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The Stickler syndrome: Genotype/phenotype
correlation in 10 families with Stickler syndrome
resulting from seven mutations in the type i
collagen gene locus COL2A1
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Purpose: To evaluate a cohort of clinically diagnosed Stickler patients in which the causative COL2A1 mutation

has been identified, determine the prevalence of clinical features in this group as a whole and as a function

of age, and look for genotype/phenotype correlations. Methods: Review of medical records, clinical evalua-

tions, and mutational analyses of clinically diagnosed Stickler patients. Results: Patients with seven defined

COL2A1 mutations had similar phenotypes, though both inter- and intrafamilial variability were apparent and

extensive. The prevalence of certain clinical features was a function of age. Conclusion: Although the

molecular determination of a COL2A1 mutation can predict the occurrence of Stickler syndrome, the variability

observed in the families described here makes it difficult to predict the severity of the phenotype on the basis

of genotype. Genet Med 2003:5(1):21-27.
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The Stickler syndrome (also called hereditary progressive
arthro-ophthalmopathy) is a dominantly inherited disorder of
connective tissue first recognized by Stickler and colleagues in
a family with midfacial hypoplasia, hearing loss, vitreoretinal
degeneration, joint hypermobility, and premature osteoarthri-
tis.»2 The Stickler syndrome is not rare,> having been described
as the most common autosomal dominant connective tissue
dysplasia in the North American Midwest.* Subsequent re-
ports have highlighted the intra- and interfamilial variability in
the syndrome and expanded the details of the phenotype af-
fecting the ocular, craniofacial, auditory, and musculoskeletal
systems and the heart.#-7 The problems affecting the ocular
system include vitreoretinal degeneration, retinal holes and
detachments, myopia, cataracts, and glaucoma. Craniofacial
involvement includes maxillary hypoplasia, flattening or wid-
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ening of the nasal bridge, micro/retrognathia, and palatal ab-
normalities such as highly arched palate, submucous cleft pal-
ate, bifid uvula, and open posterior cleft palate. High-fre-
quency sensorineural hearing loss (HFSNHL) and
hypermobile tympanic membranes are frequent manifesta-
tions involving the auditory system. Musculoskeletal system
alterations include joint hypermobility, mild spondyloepiphy-
seal dysplasia, hip and spine abnormalities, pectus excavatum
or carinatum, early-onset degenerative arthritis, and chronic
musculoskeletal pain. Mitral valve prolapse is the only cardiac
involvement.

Early genetic studies demonstrated linkage of the type II
collagen gene locus, COL2A1, and Stickler syndrome,'8 and the
identification of a mutation in this gene in Stickler syndrome
subsequently confirmed this as the causative gene.!*2° A vari-
ety of mutations spread throughout the entire COL2A1 gene
have been identified in families with the Stickler syn-
drome.2-3! Most of the Stickler COL2AI mutations noted to
date result in the introduction of a premature stop codon, sug-
gesting that the phenotype usually results from a quantitative
defect in type II procollagen biosynthesis either because of the
nonsense-mediated mRNA decay pathway or failure of chain
association. COL2A1 mutations associated with phenotypes
more severe than the Stickler syndrome such as achondrogen-
esis type II, hypochondrogenesis, spondyloepiphyseal dyspla-
sia congenita, and Kniest dysplasia result from missense mu-
tations that cause defects in the structure of type II collagen
protein.3?
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Stickler syndrome is genetically heterogeneous as mutations
in COL2A1 (12q13) account for only about 70% of reported
Stickler families.?3-37 Among the remaining families, linkage to
COLI11AI (1p21)37-*° or a mutation in the COL11A2 (6p21)
gene locus of type XI collagen in a nonocular form of Stickler
syndrome has been reported.?”*° Further genetic heterogene-
ity is likely, as linkage to the three Stickler-related genes has
been excluded in some affected families.!>38

Stickler syndrome has been classified into two subtypes to
reflect both the locus heterogeneity and differences of vitreous
phenotype: type 1 or membranous vitreous type is due exclu-
sively to mutations in COL2AI; type 2 or the beaded vitreous
type is due to mutations in other genes.##2 In an alternative
nosology, three variants of Stickler syndrome are defined on
the basis of ocular phenotype and molecular linkage: type I
with type 1 vitreous phenotype is linked to COL2AI; type 11
with no ocular involvement is linked to COL11A2; type III has
type 2 vitreous phenotype and has been linked to
COLI1A1.43-%

No formal diagnostic criteria have been established for
Stickler syndrome. Snead and Yates*? proposed diagnostic cri-
teria requiring involvement in various organ systems (for ex-
ample, congenital vitreous anomaly and, in addition, manifes-
tation in three of the classically affected systems), but these
criteria are based on clinical diagnoses lacking defined muta-
tions. Rose et al.>!! proposed diagnostic criteria based on clin-
ical data from patients evaluated at the National Institutes of
Health (NIH) whose clinical diagnosis of Stickler syndrome
has been molecularly confirmed by finding specific mutations
in COL2A1.

In this report, we present clinical and molecular data from
an ongoing study of 200 individuals in 64 families with the
clinical diagnosis of Stickler syndrome; we focus on 10 families
with defined mutations in COL2A1.

METHODS

Patients

We identified 200 individuals from 64 unrelated families in
which the proband was diagnosed with Stickler syndrome
based on clinical findings. In 33 of these families, the proband
was identified between 1976 through 1992 by one of us
(R.ML.L.) after referral for treatment of retinal detachments.
These 33 families were contacted in 1998 by R.M.L. and invited
to enroll in the NIH study. The other 31 families were either
self-referred from the support group “Stickler Involved Peo-
ple” or referred by other geneticists to the Medical Genetics
Clinic of the NIH.

The goals of the study included establishing the genetic caus-
e(s) and clinical manifestations of the Stickler syndrome in a
large cohort of clinically diagnosed Stickler subjects from mul-
tiple unrelated families, assessing the relationship between spe-
cific mutations and their associated disease phenotypes and
improving the diagnosis and treatment of the disorder.

Subjects requested medical records from physicians caring
for their ocular, craniofacial, auditory, musculoskeletal, and
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heart problems. These records were reviewed to document the
clinical features present. Blood was obtained at NIH.

In 47 individuals from 10 families, the clinical diagnosis of
Stickler syndrome was confirmed by finding specific muta-
tions in the COL2A1 gene. All of the 47 affected individuals
from these 10 families were invited to the NIH genetics clinic
for a comprehensive clinical evaluation, and 25 subjects from 6
families came. No priority was given to specific individuals or
families. This report presents the clinical evaluations of these
25 individuals and the results of medical record review from
the remaining affected family members.

Clinical evaluation

The clinical evaluation included a physical examination by a
medical geneticist familiar with the features of Stickler syn-
drome and related connective tissue disorders (C.A.F., H.P.L.,
or RM.L.), an echocardiogram, an ophthalmologic examina-
tion, an audiogram (Y.M.S.-B.), an otorhinolaryngologic ex-
amination (A.].G.), and a musculoskeletal examination with
skeletal x-rays of the spine and long bones. If a subject had not
already sent in a blood specimen for mutational analysis, blood
was drawn as part of the NIH evaluation and sent to the re-
search laboratory at NIH.

Establishment of clinical criteria for evaluation and diagnosis

Facies

The presence of characteristic facies defined as the triad of
midfacial hypoplasia, a flattened nasal bridge, and micro/ret-
rognathia was a subjective determination. Figure 1 illustrates
the characteristic facies in profile in three generations of af-
fected relatives (grandmother 50 years old; daughter 27 years
old; and granddaughter 4 years old). The characteristic facial
appearance is typically more pronounced in children.

High-frequency sensorineural hearing loss

Age-specific thresholds for HFSNHL were developed in the
course of the study based on normative data for 8-kHz thresh-
olds*¢ and age- and gender-specific reference ranges for hear-
inglevel and change in hearing level for men and women from
17 to 90 years old.#” HFSNHL was defined as a threshold

Fig. 1 Characteristic facies (midfacial hypoplasia, depressed nasal bridge, and micro/
retrognathia) of the Stickler syndrome as seen in profile in three generations of affected
relatives (grandmother, 50 years old, on left; daughter, 27 years old, in middle; and grand-
daughter, 4 years old, on right).
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greater than or equal to 20 dB at any frequency from 4 to 8 kHz
for age <20 years, a threshold greater than or equal to 30 dB at
any frequency from 4 to 8 kHz for age 20—30 years, and a
threshold greater than or equal to 40 dB at any frequency from
4 to 8 kHz for age >40 years.

Hypermobile tympanic membranes

Tympanic membrane mobility was measured by tympano-
metry.48-50

Hypermobile joints

Joint mobility was assessed objectively with the Beighton
scoring system.>!

Osteoarthritis

Osteoarthritis was defined as articular pain in conjunction
with joint space narrowing, osteophytes, or subchondral scle-
rosis or cysts.

Scoliosis
Scoliosis was defined as a sagittal curvature of the spine

greater than 10 degrees as measured by the technique of
Cobb.>?

Scheuermann-like kyphotic deformity

Scheuermann-like kyphotic deformity was defined as a focal
kyphosis with 5 degrees or greater vertebral body wedging
across three consecutive vertebral bodies (for a minimum 15
degrees focal kyphosis).>?

Mitral valve prolapse

Mitral valve prolapse was diagnosed on recently revised two-
dimensional echocardiographic criteria.>*

Molecular analysis

COL2A1 has 10 “in frame” CGA codons mutable to TGA
stop codons via a methylation-deamination mechanism.
Wilkin et al.'® screened the CGA sites and identified TGA non-
sense mutations in 8 of 40 probands examined; 8 of these fam-
ilies are included in this current study (Families 1, 3, 5, 6, 7, 8,
9, and 10). These nonsense mutations occurred at 5 of the 10
in-frame CGA codons and were found in exons 7 (Family 1),
15 (Family 3), 23 (Families 5, 6, and 7), 28 (Family 8), and 40
(Families 9 and 10). Mutations had not been identified in 2 of
the 10 families (Families 2 and 4). Analysis of the COL2A1 gene
in these families, using denaturing high-performance liquid
chromatography and sequence analysis, identified two muta-
tions. The following oligonucleotide sequences were used for
amplification and sequencing of exons 12 and 21:

11f5' GTAAGTATCACGGGTGAGAAG 3'

13r 5' GTCTTTGATAAACCTTCCTGGAG 3'

21£5' TTCTCACTCACTGCCTCTCCTCCC 3'

23r 5 AGGGTCTGAAGCCAAGGGCAACAGCAGCTC 3'

In Family 2, a 1-bp deletion was found in exon 12, and in
Family 4, a 5-bp deletion was found in exon 22.
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Review of clinical records

We reviewed medical records of 47 affected subjects from
the 10 families for whom the clinical diagnosis of the Stickler
syndrome was associated with mutations in the COL2A1 gene,
to document the clinical features of the Stickler syndrome.

RESULTS

Table 1 summarizes the genotypes and phenotypes in the 47
affected members of the 10 families with seven defined muta-
tions in the COL2A1 gene based on review of medical records
as well as clinical evaluations at NIH of 25 affected individuals
from 6 of the 10 families (Families 2, 3, 4, 5, 6, and 9). In the
group of 25 evaluated at NIH, there are 9 males and 16 females
ranging in age from 2 to 73 years with a mean age of 34.7 years.
Three members of these families were less than 5 years old and
had incomplete evaluations. Three additional members of the
mutation-bearing families were also evaluated at NIH and
found not to have the COL2A1 mutation causing Stickler syn-
drome in their families.

The classic Stickler phenotype was expressed clinically in all
10 Stickler families with COL2AI mutations. All individuals
with the molecular diagnosis of Stickler syndrome who could
be examined at NIH had vitreous degeneration type 1. Some
individuals could not be examined (young age or disability) or
previous surgical procedures. Vitreous changes in affected
members of families not seen at NIH could not be documented
tully. Myopia was reported in 41 of the 47 affected subjects with
the molecular diagnosis of Stickler syndrome, with no refrac-
tion information for the remaining 6 affected subjects.
Twenty-four of the 41 had specific refractions at NIH: 42%
were mildly myopic (refraction < —5 diopters), 17% were
moderately myopic (refraction —5 to —8 diopters), 33% were
severely myopic (refraction > —8 diopters), and 8% had a
mixture (moderately myopic in one eye and mild or severe in
the other).

Considerable interfamilial and intrafamilial variability in
clinical expression is apparent when one compares clinical fea-
tures such as cleft palate and myopia in unrelated families with
the same molecular diagnosis. For example, Families 5, 6, and
7 had a single base substitution in Arg333 causing a premature
stop codon in exon 23 (R333X). In Family 5, the proband had
arepaired cleft palate. In Family 6, none of the three examined
had palate abnormalities, and in Family 7, one of five had a cleft
palate and one of five had a bifid uvula. In Family 5 the only
affected person had mild/moderate myopia. In Family 6, three
had high myopia; in Family 7, one had mild myopia, two had
mild/moderate myopia, one had mild/high myopia, and one
had high myopia.

Families 9 and 10 in our study have the same mutation,
R732X in exon 40. In Family 9, all three affected relatives had
abnormal palates: one had a repaired cleft palate, one had a
submucous cleft palate, and the third had a bifid uvula and a
submucous cleft palate; in Family 10, two of four had repaired
cleft palate. In Family 9, all three affected relatives were myo-
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Table 1
Summary of genotypes and phenotypes in 10 Stickler families with seven defined mutations in the COL2AI gene
No.
seen at
NIH/ CP/BU/
No. RH/ SMCP/ Skeletal
Family  affected Exon  Nucleotide® Aminoacid® Myopia RD CAT MH RS SNHL HJ  EODJD  abnormalities
1 0/2 7 625C>T R9X 2 2 (1% 2 2 1% 1(1%) (2% (2%
2 8/8 12 883delC L95£sX107 8 4 3 8 8 5 5(1%) 4 5
3 411 15 1030C>T R144X 8§(3*)  4(3%) 5(2%) 4 73 6(*) 3 3(6*) 4(7%)
4 4/8 22 1563del5 G322fsX345 7 (1%) 7 5(1%)  6(2%) 4 4 (3%) 3(2%) 43 3(1%)
5 0/1 23 1597C>T R333X 1 1 1 1 1 a1 (1%) 1
6 3/4 23 1597C>T  R333X 3(1%) 4 4 3(1%) 1 20%) 1% 1(1% 1
7 3/5 23 1597C>T R333X 5 4 3 5 2 5 401 4(1%) 4(1%)
8 0/1 28 1957C>T R453X 1 1 1 (1%) 1 1 1 1 1
9 3/3 40 2794C>T R732X 3 3 1 1 3 2 0 2 3
10 0/4 40 2794C>T  R732X 3(1%) 2020 3(1%)  1(3% 202 2020 1(3Y) 13 1(3%)

RH/RD, retinal holes or detachments; CAT, cataracts; MH, midfacial hypoplasia; CP/BU/SMCP/RS, cleft palate/bifid uvula/submucous cleft palate/Robin sequence;
SNHL, sensorineural hearing loss; HJ, hyperextensible joints; EODJD, early-onset degenerative joint disease; (*), not determined.

“ Nucleotide position is from ATG of variant 1 mRNA gi:15149477.
¥ Amino acid position is from the start of the triple helical domain.

pic, two mildly and one with high myopia. In Family 10, three
of four affected relatives had an unspecified degree of myopia.
There is no information about myopia in the fourth relative.

Table 2 lists the prevalence of clinical features in 25 Stickler
patients with defined mutations in COL2A1 who were evalu-
ated at NIH.

Table 2
Prevalence of clinical features in 25 Stickler patients evaluated at NIH with
defined mutations in COL2A1

No. %
Myopia 25 100
Vitreoretinal degeneration 25 100
Retinal holes/detachments 17 68
Cataracts 10 40
Glaucoma 2 8
Midfacial hypoplasia 18 72
Micrognathia 15 60
Cleft palate 6 24
Bifid uvula and/or submucous cleft palate 8 32
Robin sequence 2 8
Sensorineural hearing loss 19 76
Hypermobile tympanic membrane 6 24
Joint hypermobility 13 52
Early-onset degenerative arthritis 15 60
Skeletal abnormalities 18 72
Mitral valve prolapse 1 4
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Figure 2 illustrates the prevalence of certain clinical features
as a function of age in those 25 subjects with defined mutations
in COL2A1 evaluated at NIH. The following clinical features
become more prevalent with advancing age: retinal detach-
ments, cataracts, sensorineural hearing loss, early-onset de-
generative joint disease, and skeletal abnormalities involving
the spine and hips. The degree of myopia (mild, moderate,
severe) is not a function of age. However, when the prevalence
of retinal detachments was examined as a function of degree of
myopia, the prevalence of retinal detachments appeared to in-
crease with increasing severity of myopia. The prevalence of
retinal detachment in those with mild myopia was 50% com-
pared with 75% in those with moderate or severe myopia and
100% in those with mixed myopia (one eye moderate and the
other eye severe).

Table 3 shows the clinical findings and the diagnostic scores
based on Rose and colleagues™!! proposed diagnostic criteria
for each of the 25 subjects evaluated at NIH. This scoring sys-
tem assigns 1 or 2 points for various clinical findings. Two
points are awarded for the presence of a cleft palate, vitreous
degeneration or retinal detachment, and/or HFSNHL. One
point is awarded for the characteristic facies, hypermobile
tympanic membranes, a history of femoral head failure, radio-
graphically demonstrated osteoarthritis before age 40, spinal
deformities, and/or family history or identification of a caus-
ative mutation. A score of 5 is necessary to qualify for a diag-
nosis of Stickler syndrome. All 25 subjects with molecular con-
firmation of COL2A1 mutations satisfied these diagnostic
criteria (mean diagnostic score 7.3). Three of the four affected
individuals with diagnostic scores of 5 were 4 years old or
younger. Three molecularly excluded relatives evaluated at
NIH did not meet the criteria for diagnosis. It should be noted
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Fig. 2 Bar graphs of the prevalence of certain clinical features as a function of the age of Stickler syndrome-affected patients with specific mutations in COL2A1.

that these diagnostic criteria are based on clinical findings, not
on identification of a mutation.

DISCUSSION

We studied 25 individuals from six families and reviewed the
medical records of an additional 22 individuals for these and
four additional families whose clinical diagnosis of the Stickler
syndrome has been confirmed by finding mutations in
COL2A1I, the human gene coding for type II procollagen.
These mutations are believed to act by haploinsufficiency>*
creating premature translation stop signals in COL2A1, either
via direct nonsense mutation or by frameshift mutation creat-
ing a downstream premature stop codon. In a recent study
based on data from 316 usable questionnaires returned from
individuals who reportedly have Stickler syndrome and belong
to support groups in the United Kingdom, the United States,
the Netherlands, Canada, and Australia, Stickler et al.>® noted
that 60% had retinal detachments, 60% had cataracts, 41% had
cleft palate, and 55% had joint hypermobility. The presence or
absence of hypermobile tympanic membranes was not re-
ported. Stickler et al. concluded that differences between the
clinical manifestations in the whole group and the 31 with
defined mutations (27 with mutations in COL2A1 and 4 with
mutations in COL11A1) could not be demonstrated.

Reasons for differences in prevalence of clinical features be-
tween our 25 patients with defined mutations in COL2A1 stud-
ied at NIH and those whose questionnaires were studied by
Stickler et al.>¢ could be related to differences in the molecular
causes and/or age of patient populations. In the 25 subjects
evaluated at NIH, the mean age of the evaluated subjects was

January/February 2003 - Vol. 5+ No. 1

34.7 years; there were 7 subjects less than 16 years old (28%)
and 18 subjects aged 16 years or older (72%). In the population
reported on by Stickler et al.,>¢ the mean age was 24.4 years
(personal communication); 152 (48%) were 15 years old or
younger and 164 were 16 years or older (52%). We demon-
strated that the age of the subjects is an important variable to
consider when comparing the prevalence of clinical features in
Stickler populations. One would expect to find lower preva-
lence of retinal detachments and cataracts and higher preva-
lence of joint hypermobility in the more youthful population
reported by Stickler et al. In fact, the prevalence of retinal de-
tachments was slightly lower in the population reported by
Stickler et al. (60% compared with 68% in our study popula-
tion). However, the prevalence of cataracts was higher in the
Stickler et al. group (60% compared with 40% in our subjects)
and the prevalence of joint hypermobility was about the same
in both groups (52% in our study population compared with
55% in the Stickler et al. group).

As is true for autosomal dominant genetic disorders in gen-
eral, there is extreme variability in the clinical expression of the
Stickler syndrome. This variability is interfamilial as well as
intrafamilial. We have shown that interfamilial variation is
present even when one compares clinical features such as cleft
palate and myopia in unrelated families with the same molec-
ular diagnosis. The interfamilial variability observed in fami-
lies with the same mutations suggests that the variability may
be due to modifying “background” genes elsewhere in the ge-
nome or to environmental factors. As a result, molecular biol-
ogy can assist in the prenatal as well as postnatal diagnosis of
the disorder, but it is of little help in predicting the severity of
the disease. Further mutational analyses and genotype/pheno-
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Diagnostic criteria applied to six Stickler ;ranlzfzsswith COL2AI mutations evaluated at NTH
Age Ocular Craniofacial Auditory Skeletal Diagnostic
Family Sex (yr) RH/RD involvement Palate SNHL HTm EODJD Spine Hip score
2 M 12 N N RS N N Y N 8
M 16 Y Y RS Y Y N N N 8
M 39 N N CP Y Y Y Y Y 9
F 58 Y Y SMCP Y N Y N N 9
M 59 Y Y SMCP Y Y Y N N 9
F 33 Y N CP Y N Y N Y 9
F 9 N N CpP Y N N Y N 7
F 4 N Y BU N N N *) N 5
3 F 50 Y N BU/SMCP Y Y Y Y N 9
F 27 N N N Y Y Y Y N 7
F 4 N Y N *) N Y N N 5
F 2 N Y SMCP @) N N *) N 5
4 F 59 Y Y N Y N Y Y N 8
M 36 Y Y CP Y N Y N N 8
F 47 Y Y BU/SMCP Y N N Y N 8
F 20 N Y N Y N N Y N 5
6 M 59 Y N N Y N Y Y N 7
F 28 Y N N Y N Y Y N 6
F 31 Y N N Y N Y Y N 7
7 F 63 Y N N Y N Y N Y 7
F 61 Y N N Y N N Y N 6
F 36 Y N CP Y N N N N 8
9 M 73 Y N CP Y Y Y N N 9
M 38 Y N BU/SMCP Y Y Y N Y 9
M 8 Y N SMCP N N N N N 6

RH/RD, retinal holes or detachments; CP, cleft palate; BU, bifud uvula; SMCP, submucous CP; RS, Robin sequence; SNHL, sensorineural hearing loss; HT'm,
hyperextensible tympanic membrane; EODJD, early-onset degenerative joint disease; Y, present; N, absent; (*), not determined.

type correlations will have to be done on patients with a clinical
diagnosis of Stickler syndrome to clarify the significance of
these differences.
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