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Les	
  agresseurs	
  du	
  système	
  audi/f	
  :	
  son,	
  xénobio/ques,	
  
vieillissement…	
  	
  
Aspects	
  géné/ques	
  de	
  la	
  suscep/bilité	
  individuelle	
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agresseurs.	
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" " " "LE  SON 
caractérisé par :  
 
sa hauteur (grave ou aigu):  fréquence de l’onde de pression  

"- mesure du nombre de cycles de compression-décompression par seconde 
"        "
"        1Hz = 1 cycle/sec (λ = 344 m) "

 
"        1000 Hz = 1000 cycles/sec (λ =34 cm)"
"        442 Hz= la du diapason (la3 du piano) 

 
son intensité: amplitude de l’onde de pression"

" - mesure en dB:"
!
               dBSPL = 10 log10(p/pr)2 = 20 log10(p/pr)   (N/m2) 1 N/m2 = 1 Pa !

! !!
! !    =10 log10(I/Ir) (watt/m2) !

  

!                   
!   pr =20µ Pa = pression minimale perceptible (homme)!
  !

!
! !!

  une variation de 3dB= correspond à un doublement de l’intensité sonore de référence "



Iso-énergie 

norme : énergie < 80 dB (A) – 8 h / jour de travail 

80 dB / 8 h  çè 83 dB /4 h 
   çè 86 dB /2 h 
   çè 89 dB /1 h 
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Ototoxicité médicamenteuse 
•  Plus de 130 médicaments répertoriés comme étant ototoxiques.   
•  Cet effet est généralement dépendant de la dose, parfois du mode d’administration. 
•   Le plus souvent  l’atteinte est réversible, son mécanisme inconnu et la susceptibilité à la toxicité très différente d’un 

individu à l’autre. 
•  Quelques exemples: 

–  Les salicylés et autres anti-inflammatoires non stéroïdiens: l’acide acétylsalicylique (aspirine), 
diclofenac, ibuprofèe, indométhacine, kétoprofène,piroxicam, phenylbutazone.  

       l’acide acétylsalicylique  inhibe l’électromotilité (atteinte de la fonction d’amplification) des dellules ciliées     
externes  CCEs  

–   Certains antipaludéens: Quinine et chloroquine; le plus souvent réversible; affecte 
l’électromotilité des CCEs et bloque le canal de mécanotransduction auditive (quinine) 

–  Certains diurétiques: 
-                - ouabaïne; peut être irréversible; inhibe l’ATPase Na+,K+ de la strie vasculaire;  

  - diurétiques de l’anse du tubule rénal, furosémide et bumétamide: agissent sur le cotransporteur Na+-
K+-2Cl de la strie vasculaire; ototoxicité par voie veineuse, le plus souvent réversible.  

–  Certains antibiotiques:  
  - aminoglycosides: streptomycine, néomycine, gentamycine, kanamycine, amikacine, sisomycine, 
tobramycine,netilmycine,dihydrostreptomycine…; surdité bilatérale, symétrique et irréversible (unilatérale parfois: 
kanamycine);  

  - érythromycine; surdité le plus souvent réversible; origine strie vasculaire ou système auditif central?  
  - vancomycine; irréversible. 

–  Certains antinéoplasiques (chimiothérapie): cisplatine, vincristine, moutardes azotèes, vinblastine, 
carboplastine,bleomycine, cisplatine, atteinte  irréversible. 



Périlymphe 
[K+] = 3-5 mM 

Endolymphe 
[K+] = 150 mM 

+80 mV 

Organe de Corti 

Fibrocytes 

Strie Vasculaire 
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Les drogues illicites … 
 

  opiacés; opioïdes 
   
  hydrocodone/acétaminophène (paracétamol) 
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Nature des adduits bifonctionnels du 
cisplatine formés avec l’ADN 

Lenglet Gaëlle  thèse  2010 



Low-concentration copper and/or cimetidine treatment 
does not prevent cisplatin-induced hair cell death 

Thomas AJ… Ou HC  J Neurosci  33, 2013 



Functional mechanotransduction is required for cisplatin-induced 
hair cell death in the zebrafish lateral line   

Thomas AJ… Ou HC  J Neurosci  33, 2013 



Rho-Pt uptake in lateral line hair cells 

Thomas AJ… Ou HC  J Neurosci  33, 2013 



Functional mechanotransduction is required for uptake for uptake of Rho-Pt. 
Chemical or genetic inhibition of mechanotransduction leads to reduction in Rho-Pt uptake 
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Rho-Pt uptake remains inhibited after 4 h continuous exposure 

Thomas AJ… Ou HC  J Neurosci  33, 2013 



Two models of cisplatin entry into hair cells 

Thomas AJ… Ou HC  J Neurosci  33, 2013 



Ross CJD… Hayden MR  Nature Genet  41, 2009 

Genetic variants associated with cisplatin-induced hearing loss 



COMT   catechol O-methyltransferase 

 

TPMT   thiopurine S-methyltransferase 



Weinshilboum RM  Cellular & Mol Neurobiol  26, 2006 



Ross CJD… Hayden MR  Nature Genet  
41, 2009 

Genetic variants associated with cisplatin-induced hearing loss 



Weinshilboum RM  Cellular & Mol Neurobiol  26, 2006 



Weinshilboum RM  Cellular & Mol Neurobiol  26, 2006 



The human mitochondrial genome 

Schon EA… Hirano M  Nature Rev Genet  13, 2012 
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Organization of oxidative DNA damage repair processes and factors in mammalian mitochondria 



Oxidative phosphorylation (OXPHOS) complexes 

Schon EA… Hirano M  Nature Rev Genet  13, 2012 



The human mitochondrial genome 

Schon EA… Hirano M  Nature Rev Genet  13, 2012 
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Organization of oxidative DNA damage repair processes and factors in mammalian mitochondria 



Summary of mitochondrial nucleoid-associated proteins 

Kucej M & Butow RA  Trends Cell Biology  17, 2007  



mtDNA mutations in human primary respiratory chain disorders 

COX: cytochrome oxidase 
LHON: Leber hereditary optic neuropathy 
MELAS: mito encephalomyopathy lactic acidosis & stroke-like episodes 
MERRF: myoclonus epilepsy & ragged red fibres 
MILS: maternally inherited Leigh syndrome 
NARP: neuropathy ataxia & retinitis pigmentosa  
ND: NADH-ubiquinone oxidoreductase 
PEO: progressive external ophthalmoplegia  Schon EA… Hirano M  Nature Rev Genet  13, 2012 





Israeli-Arab pedigree with sensorineural deafness 

Jaber… Fischel-Ghodsian N… Rotter JI  J Med Genet  29, 
1992 



Three pedigrees with maternally-transmitted aminoglycoside-induced deafness 

Prezant TR… Fischel-Ghodsian N  Nature Genet  4, 1993 



Prezant TR… Fischel-Ghodsian N  Nature Genet  4, 1993 

The 3’-end of human mitochondrial 12S rRNA and the corresponding region of E. coli 16S rRNA, showing 
the site of the 1555A to G mutation in the four pedigrees with maternally-transmitted deafness 







Vandebona H… Sue CM - New Engl J Med 360, 2009 

Mean auditory thresholds for six subjects with the m.1555A→G 
mutation, as compared with predicted thresholds 



Prezant TR… Fischel-Ghodsian N  Nature Genet  4, 1993 

The 3’-end of human mitochondrial 12S rRNA and the corresponding region of E. coli 16S rRNA, showing 
the site of the 1555A to G mutation in the four pedigrees with maternally-transmitted deafness 



Quantification of the rates of labeling of the mitochondrial 
translation products, after a 30 min [35S]methionine pulse, in 

different lymphoblastoid cell lines 

Guan MX… Attardi G  Hum Mol Genet  5, 1996 



Guan MX… Attardi G  Hum Mol Genet  5, 1996 

Average rates of oxygen consumption per cell measured in 
different lymphoblastoid cell lines 



Guan MX… Attardi G  Hum Mol Genet  5, 1996 

Activity of the enzymes of the mitochondrial respiratory chain in 
lymphoblastoid cell lines from symptomatic (S) and asymptomatic (AS) 
members of the Arab-Israeli family carrying the 12S rRNA 1555 mutation 



Analysis of growth capacity of different lymphoblastoid cell lines in the presence of 
neomycin (a) or paromomycin (b) 

Guan M-X… Attardi G  Hum Mol Genet  5, 1996 



Recombinant human CGI-75 protein activates transcription 
from the human mitochondrial LSP 

LSP = light-strand promoter McCulloch V… Shadel GS  Mol Cell Biol  2002 



Representative proteins that exhibit a high degree of amino acid 
similarity to h-mtTFB and are members of an RNA (adenine-N6,N6)-

dimethyltransferase superfamily 

McCulloch V… Shadel GS  Mol Cell Biol  2002 



Recombinant h-mtTFB (CGI-75) binds S-adenosylmethionine 

McCulloch V… Shadel GS  Mol Cell Biol  2002 



Conserved stem-loop structures near the 3’-end of the 
human mitochondrial 12S rRNA 
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Seidel-Rogol BL… Shadel GS  Nature Genet  33, 2003  



h-mtTFB1 methylates bacterial rRNA at a conserved stem-loop that is 
similarly modified in human mitochondria 

a

Seidel-Rogol BL… Shadel GS  Nature Genet  33, 2003  



Families with a mitochondrial A1555G mutation and non-syndromic deafness of 
Arab-Israeli (families A1–11), and Spanish and Italian (families S1–30) origin 

Bykhovskaya Y… Fishel-Ghodsian N  Mol Genet Metab  82, 2004  



Bykhovskaya Y… Fishel-Ghodsian N  Mol Genet Metab  82, 2004  



Loss of 12S rRNA dimethylation results in reduced steady-state levels of the small ribosomal subunit in 
tissue-specific knockout of Tfb1m 

Metodiev MD, …Larsson NG  Cell Metab  9, 2009 



GTTR enters zebrafish neuromast hair cells and is cytotoxic 

Wang Q & Steyger PS J Assoc Res Otolaryngol  10, 2009 



Wang Q & Steyger PS J Assoc Res Otolaryngol  10, 2009 

Cochlear uptake of GTTR in cryostat sections 











Favier  d’après L’Actualité Chimique  2003




Cybrides  

Schon EA… Hirano M  Nature Rev Genet  13, 2012 



Cotney J… Shadel GS  Hum Mol Genet  18, 2009 

Cells carrying the deafness-associated A1555G mtDNA mutation, like those 
that over-express h-mtTFB1, exhibit mitochondrial 12S hypermethylation 

Les cybrides A1555G ont une hyperméthylation de l’ARN12S comme ceux 
qui hyperexpriment h-mtTFB1 



Integrative genomic analysis reveals upregulation of nuclear transcription factor E2F1 in response to mitochondrial 
stress induced by mitochondrial ribosome hypermethylation  

Les gènes dont la transcription est accrue dans les cybrides A1555G et dans les cybrids dont la concentration 
mitochondriale de TFB1 est augmentée possédent dans leurs promoteurs des sites de fixation à E2F1 

Raimundo N… Shadel GS  Cell  148, 2012 



Hypermethylation of mitochondrial 12S rRNA leads to activation of E2F1- 
and E2F1-dependent apoptosis 

Cybrides A1555G +/- aminoglycosides: rôle de TFB1 et E2F1 dans 
l’aptotose induite et non-induite 

D 

E 

C 
C 

Raimundo N… Shadel GS  Cell  148, 2012 

TFB1 E2F1 



A proapoptotic mitochondrial stress-signaling pathway that involves 
mitochondrial ROS-dependent activation of E2F1 by AMPK 

Raimundo N… Shadel GS  Cell  148, 2012 

Cybrides A1555G : production de ROS accrue 



A proapoptotic mitochondrial stress-signaling pathway that involves 
mitochondrial ROS-dependent activation of E2F1 by AMPK 

Raimundo N… Shadel GS  Cell  148, 2012 

Cybrides A1555G +SOD2 : diminution (des ROS) de l’apoptose 
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A proapoptotic mitochondrial stress-signaling pathway that involves 
mitochondrial ROS-dependent activation of E2F1 by AMPK 

Raimundo N… Shadel GS  Cell  148, 2012 



A proapoptotic mitochondrial stress-signaling pathway that involves 
mitochondrial ROS-dependent activation of E2F1 by AMPK 

Raimundo N… Shadel GS  Cell  148, 2012 

Cybrides A1555G +inhibteur de l’AMPK : diminution de l’apoptose 
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Transgenic mice that overexpress the mtTFB1 rRNA methyltransferase 
exhibit 12S hypermethylation and progressive hearing loss 

Raimundo N… Shadel GS  Cell  148, 2012 

Souris transgeniques qui hyperexpriment mTFB1 



Transgenic mice that overexpress the mtTFB1 rRNA methyltransferase 
exhibit 12S hypermethylation and progressive hearing loss 

Raimundo N… Shadel GS  Cell  148, 2012 



Deafness pathology in Tg-mtTFB1 mice involves upregulation of E2F1 and 
apoptosis in the stria vascularis and spiral ganglion neurons of the inner ear 

Raimundo N… Shadel GS  Cell  148, 2012 



C D E

Deafness pathology in Tg-mtTFB1 mice involves upregulation of E2F1 and 
apoptosis in the stria vascularis and spiral ganglion neurons of the inner ear 

Raimundo N… Shadel GS  Cell  148, 2012 


