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Abstract

Rhegmatogenous retinal detachment (RRD)
most commonly occurs as a spontaneous
event resulting from posterior vitreous
detachment, typically between the ages of
40–70 yrs. It is also a feature in some
inherited disorders, most commonly Stickler
syndrome. The relationship between these
inherited disorders and the spontaneous
cases is unclear. Here in particular we review
Stickler syndrome, and discuss the
differential diagnosis of Stickler, Wagner
and Marshall syndromes. Other rare
inherited disorders associated with RRD are
also briefly reviewed.
Eye (2002) 16, 388–392. doi:10.1038/
sj.eye.6700195
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Rhegmatogenous retinal detachment (RRD)
most commonly occurs as a spontaneous
event resulting from posterior vitreous
detachment, typically between the ages of 40–
70 yrs. However in up to 10% of these cases
the fellow eye will develop significant
pathology in the form of RRD or horseshoe
retinal tear. In addition RRD can occur in a
number of inherited disorders. Both of these
subgroups would imply an underlying
structural predisposition to RRD. The most
common of the inherited disorders with RRD
is Stickler syndrome or arthro-
ophthalmopathy.1 This disorder affects the
type II/XI heterotypic collagen fibrils in
cartilage and vitreous, usually causing both a
skeletal and eye phenotype. This article will
concentrate on our experience with such
families, and will review other less common
disorders also associated with RRD, some of
which can sometimes be confused with
Stickler syndrome.

Stickler syndrome (MIM 108300, 604841)

Stickler et al1 described a family with a
dominantly inherited disorder with both a
skeletal and eye phenotype. As well as
progressive myopia and a high incidence of
retinal detachment, affected individuals
displayed abnormal epiphyseal development
with premature degenerative changes to
various joints. Subsequent analysis of such
families linked the disorder to COL2A1 the
gene for type II collagen, a major constituent
of both cartilage and vitreous.2 Thus Stickler
syndrome was related to other
chondrodysplasias such as achondrogenesis,
hypochondrogenesis, splondyloepiphyseal
dysplasia and Kniest dysplasia, which result
from dominant negative mutations in the
COL2A1 gene.3 The first mutations
characterised in Stickler syndrome all lead to
premature termination codons (PTC), and so
resulted in haploinsufficiency of type II
collagen.4–6 This was also the case for the
original family described by Stickler, where
missplicing of intron/exon 17/18 resulted in a
frameshift of the mRNA sequence.7

Although the phenotype of the syndrome
can be highly variable, both between and
within families, a congenital membraneous
anomaly described by Scott8 can be seen in
the vast majority of Stickler syndrome cases.
Snead et al9 showed that in all cases, families
with this vitreous phenotype were linked to
the COL2A1 gene. In addition a smaller group
of families with Stickler syndrome, but
without the membraneous anomaly, were not
linked to COL2A1. Our recent studies have
shown that the families, studied by Snead et
al9 and additional sporadic cases with the
membraneous anomaly, all have mutations in
COL2A1.10,11 In nearly all cases these, via a
variety of different types of mutations, lead to
premature termination condons and
haploinsufficiency of type II collagen. Analysis
of illegitimate COL2A1 mRNAs indicated that
mutant transcripts were degraded by a
process known as nonsense mediated decay
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(NMD).12 Because of the difficulty in obtaining tissue
that expressed type II collagen, we studied COL2A1
mRNA from cultured skin fibroblasts. Even if a protein
is not expressed in a particular tissue, its mRNA may
still be present at very low levels, and PCR
amplification of these so-called illegitimate transcripts
can still be possible. Sequencing of amplified cDNA
revealed loss of heterozygosity in the COL2A1 mRNAs
when compared to the mutant sequence seen in
genomic DNA. Incubating cells with protein synthesis
inhibitors such as cycloheximide or emitine can inhibit
NMD. These bind to the 60S and 40S ribosomal
subunits, which are involved in the NMD process, and
allow mutant mRNAs to accumulate.13 Treatment of
cells with emitine therefore allows visualisation of both
the normal and mutant cDNA sequence (by protecting
the latter from NMD). When cells from patients with
Stickler syndrome were analysed in this way, emitine-
treated cells produced a heterozygous cDNA sequence,
compared to the homozygous sequence in untreated
cells (Figure 1). This indicated that the NMD process
was operating on the COL2A1 mutant alleles in
Stickler syndrome.

In three cases, the membraneous anomaly was seen
where a dominant negative mutation (R365C)
substituted a cysteine for arginine11 (unpublished
results). Cysteine does not usually occur in the mature
fibrillar collagen molecule. Similar mutations both in
type II and type I collagens14,15 showed that cysteine-
containing collagen is poorly secreted. Thus, both the
PTC and arginine to cysteine substitutions, lead us to
believe that the membraneous anomaly is due to a lack
of critical mass of type II collagen, during development
of the eye, resulting in the clinical observation of a
vestigial vitreous gel in the retrolental space. The �1 (II)
chain also assembles with �1(XI) and �2(XI) alpha
chains to form type XI collagen,16 so dominant negative
changes such as R365C will also affect this molecule.

Some families with the membraneous anomaly
presented with only minor or no skeletal phenotype.
The COL2A1 gene is expressed in two forms, whereby
exon 2 is alternatively spliced. It is absent in mature
cartilage transcripts, but is retained in the eye.17,18

Mutations in this exon are therefore effectively
removed from cartilage tissue, resulting in a
predominantly ocular Stickler syndrome phenotype.10

Patients with this phenotype may have been mistaken
for Wagner syndrome (see below). However all had
the congenital membraneous anomaly and were clearly
variants of Stickler syndrome rather than Wagner
syndrome. The same phenotype can also result from
other COL2A1 mutations (unpublished results).

Whereas type II collagen is a major component of
cartilage and vitreous, type XI collagen is a
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Figure 1 Premature termination codons result in nonsense
mediated decay. A R742X heterozygous mutation seen in exon
42 of Genomic DNA (G) appears as homozygous normal, when
illegitimate transcripts from the same individual are amplified
as cDNA and sequenced (C). Heterozygous sequence from three
different mutations (as indicated) can be retrieved by pretreat-
ment of cells with emitine (�E) prior to mRNA preparation.
In all three cases these appeared homozygous normal without
exposure to emitine (−E).

quantitatively minor component. Using rarer (type 2)
families, which lacked the membraneous anomaly,
linkage of one family to COL11A1, the gene for �1(XI)
collagen was demonstrated and the first mutation
(Gly97Val) in this gene characterised.19 Analysis of two
other families found an exon skipping mutation and a
large multiexon deletion in COL11A1.20 All three of
these families had a vitreous with a beaded appearance
to its structure (Figure 2). Analysis of two sporadic
cases with an identical phenotype also found
mutations in the COL11A1 gene (unpublished results).
Type (XI) collagen has a role in the regulation of
collagen fibril assembly, controlling lateral growth and
limiting fibril diameter.21 We suspect that mutations in
this gene interfere with this regulation, resulting in
thicker than normal fibrils and this is reflected in the
appearance of the lamellae of the vitreous. Similar
mutations in COL11A122,23 have also been described in
Marshall syndrome (see below). However the vitreous



Molecular genetics of RRD
AJ Richards et al

390

Eye: Cambridge Ophthalmological Symposium

Figure 2 Vitreous phenotypes in Stickler syndrome (a) ‘Mem-
branous’ congenital vitreous anomaly. Note vestigial gel occu-
pying retrolental space and bordered by a distinct folded mem-
brane (arrows). (b) ‘Beaded’ congenital vitreous anomaly seen
in cases of COL11A1 mutations. Note irregularly thickened fibre
bundles giving ‘string of pearls or beaded’ appearance (arrow).
(c) ‘Afibrillar’ congenital vitreous anomaly seen in cases of
COL2A1 L467F mutation. Note complete absence of visible fibre
bundles. (d) Normal vitreous appearance. Note healthy compact
homogenous fibrillar array. Reproduced with permission from
Richards et al. Am J Hum Genet 2000; 67: 1083–1094, published
by the University of Chicago Press.  2000 by The American
Society of Human Genetics. All rights reserved.

appearance of affected individuals was not described
so that comparisons with type 2 Stickler syndrome are
difficult to make. Whether all patients with this beaded
vitreous phenotype have mutations in COL11A1 is
unclear, as we have been unable to detect mutations in
a number of similar cases. Other families are not
linked to either COL2A1 or COL11A1 and so at least
one other locus for Stickler syndrome exists.20,24

Another type XI collagen gene, COL11A2, is not
expressed in the eye and mutations in it result in a
non-ocular chondrodysplasia phenotype (MIM 184840).

Wagner syndrome (MIM 143200)

Wagner25 described a family with a dominantly
inherited vitreoretinopathy. This syndrome is often
confused with Stickler syndrome and consequently the
phenotypic differences between the two have become
blurred. A common term used to describe Wagner
syndrome is vitreoretinopathy without systemic
involvement. However in our opinion this definition
does not differentiate between the two syndromes
adequately, as Stickler syndrome can also present with
minimal systemic features (see above). In most
instances the vitreous changes described for Stickler
syndrome can distinguish it from Wagner syndrome.
In addition Wagner syndrome has changes in the
retinal pigment epithelium (RPE), difficulties with
night vision and visual field defects not seen in Stickler
syndrome. Erosive vitreoretinopathy (ERVR) is a
disorder very similar to Wagner syndrome.26 A
constant finding in these patients is a translucence or
erosion of the RPE. The incidence of RRD was higher
in ERVR (73%) compared to 18% in the original
Wagner kindred.
Both Wagner syndrome and ERVR are linked to the

same region of chromosome 5 and so may be allelic.26

Analysis of a candidate gene (CSPG2) in this region
found a single base pair change, in one family, not
present in 100 normal control chromosomes.27 However
no mutation could be found in 17 other families.
Whether these were all cases of Wagner syndrome, is
however questionable, as they were described as
having vitreoretinopathy without systemic
involvement, and linkage to 5q14.3 was not
informative in 14 cases.27 This phenotype might also
result from certain mutations in COL2A1. We have
recently sequenced the complete open reading frame of
CSPG2 from an individual with Wagner syndrome and
have also failed to detect any mutation (unpublished
results). The disease locus for this syndrome remains
to be resolved.

Marshall syndrome (MIM 154780)

Like Wagner syndrome, there has been debate
regarding whether Marshall and Stickler syndrome are
distinct entities.28,29 Marshall30 reported a large family
showing autosomal dominant inheritance of cataracts,
myopia, abnormal vitreous, midfacial hypoplasia,
deafness and reduced sweating (anhydrosis). Two
reports have characterised mutations of �1(XI) collagen
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in cases of Marshall syndrome.22,23 These have
associated skipping of 54-bp exons of COL11A1 with
the syndrome. Other mutations in the same gene were
said to result in mixed Marshall/Stickler phenotypes.23

Unfortunately the vitreous phenotypes in these cases
were not described. Certain phenotypic traits appear to
be more commonly associated with mutations of
COL11A1 than COL2A1.23 These include the
craniofacial abnormalities attributed to Marshall
syndrome. However most of these traits can also result
from mutations in COL2A1 and so determination of
the disease gene locus from the facial phenotype is
probably unreliable. As far as we are aware the
molecular defect in the family originally described by
Marshall has not yet been determined.

Familial exudative vitreoretinopathy (MIM 133780,
305390, 605750)

This is a rare ocular disorder with variable phenotype.
Despite the name, RRD and falciform folds occur, as
well exudative retinal detachment.31 Mutations of the
Norrie disease gene have been found in the X-linked
form of the disorder32 (MIM 305390). Although the
mechanism by which the mutations result in the
pathology is not fully understood, the autosomal
dominant form of the disorder has been linked to two
loci on chromosome 11 at 11q13–2331 and 11p12–13.33

Knobloch syndrome (MIM 267750)

Knobloch syndrome is a rare recessive disorder with
features similar to Stickler syndrome. Affected
individuals have high myopia, retinal detachment, flat
nasal bridge and midfacial hypoplasia and in addition
occipital encephalocele. A homozygous mutation in
COL18A1, the gene for type XVIII collagen, has been
described leading to a premature termination codon in
both alleles.34 The syndrome therefore represents a
functional knockout of the COL18A1 gene. As yet little
is known regarding the function of type XVIII collagen.

Marfan syndrome (MIM 154700)

Marfan syndrome is a dominantly inherited disorder,
affecting the ocular, skeletal and cardiovascular
systems. Common ocular problems include cornea
plana, dislocation of the lens and myopia. These are
associated with a greater risk of retinal detachment in
this disorder. Mutations in FBN1, the gene encoding
fibrillin 1, a component of the microfibrillar network,
have been found to cause Marfan syndrome.35
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Dominantly inherited rhegmatogenous retinal
detachment

RRD can occur as a dominantly inherited trait.
Whether these cases are related to the syndromes
described above is unclear. One family referred to us
as Stickler syndrome but without the membraneous
anomaly was nevertheless linked to the COL2A1 gene.
A mutation was found which converted lysine at
position 467 to phenylalanine.11 Analysis of illegitimate
transcripts demonstrated heterozygosity, which
supported the observation of a dominant negative
mutation. The change also resulted in a different
‘afibrillar’ phenotype, where the vitreous gel had
formed but was optically empty. It is unclear whether
the change is affecting secretion of collagen, interfering
with collagen fibrillogenesis or disrupting interaction
with other matrix molecules. Although originally
referred with a diagnosis of Stickler syndrome, the
minimal or absent systemic changes in this family,
along with the lack of the membraneous vitreous
anomaly may mean a classification of dominant
rhegmatogenous retinal detachment is more
appropriate. The involvement of type II collagen in
families with DRRD remains to be explored, as does
the association of ‘normal’ collagen haplotypes in the
common isolated cases.
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