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Hearing loss is the most prevalent sensory deficiency in humans (Morton and Nance, 2006; 

Quaranta et al., 2014). Hearing impairment can be genetic and hereditary or acquired by 

environmental factors. It can be manifested by different severities and ages and may be 

isolated or as part of a syndrome. It is estimated that about a half of deafness cases are 

genetic (Nance, 2003). Life with deafness has considerable social and psychological 

difficulties. In adults, in particular in the elderly, hearing impairment causes communication 

difficulties, which, in turn, can lead to social isolation (Palmer et al., 2016). Disabling hearing 

loss is highly prevalent in the elderly population, with about 25% between ages 65-74 and 

50% of those aged 75 and above. Epidemiological and clinical studies have demonstrated 

that hearing loss is associated with cognitive decline in older adults (Lin and Albert, 2014). 

Given the predicted increase in Alzheimer’s Disease in the near future, this association is 

particularly disturbing, given that there are no optimal solutions for hearing loss in the 

elderly today. 

 

Genetic treatment for hearing loss is crucial, since the benefit from general solutions for 

deafness, such as hearing aids, if often low (Almeida et al., 2015; Pisoni et al., 1999). Today 

about 350,000 patients have been treated with cochlear implants worldwide, but about a 

third do not benefit from this form of intervention. The number of cochlear implant users is 

expected to rise and reach one million by the year 2020. Cochlear implants assist in the 

conversion of sound waves into electrical stimulation of the auditory nerve (Macherey and 

Carlyon, 2014), but it does not aid changes further along the hearing pathway (Roche and 

Hansen, 2015; Willaredt et al., 2014). The synchronized and complex route from external air 

vibrations to perceived sound in the auditory cortex depends on a series of conditions 

affected by timely and spatially precise gene expression (Dror and Avraham, 2010; 

Nothwang, 2016). Finally, while some elderly patients use cochlear implants, it still provides 

better benefit at younger ages (Lin et al, 2012). 

 

My project focuses on the genetic basis for deafness repair using two independent but 

complementary approaches. The first is “Bedside to bench”, encompassing the study of 



ATOH1, a bHLH transcription factor crucial for inner ear hair cells (IHC) development (Chen 

et al., 2002). The inner ear hair cells are the functional sensory cells required for hearing, a 

fact that makes Atoh1 robustly studied and considered a candidate for hearing repair 

(Shibata and Raphael, 2010). A clinical study for the safety of CGF166, a recombinant 

adenovirus 5 vector containing Atoh1 cDNA, is being conducted by Novartis 

(ClinicalTrails.gov identifier (NCT number) NCT02132130. A mutation of a single base-pair 

deletion in the ATOH1 gene was discovered in our laboratory, the first reported case of a 

viable mutation in ATOH1 in humans.The resulting protein is seven amino acids longer and 

lacks the last four serines (S), two of which are phosphorylated (pS). Our hypothesis predicts 

that the variant found in ATOH1 changes phosphorylation and as a result increases protein 

stability. Utilizing a CRISPR-Cas9 generated mutant mouse model, functional tests are being 

performed and further molecular characteristics, such as altered protein association and 

stability, are being examined in the animal model and in vitro. 

 

The second part of my project is “Bench to bedside”, since although more than 100 

mutations are currently implicated in deafness, the majority of the cases remain unsolved. 

The inner ear and the brainstem are central anchors of the hearing pathway and based on 

previous work, are suggested to have a shared genetic program (Duncan and Fritzsch, 2012; 

Willaredt et al., 2014). We suggest that by mapping the common transcriptional program of 

these components, we will gain a better understanding of hearing development and 

pathology. mRNA and microRNA (miRNA) for time points during hearing development will be 

sequenced from both inner ear sensory epithelium and the superior olivary complex (SOC). 

This will be followed by bioinformatics analysis to elucidate differentially expressed 

transcripts. Finally, functional analysis will be carried out for common pathways. 

 

I envision that the convergence of these two different approaches will provide a more 

wholesome understanding of the formation of the normally functioning hearing organ and 

provide a comprehensive, variant dependent approach, for the personalized treatment of 

hearing impairment, along with the possibility of hearing regeneration. The work will have 

relevant implications for the elderly, given the prevalence of this sensory defect in the aging 

population. 
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