibrillar
1998 collagens are the most abundant extracellular

matrix components and fibrils may be hetero-
typic, being composed of more than one colla-
gen type.5 6 The fibrillar collagen family
includes the highly homologous types I, II, III,

- (V1 V, and XI proteins, each with a long uninter-
rupted triple helix of Gly-X-Y repeats.7 Al-

2 1v though type V and XI collagens are quantita-
_ <X1 tively minor fibrillar components, they have an

important role in regulating the assembly and
-(22i structure of the more abundant fibril forming

collagens (types I, II, and III), with which they
are coexpressed.8 Type V collagen is more

ianalysis abundant in tissues expressing types I and III
*ed collagen, and usually exists as an
Srom an [12(V)]2a2(V) heterotrimer,'0'12 which is the
nber product of the COL5A1 and COL5A2 genes.

epsln There is evidence that the diameter of fibrils
composed of either type I or type II collagen is

7 chains regulated by the relative proportion of type V
Ilagen or XI collagen respectively. Experiments which
cated. artificially altered the ratio of type V or XI col-

lagen to the more abundant collagen types
resulted in altered fibril diameters.13-15 Also,
corneal collagen fibrils, where type V collagen
represents a much larger proportion (15-20%)
of the total fibrillar collagen,'6 17 are smaller
than in other type I collagen expressing tissues,
where type V collagen is less abundant (2-5%).
Not all EDS I/II pedigrees are linked to

COL5A1 or COL5A218 (N P Burrows, unpub-
lished results) and other candidate genes
include those for decorin'9 and tenascin X.2'
While it is preferable initially to perform
haplotype analysis in multigeneration families,
for sporadic cases or small families it is often
unhelpful. Here we describe a COL5A2 muta-
tion in a small family which showed the clinical
phenotype of EDS II (NPB). Electron micro-
scopic analysis of dermal collagen structure in
this family showed only minor variability in the
collagen fibril size and shape (data not shown).
Cultured skin fibroblasts were labelled with '4C
proline and the collagens synthesised were
analysed by SDS polyacrylamide gel electro-
phoresis (fig 1). Type V collagen from the cell
line migrated more slowly than that from a
control. Similar observations have been made
in cases of osteogenesis imperfecta where
mutations in either COLlAl or COL1A2
cause overmodification of both al (I) and a2(I)
collagen proteins.2' Thus, in this case it was
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Figure 2 Haplotype analysis. DNA from available family
members was amplified using oligonucleotides for various
markers as indicated. After separation on a polyacrylamide
gel and autoradiography, the haplotype of each subject was
scored and is noted on the family pedigree. The arrowhead
denotes the proband.
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Figure 3 Sequence analysis. The mutant (M) and normal (N) cDNA and genomic sequence obtainedfrom various
family members or control (as indicated) is shown. The same sense primer was usedfor each sequencing reaction. The DNA
and corresponding amino acid sequences are wrinten adjacent to the autoradiographs. The heterozygous GIC base change
which converts glycine 934 to arginine is indicated, as is the position of the intron within the genomic sequence.

likely that there was a mutation in either
COL5A1 or COL5A2.
Haplotype analysis was undertaken using

markers (COL5A1, D9S1818, COL3A1, and
D2S389) within or close to either COL5A1 or

COL5A2.8 22-25 The haplotypes (fig 2) ex-

cluded COLMAM, but were concordant with
COL5A2 as the disease locus. While the family
was too small to generate a significant lod
score, the combination of protein profile with
haplotype analysis strongly implied a causative
mutation in COL5A2. The cDNA for the
complete coding sequence of a2(V) collagen
(accession NoY14690) was reverse transcribed
and amplified from RNA as 11 overlapping
products. Each of these were directly se-

quenced. A single base mutation was seen,
which converted an obligatory glycine within
the triple helical region of the molecule to
arginine (fig 3). This change was confirmed in
each affected family member by amplification
and sequencing (fig 3) of a 500 bp genomic
DNA product. Each affected subject contained
the same G to C base change (data are only
shown for III.2), and an intron was positioned
between bases 3600 and 3601 of the cDNA
sequence (fig 3). The mutation abolished a BsrI
restriction enzyme site which normally re-

moved 80 bp from one end of the 500 bp prod-
uct. Incubation of the amplified genomic DNA
with this enzyme confirmed the sequencing

results (fig 4) and that this change was absent
in 50 chromosomes from 25 unrelated con-
trols.

This alteration is typical of many mutations
in other fibrillar collagens which cause inher-
ited disorders, such as osteogenesis imperfecta,
the chondrodysplasias, and EDS type IV.26
This, along with the absence of this change in
normal subjects, provides strong evidence that
it is the causative mutation in this EDS II fam-
ily. Only a few mutations of COLMAM and

1 1 I 1 rN2 ki
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Figure 4 Restriction enzyme digestion. Genomic DNA
from each family member (as indicated) was amplified and
incubated with the restriction enzyme BsrI. Electrophoresis
on a 2% agarose gel was used to separate the products,
along with undigested DNA (C) and DNA ofknown sizes
used as markers (M).
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COL5A2 have been characterised in EDS I/II
patients.' 4 Three of these affect the
C-propeptide and possibly inhibit assembly of
the mutant collagen with normal a chains.
Others affect the correct splicing of exons cod-
ing for part of the triple helix. These, like the
mutation described here, will have a dominant
negative effect, as they will coassemble with
normal collagen a chains.
COL5A2 is also a candidate for Stickler syn-

drome as a2(V) coassembles with al (XI)
collagen in the vitreous27 and a mutation in
COLI lAl was previously shown to cause that
disorder.28 However, a detailed ophthalmologi-
cal examination of the proband from this EDS
family showed no abnormality of the vitreous,
thereby excluding Stickler syndrome. How-
ever, the cornea showed keratoconus, a devel-
opmental forward bulging of the central area of
the cornea. A previous study of44 patients with
keratoconus showed that 50% had clinical
signs suggestive of EDS, indicating a possible
link between these disorders.28 These corneal
changes confirm observations seen in a trans-
genic mouse model with a targeted deletion of
exon 6 from col5a2.3° Heterozygous mice,
although clinically normal, had abnormal
ultrastructural appearance of corneal collagen
fibrils. Because of the corneal abnormality of
the index case here, it is likely that in humans
type V collagen is also an important compo-
nent of the cornea.
Two other candidate genes for EDS I/II are

those which code for decorin'9 and tenascin
X.20 In sporadic cases of EDS I/I, or small
families in which exclusion of candidate genes
is not possible, variation in clinical signs may
provide important clues for determining which
gene is mutated. In this instance the index case
presented with keratoconus. Unfortunately, as
the other two affected subjects were not
available for ophthalmic examination, we do
not know if it segregates with EDS in this fam-
ily. However, there has been one previous
report of flattened corneas associated with a
COL5A1 mutation.2 It is possible, therefore,
that abnormal corneal morphology may indi-
cate the presence of COL5A1 and COL5A2
mutations in other EDS patients.
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tion of the proband and Mrs M Laidlaw for assistance with tis-
sue culture. NPB was supported by a grant from the Wellcome
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