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Summary

Clinical characteristics
Usher syndrome type II (USH2) is characterized by the following:

• Congenital, bilateral sensorineural hearing loss that is mild to moderate in the low frequencies and severe 
to profound in the higher frequencies

• Intact or variable vestibular responses
• Retinitis pigmentosa (RP); progressive, bilateral, symmetric retinal degeneration that begins with night 

blindness and constricted visual fields (tunnel vision) and eventually includes decreased central visual 
acuity; the rate and degree of vision loss vary within and among families.

Diagnosis/testing
The diagnosis of USH2 is established in a proband using electrophysiologic and subjective tests of hearing and 
retinal function. Identification of biallelic pathogenic variants in one of three genes – ADGRV1, USH2A, or 
WHRN – establishes the diagnosis if clinical features are inconclusive.

Management
Treatment of manifestations: Early fitting of hearing aids and speech training. Children with incomplete speech 
and sentence rehabilitation with hearing aids and older individuals with severe-to-profound hearing loss should 
be considered for cochlear implantation. Standard treatments for retinitis pigmentosa; vestibular rehabilitation.

Surveillance: Annual audiometry and tympanometry with hearing aids or cochlear implant to assure adequate 
auditory stimulation. Annual ophthalmologic evaluation from age 20 years to detect potentially treatable 
complications such as cataracts, refractive errors, and cystoid macular edema. Annual fundus photography, 
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visual acuity, visual field, electroretinography, optical coherence tomography, and fundus autofluorescence from 
age ten years.

Agents/circumstances to avoid: Tunnel vision and night blindness can increase the likelihood of accidental injury. 
Competition in sports requiring a full range of vision may be difficult and possibly dangerous. Progressive loss of 
peripheral vision impairs the ability to safely drive a car.

Evaluation of relatives at risk: The hearing of at-risk sibs should be assessed as soon after birth as possible to 
allow early diagnosis and treatment of hearing loss.

Genetic counseling
USH2 is inherited in an autosomal recessive manner. Each subsequent pregnancy of a couple who have had a 
child with Usher syndrome type II has a 25% chance of resulting in an affected child, a 50% chance of resulting 
in an unaffected child who is a carrier, and a 25% chance of resulting in an unaffected child who is not a carrier. 
Prenatal testing and preimplantation genetic testing are possible for pregnancies at increased risk if the 
pathogenic variants have been identified in the family.

Diagnosis

Suggestive Findings
Usher syndrome type II (USH2) should be suspected in individuals with:

• Congenital (i.e., prelingual) sensorineural hearing loss that is mild to moderate in the low frequencies and 
severe to profound in the higher frequencies (see Hereditary Hearing Loss and Deafness Overview);

• Intact or variable vestibular responses;
• Retinitis pigmentosa (RP);
• Normal general health and intellect; otherwise normal physical examination;
• A family history consistent with autosomal recessive inheritance.

Establishing the Diagnosis
The diagnosis of USH2 is established in a proband with the above clinical features and family history. 
Identification of biallelic pathogenic (or likely pathogenic) variants in one of the genes listed in Table 1 
establishes the diagnosis if clinical features are inconclusive.

Note: (1) Per ACMG/AMP variant interpretation guidelines, the terms "pathogenic variants" and "likely 
pathogenic variants" are synonymous in a clinical setting, meaning that both are considered diagnostic and both 
can be used for clinical decision making [Richards et al 2015]. Reference to "pathogenic variants" in this section 
is understood to include any likely pathogenic variants. (2) Identification of biallelic variants of uncertain 
significance (or of one known pathogenic variant and one variant of uncertain significance) in one of the genes 
listed in Table 1 does not establish or rule out the diagnosis.

The phenotype of USH2 is often indistinguishable from many other inherited disorders associated with hearing 
loss and/or RP, therefore the recommended molecular testing approaches can include use of a multigene panel 
or comprehensive genomic testing.

Note: Single-gene testing is rarely useful and typically NOT recommended.

• An Usher syndrome multigene panel or a more comprehensive multigene panel (e.g., inherited retinal 
dystrophy panel, hereditary hearing loss panel) that includes the genes listed in Table 1 and other genes 
of interest (see Differential Diagnosis) is most likely to identify the genetic cause of the condition while 
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limiting identification of variants of uncertain significance and pathogenic variants in genes that do not 
explain the underlying phenotype. Note: (1) The genes included in the panel and the diagnostic sensitivity 
of the testing used for each gene vary by laboratory and are likely to change over time. (2) Some multigene 
panels may include genes not associated with the condition discussed in this GeneReview. (3) In some 
laboratories, panel options may include a custom laboratory-designed panel and/or custom phenotype-
focused exome analysis that includes genes specified by the clinician. (4) Methods used in a panel may 
include sequence analysis, deletion/duplication analysis, and/or other non-sequencing-based tests.
For an introduction to multigene panels click here. More detailed information for clinicians ordering 
genetic tests can be found here.

• Comprehensive genomic testing does not require the clinician to determine which gene is likely involved. 
Exome sequencing is most commonly used; genome sequencing is also possible.
Note: Unlike exome sequencing, genome sequencing can identify variants outside of the coding region. 
Although most confirmed pathogenic variants identified by genome sequencing are within exons [Taylor 
et al 2015], several pathogenic variants have been detected in the noncoding region of USH2A [Daich 
Varela et al 2023].
For an introduction to comprehensive genomic testing click here. More detailed information for clinicians 
ordering genomic testing can be found here.

Table 1. Molecular Genetic Testing Used in Usher Syndrome Type II (USH2)

Gene 1, 2 USH2 Subtype
Proportion of USH2 
Attributed to Pathogenic 
Variants in Gene

Proportion of Pathogenic Variants 3 Detected by 
Method

Sequence analysis 4 Gene-targeted deletion/
duplication analysis 5

ADGRV1 USH2C 6.6%-19% 6 >90% 7 3/49 individuals 8

USH2A USH2A 57%-79% 6 >90% 7, 9 6%-9% 10, 11

WHRN USH2D 0%-9.5% 6 >95% 7 None reported 7
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Table 1. continued from previous page.

Gene 1, 2 USH2 Subtype
Proportion of USH2 
Attributed to Pathogenic 
Variants in Gene

Proportion of Pathogenic Variants 3 Detected by 
Method

Sequence analysis 4 Gene-targeted deletion/
duplication analysis 5

Unknown 12, 13 NA

1. Genes are listed in alphabetic order.
2. See Table A. Genes and Databases for chromosome locus and protein.
3. See Molecular Genetics for information on variants detected in this gene.
4. Sequence analysis detects variants that are benign, likely benign, of uncertain significance, likely pathogenic, or pathogenic. Variants 
may include small intragenic deletions/insertions and missense, nonsense, and splice site variants; typically, exon or whole-gene 
deletions/duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.
5. Gene-targeted deletion/duplication analysis detects intragenic deletions or duplications. Methods used may include a range of 
techniques such as quantitative PCR, long-range PCR, multiplex ligation-dependent probe amplification (MLPA), and a gene-targeted 
microarray designed to detect single-exon deletions or duplications.
6. Bonnet et al [2011], Le Quesne Stabej et al [2012], García-García et al [2013]
7. LOVD Usher Syndrome Database
8. Hilgert et al [2009], Besnard et al [2012], Aparisi et al [2014]
9. Several deep intronic variants outside of the exon and splice junction regions typically included in standard sequencing have been 
observed, especially in USH2A [Vaché et al 2012, Liquori et al 2016, Baux et al 2017, Mansard et al 2021, Daich Varela et al 2023].
10. Bernal et al [2005], Dreyer et al [2008], Steele-Stallard et al [2013], Aparisi et al [2014], Baux et al [2014], Krawitz et al [2014], Sodi 
et al [2014], Dad et al [2015]
11. By screening for duplications/deletions, Steele-Stallard et al [2013] found a second USH2A pathogenic variant in 26% (6/23) of 
individuals for whom only one disease-causing allele had been found by sequencing.
12. A fourth locus associated with Usher syndrome type II has been provisionally mapped to 15q in a consanguineous Tunisian family 
[Ben Rebeh et al 2008].
13. To date, PDZD7 pathogenic variants have not been shown to cause Usher syndrome but may act as modifiers of the retinal 
phenotype in individuals with USH2A-related USH2 [Ebermann et al 2010]. Additionally, an individual with USH2 and compound 
heterozygous pathogenic variants in USH2A and PDZD7 and another affected individual with compound heterozygous variants in 
ADGRV1 and PDZD7 were reported, leading to the suggestion of digenic inheritance [Ebermann et al 2010].

Clinical Characteristics

Clinical Description
Usher syndrome type II (USH2) is characterized by moderate-to-severe sensorineural hearing loss at birth and 
retinitis pigmentosa (RP) that begins in late adolescence or early adulthood. Some individuals also have 
vestibular loss [Yang et al 2012, Blanco-Kelly et al 2015, Magliulo et al 2017].

Table 2. Select Features of Usher Syndrome Type II

Feature % of Persons w/Feature Comment

Hearing loss 100% High-frequency loss which is usually stable

RP 100% Variable age of onset & rate of progression

Vestibular loss 40%-80% Usually asymptomatic but identifiable on specialized testing 1

RP = retinitis pigmentosa
1. Magliulo et al [2017]

Hearing Loss
The hearing loss in USH2 is typically congenital and bilateral, occurring predominantly in the higher frequencies 
and ranging from moderate to severe. The degree of hearing loss varies within and among families; however, the 
"sloping" audiogram is characteristic of USH2. The hearing loss may be perceived by the affected individual as 
progressing over time because speech perception decreases, possibly as a result of diminished vision that 
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interferes with subconscious lip reading. Hearing aids are usually adequate in individuals with USH2. Cochlear 
implants are highly effective if speech and sentence testing indicates inadequate response with hearing aids.

Clinical variability of the hearing phenotype has been observed. In particular, a few individuals with USH2 have 
a mild but definite progression of hearing loss that is unrelated to presbycusis. A cross-sectional study of 27 
persons with USH2A-USH2 confirmed by linkage analysis compared hearing threshold against age; significant 
progression of hearing impairment was observed but at a much slower rate than reported for Usher syndrome 
type III (USH3) [Pennings et al 2003]. In contrast, in a large study of 125 individuals with USH2, Reisser et al 
[2002] found no clinically relevant progression of hearing loss over a span of up to 17 years.

Visual Loss
Children with USH2 are often misdiagnosed as having nonsyndromic hearing impairment until tunnel vision 
and night blindness (early signs of RP) become severe enough to be noticeable, either by parents and teachers or 
by the individual. The onset of RP in individuals with USH2 is variable but typically starts in late adolescence or 
early adulthood and occasionally can start much earlier. RP is progressive, bilateral, symmetric photoreceptor 
degeneration of the retina that initiates in the mid-periphery; rods (photoreceptors active in the dark-adapted 
state) are mainly affected first, causing night blindness and constricted visual fields (tunnel vision). Cones 
(photoreceptors active in the light-adapted state) are affected second and eventually die and cause central 
blindness. Contrast sensitivities, color vision, and mobility may become severely affected as the retinal 
degeneration progresses.

Visual fields become progressively constricted with time. The rate and degree of visual field loss show intra- and 
interfamilial variability. A visual field of 5-10 degrees ("severe tunnel") is common for a person with USH2 at age 
30-40 years. Visual impairment worsens significantly each year [Iannaccone et al 2004, Pennings et al 2004]. 
Individuals with USH2 may become completely blind. Cataracts and/or cystoid macular edema sometimes 
reduce central vision. These two associated conditions are treatable.

Vestibular Loss
Vestibular loss has been identified in 40%-80% of individuals with USH2 in a small study of specialized 
vestibular testing [Magliulo et al 2017]. However, these individuals were found to be asymptomatic suggesting 
that they compensate for the loss of vestibular function.

Heterozygotes
Heterozygotes are asymptomatic; however, they may exhibit audiogram anomalies that are not sensitive or 
specific enough for carrier detection.

Phenotype Correlations by Gene
Sadeghi et al [2004] compared serial audiograms of individuals with USH2 who had pathogenic variants in 
USH2A (group 1) with those of individuals diagnosed with USH2 who did not have pathogenic variants in 
USH2A (group 2). They found significantly worse thresholds in group 1 than in group 2 after the second decade. 
These results suggested that the USH2A-USH2 auditory phenotype may be different from that of other subtypes 
of USH2. Abadie et al [2012], however, did not find any significant differences between the audiograms from 88 
individuals with pathogenic variants in USH2A and ten individuals with pathogenic variants in ADGRV1.

Schwartz et al [2005] did not observe any genotype-phenotype correlations between individuals with pathogenic 
variants in USH2A and those with variants in ADGRV1; however, only three sibs with pathogenic variants in 
ADGRV1 were evaluated. They found a wide spectrum of photoreceptor disease with more rod than cone 
dysfunction, and both intra- and interfamilial variation for USH2A-USH2.
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Frenzel et al [2012] performed two measures of touch sensation (tactile sensation and vibrational detection 
threshold) on two cohorts of individuals with USH2 from Germany and Spain. USH2A variants were associated 
with poor touch acuity as well as congenital hearing loss and adult-onset RP.

Genotype-Phenotype Correlations
USH2A. Deleterious null (e.g., nonsense, frameshift, splicing) variants are associated with USH2, whereas 
homozygous missense variants that generate partially functional proteins typically cause nonsyndromic RP 
[Lenassi et al 2015b, Hartel et al 2016, Jung 2020]. The visual phenotype in individuals with USH2A-USH2 
pathogenic variants is associated with more severe RP compared with nonsyndromic USH2A-RP [Pierrache et al 
2016, Sengillo et al 2017, Gao et al 2021]. The hearing phenotype in individuals with USH2A-USH2 is more 
severe and progressive in individuals with one or more deleterious USH2A variants [Hartel et al 2016, Jung 
2020].

Lenassi et al [2015b] designated retinal disease-specific pathogenic variants in USH2A that cause RP with 
preservation of normal hearing. While these individuals did not report hearing loss, audiometric testing found 
variable hearing loss in a substantial number. A correlation between severity of hearing loss and severity of RP 
was not found.

Individuals of Swedish or Dutch origin with biallelic USH2A truncating variants (including homozygous 
c.2299delG variants) developed significantly more severe and progressive hearing loss than individuals with one 
truncating USH2A variant combined with one nontruncating variant and individuals with two nontruncating 
variants. Similar findings were also reported in individuals of Korean ancestry [Hartel et al 2016, Jung 2020].

Penetrance
Penetrance is 100% in USH2.

Nomenclature
The numbering system used in Usher syndrome classification (USH1, USH2, and USH3) corresponds with the 
associated severity of the clinical presentation (i.e., degree of hearing impairment, the presence or absence of 
vestibular areflexia, and the age of onset of retinitis pigmentosa). The letter following USH2 indicates the 
molecular subtype caused by biallelic variants in one of the related genes listed in Table 1.

Prevalence
The prevalence of Usher syndrome in the general US population has been conservatively estimated at 
4.4:100,000. However, a study of children with hearing loss in Oregon found that 11% had pathogenic variants in 
genes associated with Usher syndrome and estimated that the prevalence may be as high as 1:6,000 [Kimberling 
et al 2010].

Usher syndrome has been estimated to be responsible for 3%-6% of all childhood deafness and approximately 
50% of all deaf-blindness. These estimates were made prior to 1989, when Möller et al [1989] subdivided Usher 
syndrome into USH1 and USH2, and USH3 had not yet been recognized. The specialized educational 
requirements of the congenitally deaf have historically rendered the population with USH1 more accessible for 
study by researchers. Persons with USH2 or USH3 communicate orally and are mainstreamed into regular 
schools; thus, the prevalence of USH2 and USH3 in the general population cannot be estimated as accurately as 
that of USH1. Often, persons with USH2 are not diagnosed until early adulthood, when progressive RP becomes 
debilitating.

The prevalence of Usher syndrome in Heidelberg, Germany and its suburbs has been calculated to be 6.2:100,000 
[Spandau & Rohrschneider 2002]. In that study, the ratio of USH1 to USH2 was 1:3.
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Genetically Related (Allelic) Disorders
Other phenotypes associated with germline pathogenic variants in ADGRV1, USH2A, and WHRN are 
summarized in Table 3.

Table 3. Allelic Disorders

Gene Disorder MOI Comment

ADGRV1 Familial febrile seizures (OMIM 604352) AD A pathogenic nonsense variant was found in 1 of 48 
families w/febrile seizures.

USH2A Nonsyndromic retinitis pigmentosa 1 AR Common cause of nonsyndromic AR retinitis pigmentosa

WHRN Nonsyndromic hearing loss (DFNB31) (See Hereditary 
Hearing Loss and Deafness Overview.) AR

AD = autosomal dominant; AR = autosomal recessive; DFNB = nonsyndromic deafness, autosomal recessive; MOI = mode of 
inheritance
1. Lenassi et al [2015b]

Differential Diagnosis
Often, a family with more than one affected sib is thought to have nonsyndromic hearing loss (NSHL) (see 
Hereditary Hearing Loss and Deafness Overview) until the oldest is diagnosed with retinitis pigmentosa (RP). 
Subsequent visual evaluation often reveals the presymptomatic early stages of RP in younger affected sibs.

Pathogenic variants associated with NSHL and RP can be inherited independently by a single individual whose 
symptoms mimic those of Usher syndrome [Fakin et al 2012]. Larger families lessen the statistical probability of 
this occurrence because at least one sib is likely to inherit one pathogenic variant without the other. NSHL and 
RP are both relatively common, with frequencies of 1:1,000 and 1:4,000, respectively, and are characterized by 
extreme genetic heterogeneity (to date, >110 genes have been associated with NSHL and >80 genes have been 
associated with RP).

Hereditary disorders characterized by both sensorineural hearing impairment and decreased visual acuity to 
consider in the differential diagnosis of Usher syndrome type II (USH2) are summarized in Table 4.

Table 4. Genes of Interest in the Differential Diagnosis of Usher Syndrome Type II

Gene(s) Disorder MOI Clinical Characteristics Comment

CDH23 
CIB2 
MYO7A 
PCDH15 
USH1C 
USH1G

USH1 AR

Congenital bilateral 
profound SNHL, vestibular 
areflexia, adolescent-onset 
RP

Children w/USH1 are usually do 
not walk until age 18 mos to 2 
yrs due to vestibular 
involvement (those w/USH2 
usually walk at age ~1 yr).

CLRN1 
HARS1 USH3 (OMIM 276902, 614504) AR

Postlingual progressive 
SNHL, late-onset RP, variable 
impairment of vestibular 
function

Some persons w/USH3 may 
have profound HL & vestibular 
disturbance & thus be clinically 
misdiagnosed w/USH1 or 
USH2. 1
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Table 4. continued from previous page.

Gene(s) Disorder MOI Clinical Characteristics Comment

PEX1
PEX6
PEX12
(13 genes) 2

Zellweger spectrum 
disorder (ZSD) 3

Intermediate/
milder ZSD

AR
(AD) 4

Mainly sensory deficits &/or 
mild developmental delay; 
intellect may be normal.

Milder ZSD & USH2 can both 
have SNHL & retinal 
pigmentary abnormalities, but 
visual impairment in milder 
ZSD is more variable. Also, 
those w/milder ZSD typically 
develop ameliogenesis 
imperfecta of secondary teeth.

Severe ZSD AR

Severe neurologic 
dysfunction, craniofacial 
abnormalities, liver 
disfunction, absent 
peroxisomes

Infants w/severe ZSD are 
significantly impaired & usually 
die during 1st yr of life, usually 
having made no developmental 
progress.

PEX7 
PHYH Refsum disease AR RP, HL, anosmia, 

polyneuropathy, ataxia

RP is nearly always 1st 
noticeable feature; anosmia, 
polyneuropathy, & then mild-to-
moderate HL follow.

ABHD12
Polyneuropathy, hearing loss, ataxia, retinitis 
pigmentosa, & cataract (PHARC) (OMIM 
612674)

AR Polyneuropathy, HL, ataxia, 
RP, cataract

Persons w/PHARC typically 
develop polyneuropathy & 
ataxia in teens or early 
adulthood; & RP typically later 
in adulthood.

TIMM8A 5 Deafness-dystonia-optic neuronopathy 
syndrome (DDON) XL

Males: pre- or postlingual 
SNHL in early childhood; 
optic atrophy → slowly 
progressive ↓ visual acuity 
from age ~20 yrs; dementia 
from age ~40 yrs; slowly 
progressive dystonia or 
ataxia in the teens 6
Females: mild hearing 
impairment & focal dystonia

In DDON, appearance of the 
retina, night vision, & ERG are 
usually normal; in USH, 
impaired vision results from 
retinal dystrophy that first 
manifests as impaired dark 
adaptation. 7

AD = autosomal dominant; AR = autosomal recessive; HL = hearing loss; MOI = mode of inheritance; RP = retinitis pigmentosa; 
SNHL = sensorineural hearing loss; USH = Usher syndrome; XL = X-linked
1. Pennings et al [2003]
2. 60.5% of Zellweger spectrum disorder (ZSD) is associated with biallelic pathogenic variants in PEX1, 14.5% with pathogenic variants 
in PEX6, and 7.6% with pathogenic variants in PEX12. In total, 13 genes are known to be associated with ZSD.
3. The term "Zellweger spectrum disorder" refers to all individuals with a defect in one of the ZSD-PEX genes regardless of phenotype.
4. One PEX6 variant, p.Arg860Trp, has been associated with ZSD in the heterozygous state due to allelic expression imbalance 
dependent on allelic background.
5. DDON syndrome is caused by either (1) a hemizygous TIMM8A pathogenic variant in a male proband or a heterozygous TIMM8A 
pathogenic variant in a female proband or (2) a contiguous gene deletion of Xp22.1 involving TIMM8A.
6. In DDON syndrome, hearing impairment appears to be constant in age of onset and progression, whereas the neurologic, visual, and 
neuropsychiatric signs (e.g., personality change and paranoia) vary in degree of severity and rate of progression.
7. Sadeghi et al [2004]

Other. Viral infections, diabetic neuropathy, and syndromes involving mitochondrial defects (see Mitochondrial 
Disorders Overview) can all produce concurrent symptoms of hearing loss and retinal pigmentary changes that 
suggest Usher syndrome.
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Management

Evaluations Following Initial Diagnosis
To establish the extent of disease and needs in an individual diagnosed with Usher syndrome type II (USH2), the 
evaluations summarized in Table 5 (if not performed as part of the evaluation that led to the diagnosis) are 
recommended.

Table 5. Recommended Evaluations Following Initial Diagnosis in Individuals with Usher Syndrome Type II

System/Concern Evaluation Comment

Audiology Otoscopy, puretone audiometry, assessment of 
speech perception

Consider auditory brain stem response (ABR), 
electrocochleography (ECOG), and distortion product 
otoacoustic emission (DPOAE). Speech and sentence tests with 
hearing aids will determine if cochlear implantation offers 
better rehabilitation than hearing aids.

Vestibular 
function

Rotary chair, calorics, electronystagmography, 
ocular & cervical myogenic evoked potentials, 
video head impulse testing, computerized 
posturography

Persons describing imbalance or dizziness should undergo 
comprehensive vestibular testing to guide rehabilitation.

Ophthalmology
Fundus photography, VA, VF (Goldmann 
perimetry, Humphrey perimetry, Dark adapted 
rod perimetry), ERG, OCT, FAF

Fundus photography documents extent of pigmentation & RPE 
atrophy; VA is often maintained until late in disease; VF maps 
extent of functional peripheral vision, retinal sensitivities, & 
functional rod & cone responses. ERG is often nondetectable at 
presentation; OCT allows determination of "live" 
photoreceptors (measuring the ellipsoid zone); FAF can 
measure the perifoveal hyperfluorescent ring lipofuscin 
disturbance.

Genetic 
counseling By genetics professionals 1

To inform affected individuals & families re nature, MOI, & 
implications of USH2 in order to facilitate medical & personal 
decision making

Family support 
& resources

Assess need for:

• Community or online resources such as 
Parent to Parent;

• Social work involvement for parental 
support.

ERG = electroretinography; FAF = fundus autofluorescence; OCT = optical coherence tomography; RPE = retinal pigment epithelium; 
VA = visual acuity; VF = visual field; MOI = mode of inheritance
1. Medical geneticist, certified genetic counselor, certified advanced genetic nurse

Treatment of Manifestations
Table 6. Treatment of Manifestations in Individuals with Usher Syndrome Type II

Manifestation/
Concern Treatment Considerations/Other

Hearing loss

Hearing aids Young children benefit from early fitting of hearing aids & speech 
training.

Cochlear implantation
Children w/incomplete speech & sentence rehabilitation w/hearing 
aids & older persons w/severe-to-profound hearing loss: consider for 
cochlear implantation.
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Table 6. continued from previous page.

Manifestation/
Concern Treatment Considerations/Other

Retinitis 
pigmentosa

• See Retinitis Pigmentosa Overview, 
Management.

• Argus II prosthesis 1
Tunnel vision & night blindness can ↑ likelihood of accidental injury.

Imbalance Vestibular rehab Neurologically active medications or sedatives can aggravate mild 
vestibular dysfunction.

1. Nadal & Iglesias [2018] describe the visual outcomes and rehabilitation of a one individual with USH2 that underwent Argus II 
prosthesis surgery.

Surveillance
Table 7. Recommended Surveillance for Individuals with Usher Syndrome Type II

System/Concern Evaluation Frequency

Hearing loss Audiometry & tympanometry w/hearing aids or cochlear implant to 
assure adequate auditory stimulation Annually, incl testing w/hearing aids in place

Cataracts Ophthalmologic eval
Annually from age 20 yrs or age of diagnosisCystoid macular 

edema Ophthalmologic eval

Retinitis 
pigmentosa

Fundus photography, VA, VF (Goldmann perimetry, Humphrey 
perimetry, dark adapted rod perimetry), ERG, OCT, FAF Annually from age 10 yrs or age of diagnosis

ERG = electroretinography; FAF = fundus autofluorescence; OCT = optical coherence tomography; VA = visual acuity; VF = visual 
field

Agents/Circumstances to Avoid
Competition in various sports requiring a full range of vision may be difficult and possibly dangerous.

Progressive loss of peripheral vision impairs the ability to safely drive a car. An Esterman visual field test 
(automated Humphrey, static visual field analyzer) with both eyes open during testing is a helpful measure to 
assess degrees of peripheral vision along the midline. Night driving is impaired very early.

Evaluation of Relatives at Risk
It is appropriate to evaluate all sibs at risk for USH2 as soon after birth as possible to allow early support and 
management of the child and the family. Evaluations include:

• Molecular genetic testing if the pathogenic variants in the family are known;
• Auditory brain stem response (ABR) and distortion product otoacoustic emission (DPOAE) if the 

pathogenic variants in the family are not known.

See Genetic Counseling for issues related to evaluation of at-risk relatives for genetic counseling purposes.

Pregnancy Management
High-dose vitamin A supplementation should not be used by affected pregnant women, as large doses of vitamin 
A (doses above the RDA for pregnant or lactating women) may be teratogenic to the developing fetus (see 
Other).
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Therapies Under Investigation
QR-421 antisense treatment. Study to Evaluate Safety and Tolerability of QR-421a in Subjects with RP Due to 
Mutations in Exon 13 of the USH2A Gene (Stellar). This is an interventional, Phase I/II clinical trial to evaluate 
the safety of an antisense oligonucleotide (ASO) therapy to treat RP in individuals with USH2 due to specific 
USH2A pathogenic variants. This study is active and recruiting (see ClinicalTrials.gov).

C-18-04 antioxidant treatment. Safety and Efficacy of NPI-001 Tablets for Retinitis Pigmentosa Associated with 
Usher Syndrome (SLO RP). This is an interventional, two-year, Phase I/II clinical trial to evaluate the safety and 
efficacy of NPI-001 tablets in individuals with RP associated with Usher syndrome. This trial is active and 
recruiting (see ClinicalTrials.gov).

CL-17-01 antioxidant treatment. Phase I, Single- and Multiple-Ascending Dose Study of the Safety and 
Tolerability of NPI-001 Solution in Healthy Subjects. This clinical trial established that NPI-001 was generally 
well tolerated in all but the highest dose and determined key pharmacokinetic parameters of the NPI-001 
solution (search on ACTRN12617000911392 at www.anzctr.org.au).

Search ClinicalTrials.gov in the US, EU Clinical Trials Register in Europe, and ANZCTR Trial Search in 
Australia and New Zealand for access to information on clinical studies for a wide range of diseases and 
conditions.

Other
Vitamin A supplements. Vitamin A plays an essential role in the visual (retinoid) cycle as the photosensitive 
intermediate 11 cis retinal. Although treatment with vitamin A palmitate may limit the progression of RP in 
persons with isolated RP and USH2, no studies have evaluated the effectiveness of vitamin A palmitate in 
individuals with USH2. Vitamin A is fat soluble and not excreted in the urine. Therefore, high-dose vitamin A 
dietary supplements should be used only under the direction of a physician because of the need to monitor for 
harmful side effects such as hepatotoxicity [Sibulesky et al 1999]. Of note, the studies by Berson et al [1993] were 
performed on individuals older than age 18 years because of the unknown effects of high-dose vitamin A on 
children. High-dose vitamin A supplementation should not be used by affected pregnant women, as large doses 
of vitamin A (i.e., above the recommended daily allowance for pregnant or lactating women) may be teratogenic 
to the developing fetus.

Lutein supplements may enhance retinal macular pigment. Lutein, zeaxanthin, meso-zeaxanthin, and their 
oxidative metabolites accumulate in the human fovea and macula as the macular pigment (MP). They are 
obtained through dietary sources (green leafy vegetables, yellow and/or orange fruits and vegetables). Inherited 
retinal dystrophies may cause or be associated with loss of MP [Aleman et al 2001]. Oral administration of lutein 
(20 mg/d) for seven months had no effect on central vision [Aleman et al 2001]. However, Berson et al [2010] 
showed that lutein supplementation of 12 mg/d slowed loss of midperipheral visual field among nonsmoking 
adults with RP taking vitamin A.

Omega 3 supplements (e.g., docosahexaenoic acid [DHA]) may replenish membranes of the photoreceptor 
outer segments, which are largely composed of polyunsaturated fatty acids. Supplementation of DHA 
significantly elevated blood DHA levels and reduced the rate of progression in final dark-adapted thresholds and 
visual field sensitivity [Hoffman et al 2015].

N-acetyl-cysteine (NAC) supplements. NAC is a safe oral antioxidant used to treat liver toxicity due to 
acetaminophen overdose. NAC reduces oxidative damage and increases cone function and survival in animal 
models of RP [Lee et al 2011]. In a Phase l study, 600 mg, 1200 mg, or 1800 mg were safe in individuals with RP 
and significant improvements were found in cone function, including visual acuity [Campochiaro et al 2020].
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Blueberry extract supplements. Blueberry fruits contain anthocyanins, members of the flavonoid group of 
phytochemicals, which are powerful antioxidants. No studies have been done on individuals with RP or USH2. 
Because of their natural occurrence, they are probably safe and may be efficacious.

Genetic Counseling
Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of 
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The 
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic 
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to 
substitute for consultation with a genetics professional. —ED.

Mode of Inheritance
Usher syndrome type II (USH2) is inherited in an autosomal recessive manner.

Digenic inheritance and/or disease-modifier genes

• Multiple affected individuals have been found with two pathogenic variants in one USH1-related gene and 
another pathogenic variant in a second gene associated with Usher syndrome, which may modify the 
retinal phenotype [Zheng et al 2005, Bonnet et al 2011, Vozzi et al 2011, Yoshimura et al 2014].

• Although digenic inheritance has been proposed in Usher syndrome, particularly involving PDZD7 (see 
Molecular Genetics), only two studies have reported evidence of digenic inheritance: Ebermann et al 
[2010] described an individual with USH2 with heterozygous pathogenic variants in both ADGRV1 and 
PDZD7; Yoshimura et al [2014] described an individual with USH1 with heterozygous pathogenic variants 
in both MYO7A and PCDH15. Large meta-analysis of the genetics of Usher syndrome by Jouret et al 
[2019] concluded that data "do not support the existence of digenic inheritance in Usher syndrome" and 
suggest that the affected individuals in the above-referenced studies may have had genetic variants 
undetectable by the genetic testing capabilities available at the time.

Risk to Family Members (Autosomal Recessive Inheritance)
Parents of a proband

• The unaffected parents of an individual with USH2 are obligate heterozygotes (i.e., presumed to be carriers 
of one ADGRV1, USH2A, or WHRN pathogenic variant based on family history).

• Molecular genetic testing is recommended for the parents of a proband to confirm that both parents are 
heterozygous for an USH2-causing pathogenic variant and to allow reliable recurrence risk assessment. 
(De novo variants are known to occur at a low but appreciable rate in autosomal recessive disorders 
[Jónsson et al 2017].)

• Heterozygotes (carriers) are asymptomatic and are not at risk of developing the disorder.

Sibs of a proband

• If both parents are known to be heterozygous for an USH2-causing variant, each sib of an affected 
individual has at conception a 25% chance of being affected, a 50% chance of being an asymptomatic 
carrier, and a 25% chance of being unaffected and not a carrier.

• Considerable variability in the degree of hearing loss and the rate and degree of vision loss may be 
observed among affected sibs.

• Heterozygotes (carriers) are asymptomatic and are not at risk of developing the disorder.

Offspring of a proband
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• Unless an affected individual's reproductive partner also has USH2 or is a carrier, offspring will be obligate 
heterozygotes (carriers) for a pathogenic variant in an USH2-related gene.

• The carrier frequency of pathogenic variants in USH2A is estimated at approximately 1:70 as an average 
across most ethnic populations. Importantly, many pathogenic variants in USH2A are associated with 
retinitis pigmentosa (RP) in the absence of hearing loss ("retinal disease-specific variants"). As a result, 
families segregating a retinal disease-specific USH2A variant and an USH2A pathogenic variant not 
specific to retinal disease only may have multiple affected individuals, with some developing USH2 and 
others with nonsyndromic RP [Lenassi et al 2015a].

• Thus, for each pregnancy of a couple in which one partner has USH2 and the other partner has normal 
vision and no family history of USH2 or RP, the probability of a child having USH2 or RP due to biallelic 
pathogenic variants in USH2A is approximately 1:140.

Other family members. Each sib of the proband's parents is at a 50% risk of being a carrier of a pathogenic 
variant in an USH2-related gene.

Carrier detection. Carrier testing for at-risk relatives requires prior identification of the USH2-causing 
pathogenic variants in the family.

Related Genetic Counseling Issues
See Management, Evaluation of Relatives at Risk for information on evaluating at-risk relatives for the purpose 
of early diagnosis and treatment.

Family planning

• The optimal time for determination of genetic risk, clarification of carrier status, and discussion of the 
availability of prenatal/preimplantation genetic testing is before pregnancy.

• It is appropriate to offer genetic counseling (including discussion of potential risks to offspring and 
reproductive options) to young adults who are affected, are carriers, or are at risk of being carriers.

DNA and/or cellular banking is the storage of DNA (typically extracted from white blood cells) or cells for 
possible future use in research to improve our understanding of Usher syndrome and to develop new therapies. 
Because it is likely that testing methodology and our understanding of genes, allelic variants, and diseases will 
improve in the future, consideration should be given to banking DNA and/or cells of affected individuals. For 
more information, see Huang et al [2022].

Prenatal Testing and Preimplantation Genetic Testing
Once the USH2-causing pathogenic variants have been identified in an affected family member, prenatal and 
preimplantation genetic testing are possible.

Differences in perspective may exist among medical professionals and within families regarding the use of 
prenatal testing. While most centers would consider use of prenatal testing to be a personal decision, discussion 
of these issues may be helpful.

Resources
GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries 
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the 
information provided by other organizations. For information on selection criteria, click here.

• CUREUsher
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United Kingdom
Email: contact@cureusher.org
www.cureusher.org

• MedlinePlus
Usher syndrome

• Usher Syndrome Coalition
Phone: 978-637-2625; 617-951-9542
Email: k.vasi@usher-syndrome.org; m.dunning@lek.com
www.usher-syndrome.org

• Alexander Graham Bell Association for the Deaf and Hard of Hearing
Phone: 866-337-5220 (toll-free); 202-337-5221 (TTY)
Fax: 202-337-8314
Email: info@agbell.org
Listening and Spoken Language Knowledge Center

• American Society for Deaf Children
Phone: 800-942-2732 (ASDC)
Email: info@deafchildren.org
deafchildren.org

• BabyHearing.org
This site, developed with support from the National Institute on Deafness and Other Communication 
Disorders, provides information about newborn hearing screening and hearing loss.
babyhearing.org

• Ciliopathy Alliance
United Kingdom
ciliopathyalliance.org

• Foundation Fighting Blindness
7168 Columbia Gateway Drive
Suite 100
Columbia MD 21046
Phone: 800-683-5555 (toll-free); 800-683-5551 (toll-free TDD); 410-423-0600
Email: info@fightblindness.org
www.fightingblindness.org

• Medical Home Portal
Hearing Loss and Deafness

• National Association of the Deaf
Phone: 301-587-1788 (Purple/ZVRS); 301-328-1443 (Sorenson); 301-338-6380 (Convo)
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Fax: 301-587-1791
Email: nad.info@nad.org
nad.org

• SENSE
101 Pentonville Road
London N1 9LG
United Kingdom
Phone: 0845 127 0060 (voice); 0845 127 0062 (textphone)
Fax: 0845 127 0061
Email: info@sense.org.uk
www.sense.org

• Usher Syndrome Registry
Usher Syndrome Coalition
Phone: 978-637-2625
Email: k.vasi@usher-syndrome.org
www.usher-registry.org

Molecular Genetics
Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables 
may contain more recent information. —ED.

Table A. Usher Syndrome Type II: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific Databases HGMD ClinVar

ADGRV1 5q14.3 Adhesion G-
protein coupled 
receptor V1

GPR98 @ USHbases 
CCHMC - Human 
Genetics Mutation 
Database (GPR98)

ADGRV1 ADGRV1

USH2A 1q41 Usherin USH2A @ LOVD 
CCHMC - Human 
Genetics Mutation 
Database (USH2A)

USH2A USH2A

WHRN 9q32 Whirlin WHRN @ USHbases 
(DFNB31) 
CCHMC - Human 
Genetics Mutation 
Database (DFNB31)

WHRN WHRN

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt. 
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for Usher Syndrome Type II (View All in OMIM)

276901 USHER SYNDROME, TYPE IIA; USH2A

602851 ADHESION G PROTEIN-COUPLED RECEPTOR V1; ADGRV1

605472 USHER SYNDROME, TYPE IIC; USH2C

607928 WHIRLIN; WHRN
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Table B. continued from previous page.

608400 USHERIN; USH2A

611383 USHER SYNDROME, TYPE IID; USH2D

Molecular Pathogenesis
The proteins associated with Usher syndrome type I (USH1) and Usher syndrome type II (USH2) interact with 
one another in the "Usher interactome." When one of these proteins is nonfunctional or absent, sensorineural 
degeneration occurs in the inner ear and the retina [Bonnet & El-Amraoui 2012, Mathur & Yang 2015, Géléoc & 
El-Amraoui 2020]. The USH2-related proteins include the following.

ADGRV1, encoded by ADGRV1

• Member of subgroup of the large N-terminal family B seven-transmembrane receptors
• Contains pentaxin (PTX) domains, similar to USH2A; may share binding partners
• Contains cadherin domains similar to USH1 proteins CDH23 and PCDH15
• Expressed as multiple variants that comprise isoforms a, b, and c [Reiners et al 2006]

Usherin, encoded by USH2A

• Expressed as two alternatively spliced isoforms that comprise a short "isoform a" (21 exons, 1546 amino 
acids) and a longer "isoform b" (72 exons, 5202 amino acids)

• Isoform a is a secreted protein that contains 1 laminin N-terminal (LN), 10 laminin epidermal growth 
factor (LE), and 4 fibronectin III (FN3) domains [Weston et al 2000].

• Isoform b is a transmembrane protein. The extracellular N-terminal end contains 1 laminin globular-like 
(LGL), 1 laminin N-terminal (LN), 10 laminin epidermal growth factor (LE), 2 laminin globular (LG), and 
32 firbronectin III (FN3) domains. The intracellular C-terminal end contains a PDZ-binding domain 
(PBD) that interacts with other USH and deafness proteins in retinal photoreceptors and inner ear hair 
cells [van Wijk et al 2004, van Wijk et al 2006, Michalski et al 2007, Yang et al 2010, Zou et al 2011, Yu et al 
2020].

• Usherin colocalizes with and binds to the extracellular basement membrane protein, type IV collagen, 
with a relatively broad tissue distribution [Bhattacharya et al 2002, Pearsall et al 2002, Bhattacharya et al 
2004].

Whirlin, encoded by WRHN

• Expressed as multiple transcripts with two predicted promotor regions and alternative splicing that 
encode full-length (FL)-, N-, and C-terminal whirlin proteins [Mathur & Yang 2019]

• FL-whirlin has two harmonin N-like (HNL), three PDZ, one proline-rich (PR), and one PDZ-binding 
domain (PBD) [Mathur & Yang 2019].

• Whirlin interacts in vivo with usherin and ADGRV1, suggesting that these three proteins function as a 
multiprotein complex in both the stereocilia of the cochlear hair cells and the periciliary membrane 
complex of the retinal photoreceptor cells [Yang et al 2010].

Another PDZ domain-containing protein, PDZD7, was identified as a result of a study of a child with 
nonsyndromic sensorineural hearing loss and a homozygous reciprocal translocation; protein-protein 
interaction studies indicated that PDZD7 is a part of the Usher protein network [Schneider et al 2009]. 
Pathogenic variants in PDZD7 have not yet been shown to cause Usher syndrome, but it has been suggested that 
PDZD7 pathogenic variants may act as modifiers of the retinal phenotype in individuals with USH2A-USH2.
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Mechanism of disease causation. Pathogenic variants in USH2-causing genes result in defects in cochlear hair 
cell development and photoreceptor cell maintenance. The autosomal recessive inheritance of USH2 strongly 
suggests a loss-of-function mechanism.

Table 8. Usher Syndrome Type II: Gene-Specific Laboratory Considerations

Gene 1 Special Consideration

ADGRV1 Small & large deletions reported

USH2A
• Multiple deep intronic pathogenic variants, which would not be detected by standard exome sequencing, are 

known to occur in USH2A [Liquori et al 2016, Baux et al 2017, Mansard et al 2021, Daich Varela et al 2023].
• Large single- & multiexon pathogenic variants have also been identified.

1. Genes from Table 1 in alphabetic order

Table 9. Usher Syndrome Type II: USH2A Notable Pathogenic Variants

Reference Sequences DNA Nucleotide
Change

Predicted Protein
Change Comment [Reference]

NM_206933.2 
NP_996816.2

c.2276G>T p.Cys759Phe Common pathogenic variant w/
reported allele frequency of 5%-10%

c.2299delG p.Glu767SerfsTer21 Common pathogenic variant w/
reported allele frequency of >20%

c.4338_4339delCT p.Cys1447GlnfsTer29 Founder variant in French-Canadians 
[Ebermann et al 2009]

Variants listed in the table have been provided by the authors. GeneReviews staff have not independently verified the classification of 
variants.
GeneReviews follows the standard naming conventions of the Human Genome Variation Society (varnomen.hgvs.org). See Quick 
Reference for an explanation of nomenclature.

Chapter Notes

Acknowledgments
Edward Cohn, MD, Department of Otolaryngology, Boys Town National Research Hospital

Janos Sumegi, PhD, Department of Pathology and Microbiology, University of Nebraska Medical Center, Omaha

Claes Möller, MD, PhD, Department of Otorhinolaryngology, Sahlgrenska University Hospital, Göteborg, 
Sweden

Research supported by FFB and NIH

Author History
Moises Arriaga, MD, MBA, FACS (2020-present)
Bronya Keats, PhD; Louisiana State University Health Sciences Center (2006-2020)
William J Kimberling, PhD, FACMG; Boys Town National Research Hospital (1999-2006)
Robert Koenekoop, MD, PhD, FARVO (2020-present)
Jennifer Lentz, PhD (2006-present)
Dana J Orten, PhD; Boys Town National Research Hospital (2003-2006)
Sandra Pieke-Dahl, PhD; Ohio State University (1999-2003)
Karmen M Trzupek, MS, CGC (2020-present)
Michael D Weston, MA; Boys Town National Research Hospital (1999-2006)

Usher Syndrome Type II 17

https://www.ncbi.nlm.nih.gov/nuccore/NM_206933.2
https://www.ncbi.nlm.nih.gov/protein/NP_996816.2
https://varnomen.hgvs.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/app3/
https://www.ncbi.nlm.nih.gov/books/n/gene/app3/


Revision History
• 23 March 2023 (aa/gm) Revision: references (Baux et al [2017], Mansard et al [2021], Daich Varela et al 

[2023]) and information about likely pathogenic variants in noncoding regions detected by genome 
sequencing added to Establishing the Diagnosis and Molecular Genetics

• 22 October 2020 (sw) Comprehensive update posted live
• 21 July 2016 (sw) Comprehensive update posted live
• 29 August 2013 (me) Comprehensive update posted live
• 29 December 2011 (cd) Revision: deletion/duplication analysis available for GPR98 and DFNB31
• 23 December 2010 (me) Comprehensive update posted live
• 14 April 2009 (me) Comprehensive update posted live
• 5 November 2007 (cd) Revision: prenatal diagnosis for Usher syndrome type 2A available
• 14 November 2006 (me) Comprehensive update posted live
• 20 October 2004 (wk) Revision: sequencing of entire coding region available
• 13 January 2004 (wk) Revision: change in test availability
• 20 November 2003 (me) Comprehensive update posted live
• 10 December 1999 (me) Review posted live
• 19 February 1999 (wk) Original submission

References

Published Guidelines / Consensus Statements
• American College of Medical Genetics. Genetics evaluation guidelines for the etiologic diagnosis of 

congenital hearing loss. Genetic evaluation of congenital hearing loss expert panel. Available online. 2002. 
Accessed 3-14-23.

• American College of Medical Genetics. Statement on universal newborn hearing screening. Available 
online. 2000. Accessed 3-14-23.

Literature Cited
Abadie C, Blanchet C, Baux D, Larrieu L, Besnard T, Ravel P, Biboulet R, Hamel C, Malcolm S, Mondain M, 

Claustres M, Roux AF. Audiological findings in 100 USH2 patients. Clin Genet. 2012;82:433–8. PubMed 
PMID: 21895633.

Aleman TS, Duncan JL, Bieber ML, de Castro E, Marks DA, Gardner LM, Steinberg JD, Cideciyan AV, Maguire 
MG, Jacobson SG. Macular pigment and lutein supplementation in retinitis pigmentosa and Usher 
syndrome. Invest Ophthalmol Vis Sci. 2001;42:1873–81. PubMed PMID: 11431456.

Aparisi MJ, Aller E, Fuster-Garcia C, Garcia-Garcia G, Rodrigo R, Vazquez-Manrique RP, Blanco-Kelly F, Ayuso 
C, Roux AF, Jaijo T, Millan JM. Targeted next generation sequencing for molecular diagnosis of Usher 
syndrome. Orphanet J Rare Dis. 2014;9:168. PubMed PMID: 25404053.

Baux D, Blanchet C, Hamel C, Meunier I, Larrieu L, Faugere V, Vaché C, Castorina P, Puech B, Bonneau D, 
Malcolm S, Claustres M, Roux AF. Enrichment of LOVD-USHbases with 152 USH2A genotypes defines an 
extensive mutational spectrum and highlights missense hotspots. Hum Mutat. 2014;35:1179–86. PubMed 
PMID: 24944099.

Baux D, Vaché C, Blanchet C, Willems M, Baudoin C, Moclyn M, Faugère V, Touraine R, Isidor B, Dupin-
Deguine D, Nizon M, Vincent M, Mercier S, Calais C, García-García G, Azher Z, Lambert L, Perdomo-
Trujillo Y, Giuliano F, Claustres M, Koenig M, Mondain M, Roux AF. Combined genetic approaches yield a 
48% diagnostic rate in a large cohort of French hearing-impaired patients. Sci Rep. 2017;7:16783. PubMed 
PMID: 29196752.

18 GeneReviews®

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3110944/
https://www.acmg.net/PDFLibrary/Universal-Newborn-Hearing-Screening.pdf
https://www.ncbi.nlm.nih.gov/pubmed/21895633
https://www.ncbi.nlm.nih.gov/pubmed/11431456
https://www.ncbi.nlm.nih.gov/pubmed/25404053
https://www.ncbi.nlm.nih.gov/pubmed/24944099
https://www.ncbi.nlm.nih.gov/pubmed/29196752


Ben Rebeh I, Benzina Z, Dhouib H, Hadjamor I, Amyere M, Ayadi L, Turki K, Hammami B, Kmiha N, 
Kammoun H, Hakim B, Charfedine I, Vikkula M, Ghorbel A, Ayadi H, Masmoudi S. Identification of 
candidate regions for a novel Usher syndrome type II locus. Mol Vis. 2008;14:1719–26. PubMed PMID: 
18806881.

Bernal S, Medà C, Solans T, Ayuso C, Garcia-Sandoval B, Valverde D, Del Rio E, Baiget M. Clinical and genetic 
studies in Spanish patients with Usher syndrome type II: description of new mutations and evidence for a 
lack of genotype--phenotype correlation. Clin Genet. 2005;68:204–14. PubMed PMID: 16098008.

Berson EL, Rosner B, Sandberg MA, Hayes KC, Nicholson BW, Weigel-DiFranco C, Willett W. A randomized 
trial of vitamin A and vitamin E supplementation for retinitis pigmentosa. Arch Ophthalmol. 1993;111:761–
72. PubMed PMID: 8512476.

Berson EL, Rosner B, Sandberg MA, Weigel-DiFranco C, Brockhurst RJ, Hayes KC, Johnson EJ, Anderson EJ, 
Johnson CA, Gaudio AR, Willett WC, Schaefer EJ. Clinical trial of lutein in patients with retinitis pigmentosa 
receiving vitamin A. Arch Ophthalmol. 2010;128:403–11. PubMed PMID: 20385935.

Besnard T, Vaché C, Baux D, Larrieu L, Abadie C, Blanchet C, Odent S, Blanchet P, Calvas P, Hamel C, Dollfus 
H, Lina-Granade G, Lespinasse J, David A, Isidor B, Morin G, Malcolm S, Tuffery-Giraud S, Claustres M, 
Roux AF. Non-USH2A mutations in USH2 patients. Hum Mutat. 2012;33:504–10. PubMed PMID: 
22147658.

Bhattacharya G, Kalluri R, Orten DJ, Kimberling WJ, Cosgrove D. A domain-specific usherin/collagen IV 
interaction may be required for stable integration into the basement membrane superstructure. J Cell Sci. 
2004;117:233–42. PubMed PMID: 14676276.

Bhattacharya G, Miller C, Kimberling WJ, Jablonski MM, Cosgrove D. Localization and expression of usherin: a 
novel basement membrane protein defective in people with Usher's syndrome type IIa. Hear Res. 
2002;163:1–11. PubMed PMID: 11788194.

Blanco-Kelly F, Jaijo T, Aller E, Avila-Fernandez A, López-Molina MI, Giménez A, García-Sandoval B, Millán 
JM, Ayuso C. Clinical aspects of Usher syndrome and the USH2A gene in a cohort of 433 patients. JAMA 
Ophthalmol. 2015;133:157–64. PubMed PMID: 25375654.

Bonnet C, El-Amraoui A. Usher syndrome (sensorineural deafness and retinitis pigmentosa): pathogenesis, 
molecular diagnosis and therapeutic approaches. Curr Opin Neurol. 2012;25:42–9. PubMed PMID: 
22185901.

Bonnet C, Grati M, Marlin S, Levilliers J, Hardelin JP, Parodi M, Niasme-Grare M, Zelenika D, Délépine M, 
Feldmann D, Jonard L, El-Amraoui A, Weil D, Delobel B, Vincent C, Dollfus H, Eliot MM, David A, Calais 
C, Vigneron J, Montaut-Verient B, Bonneau D, Dubin J, Thauvin C, Duvillard A, Francannet C, Mom T, 
Lacombe D, Duriez F, Drouin-Garraud V, Thuillier-Obstoy MF, Sigaudy S, Frances AM, Collignon P, Challe 
G, Couderc R, Lathrop M, Sahel JA, Weissenbach J, Petit C, Denoyelle F. Complete exon sequencing of all 
known Usher syndrome genes greatly improves molecular diagnosis. Orphanet J Rare Dis. 2011;6:21. 
PubMed PMID: 21569298.

Campochiaro PA, Iftikhar M, Hafiz G, Akhlaq A, Tsai G, Wehling D, Lu L, Wall GM, Singh MS, Kong X. Oral 
N-acetylcysteine improves cone function in retinitis pigmentosa patients in phase I trial. J Clin Invest. 
2020;130:1527–41. PubMed PMID: 31805012.

Dad S, Rendtorff ND, Kann E, Albrechtsen A, Mehriouv MM, Bak M, Tommerup N, Tranebjaerg L, Rosenberg 
T, Jensen H, Moller LB. Partial USH2A deletions contribute to Usher syndrome in Denmark. Eur J Hum 
Genet. 2015;23:1646–51. PubMed PMID: 25804404.

Daich Varela M, Bellingham J, Motta F, Jurkute N, Ellingford JM, Quinodoz M, Oprych K, Niblock M, 
Janeschitz-Kriegl L, Kaminska K, Cancellieri F, Scholl HPN, Lenassi E, Schiff E, Knight H, Black G, Rivolta 
C, Cheetham ME, Michaelides M, Mahroo OA, Moore AT, Webster AR, Arno G. Multidisciplinary team 

Usher Syndrome Type II 19

https://www.ncbi.nlm.nih.gov/pubmed/18806881
https://www.ncbi.nlm.nih.gov/pubmed/16098008
https://www.ncbi.nlm.nih.gov/pubmed/8512476
https://www.ncbi.nlm.nih.gov/pubmed/20385935
https://www.ncbi.nlm.nih.gov/pubmed/22147658
https://www.ncbi.nlm.nih.gov/pubmed/14676276
https://www.ncbi.nlm.nih.gov/pubmed/11788194
https://www.ncbi.nlm.nih.gov/pubmed/25375654
https://www.ncbi.nlm.nih.gov/pubmed/22185901
https://www.ncbi.nlm.nih.gov/pubmed/21569298
https://www.ncbi.nlm.nih.gov/pubmed/31805012
https://www.ncbi.nlm.nih.gov/pubmed/25804404


directed analysis of whole genome sequencing reveals pathogenic non-coding variants in molecularly 
undiagnosed inherited retinal dystrophies. Hum Mol Genet. 2023;32:595–607. PubMed PMID: 36084042.

Dreyer B, Brox V, Tranebjaerg L, Rosenberg T, Sadeghi AM, Möller C, Nilssen O. Spectrum of USH2A 
mutations in Scandinavian patients with Usher syndrome type II. Hum Mutat. 2008;29:451.

Ebermann I, Koenekoop RK, Lopez I, Bou-Khzam L, Pigeon R, Bolz H. An USH2A founder mutation is the 
major cause of Usher syndrome type 2 in Canadians of French origin and confirms common roots of 
Quebecois and Acadians. Eur J Hum Genet. 2009;17:80–4. PubMed PMID: 18665195.

Ebermann I, Phillips JB, Liebau MC, Koenekoop RK, Schermer B, Lopez I, Schäfer E, Roux AF, Dafinger C, 
Bernd A, Zrenner E, Claustres M, Blanco B, Nürnberg G, Nürnberg P, Ruland R, Westerfield M, Benzing T, 
Bolz HJ. PDZD7 is a modifier of retinal disease and a contributor to digenic Usher syndrome. J Clin Invest. 
2010;120:1812–23. PubMed PMID: 20440071.

Fakin A, Zupan A, Glavac D, Hawlina M. Combination of retinitis pigmentosa and hearing loss caused by a 
novel mutation in PRPH2 and a known mutation in GJB2: importance for differential diagnosis of Usher 
syndrome. Vision Res. 2012;75:71–6. PubMed PMID: 22842402.

Frenzel H, Bohlender J, Pinsker K, Wohllegen B, Tank J, Lechner SG, Schiska D, Jaijo T, Rüschendorf F, Saar K, 
Jordan J, Millán JM, Gross M, Lewin GR. A genetic basis for mechanosensory traits in humans. PLoS Biol. 
2012;10:e1001318. PubMed PMID: 22563300.

Gao F-J, Wang D-D, Chen F, Sun H-X, Hu F-Y, Xu P, Li J, Liu W, Qi Y-H, Li W, Wang M, Zhang S, Xu G-Z, 
Chang Q, Wu J-H. Prevalence and genetic-phenotypic characteristics of patients with USH2A mutations in a 
large cohort of Chinese patients with inherited retinal disease. Br J Ophthalmol. 2021;105:87–92. PubMed 
PMID: 32188678.

García-García G, Besnard T, Baux D, Vaché C, Aller E, Malcolm S, Claustres M, Millan JM, Roux AF. The 
contribution of GPR98 and DFNB31 genes to a Spanish Usher syndrome type 2 cohort. Mol Vis. 
2013;19:367–73. PubMed PMID: 23441107.

Géléoc GGS, El-Amraoui A. Disease mechanisms and gene therapy for Usher syndrome. Hear Res. 
2020;394:107932. PubMed PMID: 32199721.

Hartel BP, Löfgren M, Huygen PLM, Guchelaar I, Kort NL, Sadeghi AM, van Wijk E, Tranebjærg L, Kremer H, 
Kimberling WJ, Cremers CWRJ, Möller C, Pennings RJ. A combination of two truncating mutations in 
USH2A causes more severe and progressive hearing impairment in Usher syndrome type IIa. Hear Res. 
2016;339:60–8. PubMed PMID: 27318125.

Hilgert N, Kahrizi K, Dieltjens N, Bazazzadegan N, Najmabadi H, Smith RJ, Van Camp G. A large deletion in 
GPR98 causes type IIC Usher syndrome in male and female members of an Iranian family. J Med Genet. 
2009;46:272–6. PubMed PMID: 19357116.

Hoffman DR, Hughbanks-Wheaton DK, Spencer R, Fish GE, Shirlene Pearson N, Wang Y-Z, Klein M, Takacs A, 
Locke KG, Birch DG. Docosahexaenoic Acid Slows Visual Field Progression in X-Linked Retinitis 
Pigmentosa: Ancillary Outcomes of the DHAX Trial. Invest Ophthalmol Vis Sci. 2015;56:6646–53. PubMed 
PMID: 26469750.

Huang SJ, Amendola LM, Sternen DL. Variation among DNA banking consent forms: points for clinicians to 
bank on. J Community Genet. 2022;13:389–97. PubMed PMID: 35834113.

Iannaccone A, Kritchevsky SB, Ciccarelli ML, Tedesco SA, Macaluso C, Kimberling WJ, Somes GW. Kinetics of 
visual field loss in Usher syndrome Type II. Invest Ophthalmol Vis Sci. 2004;45:784–92. PubMed PMID: 
14985291.

Jónsson H, Sulem P, Kehr B, Kristmundsdottir S, Zink F, Hjartarson E, Hardarson MT, Hjorleifsson KE, 
Eggertsson HP, Gudjonsson SA, Ward LD, Arnadottir GA, Helgason EA, Helgason H, Gylfason A, 
Jonasdottir A, Jonasdottir A, Rafnar T, Frigge M, Stacey SN, Magnusson O, Thorsteinsdottir U, Masson G, 

20 GeneReviews®

https://www.ncbi.nlm.nih.gov/pubmed/36084042
https://www.ncbi.nlm.nih.gov/pubmed/18665195
https://www.ncbi.nlm.nih.gov/pubmed/20440071
https://www.ncbi.nlm.nih.gov/pubmed/22842402
https://www.ncbi.nlm.nih.gov/pubmed/22563300
https://www.ncbi.nlm.nih.gov/pubmed/32188678
https://www.ncbi.nlm.nih.gov/pubmed/23441107
https://www.ncbi.nlm.nih.gov/pubmed/32199721
https://www.ncbi.nlm.nih.gov/pubmed/27318125
https://www.ncbi.nlm.nih.gov/pubmed/19357116
https://www.ncbi.nlm.nih.gov/pubmed/26469750
https://www.ncbi.nlm.nih.gov/pubmed/35834113
https://www.ncbi.nlm.nih.gov/pubmed/14985291


Kong A, Halldorsson BV, Helgason A, Gudbjartsson DF, Stefansson K. Parental influence on human 
germline de novo mutations in 1,548 trios from Iceland. Nature. 2017;549:519–22. PubMed PMID: 
28959963.

Jouret G, Poirsier C, Spodenkiewicz M, Jaquin C, Gouy E, Arndt C, Labrousse M, Gaillard D, Doco-Fenzy M, 
Lebre A-S. Genetics of Usher syndrome: New Insights from a meta-analysis. Otol Neurotol. 2019;40:121–9. 
PubMed PMID: 30531642.

Jung J. The era of precision medicine: reshaping Usher syndrome. Clin Exp Otorhinolaryngol. 2020;13:87–8. 
PubMed PMID: 32434306.

Kimberling WJ, Hildebrand MS, Shearer AE, Jensen ML, Halder JA, Trzupek K, Cohn ES, Weleber RG, Stone 
EM, Smith RJ. Frequency of Usher syndrome in two pediatric populations: implications for genetic screening 
of deaf and hard of hearing children. Genet Med. 2010;12:512–6. PubMed PMID: 20613545.

Krawitz PM, Schiska D, Kruger U, Appelt S, Heinrich V, Parkhomchuk D, Timmermann B, Millan JM, Robinson 
PN, Mundlos S, Hecht J, Gross M. Screening for single nucleotide variants, small indels and exon deletions 
with a next-generation sequencing based gene panel approach for Usher syndrome. Mol Genet Genomic 
Med. 2014;2:393–401. PubMed PMID: 25333064.

Lee SY, Usui S, Zafar AB, Oveson BC, Jo YJ, Lu L, Masoudi S. Campochiaro. N-Acetylcysteine promotes long-
term survival of cones in a model of retinitis pigmentosa. J Cell Physiol. 2011;226:1843–9. PubMed PMID: 
21506115.

Lenassi E, Robson AG, Luxon LM, Bitner-Glindzicz M, Webster AR. Clinical heterogeneity in a family with 
mutations in USH2A. JAMA Ophthalmol. 2015a;133:352–5. PubMed PMID: 25521520.

Lenassi E, Vincent A, Li Z, Saihan Z, Coffey AJ, Steele-Stallard HB, Moore AT, Steel KP, Luxon LM, Héon E, 
Bitner-Glindzicz M, Webster AR. A detailed clinical and molecular survey of subjects with nonsyndromic 
USH2A retinopathy reveals an allelic hierarchy of disease-causing variants. Eur J Hum Genet. 
2015b;23:1318–27. PubMed PMID: 25649381.

Le Quesne Stabej P, Saihan Z, Rangesh N, Steele-Stallard HB, Ambrose J, Coffey A, Emmerson J, Haralambous 
E, Hughes Y, Steel KP, Luxon LM, Webster AR, Bitner-Glindzicz M. Comprehensive sequence analysis of 
nine Usher syndrome genes in the UK National Collaborative Usher Study. J Med Genet. 2012;49:27–36. 
PubMed PMID: 22135276.

Liquori A, Vaché C, Baux D, Blanchet C, Hamel C, Malcolm S, Koenig M, Claustres M, Roux AF. Whole USH2A 
gene sequencing identifies several new deep intronic mutations. Hum Mutat. 2016;37:184–93. PubMed 
PMID: 26629787.

Magliulo G, Iannella G, Gagliardi S, Iozzo N, Plateroti R, Mariottini A, Torricelli F. Usher’s syndrome type II: a 
comparative study of genetic mutations and vestibular system evaluation. Otolaryngol Head Neck Surg. 
2017;157:853–60. PubMed PMID: 28653555.

Mansard L, Baux D, Vaché C, Blanchet C, Meunier I, Willems M, Faugère V, Baudoin C, Moclyn M, Bianchi J, 
Dollfus H, Gilbert-Dussardier B, Dupin-Deguine D, Bonneau D, Drumare I, Odent S, Zanlonghi X, 
Claustres M, Koenig M, Kalatzis V, Roux AF. The study of a 231 French patient cohort significantly extends 
the mutational spectrum of the two major Usher genes MYO7A and USH2A. Int J Mol Sci. 2021;22:13294. 
PubMed PMID: 34948090.

Mathur PD, Yang J. Usher syndrome and non-syndromic deafness: Functions of different whirlin isoforms in the 
cochlea, vestibular organs, and retina. Hear Res. 2019;375:14–24. PubMed PMID: 30831381.

Mathur P, Yang J. Usher syndrome: hearing loss, retinal degeneration and associated abnormalities. Biochim 
Biophys Acta. 2015;1852:406–20. PubMed PMID: 25481835.

Usher Syndrome Type II 21

https://www.ncbi.nlm.nih.gov/pubmed/28959963
https://www.ncbi.nlm.nih.gov/pubmed/30531642
https://www.ncbi.nlm.nih.gov/pubmed/32434306
https://www.ncbi.nlm.nih.gov/pubmed/20613545
https://www.ncbi.nlm.nih.gov/pubmed/25333064
https://www.ncbi.nlm.nih.gov/pubmed/21506115
https://www.ncbi.nlm.nih.gov/pubmed/25521520
https://www.ncbi.nlm.nih.gov/pubmed/25649381
https://www.ncbi.nlm.nih.gov/pubmed/22135276
https://www.ncbi.nlm.nih.gov/pubmed/26629787
https://www.ncbi.nlm.nih.gov/pubmed/28653555
https://www.ncbi.nlm.nih.gov/pubmed/34948090
https://www.ncbi.nlm.nih.gov/pubmed/30831381
https://www.ncbi.nlm.nih.gov/pubmed/25481835


Michalski N, Michel V, Bahloul A, Lefevre G, Barral J, Yagi H, Chardenoux S, Weil D, Martin P, Hardelin J-P, 
Sato M, Petit C. Molecular characterization of the ankle-link complex in cochlear hair cells and its role in the 
hair bundle functioning. J Neurosci. 2007;27:6478–88. PubMed PMID: 17567809.

Möller CG, Kimberling WJ, Davenport SL, Priluck I, White V, Biscone-Halterman K, Odkvist LM, Brookhouser 
PE, Lund G, Grissom TJ. Usher syndrome: an otoneurologic study. Laryngoscope. 1989;99:73–9. PubMed 
PMID: 2909824.

Nadal J, Iglesias M. Long-term visual outcomes and rehabilitation in Usher syndrome type II after retinal 
implant Argus II. BMC Ophthalmol. 2018;18:205.

Pearsall N, Bhattacharya G, Wisecarver J, Adams J, Cosgrove D, Kimberling W. Usherin expression is highly 
conserved in mouse and human tissues. Hear Res. 2002;174:55–63. PubMed PMID: 12433396.

Pennings RJ, Fields RR, Huygen PL, Deutman AF, Kimberling WJ, Cremers CW. Usher syndrome type III can 
mimic other types of Usher syndrome. Ann Otol Rhinol Laryngol. 2003;112:525–30. PubMed PMID: 
12834121.

Pennings RJ, Huygen PL, Orten DJ, Wagenaar M, van Aarem A, Kremer H, Kimberling WJ, Cremers CW, 
Deutman AF. Evaluation of visual impairment in Usher syndrome 1b and Usher syndrome 2a. Acta 
Ophthalmol Scand. 2004;82:131–9. PubMed PMID: 15043528.

Pierrache LHM, Hartel BP, van Wijk E, Meester-Smoor MA, Cremers FPM, de Baere E, de Zaeytijd J, van 
Schooneveld MJ, Cremers CWRJ, Dagnelie G, Hoyng CB, Bergen AA, Leroy BP, Pennings RJE, van den Born 
LI, Klaver CCW. Visual Prognosis in USH2A-associated Retinitis pigmentosa is worse for patients with 
Usher syndrome Type IIa than for those with nonsyndromice RP. Ophthalmology. 2016;123:1151–60. 
PubMed PMID: 26927203.

Reiners J, Nagel-Wolfrum K, Jürgens K, Märker T, Wolfrum U. Molecular basis of human Usher syndrome: 
deciphering the meshes of the Usher protein network provides insights into the pathomechanisms of the 
Usher disease. Exp Eye Res. 2006;83:97–119. PubMed PMID: 16545802.

Reisser CF, Kimberling WJ, Otterstedde CR. Hearing loss in Usher syndrome type II is nonprogressive. Ann 
Otol Rhinol Laryngol. 2002;111:1108–11. PubMed PMID: 12498372.

Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, Grody WW, Hegde M, Lyon E, Spector E, 
Voelkerding K, Rehm HL, et al. Standards and guidelines for the interpretation of sequence variants: a joint 
consensus recommendation of the American College of Medical Genetics and Genomics and the Association 
for Molecular Pathology. Genet Med. 2015;17:405–24. PubMed PMID: 25741868.

Sadeghi M, Cohn ES, Kelly WJ, Kimberling WJ, Tranebjaerg L, Moller C. Audiological findings in Usher 
syndrome types IIa and II (non-IIa). Int J Audiol. 2004;43:136–43. PubMed PMID: 15198377.

Schneider E, Märker T, Daser A, Frey-Mahn G, Beyer V, Farcas R, Schneider-Rätzke B, Kohlschmidt N, 
Grossmann B, Bauss K, Napiontek U, Keilmann A, Bartsch O, Zechner U, Wolfrum U, Haaf T. Homozygous 
disruption of PDZD7 by reciprocal translocation in a consanguineous family: a new member of the Usher 
syndrome protein interactome causing congenital hearing impairment. Hum Mol Genet. 2009;18:655–66. 
PubMed PMID: 19028668.

Schwartz SB, Aleman TS, Cideciyan AV, Windsor EA, Sumaroka A, Roman AJ, Rane T, Smilko EE, Bennett J, 
Stone EM, Kimberling WJ, Liu XZ, Jacobson SG. Disease expression in Usher syndrome caused by VLGR1 
gene mutation (USH2C) and comparison with USH2A phenotype. Invest Ophthalmol Vis Sci. 2005;46:734–
43. PubMed PMID: 15671307.

Sengillo JD, Cabral T, Schuerch K, Duong J, Lee W, Boudreault K, Xu Y, Justus S, Sparrow JR, Mahajan VB, 
Tsang SH. Electroretinography reveals difference in cone function between syndromic and nonsyndromic 
USH2A patients. Sci Rep. 2017;7:11170. PubMed PMID: 28894305.

22 GeneReviews®

https://www.ncbi.nlm.nih.gov/pubmed/17567809
https://www.ncbi.nlm.nih.gov/pubmed/2909824
https://www.ncbi.nlm.nih.gov/pubmed/12433396
https://www.ncbi.nlm.nih.gov/pubmed/12834121
https://www.ncbi.nlm.nih.gov/pubmed/15043528
https://www.ncbi.nlm.nih.gov/pubmed/26927203
https://www.ncbi.nlm.nih.gov/pubmed/16545802
https://www.ncbi.nlm.nih.gov/pubmed/12498372
https://www.ncbi.nlm.nih.gov/pubmed/25741868
https://www.ncbi.nlm.nih.gov/pubmed/15198377
https://www.ncbi.nlm.nih.gov/pubmed/19028668
https://www.ncbi.nlm.nih.gov/pubmed/15671307
https://www.ncbi.nlm.nih.gov/pubmed/28894305


Sibulesky L, Hayes KC, Pronczuk A, Weigel-DiFranco C, Rosner B, Berson EL. Safety of <7500 RE (<25000 IU) 
vitamin A daily in adults with retinitis pigmentosa. Am J Clin Nutr. 1999;69:656–63. PubMed PMID: 
10197566.

Sodi A, Mariottini A, Passerini I, Murro V, Tachyla I, Bianchi B, Menchini U, Torricelli F. MYO7A and USH2A 
gene sequence variants in Italian patients with Usher syndrome. Molecular Vision. 2014;20:1717–31. 
PubMed PMID: 25558175.

Spandau UH, Rohrschneider K. Prevalence and geographical distribution of Usher syndrome in Germany. 
Graefes Arch Clin Exp Ophthalmol. 2002;240:495–8. PubMed PMID: 12107518.

Steele-Stallard HB, Le Quesne Stabej P, Lenassi E, Luxon LM, Claustres M, Roux AF, Webster AR, Bitner-
Glindzicz M. Screening for duplications, deletions and a common intronic mutation detects 35% of second 
mutations in patients with USH2A monoallelic mutations on Sanger sequencing. Orphanet J Rare Dis. 
2013;8:122. PubMed PMID: 23924366.

Taylor JC, Martin HC, Lise S, Broxholme J, Cazier JB, Rimmer A, Kanapin A, Lunter G, Fiddy S, Allan C, 
Aricescu AR, Attar M, Babbs C, Becq J, Beeson D, Bento C, Bignell P, Blair E, Buckle VJ, Bull K, Cais O, 
Cario H, Chapel H, Copley RR, Cornall R, Craft J, Dahan K, Davenport EE, Dendrou C, Devuyst O, Fenwick 
AL, Flint J, Fugger L, Gilbert RD, Goriely A, Green A, Greger IH, Grocock R, Gruszczyk AV, Hastings R, 
Hatton E, Higgs D, Hill A, Holmes C, Howard M, Hughes L, Humburg P, Johnson D, Karpe F, Kingsbury Z, 
Kini U, Knight JC, Krohn J, Lamble S, Langman C, Lonie L, Luck J, McCarthy D, McGowan SJ, McMullin 
MF, Miller KA, Murray L, Németh AH, Nesbit MA, Nutt D, Ormondroyd E, Oturai AB, Pagnamenta A, Patel 
SY, Percy M, Petousi N, Piazza P, Piret SE, Polanco-Echeverry G, Popitsch N, Powrie F, Pugh C, Quek L, 
Robbins PA, Robson K, Russo A, Sahgal N, van Schouwenburg PA, Schuh A, Silverman E, Simmons A, 
Sørensen PS, Sweeney E, Taylor J, Thakker RV, Tomlinson I, Trebes A, Twigg SR, Uhlig HH, Vyas P, Vyse T, 
Wall SA, Watkins H, Whyte MP, Witty L, Wright B, Yau C, Buck D, Humphray S, Ratcliffe PJ, Bell JI, Wilkie 
AO, Bentley D, Donnelly P, McVean G. Factors influencing success of clinical genome sequencing across a 
broad spectrum of disorders. Nat Genet. 2015;47:717–26. PubMed PMID: 25985138.

Vaché C, Besnard T, le Berre P, García-García G, Baux D, Larrieu L, Abadie C, Blanchet C, Bolz H, Millan J, 
Hamel C, Malcolm S, Claustres M, Roux A. Usher syndrome type 2 caused by activation of an USH2A 
pseudoexon: implications for diagnosis and therapy. Hum Mutat. 2012;33:104–8. PubMed PMID: 22009552.

van Wijk E, Pennings RJ, te Brinke H, Claassen A, Yntema HG, Hoefsloot LH, Cremers FP, Cremers CW, 
Kremer H. Identification of 51 novel exons of the Usher syndrome type 2A (USH2A) gene that encode 
multiple conserved functional domains and that are mutated in patients with Usher syndrome type II. Am J 
Hum Genet. 2004;74:738–44. PubMed PMID: 15015129.

van Wijk E, van der Zwaag B, Peters T, Zimmermann U, Te Brinke H, Kersten FF, Märker T, Aller E, Hoefsloot 
LH, Cremers CW, Cremers FP, Wolfrum U, Knipper M, Roepman R, Kremer H. The DFNB31 gene product 
whirlin connects to the Usher protein network in the cochlea and retina by direct association with USH2A 
and VLGR1. Hum Mol Genet. 2006;15:751–65. PubMed PMID: 16434480.

Vozzi D, Aaspõllu A, Athanasakis E, Berto A, Fabretto A, Licastro D, Külm M, Testa F, Trevisi P, Vahter M, 
Ziviello C, Martini A, Simonelli F, Banfi S, Gasparini P. Molecular epidemiology of Usher syndrome in Italy. 
Mol Vis. 2011;17:1662–8. PubMed PMID: 21738395.

Weston MD, Eudy JD, Fujita S, Yao S, Usami S, Cremers C, Greenberg J, Ramesar R, Martini A, Moller C, Smith 
RJ, Sumegi J, Kimberling WJ. Genomic structure and identification of novel mutations in usherin, the gene 
responsible for Usher syndrome type IIa. Am J Hum Genet. 2000;66:1199–210. PubMed PMID: 10729113.

Yang J, Liu X, Zhao Y, Adamian M, Pawlyk B, Sun X, McMillan DR, Liberman MC, Li T. Ablation of whirlin 
long isoform disrupts the USH2 protein complex and causes vision and hearing loss. PLoS Genet. 
2010;6:e1000955. PubMed PMID: 20502675.

Usher Syndrome Type II 23

https://www.ncbi.nlm.nih.gov/pubmed/10197566
https://www.ncbi.nlm.nih.gov/pubmed/25558175
https://www.ncbi.nlm.nih.gov/pubmed/12107518
https://www.ncbi.nlm.nih.gov/pubmed/23924366
https://www.ncbi.nlm.nih.gov/pubmed/25985138
https://www.ncbi.nlm.nih.gov/pubmed/22009552
https://www.ncbi.nlm.nih.gov/pubmed/15015129
https://www.ncbi.nlm.nih.gov/pubmed/16434480
https://www.ncbi.nlm.nih.gov/pubmed/21738395
https://www.ncbi.nlm.nih.gov/pubmed/10729113
https://www.ncbi.nlm.nih.gov/pubmed/20502675


Yang J, Wang L, Song H, Sokolov M. Current understanding of Usher syndrome Type II. Front Biosci 
(Landmark Ed). 2012;17:1165–83. PubMed PMID: 22201796.

Yoshimura H, Iwasaki S, Nishio SY, Kumakawa K, Tono T, Kobayashi Y, Sato H, Nagai K, Ishikawa K, Ikezono T, 
Naito Y, Fukushima K, Oshikawa C, Kimitsuki T, Nakanishi H, Usami S. Massively parallel DNA sequencing 
facilitates diagnosis of patients with Usher syndrome type 1. PLoS One. 2014;9:e90688. PubMed PMID: 
24618850.

Yu D, Zou J, Chen Q, Zhu T, Sui R, Yang J. Structural modeling, mutation analysis, and in vitro expression of 
usherin, a major protein in inherited retinal degeneration and hearing loss. Comput Struct Biotechnol J. 
2020;18:1363–82. PubMed PMID: 32637036.

Zheng QY, Yan D, Ouyang XM, Du LL, Yu H, Chang B, Johnson KR, Liu XZ. Digenic inheritance of deafness 
caused by mutations in genes encoding cadherin 23 and protocadherin 15 in mice and humans. Hum Mol 
Genet. 2005;14:103–111. PubMed PMID: 15537665.

Zou J, Luo L, Shen Z, Chiodo V, Ambati B, Hauswirth W, Yang J. Whirlin replacement restores the formation of 
the USH2 protein complex in whirlin knockout photoreceptors. Invest Ophthalmol Vis Sci. 2011;52:2343–51. 
PubMed PMID: 21212183.

License
GeneReviews® chapters are owned by the University of Washington. Permission is hereby granted to reproduce, 
distribute, and translate copies of content materials for noncommercial research purposes only, provided that (i) credit for 
source (http://www.genereviews.org/) and copyright (© 1993-2024 University of Washington) are included with each 
copy; (ii) a link to the original material is provided whenever the material is published elsewhere on the Web; and (iii) 
reproducers, distributors, and/or translators comply with the GeneReviews® Copyright Notice and Usage Disclaimer. No 
further modifications are allowed. For clarity, excerpts of GeneReviews chapters for use in lab reports and clinic notes are 
a permitted use.

For more information, see the GeneReviews® Copyright Notice and Usage Disclaimer.

For questions regarding permissions or whether a specified use is allowed, contact: admasst@uw.edu.

24 GeneReviews®

https://www.ncbi.nlm.nih.gov/pubmed/22201796
https://www.ncbi.nlm.nih.gov/pubmed/24618850
https://www.ncbi.nlm.nih.gov/pubmed/32637036
https://www.ncbi.nlm.nih.gov/pubmed/15537665
https://www.ncbi.nlm.nih.gov/pubmed/21212183
http://www.genereviews.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/GRcopyright_permiss/
https://www.ncbi.nlm.nih.gov/books/n/gene/GRcopyright_permiss/

	Summary
	Diagnosis
	Clinical Characteristics
	Genetically Related Allelic Disorders
	Differential Diagnosis
	Management
	Genetic Counseling
	Resources
	Molecular Genetics
	Chapter Notes
	References

