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	Summary of researches in most recent years


1) Introduction of hair cell regeneration in the mammalian cochlea

We demonstrated that albeit limited, the Deiters cells could maintain a competence to re-enter the cell cycle and proliferate after hair cell injury.  By inhibiting p27 using adenovirus vectors encoding p27 siRNA, we observed marked proliferation of cochlear supporting cells, some of which were transdifferentiated to hair-cell-like cells with stereocilia on their apical surface.  

2) Establishment of the strategy to prevent/retard age-related hearing loss (AHL) 
      By examining the gene expression profile in the cochlea of C57BL/6 and DBA/2J mice, we found that AHL was associated with suppression of hearing-related genes, decreased energy metabolism, and induction of apoptosis-related genes, some of which mediated p53-dpendent apoptosis.  AHL in these models was also characterized by suppression of neurotransmission, ion transport, DNA synthesis/repair, protein synthesis, and induction of stress response, inflammatory response, and proteolysis.  Next, we examined the role of accumulation of mitochondrial DNA (mtDNA) mutations in the development of AHL using PolgD257A knock-in mouse, which exhibited increased spontaneous mtDNA mutation rates during aging and showed accelerated aging primarily due to increased apoptosis.  This mouse exhibited moderate hearing loss and degeneration of the hair cells, spiral ganglion cells and stria vascularis by 9 month of age.  Finally, we demonstrated that calorie restriction could prevent manifestation of AHL and age-related changes of gene expression profile in C57BL/6 mouse cochlea.

3) Novel protein therapeutics for inner ear disorder

      We constructed a powerful artificial cytoprotective protein, FNK, from an antiapoptotic member of the BCL-2 family, Bcl-x(L).  To test the efficacy of FNK in protecting cochlear hair cells from aminoglycoside-induced cell death in vivo, we fused FNK with protein transduction domain, TAT, of the HIV/Tat protein.  We demonstrated that, after an intraperitoneal administration to guinea pigs, TAT-myc-FNK protein was diffusely distributed in the cochlea, most prominently in the hair cells and supporting cells, followed by the spiral ganglion cells.  We also demonstrated that TAT-FNK attenuated hearing loss and apoptosis of the hair cells induced by an ototoxic combination of kanamycin sulfate and ethacrynic acid.  These findings suggest that this protein can be used as a therapeutic compound for inner ear disorders. 

	Representative Grants (PI) 


・From the Ministry of Education, Culture, Sports, Science and Technology, Japan

1) Investigation of the mechanism of hearing impairment induced by mitochondrial DNA abnormalities (1999.4-2002.3)

2) Study of the cellular event of hair cell apoptosis using cochlear explants (1999.4-2001.3)

3) Introduction of hair cell regeneration in the mammalian cochlea (2001.4-2004.3) 

4) Analysis of genes/proteins associated with cochlear damage (2004.4-2007.3) 

5) Protein therapy to the inner ear (a novel treatment for inner ear disorders using an 

anti-apoptotic protein fused with protein transduction domain) (2005.4-2007.3)

6) Induction of hair cell regeneration using adenovirus vectors encoding Atoh1 and p27siRNA 

(2007.4-2009.3)
7) Study of the mechanisms of age-related hearing loss to establish the strategy for its prevention (2008.4-2011.3)

8) Genetic and environmental factors associated with the development of age-related hearing loss (2011.4-2014.3)
9) Novel treatment for deafness associated with mitochondrial DNA abnormality (2014.4-2016.3)

10) Elucidation of mechanisms of the development of auditory and balance disorders associated with aging and establishment of the treatment strategy against them (2014.4-2017.3)

・From the Ministry of Health, Labour and Welfare, Japan 

1) Gene transfer into the inner ear tissues (2000.4-2003.3)

2) Establishment of the strategy to treat sensorineural hearing loss (2003.4-2006.3) 

3) Study to establish the evidence of the development of hearing and speech in Japanese pediatric populations with cochlear implants (2008.4-2011.3)

4) Study to set guideline for the candidacy of electric and acoustic stimulation in Japan (20011.4-2014.3)
5) Development of a new methods of speech perception evaluation and auditory-based cognitive training for the elderly (2014.4-2017.3)
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