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Moral Quandary
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Twenty-four ways to have 
children

Dr. David D. Weaver and Dr. Luis F. Escobar
American Journal of Medical Genetics

Volume 26, Issue 3, pages 737–740, March 1987



Hearing Loss Treatment: A Challenging Race

278 Million people world wide suffer from 

inner ear disorders

The lack of effective treatment is complicated 

by the diversity of the disease process

Current treatment is limited to medications, 

surgical intervention and sound amplification



Epigenetics vs Traditional 
Genetics

Many heritable disorders in humans are caused by DNA 

sequence changes (mutations) that abolish gene 

expression

a number of human diseases are caused by 

inappropriate gene silencing, brought about by epigenetic 

modifications



Genetic susceptibility: "A1555G" 
mitochondrial mutation

Ototoxicity



What does A1555G stand for?

A to G transition at position 1555 in the 12S rRNA gene 





"A1555G" mitochondrial mutation

Only 17% of individuals present hearing loss after aminoglycoside 
exposure 

Susceptibility to gentamicin or streptomycin ototoxicity

Aust (2001) suggested that children are less prone to develop 
vestibulotoxicity from gentamicin than adults



Relationship between inhibition of protein synthesis in mitochondrial hybrid ribosomes and relative in 

vitro cochleotoxicity of aminoglycoside antibiotics

Hobbie S N et al. PNAS 2008;105:20888-20893
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Mechanical vibrations 
within the cochlea will 
deflect the hairs, leading to 
the generation of electrical 
currents within the hair 
cells, which give rise to the 
sensation of hearing.

Hair Cell Receptors in the Cochlea

The hair cells in a guinea 
pig that had been treated 
with the antibiotic 
gentamicin for 10 days



SEM picture of the  organ of Corti. Normal organization

At high dosage, the aminoglycoside kills almost 
all IHC, thus destroying their function (active 
mechanism).

In humans, such an organ of Corti would show a 
60 dB threshold shift and no fine tuning. A 
hearing aid would restore the gain (loudness), 

At even higher doses, all hair cells are missing 
(red arrow points to two giant stereocilia on a 
damaged IHC).
This organ of Corti would no longer respond to 
any sound stimulation.



Recovery

� Some "sick" inner ear hair cells get better. Nobody knows 
exactly how many inner ear hair cells are sick rather than being 
dead

� The brain adapts to the missing inner ear information

� There may be regeneration occuring. Birds can regenerate their 
hair cells, and although it was felt for a long time that people 
can't do this, there is a small amount of evidence that some 
regeneration does occur



New genes. Math1 expression (orange) in cells from 
the inner ear of a guinea pig after gene therapy.
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Gene Therapy

Gene transfer is 

defined simply 

as a technique 

to efficiently and 

stably introduce 

foreign genes 

into the genome 

of target cells



Gene Therapy: Cochleostomy



Gene Delivery Systems

Vector Limitations

Adenovirus Strong host antiviral response with 

transient expression

Adeno-Associated virus Difficult to produce high titters, limited 

gene insert space

Herpes Simplex Virus Limited duration of transgene

recombination

Lentivirus Ineffcient gene transfection of Hearing 

cells

Sendal virus Limited gene insert space



SP Gubbels et al. Nature 000, 1-5 (2008) doi:10.1038/nature07265

In utero gene transfer to the developing mouse inner ear.

a, Expression plasmid was microinjected into the E11.5 otic vesicle. b, The vesicle was centred between the cathode (-) and anode (+) 

and electroporated. c, Destabilized GFP (ZsGreen) was expressed in the otic territory 24 h after electroporation. d, E12.5 

progenitors in the medial and ventral otic epithelium expressed ZsGreen robustly. e, E18.5 Atoh1/GFP-transfected cochlea (left) 

immunostained for Myo7a (right). Arrowheads indicate left otocyst. cp, lateral canal plate; scale bars, 200 m (a); 500 m (b, c); 50 m (d); 

10 m (d, inset); 100 m (e).



Gene Product Treatment



Time of Treatment

Adulthood

Late expression of hearing loss Environmental repair

Infant to Childhood

Inner ear cells malformations Epigenetic IEC abnormalities

Fetal life

Inner ear formation External ear formation



EHDI-Universal hearing screening
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Genetic testing – Genetic Evaluation

OtoChip: 19 genes 

OtoGenome: 73 genes

OtoScope: 66 genes



Exome Sequencing



Deafness in the Genomics Era
A. Eliot Shearer,1,2 Michael S. Hildebrand,1 Christina M. Sloan,1 and Richard J.H. Smith1,2,a

Hear Res. Dec 2011; 282(1-2): 1–9. 



Clinical Process

Genetic Evaluation

Genetic Testing

Improve Diagnosis




