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Abstract
The COL9A3 gene encodes one of the three alpha chains of Type IX collagen, with heterozygous variants reported to cause
multiple epiphyseal dysplasia, and suggested as contributory in some cases of sensorineural hearing loss. Patients with
homozygous variants have midface hypoplasia, myopia, sensorineural hearing loss, epiphyseal changes and carry a
diagnosis of Stickler syndrome. Variants in COL9A3 have not previously been reported to cause vitreoretinal degeneration
and/or retinal detachments. This report describes two families with autosomal dominant inheritance and predominant
features of peripheral vitreoretinal lattice degeneration and retinal detachment. Genomic sequencing revealed a heterozygous
splice variant in COL9A3 [NG_016353.1(NM_001853.4):c.1107+ 1G>C, NC_000020.10(NM_001853.4):c.1107+ 1G>C,
LRG1253t1] in Family 1, and a heterozygous missense variant [NG_016353.1(NM_001853.4):c.388G>A p.(Gly130Ser)] in
Family 2, each segregating with disease. cDNA studies of the splice variant demonstrated an in-frame deletion in the COL2
domain, and the missense variant occurred in the COL3 domain, both indicating the critical role of Type IX collagen in the
vitreous base of the eye.

Introduction

COL9A3 (OMIM#120270; NM_001853.4) encodes one of
the alpha chains of the Type IX collagen heterotrimeric
molecule which is expressed in the vitreous humour,

cartilage of the cochlea, joints and spine [1]. Type IX col-
lagen belongs to the fibril-associated collagen with inter-
rupted triple helix family and provides support in
connective tissues [2]. Autosomal dominant inherited var-
iants in COL9A3 have been identified in individuals with
multiple epiphyseal dysplasia (MED) (OMIM:600969), and
may also be associated with a sensorineural hearing loss
phenotype [3–6].

Stickler syndrome (STL) is characterised by ophthalmic,
orofacial, articular and auditory features including myopia
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and vitreous abnormalities, cleft palate and midface
hypoplasia, precocious arthritis, and conductive or sen-
sorineural hearing loss. There is clinical variability within
and among families and the lack of consensus regarding
minimal clinical diagnostic criteria [7]. To date, autosomal
dominant forms of STL are reported due to the hetero-
zygous variants in COL2A1 (OMIM#108300), COL11A1
(OMIM#604841) and COL11A2 (OMIM#184840), while
autosomal recessive forms are reported less frequently with
biallelic variants in genes COL9A1 (OMIM#614134),
COL9A2 (OMIM#614284) and recently COL9A3 [8–10].

Variants in COL9A3 have not been reported with auto-
somal dominant STL or Stickler-like phenotype. Autosomal
dominant STL frequently has a notable vitreous phenotype,
with COL2A1 variants associated with a membranous vitr-
eous anomaly or an afibrillar appearance, and COL11A1
variants associated with a beaded vitreous appearance [11].
In autosomal recessive STL due to COL9A1 variants, the
vitreous abnormality resembles an aged vitreous rather than
a membranous, afibrillar/beaded appearance [12]. The pre-
dominant ocular phenotype in autosomal recessive STL due
to COL9A2 and COL9A3 variants is high myopia, with no
vitreoretinal abnormalities reported in those with COL9A3
variants [10]. Here, we report two families with

heterozygous COL9A3 variants as the cause of severe per-
ipheral lattice vitreoretinal abnormalities, with mild/mod-
erate sensorineural hearing loss in some cases.

Materials and methods

Refer to Supplementary Materials for methods concerning
subjects, ophthalmic examination, genomics, bioinformatics
and sequencing, and RNA splicing assay.

Results

Clinical phenotype of vitreoretinal degeneration

In Family 1, 14 affected individuals of Filipino/Australian
ethnicity presented with vitreoretinal degeneration in a
pattern suggestive of autosomal dominant inheritance
(Fig. 1A). Affected individuals had extensive bilateral lat-
tice vitreoretinal degeneration, with an abnormal vitreor-
etinal interface particularly at the vitreous base, where the
retina was thinned and prone to tears. In Family 2 from New
Zealand, three affected members of European background
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Fig. 1 Pedigrees and ophthalmic Information. A, B Pedigrees
showing affected individuals shaded in black. All affected individuals
examined molecularly were heterozygous for the COL9A3:c.1107+
1G>C variant in Family 1, or heterozygous for the COL9A3:c.388G>A
in Family 2 (Detected by: *whole genome sequencing; +next-gen-
eration panel sequencing, #Sanger sequencing; ^wild-type alleles
only). Grey shading indicates significant ocular phenotype, but indi-
vidual not available for full ophthalmic analysis. C Family 1 III.15
highlighting inferior lattice retinal degeneration indicated by Δ, and
atrophic retinal hole is indicated by short arrow. D Family 1 II.15, left
eye, showing extensive treatment including cryotherapy shown in the
region of Σ. Long arrows outline where laser retinal photocoagulation

has been performed to areas of the retina that has lattice retinal
degeneration. E, F Family 1 II.11, peripheral area of lattice retinal
degeneration (area indicated by Δ) before and after retinal laser applied
in barrier fashion. Short arrow indicates atrophic retinal hole within
area of lattice retinal degeneration. Long arrows indicate areas where
laser retinal photocoagulation has been performed. G Family 2 III.2,
Optical coherence tomography (OCT) imaging of the right optic nerve
and surrounding retina demonstrating significant traction at the
vitreoretinal interface, with schitic and microcystic change in the
ganglion cell layer, and outer retinal layers. H, I Retinal images of
right and left eye of individual Family 2 III.2 showing thin myopic
retina, and peripheral retinal barrier laser around retinal holes.
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presented with vitreoretinal degeneration and retinal
detachment, also in a pattern suggestive of autosomal
dominant inheritance (Fig. 1B). In affected individuals in
both families with extensive vitreoretinal degeneration,
laser intervention or cryotherapy was recommended to
prevent further vitreoretinal detachment or tearing
(Fig. 1C–H). Further detailed clinical information is pro-
vided in Supplementary Materials: Clinical Information,
and Table 1.

Genomics identifies COL9A3 variants in both
families

In Family 1, whole genome sequencing identified no var-
iants of significance in known autosomal dominant
vitreoretinopathy disease genes. Detailed analysis looking
for common alleles in six available affected family mem-
bers, identified the heterozygous variant COL9A3:
NC_000020.10(NM_001853.4):c.1107+ 1G>C, involving
a canonical donor splice site within intron 21. This
variant was absent from gnomAD and ClinVar databases.
Predictive in silico modelling suggested the abolishment
of the natural donor splice site and the skipping of exon
21 during RNA processing (Fig. 2A). Further investigations
on whole blood RNA isolated from Patient II.13 showed
that the essential donor splice site variant in COL9A3
induced skipping of exon 21 (Fig. 2A). This change resulted
in the absence of 54 nucleotides from the COL9A3
cDNA (Fig. 2B), and the removal of 18 amino acids
encoding 6 Glycine triplet repeats in the COL2 domain
[COL9A3:NC_000020.10(NM_001853.4):c.1107+ 1G>C
r.1054_1107del p.(Gly352_Pro369del)] (Fig. 2C).

In Family 2, connective tissue panel sequencing in
Patient III.2 (CTGT, Pennsylvania, USA) identified the
heterozygous missense variant in COL9A3:NC_000020.10
(NM_001853.4):c.388G>A p.(Gly130Ser). This change
predicts the substitution of a highly conserved Glycine to a
Serine residue at amino acid position 130, located in the
COL3 domain. This substitution is ascribed as probably
damaging by PolyPhen2, and is present in gnomAD at an
allele frequency of 0.0008, with multiple submissions as a
variant of uncertain significance in ClinVar.

Segregation studies confirmed autosomal dominant
inheritance in both families of the COL9A3 variants iden-
tified (Fig. 1A, B). Variants were submitted to the ClinVar
database with accession numbers: SCV001424845 and
SCV001424846.

Discussion

We have identified heterozygous COL9A3 variants in two
families as the likely cause of a severe peripheral lattice Ta
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vitreoretinal degeneration, with a strong propensity for
subsequent retinal detachment. Importantly, the affected
members of both families primarily presented with pre-
dominant ocular features of vitreoretinal degeneration and
retinal detachment. Interestingly, most who had audio-
logical evaluation were found to have mild/moderate sen-
sorineural hearing loss suggesting a Stickler-like phenotype.
This is the first report of cases with an autosomal dominant
variant in a Type IX collagen gene leading to a severe
predominantly vitreoretinal degenerative phenotype. To
date, myopia has been the main ocular feature in cases with
homozygous frameshift variants and extraocular features
indicating a diagnosis of STL [8, 9], with a hypoplastic
vitreous reported in one family [10] (Fig. 2C).

The Type IX collagen heterotrimer is comprised of col-
lagenous domains (COL1–COL3) and non-collagenous
domains (NC1–NC4) (Fig. 2C) [2]. Variant type and posi-
tion involving collagen genes may have an association with
disease type or severity, as noted in the Type II col-
lagenopathies [13]. Variants affecting collagenous domains
due to splice variants with in-frame deletions, or missense
variants affecting glycine residues, as identified in the two
families in this study, may have dominant-negative effects
interfering with protein function [13, 14]. In Type II col-
lagenopathies, these variant types may result in a more

severe phenotype, compared with nonsense or frameshift
variants which may lead to reduced synthesis of normal
collagen, and milder phenotypes observed [13]. It is likely
that in the Type IX collagenopathies, disease type or
severity may also be influenced by the protein domain
affected and the variant type.

In Family 1, we describe the first heterozygous in-frame
deletion due to a splice site variant within the COL2 domain
of the Type IX collagen alpha-3 chain (Fig. 2C). Other
heterozygous in-frame deletions due to splice site variants
in Type IX collagen alpha chains occur in the COL3
domain and lead to MED [3, 15, 16] (Fig. 2C), likely due to
the importance of the COL3 domain in the cartilage growth
plate [17]. Given the predominant ocular phenotype
observed in Family 1 patients with a heterozygous COL2
domain in-frame deletion, this suggests a critical role for the
COL2 domain of Type IX collagen in the vitreous. Type II
and XI collagens form fibrils in the vitreous, and Type IX
collagen is present in the outer sheaf-like conduit main-
taining appropriate inter-fibril distance with chondroitin
sulfate interactions [18]. Type II collagen is the pre-
dominant collagen in the vitreous and the collagen fibrils
are at their highest concentration at the vitreous base, where
they prevent the vitreous from separating from the retina.
The integrity of the fibrils in this region is also maintained

A B

1 28 165
180

*p.(Gly352_369del)

519 550 662 684
p.(Arg103Trp)

*p.(Gly50_61del)

*p.(Arg27_61del)
p.(Gly35Asp)

p.(Gly130Ser)
1CN2CN3CN4CN

1LOC2LOC3LOC
COL9A3

C

Pt1 Ctrl

Exon 20 Exon 21 Exon 22

Wild type

Mutant

Exon 20 Exon 21 Exon 22

Exon 20 Exon 22

Wild type

Mutant

Wild type = 290
Mutant = 236

[bp]

*

p.(Asp617Glu)p.(Gly454Glu)

Fig. 2 Pathogenic consequence of the COL9A3 splice variant and
illustration of domains and heterozygous variants of the COL9A3
protein. A cDNA studies of the COL9A3 splice variant, showing
neighbouring COL9A3 exon structure (exons are numbered as per
NCBI RefSeq NG_016353.1), and the location of the c.1107+ 1G>C
variant with an asterisk, and the predicted aberrant splicing event.
Agarose gel image of RT-PCR products amplified from whole blood
RNA depicting exon 21 skipping with two sized bands, the 290bp
band from the normal allele and the 236bp band from the allele with
the c.1107+ 1G>C variant present in the patient, and only the band
from the normal allele present in the control. Pt1 patient 1 (Patient
II.13, Family 1), Ctrl unaffected control. B Sanger sequencing

confirmation of the skipping of exon 21 and subsequent deletion of
54bp from the mutant RNA sequence in Pt1, compared with wildtype
RNA sequence in the control. C Protein structure diagram of
COL9A3, labelled with amino acid numbering on functional domain
boundaries. Non-collagen domains [NC1–4] and Collagen domains
[COL1–3], respectively. Previously reported variants were sourced
from the HGMD public database (http://www.hgmd.cf.ac.uk/ac/gene.
php?gene=COL9A3) [Accessed: April 2020]. Heterozygous variants
associated with multiple epiphyseal dysplasia (MED) in purple; het-
erozygous variants associated with isolated hearing loss in green;
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asterisk indicates change due to splicing variants.
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by interaction with Type IX collagen [18]. Type II collagen
has been shown to bind to a region in the COL2 domain of
COL9A3, which interestingly lies in close proximity to the
in-frame deletion identified in our family [19]. The COL9A3
in-frame deletion in our family may disrupt the required
Type II collagen and COL9A3 interaction at the vitreous
base, through misalignment of the Type IX collagen chains.
Misalignment due to heterozygous in-frame deletions with a
dominant-negative effect on collagen function has been
postulated as disease-causing in other collagenopathies
[14].

The missense variant identified in Family 2 lies within
the COL3 domain of Type IX collagen. The COL3 domain
has been found to bind to the extracellular matrix protein
Matrilin-3, important for collagenous tissue integrity, and
therefore also of likely importance to vitreous integrity
[17, 20].

The COL9A3:c.388G>A variant has a population allele
frequency of 0.0008 in gnomAD, however it is unclear if
vitreoretinal degeneration or retinal detachment cases are
excluded from this database. Variable phenotypic expres-
sion has been observed in patients with MED due to the
variation in COL9A3 [4]. While it is interesting to consider
that variable expression of an ocular phenotype could also
occur, it cannot be assumed that phenotypic variability
would also apply for other conditions resulting from var-
iants in the same gene. It is noteworthy however that the
cumulative lifetime risk of retinal detachment may be in the
vicinity of 0.03 even without a known family history, and
there are likely other genetic and non-genetic factors that
contribute to this risk [21]. Our study highlights that the
missense variant identified in COL9A3 in Family 2 may
lead to a vitreoretinal degeneration and detachment phe-
notype, and suggests that others with this variant in popu-
lation databases may also be at increased risk of this
phenotype.

This study is the first to describe autosomal dominant,
heterozygous disease-causing variants in COL9A3 segre-
gating with a striking peripheral vitreoretinopathy with
resultant retinal detachment in almost all cases, and sen-
sorineural hearing loss in some cases. This study highlights
a likely critical role for COL9A3 in the function of Type IX
collagen in its interaction with Type II collagen at the
vitreous base. We propose COL9A3 should be examined in
all pedigrees where bilateral vitreoretinal lattice degenera-
tion and detachment are present, even in the absence of
additional Stickler-like features.
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