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Abstract

:

Stickler Syndrome (SS) is a multisystem collagenopathy frequently encountered by ophthalmologists due to the high rate of ocular complications. Affected individuals are at significantly increased risk for retinal detachment and blindness, and early detection and diagnosis are critical in improving visual outcomes for these patients. Systemic findings are also common, with craniofacial, skeletal, and auditory systems often involved. SS is genotypically and phenotypically heterogenous, which can make recognizing and correctly diagnosing individuals difficult. Molecular genetic testing should be considered in all individuals with suspected SS, as diagnosis not only assists in treatment and management of the patient but may also help identify other at-risk family members. Here we review common clinical manifestation of SS and genetic tests frequently ordered as part of the SS evaluation.
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1. Introduction


Stickler Syndrome (SS) is a relatively common multisystem connective tissue disorder. First described in 1965 by Gunnar Stickler [1], SS is best known to ophthalmologists as a condition that confers a risk for significant ocular complications, ranging from severe myopia to retinal detachment and vision loss [2,3,4]. While ocular complications are both common and often very serious, skeletal/joint, inner ear, and craniofacial structures are often involved [2,5]. Therefore, it should not be surprising that SS may present with a wide range of findings, including micrognathia (alone or as part of Pierre Robin sequence), cleft palate, hearing loss, or early onset osteoarthritis, either in the proband or an affected family member [5,6].



SS is also genetically complex. While the most common forms are autosomal dominant (AD), other forms are inherited in an autosomal recessive (AR) manner [2,6]. Furthermore, SS exhibits genetic heterogeneity, as to date, pathogenic variants in 6 different genes can cause SS [2,7,8,9,10,11]. These genes are associated with the formation of collagens type II, IX, and XI, which are expressed within the vitreous, skeleton, and inner ear, with limited genotype-phenotype correlation [2,3,9,10,11,12,13,14,15]. SS exhibits significant inter- and intrafamilial phenotypic variability, meaning that individuals with the same pathogenic variant may exhibit different clinical manifestations, even within families [6]. However, penetrance does appear to be complete, meaning all affected individuals will manifest some features of the condition [5,6]. A high index of suspicion allows for early detection and diagnosis which can improve clinical outcomes for these individuals [4,16,17].



Stickler Syndrome type I (STL1) is the most common form of SS, accounting for approximately 80–90% of cases [2,15]. STL1 is the classic AD type, caused by heterozygous pathogenic variants in COL2A1 [2,5,15]. While most individuals with pathogenic COL2A1 variants will exhibit systemic manifestations of SS, individuals harboring pathogenic variants in exon 2 will exhibit an ocular-only phenotype due to alternative splicing of the gene [18,19]. Ocular-only phenotypes may also be caused by variants in COL2A1 outside of exon 2 [20,21,22]. Thus, a diagnosis of SS should be considered in an individual with suggestive ocular findings even if no systemic features are present [18,19]. A smaller proportion of AD cases are caused by heterozygous pathogenic variants in COL11A1 (Stickler Syndrome Type II [STL2]), and COL11A2 (Otospondylomegaepiphseal dysplasia, AD [OSMEDA], formerly known as Non-Ocular Stickler Syndrome) [7,8,13,14]. This is an important distinction for ophthalmologists, as individuals with OSMEDA will manifest all of the findings of typical SS except for the ocular complications [14]. This is because, while COL11A2 is expressed in the joints, inner ear, and craniofacial structures, it is not expressed in the eye [14]. More rare than the AD forms, biallelic pathogenic variants in COL9A1, COL9A2, and COL9A3 have been reported to cause recessive forms of Stickler Syndrome (Stickler Syndromes 4-6 [STL4-6]) [9,10,11,23]. Biallelic variant in COL11A1 have also been reported in cases of AR SS, although typically are associated with a more severe skeletal dysplasia [24]. Biallelic variants in candidate genes, including LOXL3, a lysly oxidase gene important for proper cross-linking of type II collagen, and LRP2, an endoplasmic transmembrane receptor gene associated with facio-oculo-acoustico-renal (FOAR) syndrome and Donnai–Barrow Syndrome (DBS), have also been reported in individuals with SS-like phenotypes [25,26,27]. A family history is often absent in recessive cases, and clinical phenotypes may be less distinctive than those with STL1 and STL2 [9,10,11,23].




2. Clinical Characteristics


As discussed above, the clinical findings associated with SS may vary widely, even among affected members of the same family. However, as would be expected for a common condition that has been recognized for many years, the various complications have been well-described.



2.1. Ocular Manifestations


Individuals with SS are commonly myopic (>−3.00 diopters) and are at high risk for ocular complications, including vitreous abnormalities, retinal detachment, glaucoma, and cataracts [2,3,5,28,29,30,31]. High myopia is typically congenital and may be associated with astigmatism [2,3]. Congenital cataracts may also be present [2,3,32]. Some individuals exhibit congenital abnormalities of the anterior chamber drainage angle, increasing the risk for glaucoma [3,33]. Vitreous abnormalities are common with a high risk of retinal detachment [2,3,4,5,16,17,28]. Membranous vitreous is characteristically seen in STL1 [2,28,29]. Approximately 60–70% of individuals with STL1 will experience a retinal detachment, and of those approximately half will be bilateral [3,4,16,17]. Individuals with STL2 typically exhibit a beaded vitreous, although membranous vitreous has also been reported in these individuals [3,4,22,28]. Risk of retinal detachment in individuals with STL2 has been less widely studied than in those with STL1 but has been previously reported to be approximately 40% [28]. To date, high myopia, hypoplastic vitreous, and retinal detachment have been reported in STL4–6, although individuals with STL6 have also been reported without vitreous abnormalities [9,10,11,23,34]. The average age of retinal detachment in SS is between the ages of 10–30 years and is a significant cause of retinal blindness in children [4,16]. Those with retinal detachment often require multiple surgical interventions, with a high rate of recurrence and overall poor visual prognosis [4,16,17]. For this reason, prophylactic intervention has been explored to aid in vision preservation for these individuals and early detection and diagnosis is critical [16,17].




2.2. Craniofacial Manifestations


Individuals with systemic forms of SS typically have underdevelopment of the maxilla, which leads to the appearance of a flattened facial profile known as midface hypoplasia (Figure 1) [2,5,28]. This is more apparent in childhood and may normalize in adulthood [6]. Micrognathia and Pierre Robin Sequence are common features, and clefts of the hard or soft palate may be present [2,5,6,28,31]. Cleft palate has not been observed in individuals with STL4–6, although variable degrees of midface hypoplasia and micrognathia have been described. It should be noted that clefting involving the lip occurs by a different embryologic mechanism and is not a feature of SS [2,5,28,35].




2.3. Auditory Manifestations


Hearing loss is a common feature of SS [2,5,28,31,36,37]. The most common form of hearing loss is pure sensorineural hearing loss, with increasing prevalence with age [36,38]. Mixed sensorineural and conductive hearing loss and purely conductive hearing loss may also be seen, more commonly affecting children or those with history of palatal defects [5,36]. Individuals with STL1 generally exhibit a mild to moderate sensorineural hearing loss that affects the higher frequencies [36,37,38]. In contrast, individuals with STL2 tend to have more pronounced hearing loss that is more apparent at younger ages [36,37,38]. Individuals with recessive forms of SS have been reported to have early onset sensorineural hearing loss of higher frequencies, with mild to moderate hearing loss described in STL5 and moderate to severe hearing loss in STL4 and STL6 [9,10,11,23,34].




2.4. Skeletal Manifestations


Skeletal features are common in individuals with systemic forms of SS [2,5,28]. Precocious arthritis is common, with symptoms ranging from mild to severe [2,5,6,39]. Spinal abnormalities, including scoliosis, kyphosis, and platyspondyly may also be seen, with a significant proportion of adults reporting chronic back pain [5,39,40]. Joint hypermobility may be present in childhood but typically resolves in adulthood [2,5,39].





3. Diagnosing Stickler Syndrome


Clinical diagnostic criteria have been proposed for STL1 but have not been validated [6,39]. These are based on a scoring system that assigns points to clinical features, family history, and molecular data, with “major” criteria receiving 2 points and “minor” criteria receiving 1 point [39]. A clinical diagnosis may be made if ≥5 criteria are met, at least one major feature is present, and there are no features suggestive of an alternative diagnosis [39].



These clinical diagnostic criteria may miss individuals with ocular-only and non-ocular phenotypes, as well as those with AR forms of SS or de novo AD cases in which a family history is absent. Thus, SS should be still be suspected in those with suggestive findings who do not meet clinical criteria.



Molecular genetic testing should be pursued in any individual for whom SS is suspected. In addition to confirming a diagnosis in the individual, a molecular genetic diagnosis can assist in the testing of at-risk family members, in guiding medical management and screening and in providing accurate recurrence risk for offspring [41]. A number of genetic tests may be considered in the genetic evaluation of suspected SS.



3.1. Chromosomal Microarray


Chromosomal microarray (CMA) is recommended as the first-tier testing in individuals with multiple congenital anomalies (MCA) or nonspecific developmental delays (DD) without features suggestive of a specific genetic disorder [42]. For that reason, many individuals with suspected SS will have a CMA. However, as this technology is designed to detect relative large missing or extra DNA segments (“copy number variations”), it is unlikely to be abnormal in a patient with SS [43]. If CMA does identify an abnormality, it is likely that the patient does not have SS but rather a condition that closely mimics it. However, because it is so often performed, we will review it briefly here.



CMA has replaced the classic G-banded chromosome analysis for most indications due to its superiority in detecting small copy number variants, with the ability to detect variants as small as 400 Kb [43]. In contrast, even the highest resolution chromosome analysis is limited to detecting abnormalities of 3.5 Mb or larger [42,43]. While CMA is an excellent first tier test for an individual with nonspecific features, it will not detect single base pair mutations such as those that typically cause SS [43]. Therefore, further testing with DNA sequencing will be required to confirm the diagnosis of SS.




3.2. Gene Testing


Many different approaches may be used when pursuing molecular genetic testing for SS. If family history and clinical findings are suggestive of a specific form of SS, one may consider obtaining single-gene testing. Likewise, if suspicion is high for AR SS, a gene panel analyzing only the genes associated with AR SS could be considered. Previously, gene sequencing relied on Sanger Sequencing [44], which is an accurate but slow and costly method [45,46]. However, advancements in next-generation gene sequencing technology, which utilizes methods that sequence millions of short-fragment DNA strands rapidly, allows for a cost-effective method for analyzing multiple genes at one time [45,46,47]. Thus, one could initiate testing for all genes known to be associated with SS—COL2A1, COL11A1, COL11A2, COL9A1, COL9A2, and COL9A3, rather than choose a sequential approach. This is often preferred because it leads to a more cost-effective and rapid diagnosis. If alternative diagnoses are being considered or if the phenotype is unclear, larger gene panels that include other genes or diagnoses of interest could be considered. Because most diagnoses of Stickler Syndrome are due to small exonic and splice-site DNA variations, molecular analysis is estimated to identify a causative genetic variant in approximately 90% of individuals with clinical features of SS [7,8]. Deep intronic variants may be missed by a gene panel, which typically analyzes exonic regions and flanking splice sites, and currently candidate genes are not included in this first-tier testing approach [48,49]. Further studies may be considered if a standard SS gene panel is negative.




3.3. Exome and Genome Sequencing


If first tier testing for SS with CMA and gene testing is negative, broad based next generation sequencing with exome or genome sequencing could be considered; however, because the majority of patients with SS will be diagnosed by targeted gene panel, negative first-tier testing suggests that an individual most likely does not have SS but may have an alternate diagnosis [50,51]. Exome sequencing and genome sequencing both use next generation sequencing technology, with exome sequencing focusing on the protein-coding regions of DNA and genome sequencing analyzing the entirety of the genome [47]. The overall diagnostic yield of both exome and genome sequencing is approximately 25–30%, but may be lower in a patient with SS-like features in which first-tier testing with an SS gene panel is negative [50,51].Individuals must undergo genetic counseling and consent for testing, as exome or genome sequencing may reveal unanticipated diagnoses or secondary findings [52,53,54]. Exome and genome sequencing both have limitations, including incomplete coverage of the genome, limitations in detecting DNA deletions and duplications, and limitations in detecting trinucleotide repeats [51].




3.4. Interpreting Genetic Testing Results


Clinicians and patients should be aware of possible result outcomes when ordering genetic testing. The ACMG has published guidelines regarding variant classification, which provides a standardized approach by which laboratories classify genetic variants [55]. These variant guidelines outline a scoring system by which a variant may be classified as Benign, Likely Benign, Variant of Uncertain Significance, Likely Pathogenic, and Pathogenic [55]. Variants classified as Benign and Likely Benign are generally not included in testing reports. Likely Pathogenic and Pathogenic variants are considered “positive” results, which provides a patient with a diagnosis and may be medically actionable [55]. Variants with inconclusive evidence to determine pathogenicity are categorized as Variants of Uncertain Significance (VUS) [55]. A VUS should not be considered a molecular diagnosis and in most cases should not be used to alter medical decision making [55]. In some situations, additional investigations with family testing for variant segregation or functional studies could be considered to help confirm the pathogenicity of a VUS [55]. Individuals who receive negative results should be counseled that a negative result does not exclude the possibility of an alternate or undiagnosed genetic etiology [52].





4. Conclusions


Stickler Syndrome is a multisystem collagenopathy with significant genetic and phenotypic heterogeneity. Affected individuals may exhibit ocular abnormalities, hearing loss, craniofacial abnormalities, and skeletal abnormalities. Individuals with STL1 and STL2 particularly are at increased risk of retinal detachment with high rates of recurrence and risk of blindness. Thus, a high index of clinical suspicion for Stickler Syndrome with early diagnosis is paramount to preventing adverse outcomes in these individuals. A number of genetic tests may be obtained during a genetics evaluation for Stickler Syndrome, including CMA, gene panels, or exome/genome sequencing. Clinicians and patients should be aware of possible testing outcomes, and patients should be appropriately counseled before testing is obtained. Genetic testing results may be used to help guide treatment and management, assist in testing other at-risk individuals, and provide the patient with recurrence risk to offspring.
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Figure 1. A child with classic STL1 due to a pathogenic variant in COL2A1 (c.28977_2878insTT). Characteristic midface hypoplasia and micrognathia are present. 
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