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VARIANTS IN RIPOR2 GENE RELATED TO HEARING LOSS ARE INFREQUENT IN NORTHERN SPAIN

Las variantes en el gen RIPOR2 relacionadas con la hipoacusia son infrecuentes en el Norte de España
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SUMMARY: Introduction and objective: To assess the prevalence and clinical characterization of variants in the RIPOR2 gene among patients with bilateral sensorineural hearing loss (SNHL) of unknown etiology in northern Spain.

Method: This 7-year (2018–2024) observational, retrospective, and descriptive study involved patients with bilateral SNHL treated at a tertiary hospital. Genetic analysis was performed using next-generation sequencing (NGS), employing a gene panel for sensorineural hearing loss. The presence of RIPOR2 gene variants was specifically analyzed.

Results: Among the 381 patients, two variants in the RIPOR2 gene were identified in three individuals (0.8 %): c.1879G>A (p.Asp627Asn) and c.3193G>A (p.Ala1065Thr). The variant c.1879G>A was detected in two patients, while the c.3193G>A variant was found in only one patient who also carried other pathogenic variants associated with hearing loss. The three patients exhibited cookie-bite hearing loss, predominantly affecting the 1000, 2000, and 4000 Hz frequencies, respectively, without associated vestibular symptoms.

Conclusions: variants in the RIPOR2 gene are infrequent among patients with SNHL in northern Spain (Cantabria). Moreover, there is no conclusive evidence supporting their pathogenicity in cases of SNHL with unknown etiology. Further studies are needed to clarify their clinical significance.
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RESUMEN: Introducción y objetivo: Evaluar la prevalencia y caracterización clínica de las variantes en el gen RIPOR2 en pacientes con hipoacusia neurosensorial (HNS) bilateral de etiología desconocida en el norte de España.

Método: Estudio observacional, retrospectivo y descriptivo realizado durante siete años (2018–2024), que incluyó pacientes con HNS bilateral atendidos en un hospital terciario. Se realizó un análisis genético mediante secuenciación de nueva generación (next-generation sequencing, NGS), utilizando un panel de genes para hipoacusia neurosensorial. Se analizó específicamente la presencia de variantes en el gen RIPOR2.

Resultados: De los 381 pacientes, se identificaron dos variantes en el gen RIPOR2 en tres individuos (0,8 %): c.1879G>A (p.Asp627Asn) y c.3193G>A (p.Ala1065Thr). La variante c.1879G>A se detectó en dos pacientes, mientras que la variante c.3193G>A se encontró en un solo paciente, quien además presentaba otras variantes patogénicas asociadas con la hipoacusia. Los tres pacientes mostraron una pérdida auditiva en forma de "cookie-bite", afectando predominantemente las frecuencias de 1000, 2000 y 4000 Hz, sin síntomas vestibulares asociados.

Conclusiones: Las variantes del gen RIPOR2 en pacientes con HNS en el norte de España (Cantabria) son poco frecuentes. Además, no existe evidencia concluyente que respalde su patogenicidad en casos de HNS de etiología desconocida. Se requieren más estudios para esclarecer su significado clínico.

PALABRAS CLAVE: hipoacusia neurosensorial; genética; audiología; hipoacusia no sindrómica; gen RIPOR2.

INTRODUCTION

The RHO family of GTPases plays a crucial role in cell growth, migration, and polarization [1]. Furthermore, the RHO family interacting cell polarization regulator (RIPOR, formerly known as FAM65B), particularly RIPOR1, RIPOR2, and RIPOR3, is a family of proteins that regulates RHO GTPases [1]. These proteins are expressed in a wide variety of tissues, including the ear, specifically in hair cells and stereocilia [2, 3]. The fundamental role of cochlear hair cells in converting sound-induced vibrations into electrical signals relies on the specialized bundle of stereocilia located at the apical surface of the hair cell [4, 5]. A loss of function caused by mutations in RIPOR2 gene is associated with hearing impairment [4-8]. Even in murine models, it has been demonstrated that RIPOR2 deficiency results in profound hearing loss [2]. The mutated gene may cause cilia (hair cells) to be less firmly embedded in the cochlea, ultimately impairing the mechanotransduction apparatus due to altered stereocilia [3]. In tissues outside the inner ear, RIPOR2 loss of function could potentially be compensated by RIPOR1 and RIPOR3 due to their redundant functions. However, gene expression analysis has shown that RNA levels of RIPOR1 and RIPOR3 are low in hair cells [9, 10].

Alterations in the RIPOR2 gene, which encodes this protein, have been linked to hearing loss subtypes DFNA21 and DFNB104 [1, 2, 7, 8]. Diaz-Horta et al. identified a splice-site mutation (c.102-1G>A) in the RIPOR2 gene that completely cosegregated with the phenotype in a large consanguineous Turkish family with recessive nonsyndromic hearing loss [2]. On the other hand, an in-frame deletion mutation (c.1696_1707del) in RIPOR2 gene has also been linked with autosomal dominant (AD) hearing loss [7]. Subsequent studies demonstrated a relatively high prevalence of this variant in the Netherlands (0.052 %), where it has been identified as the cause of adult-onset DFNA21 hearing loss [8].

Furthermore, it has recently been shown that RIPOR2-mediated autophagy dysfunction is central to aminoglycoside-induced hearing loss [11].

Mutations in other genes, such as COCH, which were initially found to be relatively common among patients with hearing loss in the Netherlands [12], have also been shown to be frequent in northern Spain [13]. This raises the hypothesis that variants in the RIPOR2 gene, relatively common in this population, may also be prevalent in northern Spain.

The aim of our study was to determine the prevalence of variants in the RIPOR2 gene among patients with bilateral sensorineural hearing loss (SNHL) of unknown etiology in northern Spain and to assess the clinical characteristics of the patients carrying these variants.

MATERIAL AND METHODS

An observational, retrospective, and descriptive study was conducted on all seemingly unrelated patients with bilateral SNHL of unknown origin who underwent genetic testing at the Otolaryngology Department of a tertiary hospital (Marqués de Valdecilla University Hospital, Santander) from January 2018 to December 2024. The criteria used by the clinician in the prior selection of patients for the genetic study included all the following:



1. Bilateral SNHL

2. Suspicion of a genetic origin of hearing loss based on one or more of the following:

- The presence of a family history of hearing loss.

- Characteristic hearing profile (bilateral U-shaped or ascending hearing losses).

- Hearing loss with onset in childhood or adolescence.

- Patients who underwent cochlear implantation.

- Patients with more severe bilateral SNHL than expected in the context of presbycusis [14].

3. Absence of other causes that would justify the hearing loss.



The age of onset of hearing loss, mode of onset (sudden, fluctuating, or progressive), involvement (symmetric or asymmetric), evolution (stable or progressive), and the presence of other otological symptoms accompanying the hearing loss were all recorded. The progression of hearing loss was calculated in patients who had more than one tonal audiometry test conducted at different time periods.

The degree of hearing loss on tonal audiometry (at the time of the genetic diagnosis) was classified according to the criteria of the American Speech-Language-Hearing Association [15], as slight (16-25 decibels [dB]), mild (26-40 dB), moderate (41-55 dB), moderately severe (56-70 dB), severe (71-90 dB), or profound (91 dB or greater). The configuration of hearing loss, as seen on audiometric analysis at the time of the first audiometry, was classified as sloping, flat, rising (low frequency), or midfrequency (cookie-bite) loss [16].

Results from supplementary tests such as auditory brainstem response (ABR), otoacoustic emissions (OAEs), vestibular tests, CT scans, and/or MRIs were also collected.

Genetic analysis: After obtaining genomic DNA from peripheral blood, a massive sequencing study (NGS) was carried out using a targeted custom gene panel associated with hearing loss [17] including the RIPOR2 gene according to a previously described technique [17].

The classification of the variants was performed in accordance with the recommendations of the ACMG and the expert specifications outlined in the ACMG/AMP variant interpretation guidelines for genetic hearing loss [18]. Based on these guidelines, variants were categorized as pathogenic, likely pathogenic, variant of unknown significance (VUS), likely benign (LB), or benign.

Statistical Analysis: A descriptive statistical analysis was performed on the studied variables.

Ethical considerations: The authors assert that all procedures contributing to this work comply with the ethical standards of the relevant national and institutional guidelines on human experimentation and with the Helsinki Declaration of 1975, as revised in 2008. The study was approved by the Ethics Committee for Research with Medicines and Health Products of Cantabria (CEIM), internal code: 2024.104 (Acta 8/2024 de 22/03/2024).

RESULTS

Among the 381 patients, two variants in the RIPOR2 gene were identified in three individuals (0.8 %): c.1879G>A (p.Asp627Asn) and c.3193G>A (p.Ala1065Thr). The variant c.1879G>A was detected in two patients, while the c.3193G>A variant was found in only one patient who also carried other pathogenic variants associated with hearing loss. The three patients exhibited cookie-bite hearing loss, predominantly affecting the 1000, 2000, and 4000 Hz frequencies, without associated vestibular symptoms (Figure 1). The demographic and clinical characteristics are summarized in Table 1. Patient 1 exhibited brainstem potentials consistent with cochlear involvement. Patients 2 and 3 presented an inheritance pattern compatible not only with AD traits but also with mitochondrial inheritance. In both cases, mitochondrial genetic mutations known to cause hearing loss were ruled out.

Other family members declined to undergo genetic and clinical studies.


[image: ]

Figure 1. First audiogram performed for each patient carrying mutations in the RIPOR2 gene. A: Patient 1. B: Patient 2. C: Patient 3.



Table 1. Demographic, clinical, and genetic characteristics of patients with variant in the RIPOR2 gene.




	Patient number/Age/Gender

	FH/inheritance pattern

	Age of onset

	Progression

	Audiometric profile

	Severity

	Vestibular Symptoms/Physical Examination/VT

	CT/MRI

	Genetic variant/Affected protein

	Zygosity

	Treatment






	P1/52/F

	UN

	<10

	Yes

	High frequencies (especially 4000 Hz)

	Low frequencies: Normal Frequencies 4000, 6000 Hz: Severe

	No

	NR

	c.1879G>A, p.Asp627Asn

	Heterocygosis

	HA




	P2/57/M

	AD/Maternal

	30-40

	Yes

	High frequencies (especially 2000, 4000 Hz)

	Low frequencies: Normal Other frequencies: Mild-moderate

	No

	NR

	c.1879G>A, p.Asp627Asn

	Heterocygosis

	No treatment




	P3/45/F

	AD/Maternal

	30-40

	Yes

	Mid and high frequencies

	Mild to moderate at mid and high frequencies

	No

	NR

	c.3193G>A, p.Ala1065Thr

Other variants in other genes: TMPRSS3, USH2A, TCM1, PDZD7

	Heterocygosis

	HA






P: proband. M: Male. F: Female. FH: Family history of hearing loss. UN: Unknown. AD: autosomal dominant. VT: Vestibular test. CT/MRI: computed tomography/magnetic resonance imaging HA: Hearing aids. NR: not realized.



DISCUSSION

The evidence linking homozygous pathogenic variants in RIPOR2 gene (DFNB104) is limited to a single study involving a Turkish family of six members segregating prelingual, profound, hearing loss [2] caused by a pathogenic variant in exon 3. This remains the only case reported in ClinVar as pathogenic or likely pathogenic.

For heterozygous variants (DFNA21), another study identified a heterozygous 12-nucleotide in-frame deletion (c.1696_1707del, p.Gln566_Lys569del) in RIPOR2 gene in 12 Dutch families with nonsyndromic hearing loss [7]. The presence of an identical variant in 12 families of shared ancestry, along with haplotype analysis, strongly suggests a founder effect [7].

In a subsequent study, researchers in the Netherlands analyzed the presence of this variant in a database of nearly 23,000 Dutch individuals who had undergone genetic testing [8]. They found that 18 individuals carried the c.1696_1707del variant. It is estimated that approximately 13,000 people in the Netherlands carry this defective gene [8]. Since hearing loss associated with this variant typically manifests later in life, it is estimated that around 9,000 individuals in the Netherlands are currently experiencing hearing loss caused by the variant [8]. This makes the RIPOR2 gene pathogenic variant one of the most common hereditary causes of hearing loss in the Netherlands [8]. However, it has not been described in other populations.

Notably, a large study conducted in Japan, including 10,047 patients, by Usami and colleagues did not identify any pathogenic mutations in RIPOR2 gene [19]. Similarly, no RIPOR2 mutations were detected in studies conducted in Iran [20], Spain [21-23], or broader European populations [24].

Genetic studies on hearing loss prevalence in Cantabria (Spain) have shown that the most frequently affected autosomal dominant genes are TECTA, KCNQ3, and COCH [17]. Our study demonstrates the very low frequency of RIPOR2 variants in this region of northern Spain (Cantabria). Furthermore, the pathogenicity of the two variants identified in our study remains uncertain.

The c.1879G>A variant, found in two unrelated probands in our cohort, was associated with a hearing loss pattern sparing low frequencies but presenting notches at 2000 and 4000 Hz. Given its very low frequency in population databases, it might represent a pathogenic variant. However, this could not be confirmed without family segregation studies, which were impossible to conduct due to the lack of cooperation from other family members.

As for the c.3193G>A variant, there was also a drop in cookybite at 1000 Hz, similar to the other variant. However, since it appeared alongside other variants in genes known to cause AD hearing loss, no conclusions can be drawn, as it might represent a benign variant.

The audiometric phenotype and age of onset of hearing loss associated with DFNA21 have been studied extensively only in cases with the RIPOR2 c.1696_1707del variant [7]. In total, this variant was detected in 59 out of 63 affected participants. The hearing loss associated with the variant is variable, and some carriers even exhibit normal hearing. However, as the average age of onset reported in these families is 30 (±14.9) years, with the latest onset recorded at 70 years, it is possible that some unaffected individuals might develop hearing loss in the future [7]. Nevertheless, incomplete penetrance of the variant cannot be ruled out [7]. The phenotypic variability likely results from an interplay between environmental and genetic modifying factors [7]. Interestingly, four affected individuals in the study who did not carry the variant were thought to represent phenocopies [7].

No vestibular or radiological abnormalities have been associated with pathogenic variants in RIPOR2 gene [2, 7].

There is a paucity of information regarding the treatment of patients with pathogenic RIPOR2 gene variants. Furthermore, there are no reports of cochlear implants in patients with mutations in the RIPOR2 gene. Seligman et al., in the largest published series of genetic studies in 459 cochlear implanted patients, didn´t identify pathogenic variants in the RIPOR2 gene [25].

Given the relatively high prevalence of pathogenic RIPOR2 gene variants linked to hearing loss in the Netherlands, efforts are underway in that country to develop gene therapy for DFNA21.

The limitations of our study include the small sample size and the inability to determine the pathogenicity of the two variants found, due to the lack of family segregation studies. Nonetheless, apart from the clinical and prevalence studies on RIPOR2 gene variants conducted in the Netherlands, ours is the only study exclusively addressing this aspect. We believe such studies are essential to elucidate the role of RIPOR2 gene variants in hearing loss of unknown origin.

CONCLUSIONS

Variants in RIPOR2 gene are infrequent among patients with SNHL in northern Spain (Cantabria), occurring in less than 1 % of patients with SNHL of unknown etiology. Additionally, we cannot conclusively establish the pathogenic nature of the variants identified.
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