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1 .  E i n l e i t u n g  

  

1 .  1 .  I n t e r z e l l u l ä r e  K o p p l u n g  d u r c h  Z e l l - Z e l l - K a n ä l e :       

S t r u k t u r  u n d  F u n k t i o n  

 

D e r  e r s t e  e x p e r i m e n t e l l e  N a c h w e i s  e i n e r  d i r e k t e n  i n t e r z e l l u l ä r e n  

K o p p l u n g  g e l a n g  b e r e i t s  1 9 6 4  K a n n o  u n d  L o e w e n s t e i n ,  w e l c h e  

a n h a n d  v o n  S p e i c h e l d r ü s e n e p i t h e l i e n  d e r  D r o s o p h i l a  m e l a n o g a s t e r  

f e s t s t e l l t e n , “  d a s s  d i e  P e r m e a b i l i t ä t  d e r  E p i t h e l i a l e n m e m b r a n  i n  

d e r  m i t  d e r  a n d e r e n  Z e l l e  a n h a f t e n d e n  R e g i o n ,  i m  G e g e n s a t z  z u m  

R e s t  d e r  Z e l l o b e r f l ä c h e ,  k e i n  g r u n d s ä t z l i c h e s  H i n d e r n i s  z u m  

Ü b e r t r i t t  v o n  I o n e n  b o t “ .  N a c h  V e r s u c h e n  m i t  K a l i u m ,  N a t r i u m  

u n d  C h l o r i d  f o l g t e n  ( K a n n o  e t  a l . ,  1 9 6 4 ;  L o e w e n s t e i n  e t  a l . ,  1 9 6 4 )  

V e r s u c h e  m i t  d e m  a u c h  h e u t e  n o c h  a n g e w a n d t e n  F l u o r e s z e n z -

f a r b s t o f f  N a t r i u m - F l u o r e s c e i n  ( L o e w e n s t e i n  e t  a l . ,  1 9 6 4 ) .   

D e r  e l e k t r o p h y s i o l o g i s c h e  N a c h w e i s  d i r e k t e r  Z e l l - Z e l l -  

V e r b i n d u n g e n  ( „ g a p  j u n c t i o n s “ )  a m  I n n e n o h r  g e l a n g  s e h r  f r ü h ,  

d . h .  e i n  J a h r  n a c h  d e m  N a c h w e i s  d e r  i n t e r z e l l u l ä r e n  K o p p l u n g  

( L o e w e n s t e i n  e t  a l . ,  1 9 6 5 ) .   

N a c h  d e m  e x p e r i m e n t e l l e n  N a c h w e i s  s t e l l t e n  s i c h  F r a g e n  n a c h  d e r  

p h y s i o l o g i s c h e n  u n d  p a t h o p h y s i o l o g i s c h e n  R e l e v a n z  d e r  

i n t e r z e l l u l ä r e n  K o p p l u n g .  E i n e  g ä n g i g e  H y p o t h e s e  b e s a g t e ,  d a s s  

e i n  p h y s i o l o g i s c h e s  G e w e b s w a c h s t u m  e i n e  I n t e r a k t i o n  v o n  Z e l l e n  

b e n ö t i g t ,  s o  d a s s  s o w o h l  W a c h s t u m  a l s  a u c h  H e m m u n g  z u  

e i n z e l n e n  Z e i t p u n k t e n  u n d  j e  n a c h  E r f o r d e r n i s  m ö g l i c h  w e r d e n  

( L o e w e n s t e i n  e t  a l . ,  1 9 6 6 ) .  F r a g l i c h  w a r  j e d o c h  z u m  d a m a l i g e n  

Z e i t p u n k t ,  o b  d i e  Z e l l - Z e l l - D i f f u s i o n  v o n  S u b s t a n z e n  i n  d i e s e n  

S i g n a l t r a n s d u k t i o n s p r o z e s s  i n v o l v i e r t  i s t .  E i n e  i n d i r e k t e  A n t w o r t  

e r g a b  s i c h  a u s  U n t e r s u c h u n g e n  a n  L e b e r k r e b s z e l l e n ,  d i e  s i c h  

n a c h w e i s l i c h  s o  v e r h i e l t e n  w i e  Z e l l e n ,  d e r e n  i n t e r z e l l u l ä r e  

K o m m u n i k a t i o n  u n t e r b r o c h e n  i s t  ( L o e w e n s t e i n  e t  a l . ,  1 9 6 6 ) .  D i e s  

w a r  d e r  e r s t e  e x p e r i m e n t e l l  g e w o n n e n e  H i n w e i s  a u f  d i e  

p a t h o p h y s i o l o g i s c h e  R e l e v a n z  i n t e r z e l l u l ä r e r  K o p p l u n g .  
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W e i t e r e  U n t e r s u c h u n g e n  m i t  d i f f u s i b l e n  E i n z e l s u b s t a n z e n  z e i g t e n ,  

d a s s  Z e l l - Z e l l - K a n ä l e  f ü r  S u b s t a n z e n  m i t  e i n e m  M o l e k u l a r g e w i c h t  

( M W )  v o n  6 9 . 0 0 0  ( A l b u m i n )  d u r c h g ä n g i g  s i n d ,  j e d o c h  e i n e  

P a s s a g e  v o n  P o l y l y s i n  ( 1 2 7 . 0 0 0  M W )  n i c h t  m e h r  m ö g l i c h  i s t .  

D a m i t  k o n n t e  s t r u k t u r e l l  g e s c h l u s s f o l g e r t  w e r d e n ,  d a s s  d e r  

e i n z e l n e  Z e l l - Z e l l - K a n a l  e i n e n  h y d r o d y n a m i s c h e n  R a d i u s  v o n  

m i n d e s t e n s  3 6  Å   h a b e n  m u s s t e  ( K a n n o  e t  a l . ,  1 9 6 6 ) .  

F r ü h e  r ö n t g e n o l o g i s c h e  u n d  e l e k t r o n e n m i k r o s k o p i s c h e  S t u d i e n  

b e l e g e n  d i e  i n  A b b . 1  d a r g e s t e l l t e  S t r u k t u r  e i n z e l n e r  Z e l l - Z e l l -

K a n ä l e  ( V r e n s e n  e t  a l . ,  1 9 9 1 ) ,  b e i  d e r  j e d e r  K a n a l  a u s  e i n e m  P a a r  

h e x a m e r  s t r u k t u r i e r t e r  O l i g o m e r e  ( K o n n e x i n e )  g e b i l d e t  w i r d ,  d i e  

a l s  K o n n e x o n e  b e z e i c h n e t  w e r d e n .   

 

 

 

A b b . 1 :  

M o d e l l  e i n e s  Z e l l - Z e l l - K a n a l s  ( g a p  j u n c t i o n ) :   

J e d e  b e n a c h b a r t e  Z e l l e  t r ä g t  m i t  e i n e m  H a l b k a n a l  ( K o n n e x o n )  z u r  B i l d u n g  

e i n e s  Z e l l - Z e l l - K a n a l s  b e i ,  w e l c h e r  d a s  Z y t o p l a s m a  d e r  Z e l l e n  m i t e i n a n d e r  

v e r b i n d e t .  J e d e s  K o n n e x o n  i s t  e i n  M u l t i m e r  u n d  k a n n  m e h r  a l s  e i n e n  

K o n n e x i n -  T y p  e n t h a l t e n  ( V r e n s e n  e t  a l . ,  1 9 9 1 ) .   
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D i e  A n n a h m e  e i n e r  h e x a m e r e n ,  s y m m e t r i s c h e n  S t r u k t u r  d e r  

K o n n e x o n e  w u r d e  u n t e r s t ü t z t  d u r c h  3 D - R e k o n s t r u k t i o n e n  

e l e k t r o n e n m i k r o s k o p i s c h e r  A u f n a h m e n  u n d  G e f r i e r b r u c h t e c h n i k e n  

( „ f r e e z e - f r a c t u r e  t e c h n i q u e s “ )  ( U n w i n  e t  a l . ,  1 9 8 0 ;  1 9 8 4 ) .   

D i e s e  u n d  a n d e r e  E r g e b n i s s e  b e l e g e n  ( G o o d e n o u g h  e t  a l . ,  1 9 7 4 ;  

C a s p a r  e t  a l . ,  1 9 7 7 ;  M a k o w s k i  e t  a l . ,  1 9 7 7 ;  M a k o w s k i  e t  a l . ,  

1 9 8 4 ;  H o h  e t  a l . ,  1 9 9 3 ;  E v a n s  e t  a l . ,  2 0 0 2 ) ,  d a s s  j e d e s  e i n z e l n e  

K o n n e x i n  a u s  v i e r  t r a n s m e m b r a n ä r e n  h y d r o p h o b e n  M o l e k ü l e n  ( M 1 -

M 4 ) ,  z w e i  e x t r a z e l l u l l ä r e n  S c h l e i f e n  ( E 1  u n d  E 2 )  s o w i e  e i n e r  

i n t r a z e l l u l ä r e n  S c h l e i f e  ( C L )  b e s t e h t  ( B e y e r  e t  a l . ,  1 9 8 9 ) .  

 

 

 

 

 

 

A b b . 2 :   

S c h e m a t i s c h e  D a r s t e l l u n g  e i n e s  K o n n e x i n p r o t e i n s  ( a u s  G o o d e n o u g h  e t  

a l . , 1 9 9 6 ) .  
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1 . 2 .   Z e l l - Z e l l - K a n ä l e  ( g a p  j u n c t i o n s ) : K l a s s i f i k a t i o n  u n d  

p a t h o p h y s i o l o g i s c h e  B e d e u t u n g    

S y n o n y m i s c h  w i r d  f ü r  d e n  Z e l l - Z e l l - K a n a l  i n  d e r  L i t e r a t u r  d e r  

B e g r i f f  „ g a p  j u n c t i o n s “  v e r w e n d e t ,  d e r  i m  e n g e r e n  S i n n e  e i n  

P l a q u e  o d e r  F e l d  v o n  Z e l l - Z e l l - K a n ä l e n  b e n e n n t  ( S ö h l  e t  a l . ,  

2 0 0 3 ) .  K o n n e x i n e  w e r d e n  n a c h  i h r e m  M o l e k u l a r g e w i c h t  

k l a s s i f i z i e r t  ( K o n n e x i n  2 6 / C x 2 6  b i s  K o n n e x i n  6 2 / C x 6 2 ) .  B i s h e r  

s i n d  2 0  v e r s c h i e d e n e  K o n n e x i n e  f ü r  d i e  M a u s  u n d  2 1  f ü r  d e n  

M e n s c h e n  i d e n t i f i z i e r t  ( S ö h l  e t  a l . ,  2 0 0 3 ) .  N i c h t  j e d e s  K o n n e x i n  

i s t  j e d o c h  i n  d e r  L a g e ,  h e t e r o t y p i s c h e  i n t e r z e l l u l ä r e  K a n ä l e  z u  

b i l d e n  ( S w e n s o n  e t  a l . ,  1 9 8 9 ) .  E s  z e i g t e  s i c h ,  d a ß  d i e  e x t r a -

z e l l u l ä r e n  L o o p s  E 1  u n d  E 2  f ü r  d i e  K o m p a t i b i l i t ä t  ( u n d  d a m i t  

F u n k t i o n a l i t ä t )  d e r  Z e l l - Z e l l - K a n ä l e  e i n e  R o l l e  s p i e l e n  ( A b b . 2 )  

( W h i t e  e t  a l . ,  1 9 9 4 ) .  A u f g r u n d  s p e z i f i s c h e r  M u t a t i o n e n  d e s  E 1 -  

L o o p s  v o n  C x 2 6  u n d  C x 3 2  f a n d e n  s i c h  H i n w e i s e  a u f  e i n e n  

S p a n n u n g s s e n s o r  i n  d i e s e r  R e g i o n ,  w e l c h e r  i n  I n t e r a k t i o n  m i t  d e m  

a n d e r e n  K o n n e x o n  d a s  Ö f f n u n g s v e r h a l t e n  i n  A b h ä n g i g k e i t  v o n  

S p a n n u n g  u n d  M e m b r a n p o t e n t i a l  b e s t i m m t  ( R u b i n  e t  a l . ,  1 9 9 2 ) .   

A u s  d e r  g r o ß e n  A n z a h l  a n  v e r s c h i e d e n e n  K o n n e x i n e n  e r g i b t  s i c h  

e i n e  t h e o r e t i s c h  s e h r  g r o ß e  A n z a h l  a n  K o m b i n a t i o n e n  z u r  B i l d u n g  

v o n  h e t e r o t y p i s c h e n  K a n ä l e n  ( u n t e r s c h i e d l i c h e  K o n n e x o n e  

h o m o g e n e r  K o n n e x i n e )  u n d  e i n e  n o c h  g r ö ß e r e  A n z a h l  a n  

h e t e r o m e r e n  K o n n e x o n e n  ( u n t e r s c h i e d l i c h e  K o n n e x i n e  e i n e s  

K o n n e x o n s ) .    

N u r  e i n z e l n e  K o n n e x i n e  k ö n n e n  j e d o c h  f u n k t i o n e l l e  H a l b k a n ä l e  

b i l d e n ,  d e r e n  R e g u l a t i o n  u . a .  d u r c h  Ä n d e r u n g e n  d e r  

M e m b r a n s p a n n u n g ,  ( C a
2 +

) ,  p H  u n d  P h o s p h o r y l i e r u n g  e r f o l g e n  

( C o n t r e r a s  e t  a l . ,  2 0 0 3 ;  B e a h m  e t  a l . ,  2 0 0 2 ;  N g e z a h a y o  e t  a l . ,  

1 9 9 8 ) .   

 

D i e  e r s t e  b e k a n n t e  h u m a n e ,  K o n n e x i n - a s s o z i e r t e  E r k r a n k u n g  i s t  

d i e  X - c h r o m o s o m a l  v e r m i t t e l t e  F o r m  d e r  C h a r c o t - M a r i e  T o o t h -
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K r a n k h e i t  ( C M T X )  ( B e r g o f f e n  e t  a l . , 1 9 9 3 ) ,  d i e  a l s  e i n e  d e r  

h ä u f i g s t e n  e r b l i c h e n  D e m y e l i n i s i e r u n g s e r k r a n k u n g e n  d e s  

p e r i p h e r e n  N e r v e n s y s t e m s  g i l t .  C x 3 2 -  M u t a t i o n e n  k ö n n e n  d i e s e  

E r k r a n k u n g  v e r u r s a c h e n ,  i n d e m  s i e  d i e  S i g n a l t r a n s d u k t i o n  

i n n e r h a l b  d e r  S c h w a n n ’ s c h e n  N e r v e n s c h e i d e  b e e i n t r ä c h t i g t .  

K a t a r a k t e  f o l g e n  o f t  e i n e m  a u t o s o m a l - d o m i n a n t e m  E r b g a n g  u n d  

d i e  U n t e r f o r m  C Z P 1  k a n n  n a c h  S t u d i e n  a n  g r ö ß e r e n  

F a m i l i e n v e r b ä n d e n  d u r c h  C x 5 0 - M u t a t i o n e n  h e r v o r g e r u f e n  w e r d e n  

( S h i e l s  e t  a l . , 1 9 9 8 ) .  C x 3 7 - M u t a t i o n e n  k ö n n e n  e i n e  U r s a c h e  

w e i b l i c h e r  I n f e r t i l i t ä t  d u r c h  O v u l a t i o n s h e m m u n g  s e i n  ( S i m o n  e t  

a l . ,  1 9 9 7 ) ,  C x 4 0 - M u t a t i o n e n  k ö n n e n  d i e  k a r d i a l e  R e i z f o r t l e i t u n g  

i m  H i s - P u r k i n j e - S y s t e m  b e e i n t r ä c h t i g e n  ( G o u r d i e  e t  a l . ,  1 9 9 3 ;  

S i m o n  e t  a l . , 1 9 9 8 ;  K i r c h h o f f  e t  a l . ,  1 9 9 8 ) .  

I n n e n o h r h ö r s t ö r u n g e n  k ö n n e n  n a c h  j ü n g s t e m  K e n n t n i s s t a n d  d u r c h  

v e r s c h i e d e n e  M u t a t i o n e n  a u f  d e n  G e n e n  v o n  4  K o n n e x i n e n  ( C x 2 6 ,  

C x 3 0 ,  C x 3 1 ,  C x 4 3 )  h e r v o r g e r u f e n  w e r d e n  ( C a r r a s q u i l l o  e t  a l . ,  

1 9 9 7 ;  D e n o y e l l e  e t  a l . ,  1 9 9 7 ;  K e l s e l l  e t  a l . ,  1 9 9 7 ;  X i a  e t  a l . ,  

1 9 9 8 ;  G r i f a  e t  a l . ,  1 9 9 9 ;  L i u  e t  a l . ,  2 0 0 1 ;  B i t n e r - G l i n d z i c z  e t  a l . ,  

2 0 0 2 ;  S t o i k o v i c  e t  a l . ,  1 9 9 9 ;  M a t s u y a m a  e t  a l . ,  2 0 0 1 ) .   

C x 2 6 -  M u t a t i o n e n  w e r d e n  a l s  h ä u f i g s t e  U r s a c h e  h e r e d i t ä r e r ,  n o n -

s y n d r o m a l e r  S c h w e r h ö r i g k e i t e n  a n g e s e h e n  ( B i t n e r - G l i n d z i c z  e t  

a l . ,  2 0 0 2 ) .  S i e  k ö n n e n  j e d o c h  a u c h  e i n e  R e i h e  a n d e r e r ,  k l i n i s c h  

r e l e v a n t e r  S y n d r o m e  j e n s e i t s  d e s  I n n e n o h r e s  i n d u z i e r e n ,  w i e  z . B .  

d a s  K I D - S y n d r o m  ( K e r a t i t i s - I c h t y o s i s - D e a f n e s s ) ,  d a s  H I D -  

S y n d r o m  ( V a n  G e e l  e t  a l . ,  2 0 0 2 ) ,  d a s  V o h w i n k e l s -  S y n d r o m  u n d  

d a s  P a l m o p l a n t a r - K e r a t o d e r m a - S y n d r o m  ( R a b i o n e t  e t  a l . ,  2 0 0 2 ) .  

C x 2 6  w i r d  a u c h  a l s  T u m o r s u p p r e s s o r -  G e n  i n  v e r s c h i e d e n e n  

K a r z i n o m f o r m e n  d i s k u t i e r t  ( T a n a k a  e t  a l . ,  2 0 0 4 ;  M o m i y a m a  e t  a l . ,  

2 0 0 3 ;  G e e  e t  a l . ,  2 0 0 3 ) .  

A u f g r u n d  e i n e s  i n  d e n  l e t z t e n  J a h r e n  s t a r k  z u n e h m e n d e n   

w i s s e n s c h a f t l i c h e m  I n t e r e s s e  a n  K o n n e x i n e n  d u r c h  d i e  A s s o z i a t i o n  

m i t  E r k r a n k u n g e n  ( P u b m e d -  R e c h e r c h e :  2 0 0 8 ,  5 9 7 7  H i t s ;  2 0 0 3 ,  

7 1 0  H i t s ;  1 9 9 7 ,  2 3 0  H i t s ;  1 9 9 3 ,  1 1 0  H i t s )  i s t  e i n e  u m f a s s e n d e  
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Ü b e r s i c h t  ü b e r  d i e  E x p r e s s i o n  v o n  K o n n e x i n e n  i n  d e n  

u n t e r s c h i e d l i c h e n  h u m a n e n ,  M a u s -  o d e r  R a t t e n g e w e b e n  s e h r  

s c h w i e r i g  ( v g l .  G o o d e n o u g h  e t  a l . ,  1 9 9 6 ) .  

 

 

 

 

 

 

 

A b b .  3 :   

D a s  D e n d o g r a m  i l l u s t r i e r t  d i e  p h y l o g e n e t i s c h e  B e z i e h u n g  d e r  K o n n e x i n e  

s o w i e  d e r e n  R N A -  E x p r e s s i o n  b z w .  d e n  i m m u n h i s t o c h e m i s c h e n  N a c h w e i s  i n  

d e n  E i n z e l g e w e b e n .  

 

1 . 3 .  V o r k o m m e n  u n d  f u n k t i o n e l l - k l i n i s c h e  R e l e v a n z  v o n  Z e l l - Z e l l -

K a n ä l e n  ( g a p  j u n c t i o n s )  i m  I n n e n o h r  

E l e k t r o n e n m i k r o s k o p i s c h e  U n t e r s u c h u n g e n  m i t t e l s  G e f r i e r b r u c h  

h a b e n  b e r e i t s  i n  d e n  7 0 e r  J a h r e n  m o r p h o l o g i s c h  e i n e  a u s g e p r ä g t e  

i n t e r z e l l u l ä r e  K o p p l u n g  d e r  l a b y r i n t h ä r e n  G e w e b s a n t e i l e  

n a c h g e w i e s e n  ( J a h n k e  e t  a l . ,  1 9 7 5 ;  I u r a t o  e t  a l . ,  1 9 7 6 ;  I u r a t o  e t  
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a l . ,  1 9 7 7 ;  F o r g e  e t  a l . ,  1 9 9 9 ) .  D a s  A u s m a ß  d e r  i n t e r z e l l u l ä r e n  

K o p p l u n g  u m f a s s t  t e i l w e i s e  2 5  %  d e r  P l a s m a m e m b r a n  z w i s c h e n  

b e n a c h b a r t e n  S t ü t z z e l l e n  d e s  I n n e n o h r e s .  D a  j e d e r  Z e l l - Z e l l - K a n a l  

a u s  P l a q u e s  v o n  ü b e r  1 0 0  0 0 0  K a n ä l e n  b e s t e h t ,  h a n d e l t  e s  s i c h  

d a b e i  u m  e i n e  d e r  a m  i n t e n s i v s t e n  g e k o p p e l t e n  R e g i o n e n  d e s  

m e n s c h l i c h e n  O r g a n i s m u s  ( F o r g e  e t  a l . ,  2 0 0 3 ) .  W ä h r e n d  E i n i g k e i t  

d a r ü b e r  h e r r s c h t ,  d a s s  Z e l l - Z e l l - K a n ä l e  z w i s c h e n  S i n n e s z e l l e n  

( H a a r z e l l e n )  d e s  I n n e n o h r e s  u n d  S t ü t z z e l l e n  b e i  d e n  

v e r s c h i e d e n e n  A r t e n  f e h l e n  ( F o r g e  e t  a l . ,  2 0 0 3 ) ,  w i r d  d i e  

K o p p l u n g  z w i s c h e n  s e n s o r i s c h e m  E p i t h e l  d e r  V e s t i b u l a r o r g a n e  

u n d  d e r e r  S t ü t z z e l l e n  k o n t r o v e r s  d i s k u t i e r t  ( N a d o l  e t  a l . ,  1 9 7 6 ;  

H a m a  e t  a l . ,  1 9 8 0 ;  M u l r o y  e t  a l . ,  1 9 9 3 ;  F o r g e  e t  a l . ,  2 0 0 3 ) .  

I m m u n h i s t o c h e m i s c h e  U n t e r s u c h u n g e n  h a b e n  d i e  K o n n e x i n e  2 6 ,  

3 0 ,  3 1 ,  3 2  u n d  4 3  i m  I n n e n o h r  u n d  2 6 ,  3 0  u n d  4 3  i n  d e n  

V e s t i b u l a r o r g a n e n  n a c h w e i s e n  k ö n n e n  ( K i k u c h i  e t  a l . ,  1 9 9 4 ;  

K i k u c h i  e t  a l . , 1 9 9 5 ;  L a u t e r m a n n  e t  a l . ,  1 9 9 8 ;  X i a  e t  a l . ,  2 0 0 1 ;  

F o r g e  e t  a l . ,  2 0 0 3 ) ,  w o b e i  e i n e  e n g e  m o r p h o l o g i s c h e  K o r r e l a t i o n  

v o n  C x 2 6  z u  d e n  S c h l u s s l e i s t e n p r o t e i n e n  ( t i g h t  j u n c t i o n s )  

O c c l u d i n  u n d  Z O - 1  b e o b a c h t e t  w e r d e n  k o n n t e  ( S u z u k i  e t  a l . ,  

2 0 0 1 ) .   

W ä h r e n d  m a n  C x 2 6  u n d  C x 3 0  i n  v e r s t ä r k t e m  M a ß e  i n  d e r  R e g i o n  

d e s  C o r t i - O r g a n s  u n d  d e n  B a s a l z e l l e n  d e r  S t r i a  v a s c u l a r i s  

n a c h w e i s e n  k o n n t e ,  f i n d e t  s i c h  C x 4 3  i n  d e r  s t r i a l e n  

M a r g i n a l z e l l r e g i o n ,  d e n  T y p - I -  F i b r o c y t e n  u n d  d e n  a p i k a l e n  

A n t e i l e n  d e r  D e i t e r s z e l l e n  ( L i u  e t  a l . ,  2 0 0 1 ;  F o r g e  e t  a l . ,  2 0 0 3 ) .  

C x 3 1  f i n d e t  s i c h  i n  d e n  T y p - I I -  F i b r o z y t e n  ( X i a  e t  a l . ,  2 0 0 1 )  u n d  

C x 3 2  w u r d e  i n  d e r  L i t e r a t u r  n u r  e i n m a l i g  i m  I n n e n o h r  

n a c h g e w i e s e n  ( F o r g e  e t  a l . ,  1 9 9 9 ) .  A u f g r u n d  d e r  a u s g e p r ä g t e  

K o l o k a l i s a t i o n  v o n  C x 2 6  u n d  C x 3 0  w u r d e  d i e  B i l d u n g  v o n  

h e t e r o t y p i s c h e n  o d e r  a u c h  h e t e r o m e r e n  K a n ä l e n  a l s  w a h r s c h e i n l i c h  

a n g e s e h e n  ( L a u t e r m a n n  e t  a l . ,  1 9 9 8 ) ,  s o  d a s s  a u c h  k ü r z l i c h  d e r  

N a c h w e i s  h e t e r o m e r e r  K o n n e x o n e  m i t t e l s  I m m u n p r ä z i p i t a t i o n  

g e l a n g  ( F o r g e  e t  a l . ,  2 0 0 3 ;  A h m a d  e t  a l . ,  2 0 0 3 ) .   
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F u n k t i o n e l l  w i r d  a n g e n o m m e n ,  d a s s  Z e l l - Z e l l - K a n ä l e  i m  I n n e n o h r  

z u r  A u f r e c h t e r h a l t u n g  e i n e s  i n t e r z e l l u l ä r e n  K o m m u n i k a t i o n s w e g e s  

e r f o r d e r l i c h  s i n d ,  d e r  K a l i u m i o n e n  n a c h  d e m  F r e i w e r d e n  a u s  d e n  

S i n n e s z e l l e n  z e i t n a h  e n t f e r n t  u n d  s o  d i e  R e p o l a r i s i e r b a r k e i t  

s i c h e r t  ( l o k a l e r  K a l i u m p u f f e r m e c h a n i s m u s )  ( J o h n s t o n e  e t  a l . ,  

1 9 8 9 ) .   J o h n s t o n e  u n d  M i t a r b e i t e r  k o n n t e n  1 9 8 9  e i n e n  A n s t i e g  u n d  

e i n e  s c h n e l l e  M i n d e r u n g  d e s  K a l i u m g r a d i e n t e n  n a c h  

D e p o l a r i s a t i o n  n a c h w e i s e n .  E s  k a n n  d e s h a l b  a n g e n o m m e n  w e r d e n ,  

d a s s  d i e  S t ü t z z e l l e n  K a l i u m  ü b e r  d e n  K - C l  C o t r a n s p o r t e r  K C C 4  

( B o e t t g e r  e t  a l . ,  2 0 0 2 )  o d e r  a n d e r e  K a l i u m k a n ä l e  –  z . B .  K C N Q 4  

( L i a n g  e t  a l . ,  2 0 0 4 ) ,  M E R G  1 a  ( N i e  e t  a l . ,  2 0 0 4 )  o d e r  K i r  4 . 1  

( C h i b a  e t  a l . ,  2 0 0 4 ) -  a u f n e h m e n  u n d  m i t t e l s  e i n e s  Z e l l - Z e l l -

K a n a l n e t z w e r k e s  a b t r a n s p o r t i e r e n  u n d  s o m i t  d i e  i o n a l e  

H o m ö o s t a s e  u m  d i e  ä u ß e r e n  H a a r z e l l e n  a u f r e c h t  e r h a l t e n .  

E l e k t r o p h y s i o l o g i s c h e  U n t e r s u c h u n g e n  a n  d e p o l a r i s i e r t e n  O H C  

u n d  D e i t e r s z e l l e n ,  d e r  n ä c h s t g e l e g e n e n  S t ü t z z e l l p o p u l a t i o n  i m  

C o r t i - O r g a n ,  b e l e g e n  e i n e n  a u s w ä r t s g e r i c h t e t e n  K a l i u m s t r o m  d e r  

O H C  u n d  e i n w ä r t s g e r i c h t e t e n  K a l i u m s t r o m  d e r  D e i t e r s z e l l e n  

( L a g o s t e n a  e t  a l . ,  2 0 0 3 ) ,  s o  d a s s  d i e s e  E r g e b n i s s e  d i e  H y p o t h e s e  

v o m  l o k a l e n  K a l i u m p u f f e r m e c h a n i s m u s  s t ü t z e n .  

E b e n s o  w a h r s c h e i n l i c h  i s t ,  d a s s  d i e  Z e l l - Z e l l - K a n ä l e  z u r  

A u f r e c h t e r h a l t u n g  d e s  h o c h p o s i t v e n ,  e n d o c o c h l e ä r e n  P o t e n t i a l s  ( +  

8 5 m V )  b e i t r a g e n ,  s o  d a s s  d i e s e r  „ B a t t e r i e s t r o m “  d i e  

R e p o l a r i s i e r u n g  d e r  O H C  i n i t i i e r e n  k a n n  ( K i k u c h i  e t  a l . ,  1 9 9 5 ;  

W a n g e m a n n  e t  a l . ,  2 0 0 2 ) .   I n  d e r  S t r i a  v a s c u l a r i s ,  d e m  f ü r  d i e  

G e n e r a t i o n  u n d  A u f r e c h t e r h a l t u n g  d e s  e n d o c o c h l e ä r e n  P o t e n t i a l s  

( E P )  z e n t r a l e n  G e w e b e ,  b e s t e h t  e b e n f a l l s  e i n e  a u s g e p r ä g t e  

i n t e r z e l l u l ä r e  K o p p l u n g  ( F o r g e ,  1 9 8 4 ) ,  v o r  a l l e m  a n  d e n  

B a s a l z e l l e n  ( F o r g e ,  1 9 8 5 ;  C a r l i s l e  e t  a l . ,  1 9 9 0 ;  S o u t e r  e t  a l . ,  

1 9 9 8 ) .  S t r i a l e  B a s a l z e l l e n  b i l d e n  m i t  l i g a m e n t ä r e n  F i b r o z y t e n  

Z e l l - Z e l l - K a n ä l e .  D i e s e  F i b r o z y t e n  s i n d  r e i c h  a n  N a /  K - A T P a s e n  

( M c  G u i r t  e t  a l . ,  1 9 9 4 ;  S c h u l t e  e t  a l . ,  1 9 9 4 ) ,  s o  d a s s  a u s  d e n  O H C  
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s t a m m e n d e s  K a l i u m  v e r m u t l i c h  v o n  d e n  l i g a m e n t ä r e n  F i b r o z y t e n  

i n  d i e  S t r i a  v a s c u l a r i s  ü b e r f ü h r t  w i r d  ( S o u t e r  e t  a l . ,  1 9 9 8 ) .   

A n  C x 3 0 - K n o c k - o u t - M ä u s e n  k o n n t e  g e z e i g t  w e r d e n ,  d a s s  k e i n  

e n d o c o c h l e ä r e s  P o t e n t i a l  g e n e r i e r t  w i r d  u n d  a u c h  d i e  O H C  

z u g r u n d e  g e h e n  ( T e u b n e r  e t  a l . ,  2 0 0 3 ) .  E i n  O H C - V e r l u s t  l ä s s t  s i c h  

e b e n f a l l s  d u r c h  e i n e  C x 2 6 - t a r g e t e d - A b l a t i o n  o d e r  E x p r e s s i o n  

e i n e r  d o m i n a n t e n  C x - 2 6 -  M u t a t i o n  b e i  M ä u s e n  i n d u z i e r e n ,  w o b e i  

h i e r  j e d o c h  d a s  E P  w e i t e r  b e s t e h t  ( C o h e n - S a l o m o n  e t  a l . ,  2 0 0 2 ;  

K u d o  e t  a l . ,  2 0 0 2 ) .   

B i s h e r  s i n d  8  a u t o s o m a l  d o m i n a n t e  u n d  1 1 0  a u t o s o m a l  r e z e s s i v e  

C x 2 6 -  M u t a t i o n e n ,  2  a u t o s o m a l - d o m i n a n t e  C x 3 0 - ,  2  a u t o s o m a l -  

d o m i n a n t e  b z w .  3  a u t o s o m a l - r e z e s s i v e  C x 3 1 -  s o w i e  2  a u t o s o m a l -  

r e z e s s i v e  C x 4 3 -  M u t a t i o n e n  b e s c h r i e b e n ,  d i e  m i t  e i n e r  H ö r -

m i n d e r u n g  u n t e r s c h i e d l i c h e n  A u s m a s s e s  e i n h e r g e h e n  ( “ T h e  

K o n n e x i n  d e a f n e s s  h o m e p a g e “ ,  S t a n d  6 / 2 0 0 3 -  

h t t p : / / w w w . c r g . e s / d e a f n e s s / ) .  

D i e  E x p r e s s i o n  d e r  m R N A  e i n z e l n e r  C x 2 6 -  M u t a t i o n e n  i n  d e n  

g ä n g i g e n  E x p r e s s i o n s m o d e l l e n  ( X e n o p u s  l a e v i s ,  H e L a -  Z e l l e n )  

z e i g t  i n  v i e l e n  F ä l l e n  Ü b e r e i n s t i m m u n g  d e r  e x p r i m i e r t e n  Z e l l -

Z e l l - K a n ä l e  m i t  d e n  M u t a n t e n ,  d i e  d i e  k l i n i s c h  r e l e v a n t e n  

H ö r s t ö r u n g e n  v e r u r s a c h e n  ( K e l s e l l  e t  a l . ,  1 9 9 7 ;  G r i f a  e t  a l . ,  1 9 9 9 ;  

M a r t i n  e t  a l . ,  1 9 9 9 ) .  I n  e i n i g e n  b i s h e r  b e s c h r i e b e n e n  E i n z e l f ä l l e n  

l i e s s e n  s i c h  d i e  e l e k t r o p h y s i o l o g i s c h e n  L e i t f ä h i g k e i t e n  d e r  

a r t i f i z e l l e n  K a n ä l e  m i t  e i n e m  a n g e n o m m e n e n  K o m p l e t t a u s f a l l  d e r  

F u n k t i o n  d e s   n a t ü r l i c h e n  K a n a l s  ( u n d  d a m i t  k l i n i s c h e r  T a u b h e i t )  

j e d o c h  n i c h t  i n  E i n k l a n g  b r i n g e n .  S o  f a n d e n  s i c h  z . B .  r e g e l r e c h t e  

L e i t f ä h i g k e i t e n  b e i  C x - M u t a t i o n e n  i m  E x p r e s s i o n s m o d e l l  b e i  

k l i n i s c h  n a c h g e w i e s e n e r  T a u b h e i t  d e s  b e t r o f f e n e n  P a t i e n t e n  o d e r  

e i n e  A u f h e b u n g  d e r  L e i t f ä h i g k e i t  b e i  e i n e r  b i s h e r  f ü r  e i n e n  

P o l y m o r p h i s m u s  g e h a l t e n e n  M u t a t i o n  ( s i e h e  V 8 4 L ;  V 3 7 I ,  

B r u z z o n e  e t  a l . ,  2 0 0 3 ) .  D i e s e  B e o b a c h t u n g e n  u n d  a u c h  d i e  

b e o b a c h t e t e  h o h e  V a r i a b i l i t ä t  d e s  P h e n o t y p s  i s t  i n  v i v o  

w a h r s c h e i n l i c h  a u f  d i e  b e s c h r i e b e n e  K o e x p r e s s i o n  v o n  C x 2 6  u n d  
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C x 3 0  u n d  e i n e  k o m p e n s a t o r i s c h e  G e g e n r e g u l a t i o n  b z w .  a u f  e i n e n  

w e i t e r e n ,  n e b e n  d e r  C x -  M u t a t i o n  b e s t e h e n d e n  D e f e k t  

z u r ü c k z u f ü h r e n  ( d e  B r o u w e r  e t  a l . ,  2 0 0 2 ) .  

 

 K l i n i s c h e  B e d e u t u n g  v o n  K o n n e x i n -  M u t a t i o n e n  

 f ü r  d a s  H ö r e n  

I n  e i n e m  w e i t e r e n  k l i n i s c h e n  T e i l  s o l l t e  d i e  p h ä n o t y p i s c h e  

A u s p r ä g u n g  v o n  K o n n e x i n -  M u t a t i o n e n  i m  H i n b l i c k  a u f  d a s  

H ö r e n v e r m ö g e n  n ä h e r  u n t e r s u c h t  w e r d e n .   

B i s h e r  w u r d e n  3 5  G e n e  i d e n t i f i z i e r t ,  d i e  m i t  n i c h t  s y n d r o m a l e n  

F o r m e n  d e r  S c h w e r h ö r i g k e i t  a s s o z i i e r t  w e r d e n .  C x 2 6 -  M u t a t i o n e n  

w e r d e n  f ü r  e t w a  5 0  %  d e r  a u t o s o m a l -  r e z e s s i v e n ,  n i c h t  

s y n d r o m a l e n  F o r m e n  v o n  s e n s o r i n e u r a l e r  S c h w e r h ö r i g k e i t  

v e r a n t w o r t l i c h  g e m a c h t .  M e h r  a l s  9 0  M u t a t i o n e n  a u f  d e m  C x 2 6 -  

G e n  w u r d e n  b i s h e r  b e s c h r i e b e n  ( G u a l a n d i  e t  a l . ,  2 0 0 3 ) .  W i e  

b e r e i t s  a n g e f ü h r t ,  w i r d  e i n e  S t ö r u n g  d e r  i n t e r n e n  

K a l i u m h o m ö o s t a t s e  d e s  C o r t i o r g a n s  ( K e l s e l l  e t  a l . ,  1 9 9 7 )  a l s  

U r s a c h e  d e r  H ö r s c h ä d i g u n g  g e s e h e n .  H i e r f ü r  w e r d e n  M u t a t i o n e n  

d e r  G e n l o c i  G J B 2  u n d  G J B 6 ,  d i e  K o n n e x i n -  2 6  u n d  K o n n e x i n -  3 0  

k o d i e r e n ,  v e r a n t w o r t l i c h  g e m a c h t .   

D a s  k l i n i s c h e  B i l d  d e s  H ö r v e r l u s t e s  k a n n  j e d o c h  s e h r  v a r i a b e l  

s e i n .  N e b e n  d e n  h o m o z y g o t e n  M u t a t i o n e n ,  w e l c h e  ü b l i c h e r w e i s e  

m i t  h o c h g r a d i g e n  F o r m e n  d e r  S c h w e r h ö r i g k e i t e n  e i n h e r g e h e n ,  i s t  

d a s  k l i n i s c h e  B i l d  d e r  “ c o m p o u n d  h e t e r o z y g o t e n  M u t a t i o n e n “  i n  

e i n i g e n  F ä l l e n  m i t  e i n e r  v a r i a b l e n  A u s p r ä g u n g  d e r  H ö r m i n d e r u n g  

b e s c h r i e b e n  w o r d e n  ( C r y n s  e t  a l . ,  2 0 0 3 ) .  D o m i n a n t e  F o r m e n  

h e t e r o z y g o t e r  M u t a t i o n e n  s i n d  z u m e i s t  m i t  e i n e r  T a u b h e i t  u n d  

a u c h  z u s ä t z l i c h e n  S y m p t o m e n ,  w i e  z . B .  H a u t e r k r a n k u n g e n   

a s s o z i i e r t  ( R a b i o n e t  e t  a l . ,  2 0 0 2 ) .  I n  e t w a  3 0  %  d e r  P a t i e n t e n  m i t  

h e t e r o z y g o t e n  G J B 2  M u t a t i o n e n  t r e t e n  d i e  H ö r m i n d e r u n g e n  o h n e  

e i n e n  n a c h w e i s b a r e n  B e z u g  a u f  ( M a r l i n  e t  a l . ,  2 0 0 1 ) .  B e s o n d e r s  i n  

d i e s e n  F ä l l e n  w i r d  d a s  z u s ä t z l i c h e  B e s t e h e n  v o n  b i s h e r  n i c h t  

b e k a n n t e n  M u t a t i o n e n  a n g e n o m m e n .  
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N e u e r e  A r b e i t e n  s c h e i n e n  e i n i g e  d i e s e r  g e n e t i s c h  u n k l a r e n  F o r m e n  

d e r  H ö r m i n d e r u n g  d u r c h  d i e  B e s c h r e i b u n g  z u s ä t z l i c h e r  M u t a t i o n e n  

d e s  G J B 6  z u  e r k l ä r e n  ( 3 4 2 - k b  d e l e t i o n ,  2 3 2 - k b  d e l e t i o n  i n c l u d i n g  

G J B 6 )  ( d e l  C a s t i l l o  e t  a l . ,  2 0 0 2 ;  L e r e r  e t  a l . ,  2 0 0 1 ;  P a l a r e s - R u i z  

e t  a l . ,  2 0 0 2 ;  d e l  C a s t i l l o  e t  a l . ,  2 0 0 5 ;  B o l z  e t  a l . ,  2 0 0 4 ) .  W ä h r e n d  

g r o ß e  S t u d i e n  a u s s c h l i e ß l i c h  d i e  A u s p r ä g u n g  d e s  G r a d e s  d e r  

H ö r m i n d e r u n g  m i t  d e n  v e r s c h i e d e n e n  M u t a t i o n e n  i n  B e z i e h u n g  

s e t z t e n  ( S n o e c k x  e t  a l . ,  2 0 0 5 ;  W e l c h  e t  a l . ,  2 0 0 7 ) ,  f e h l t  b i s h e r  

e i n e  K o r r e l a t i o n  z u  d e n  ü b l i c h e n  n e u r o t o l o g i s c h e n  K r a n k h e i t s -  

b i l d e r n ,  w i e  s i e  u n s  i n  d e r  K l i n i k  b e g e g n e n .  

 

1 . 5  Z i e l s e t z u n g  

D a s  Z i e l  d e s  e l e k t r o p h y s i o l o g i s c h e n  T e i l s  d e r  v o r l i e g e n d e n  A r b e i t  

w a r  e s ,  e r s t m a l i g  e i n e  e l e k t r o p h y s i o l o g i s c h e  C h a r a k t e r i s i e r u n g  d e r  

z e n t r a l e n  S t ü t z z e l l p o p u l a t i o n  d e r  C o c h l e a  -  d e r  H e n s e n z e l l e n  -  

m i t t e l s  d e r  d o p p e l t e n  G a n z z e l l a b l e i t u n g  ( d o u b l e  w h o l e - c e l l  p a t c h -

c l a m p -  K o n f i g u r a t i o n  ( D W P C ) )  v o r z u n e h m e n .  D i e  D W P C -  T e c h n i k  

g i l t  i n  d e r  e l e k t r o p h y s i o l o g i s c h e n  L i t e r a t u r  a l s  d e r  G o l d s t a n d a r d  

d e r  U n t e r s u c h u n g  d e r  g a p -  j u n c t i o n a l e n  K o p p l u n g  ( G J I C ) .  S i e  

b i e t e t  m e h r e r e  V o r t e i l e  g e g e n ü b e r  a n d e r e n  T e c h n i k e n  ( z . B .  d e r  

F l u o r e s z e n z f a r b s t o f f t e c h n i k ) ,  i n d e m  d i e  Z e l l m e m b r a n  b e i  d e n  

U n t e r s u c h u n g e n  i n t a k t  b l e i b t  u n d  E i n z e l k a n a l m e s s u n g e n  ü b e r  

e i n e n  l ä n g e r e n  Z e i t r a u m  v o r g e n o m m e n  w e r d e n  k ö n n e n .   

A u ß e r d e m  s o l l t e n  p a t h o p h y s i o l o g i s c h e ,  i n t r a c o c h l e ä r e  

V e r ä n d e r u n g e n  i n  i h r e m  E i n f l u ß  a u f  d i e  G J I C  u n t e r s u c h t  w e r d e n ,  

u m  s o  R ü c k s c h l ü s s e  a u f  d i e  B e e i n f l u s s b a r k e i t  d e r  O H C  u n d  a u f  

d i e  k l i n i s c h e  E n t s t e h u n g  v o n  I n n e n o h r s c h w e r h ö r i g k e i t e n  z u  

z i e h e n .  D a b e i  w u r d e  v o r  a l l e m  d i e  R o l l e  f r e i e r  R a d i k a l e r  ( r a d i c a l  

o x y g e n  s p e c i e s ,  R O S )  n ä h e r  u n t e r s u c h t ,  d a  s i e  b e i  v e r s c h i e d e n e n  

S c h ä d i g u n g s m u s t e r n  d e s  I n n e n o h r e s  ( A m i n o g l y k o s i d t o x i z i t ä t ,  

l ä r m i n d u z i e r t e  S c h w e r h ö r i g k e i t  u n d  A l t e r s c h w e r h ö r i g k e i t )  e i n e  

z e n t r a l e  R o l l e  s p i e l e n  ( S e i d m a n n  e t  a l . ,  1 9 9 1 ;  Q u i r k  e t  a l . ,  1 9 9 4 ;  

G a r e t z  e t  a l . ,  1 9 9 4 a ,  1 9 9 4 b ;  P r i u s k a  e t  a l . ,  1 9 9 5 ;  R a v i  e t  a l . ,  
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1 9 9 5 ,  C l e r i c i  e t  a l . ,  1 9 9 5 ;  1 9 9 6 ;  C l e r i c i  a n d  Y a n g  1 9 9 6 ;  H i r o s e  e t  

a l . ,  1 9 9 7 ;  K o p k e  e t  a l . ,  1 9 9 7 ;  L o p e z -  G o n z a l e z  e t  a l . ,  1 9 9 8 ;  

S e i d m a n n  a n d  S h i v a p u j a ,  1 9 9 3 ,  Q u i r k  e t  a l . ,  1 9 9 4 ;  H u  e t  a l . ,  

1 9 9 7 ) .  

Z i e l  d e s  k l i n i s c h e n  T e i l s  d e r  A r b e i t  w a r  e s ,  d i e  H ä u f i g k e i t  d e s  

A u f t r e t e n s  v o n  G J B 2  a n d  G J B 6  M u t a t i o n e n  i n  e i n e r  g r ö ß e r e n  

G r u p p e  o t o l o g i s c h e r  P a t i e n t e n  u n d  n i c h t  o t o l o g i s c h e r  K o n t r o l l e n   

z u  u n t e r s u c h e n  u n d  d i e  e r h o b e n e n  E r g e b n i s s e  m i t  d e n  k l i n i s c h -  

a u d i o l o g i s c h e n  U n t e r s u c h u n g s b e f u n d e n  z u  k o r r e l i e r e n .  

 

D e r  v o r l i e g e n d e  e l e k t r o p h y s i o l o g i s c h e  T e i l  d e r  A r b e i t  w u r d e  

d u r c h g e f ü h r t  i m  I n s t i t u t  f ü r  B i o p h y s i k  d e r  U n i v e r s i t ä t  H a n n o v e r  

u n t e r  d e r  L e i t u n g  v o n  P r o f .  H a n s  A l b e r t  K o l b .  D e r  e x p e r i m e n t e l l e  

T e i l  d e r  A r b e i t  w u r d e  i m  J u n i  2 0 0 0  a b g e s c h l o s s e n .  D e r  k l i n i s c h e  

T e i l  w u r d e  u n t e r  M i t h i l f e  v o n  D r .  H a n s  C h r i s t i a n  H e n n i e s ,  M a x -  

D e l b r ü c k - C e n t e r  B e r l i n -  B u c h ,  d u r c h g e f ü h r t ,  u n d  a m  

U n f a l l k r a n k e n h a u s  B e r l i n  E n d e  2 0 0 6  a b g e s c h l o s s e n .  
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                      2 .   M a t e r i a l  u n d  M e t h o d e n  

2 . 1   V e r s u c h s t i e r e  u n d  d e r e n  H a l t u n g   

D i e  A u f z u c h t  u n d  H a l t u n g  d e r  T i e r e  w u r d e  g e m ä ß  §  2  u n d  §  8 b  d e s  

g e l t e n d e n  T i e r s c h u t z g e s e t z e s  ( B G B I .  I S . 1 0 9 4 ,  2 5 . 0 6 . 1 9 9 8 )  d u r c h  

d a s  I n s t i t u t  f ü r  V e r s u c h s t i e r h a l t u n g  d e r  M e d i z i n i s c h e n  H o c h s c h u l e  

H a n n o v e r  ( D i r e k t o r :  P r o f .  D r .  H . J .  H e d r i c h )  ü b e r n o m m e n .  

A l s  V e r s u c h s t i e r e  w u r d e n  j u n g e ,  p i g m e n t i e r t e  M e e r s c h w e i n c h e n  

b e i d e r l e i  G e s c h l e c h t s  m i t  e i n e m  D u r c h s c h n i t t s g e w i c h t  v o n  2 5 0  g  

b i s  3 0 0  g  s o w i e  i n t a k t e m  P r e y e r -  R e f l e x  v e r w a n d t .  D i e  T i e r e  

w u r d e n  b e i  P e l l e t f u t t e r  u n d  W a s s e r  a d  l i b i t u m  i n  k o n s t a n t e m  T a g /  

N a c h t - R h y t h m u s  g e h a l t e n .  

D i e  T ö t u n g  d e r  T i e r e  z u m  Z w e c k  d e r  O r g a n e n t n a h m e  ( E n t n a h m e  

d e r  B u l l a  t y m p a n i c a )  z u  w i s s e n s c h a f t l i c h e n  Z w e c k e n  i s t  w e d e r  

a n z e i g e -  n o c h  g e n e h m i g u n g s p f l i c h t i g .  D i e  e n t s p r e c h e n d e n  

A u f l a g e n  n a c h  § 4 , § 7 , § 8  s o w i e  § 9  d e s  T i e r s c h u t z g e s e t z e s  w u r d e n  

e r f ü l l t .  

2 . 2  P r ä p a r a t i o n  d e r  I n n e n o h r g e w e b e a n t e i l e  

 

N a c h  e r f o l g t e r  A n ä s t h e s i e  m i t t e l s  i n t r a p e r i t o n e a l e r  A p p l i k a t i o n  

v o n  2 0 0  m g /  k g  P h e n o b a r b i t a l  e r f o l g t  d e r  Z u g a n g  z u r  B u l l a  

t y m p a n i c a  v o n  v e n t r o l a t e r a l .   N a c h  E n t n a h m e  d e r  B u l l a  e r f o l g t  d i e  

E r ö f f n u n g  m i t t e l s  P r ä p a r a t i o n s n a d e l  u n t e r  e i n e m  b i n o k u l a r e n  

A u f l i c h t m i k r o s k o p  ( L e i t z ,  W e t z l a r )  u n t e r  1 5 - f a c h e r  V e r g r ö ß e r u n g .  

N a c h  D a r s t e l l u n g  d e r  C o c h l e a  w u r d e  d i e  k n ö c h e r n e  C o c h l e a w a n d  

u n t e r  v o r s i c h t i g e m  E r h a l t  d e s  H ä u t c h e n p r ä p e r a t e s  a b g e s c h o b e n .  E s  

e r f o l g t e  d i e  m i k r o s k o p i s c h e  D i s s e k t i o n  d e r  S t r i a  v a s c u l a r i s  m i t  

z w e i  P r ä p e r a t i o n s n a d e l n ,  b e g i n n e n d  a m  H e l i c o t r e m a .  U n t e r  S i c h t  

a u f  d a s  C o r t i - O r g a n  e r f o l g t  d i e  A u s l ö s u n g  v o n  d e r  S p i t z e  b i s  z u r  

b a s a l e n  W i n d u n g  u n d  Ü b e r f ü h r u n g  a u f  e i n e n  O b j e k t t r ä g e r  m i t  

H B S S .  A l t e r n a t i v  w u r d e  k a u d a l  d e r  L a m i n a  s p i r a l i s  o s s e a ,  d e r  

b a s a l e n  W i n d u n g ,  d e r  M o d i o l u s  m i t  d e m  N . c o c h l e a r i s  s c h a r f  
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d u r c h t r e n n t  u n d  n a c h  Ü b e r f ü h r u n g  i n  d e n  H B S S - b e f e u c h t e t e n  

O b j e k t t r ä g e r  w i e  o b e n  b e s c h r i e b e n  w e i t e r  p r ä p a r i e r t .  

E s  f o l g t e  d i e  m i k r o s k o p i s c h e  T r e n n u n g  d e r  c o c h l e ä r e n  

Z e l l v e r b ä n d e  m i t t e l s  P r ä p a r a t i o n s n a d e l  u n d  I d e n t i f i k a t i o n  d e r  

H e n s e n z e l l e n  a u f g r u n d  i h r e r  c h a r a k t e r i s t i s c h e n  L i p i d i n k l u s i o n e n .  

N a c h  A u f n a h m e  d e r  H e n s e n z e l l e n  e r f o l g t e  d i e  Ü b e r f ü h r u n g  a u f  

b e s c h i c h t e t e  D e c k g l ä s c h c h e n  ( C e l l - T a k ,  B e c t o n  D i c k e n s o n ,  U S A ) .  

N a c h  A b s a u g e n  d e s  H B S S -  Ü b e r s t a n d e s  w u r d e  i n  K o l l a g e n a s e  I I  

( 5 0 0  U /  m l  i n  C a
2 +

 f r e i e m  H B S S ,  W o r t h i n g t o n )  o d e r  T r y p s i n  ( 5 0 0  

U / m l ,  i n  C a
2 +

 f r e i e m  H B S S ,  S i g m a )  ü b e r  1 5  m i n  b i s  4 5  m i n  

i n k u b i e r t .  N a c h  n o c h m a l i g e m  A b s a u g e n  u n d  m e h r f a c h e r  S p ü l u n g  

m i t  H B S S  e r f o l g t  d i e  Ü b e r n a h m e  i n  d i e  M e s s a p p a r a t u r .  

S o w o h l  i s o l i e r t e  Z e l l p a a r e  a l s  a u c h  Z e l l k o n g l o m e r a t e  w u r d e n  z u r  

M e s s u n g  g e n u t z t ,  w o b e i  s i c h  h i e r d u r c h  k e i n e  K o n s e q u e n z e n  f ü r  

d i e  L e i t f ä h i g k e i t e n  e r g e b e n   ( J u n k e r  e t  a l . ,  2 0 0 0 ) .  

D a b e i  w u r d e n  v e r s c h i e d e n e  L ö s u n g e n  e i n g e s e t z t ,  a l s  

S t a n d a r d b a d l ö s u n g  w u r d e  H B S S  ( S i g m a ,  S t .  L o u i s ,  U S A )  

v e r w a n d t ,  w e l c h e s  n a c h  P u f f e r u n g  m i t  H E P E S  a u f  e i n e n  p H  v o n  

7 . 2 4  ( d i g i t a l e s  p H - M e t e r ,  K n i c k  6 4 6 )  u n d  e i n e  O s m o l a r i t ä t  v o n  

3 0 0  m o s o m l / k g  e i n g e s t e l l t  w u r d e n  ( V a p o r  P r e s s u r e  O s m o m e t e r  

5 5 0 0 ) .  D i e  v e r w a n d t e n  P i p e t t e n l ö s u n g e n  w u r d e n  e b e n f a l l s  f r i s c h  

h e r g e s t e l l t  u n d  a u f  p H  7 , 3  u n d  3 0 0  m o s m l / k g  e i n g e s t e l l t .  F ü r  d i e  

M e s s u n g e n  z u r  B e s t i m m u n g  d e r  i n t r a z e l l u l ä r e n  C a l c i u m -

k o n z e n t r a t i o n  [ C a
2 +

] i  w u r d e  e i n e  m o d i f i z i e r t e  P i p e t t e n l ö s u n g  

v e r w a n d t .  

D i e  v e r ä n d e r t e n  B a d l ö s u n g e n  i n  d e n  V e r s u c h e n  m i t  G e n t a m y c i n  

s o w i e  m i t  C a t a l s e  u n d  D e f e r o x a m i n e  s i n d  e b e n f a l l s  a n g e g e b e n .  

D i e  L ö s u n g e n  w u r d e n  w i e  a u f g e f ü h r t  e r w o r b e n  u n d  w a r e n  w i e  

f o l g t  z u s a m m e n g e s e t z t :  
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2 . 3  L ö s u n g e n  

 

 

N a m e  d e r  L ö s u n g                    Z u s a m m e n s e t z u n g  ( g / l )   

 

H a n k ´ s  B a l a n c e d                     C a l c i u m c h l o r i d  ( 2 H 2 0 ) :  0 , 1 8 5  

S a l t  S o l u t i o n                          M a g n s i u m s u l f a t :  0 , 0 9 7 6 7  

( H B S S )                                  K a l i u m c h l o r i d :  0 , 4  

                                           K a l i u m p h o s p h a t :  0 , 1  

                                           N a t r i u m c h l o r i d :  8 , 0  

                                           N a t r i u m p h o s p h a t :  0 , 0 4 7 8 8  

                                           D - G l u c o s e :  1 , 0  

                                           P h e n o l r o t :  0 , 0 1  

                                           H E P E S  2 , 3 8  ,  N a O H  a u f  p H  7 , 2 4  

                            O s m o l a r i t ä t  ( m i t  D - G l u c o s e )  3 0 0  m o s m o l / k g  

 

S t a n d a r d p i p e t t e n -                    K a l i u m g l u c o n a t :  1 3 5  

m e d i u m                                  E G T A :  5  

                            5 - N a t r i u m - a d e n o s i n - t r i p h o s p h a t  ( N a 2 - A T P ) :  5  

                                           C a l c i u m c h l o r i d :  3  

                                           M a g n e s i u m c h l o r i d :  5  

                                           N a t r i u m c h l o r i d :  5  

                             3 ` , 5 ` c y c l i s c h e s  A d e n o s i n - M o n o p h o s p h a t :  0 , 1  

                                           H E P E S :  1 0 ,  K O H  a u f  p H  7 , 2 4  

                                  O s m o l a r i t ä t  ( m i t  S u c r o s e )  3 0 0  m o s m o l / k g  

 

 

 

P i p e t t e n m e d i u m                         K a l i u m c h l o r i d :  1 2 0  

(  f ü r  i n t r a z e l l u l ä r e n                   G l u c o s e :  1 0  

C a 2 + -  M e s s u n g e n )                     E G T A : 0 , 5  

                            5 - N a t r i u m - a d e n o s i n - t r i p h o s p h a t  ( N a 2 - A T P ) :  5  

                                             C a l c i u m c h l o r i d :  0 , 5 8  
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                                             M a g n e s i u m c h l o r i d :  1 , 5  

                             3 ` , 5 ` c y c l i s c h e s  A d e n o s i n - M o n o p h o s p h a t :  0 , 1  

                                             H E P E S :  1 0 ,  K O H  a u f  p H  7 , 2 4  

                                             F U R A  2  F M :  2 0 0  µ M  

                                  O s m o l a r i t ä t  ( m i t  S u c r o s e )  3 0 0  m o s m o l / k g  

 

 

2 . 4  E l e k t r o p h y s i o l o g i s c h e r  M e s s a u f b a u  

 

D e r  M e s s p l a t z  w u r d e  m i t t e l s  e i n e s  F a r a d y s c h e n  K ä f i g s  g e g e n  d i e  

u m g e b e n d e  S t r a h l u n g  a b g e s c h i r m t .  D i e  M e s s a p p a r a t u r  w a r  a u f  

e i n e r  S t a h l p l a t t e  b e f e s t i g t ,  d i e  a u f  e i n e m  m a s s i v e n  S t a h l t i s c h  

h y d r a u l i s c h  s c h w i n g u n g s g e d ä m p f t  g e l a g e r t  w u r d e .   

D i e  M e s s a p p a r a t u r  b e s t a n d  a u s  e i n e m  I n v e r s m i k r o s k o p  ( A x i o v e r t  

1 0 ,  C a r l  Z e i s s ,  O b e r k o c h e n )  m i t  C C D - K a m e r a  z u r  o p t i s c h e n  

K o n t r o l l e  ( S o n y ,  J a p a n ) .  D i e s  d i e n t e  d e r  g e n a u e n  P o s i t i o n i e r u n g  

d e r  e l e k t r i s c h  b e t r i e b e n e n  M i k r o m a n i p u l a t o r e n  ( C a r l  Z e i s s ,  

O b e r k o c h e n )  a n  d e n  M e s s k ö p f e n  m i t  P i p e t t e n .  D i e s e  r a g t e n  i n  d i e  

m e d i u m g e f ü l l t e  M e s s k a m m e r ,  d i e  m i t  H i l f e  e i n e r  M i k r o p u m p e  

( P h a r m a c i a  F i n e  C h e m i c a l s  ,  P e r i s t a l t i c  p u m p  P - 3 ,  U S A )  

d u r c h s t r ö m t  w u r d e  ( F l u s s r a t e  0 , 6  –  0 . 7  m l / h ) .  D i e  M e s s k ö p f e  

w a r e n  m i t  d e n  M e s s v e r s t ä r k e r n  v e r b u n d e n  ( E P C  7 ,  L i s t  M e d i c a l  

E l e c t r o n i c s ,  D a r m s t a d t ) ,  d i e  ü b e r  e i n e n  A - D / D - A - W a n d l e r  ( I T C -

1 6 ,  I n s t r u t e c h  C o r p . ,  U S A )  d i e  e r m i t t e l t e n  D a t e n  a n  e i n e n  

M a c I n t o s h -  C o m p u t e r  w e i t e r g a b e n .  H i e r  e r f o l g t e  d i e  A n a l y s e  d e r  

D a t e n  m i t t e l s  e i n e r  s p e z i f i s c h e n  S o f t w a r e  ( P u l s e / P u l s e f i t  8 . 0 9 ;  

H E K A -  E l e k t r o n i k ) .  N e b e n  d e r  A n y l a s e  d e r  D a t e n  e r f o l g t e  e b e n s o  

d i e  e l e k t r i s c h e  S t i m u l a t i o n  d e r  Z e l l e n  m i t t e l s  P C  ü b e r  d i e  

K o p p l u n g  a n  A - D / D - A  W a n d l e r  u n d  M e s s v e r s t ä r k e r .  

 

2 . 5  P i p e t t e n h e r s t e l l u n g    

 

Z u r  H e r s t e l l u n g  d e r  M e s s p i p e t t e n  w u r d e  B o r s i l i k a t g l a s  v e r w a n d t .  

D a s  Z i e h e n  d e r  P i p e t t e n  e r f o l g t e  u n m i t t e l b a r  v o r  e i n e r  M e s s r e i h e  

m i t t e l s  V e r t i k a l p u l l e r s  ( N a r i s h i g e ,  P P - 8 3 0 ,  J a p a n ) .  H i e r n a c h  
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e r f o l g t e  d i e  H i t z e p o l i e r u n g  b i s  z u  e i n e m  f i n a l e n  

S p i t z e n d u r c h m e s s e r  v o n  c a .  1 µ m  u n d  d a s  B a c k f i l l i n g  d e r  P i p e t t e n .  

D e r  W i d e r s t a n d  d e r  j e w e i l i g e n  P i p e t t e  i m  B a d m e d i u m  b e t r u g  2 -  5  

M .  

2 . 6 .  B e s t i m m u n g  d e r  L e i f ä h i g k e i t e n  u n d  W i d e r s t ä n d e   

 

D i e  B e s t i m m u n g  d e r  L e i t f ä h i g k e i t  e r f o l g t e  d u r c h  A n l e g e n  e i n e r  

S p a n n u n g s d i f f e r e n z  z w i s c h e n  b e n a c h b a r t e n  Z e l l e n .  D i e  

M e m b r a n s p a n n u n g  b e i d e r  Z e l l e n  w u r d e  d a b e i  a u f  – 4 0  m V  

g e h a l t e n .  N a c h  Ä n d e r u n g  d e r  S p a n n u n g  e i n e r  Z e l l e  k o n n t e  d i e  

E r m i t t e l u n g  d e r  L e i t f ä h i g k e i t  e r f o l g e n .  Z u r  B e s c h r e i b u n g  d e r  

K o p p l u n g  z w i s c h e n  d e n  b e o b a c h t e t e n  Z e l l e n  w u r d e  a l s  G r ö ß e  d e r  

K e h r w e r t  d e s  W i d e r s t a n d e s ,  d i e  L e i t f ä h i g k e i t  ( i n  S i e m e n s ,  S )  

b e r ü c k s i c h t i g t .  D i e  L e i t f ä h i g k e i t  l ä s s t  s i c h  r e c h n e r i s c h  b e s t i m m e n  

( D o n a l d s o n  e t  a l . ,  1 9 9 5 ) :  

Gj =   -  I P2  (1+Ra2/ Rm2) 

                    Vp1 – Ra1   Ip1 +Ra2  Ip2 

  

G j  =  L e i t f ä h i g k e i t  [ S ] ,  R a 1 , 2  E i n g a n g s w i d e r s t a n d  d e r  P i p e t t e n  1  u n d  2 ,  R m 2  

W i d e r s t a n d  d e r  n i c h t  a m  j u n c t i o n a l e n  K o n t a k t  b e t e i l i g t e n  M e m b r a n ,  V p 1  

S p a n n u n g s i m p u l s e  a u f  Z e l l e  1 ,  I p 1 , 2  , M e ß s t r ö m e  d e r  g e p a t c h t e n  Z e l l e n  1  u n d  

2 .  

 

D i e  E i n g a n g s w i d e r s t ä n d e  ( R a 1 , 2 )  u n d  d i e  W i d e r s t ä n d e  d e r  n i c h t  a n  

d e r  K o p p l u n g  b e t e i l i g t e n  M e m b r a n  ( R m 1 , 2 )  w u r d e n  b e s t i m m t ,  

i n d e m  b e i d e  Z e l l e n  g l e i c h z e i t i g  m i t  i d e n t i s c h e n  S p a n n u n g s p u l s e n  

a u ß e r h a l b  d e r  w a h r s c h e i n l i c h e n  A k t i v i e r u n g s k i n e t i k  ( - 2 0  m V  –  +  

2 0  m V  i n  S c h r i t t e n  z u  1 0  m V )  b e l e g t  w u r d e n ,  s o  d a s s  k e i n  

i n t e r z e l l u l ä r e r  S t r o m  f l o ß  :  

 

V  =  R a  I p 1  + R m  I ( 1 - t / r )  

 

( t =  Z e i t  n a c h  d e m  S p a n n u n g s i m p u l s ,  r =  Z e i t k o n s t a n t e  d e r  

S p a n n u n g s ä n d e r u n g )  e r g i b t  s i c h  d i e  B e s t i m m u n g  v o n  
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Ra=  V/ I (t= 0) 

 

u n d  

 

Rm=  V/ I (t= 8) 

 

A u f  d i e s e  W e i s e  e r f o l g t e  d i e  Ü b e r p r ü f u n g  d e r  

M e m b r a n w i d e r s t ä n d e  z u  B e g i n n ,  i m  I n t e r v a l l  u n d  z u m  A b s c h l u ß  

d e r  V e r s u c h e .  D i e  b e o b a c h t e t e n  W i d e r s t ä n d e  l a g e n  z w i s c h e n  2 0 0  

M  u n d  2  G .  B e i  W e r t e n  u n t e r  2 0 0  M  k o n n t e  d a v o n  

a u s g e g a n g e n  w e r d e ,  d a s s  e i n e  u n z u r e i c h e n d e  M e m b r a n a b d i c h t u n g  

v o r l a g ,  w e s h a l b  d i e s e  V e r s u c h e  n i c h t  a u s g e w e r t e t  w u r d e n .   
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A b b .  4 :  

S c h e m a t i s c h e  D a r s t e l l u n g  d e r  W i d e r s t a n d s a n o r d n u n g  b e i  d e r  E i n z e l l z e l l  

m e s s u n g  ( U b l  e t  a l . ,  1 9 9 2 ) .  

( I =  S t r o m s t ä r k e ,  V =  S p a n n u n g ,  C =  K a p a z i t ä t ,  R =  W i d e r s t a n d )  
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A b b . 5 :  

S c h e m a t i s c h e  D a r s t e l l u n g  d e r  D o u b l e  w h o l e - c e l l  p a t c h - c l a m p -  

K o n f i g u r a t i o n   ( n a c h  N e y t o n  u n d  T r a u t m a n n ,  1 9 8 5 ) .  

( R a =  E i n g a n g s w i d e r s t a n d ,  R m =  M e m b r a n w i d e r s t a n d ,  C m =  M e m b r a n -

k a p a z i t ä t ,  R j =  j u n c t i o n a l e r  W i d e r s t a n d ,  V =  S p a n n u n g )  

 

2 . 7  M e s s u n g  d e s  [ C a 2 + ] i  

 

Z u r  M e s s u n g  d e s  i n t r a z e l l u l ä r e n  C a l c i u m  w u r d e ,  w i e  d u r c h  

N g e z a h a y o  u n d  M i t a r b e i t e r  1 9 9 3  b e s c h r i e b e n ,  e i n  P h o t o m u l t i p l i e r -

b a s i e r t e s  S y s t e m  ( L u i g s  &  N e u m a n n ,  R a t i n g e n )  i n  d e n  

S t r a h l e n g a n g  e i n g e b r a c h t ,  s o  d a s s  m i t  H i l f e  d e r  F l u o r e s z e n z -

f r e q u e n z e n  ( 3 6 0 /  3 9 0 n m )  ( G r y n k i e w i c z  e t  a l . ,  1 9 8 5 )  d i e  

K o n z e n t r a t i o n  d e s  [ C a
2 +

] i  s p e z i f i s c h  ( m i t t e l s  F u r a - 2 ) ,  b e s t i m m t  

w e r d e n  k o n n t e .  Z u v o r  e r f o l g t e  d i e  A u f l a d u n g  d e r  Z e l l e  d u r c h  d a s  

s p e z i f i s c h e  P i p e t t e n m e d i u m  n a c h  A n l e g e n  e i n e r  D W P C -  

K o n f i g u r a t i o n .  D i e  s o  e r m i t t e l t e n  D a t e n  d e s  P h o t o m u l t i p l i e r -  

b a s i e r t e n  S y s t e m s  w u r d e n  m i t  H i l f e  e i n e s  P C  e r f a s s t .   

D a s  i n  d e n  v o r l i e g e n d e n  M e s s u n g e n  e i n g e s e t z t e  F u r a  2  i s t  i m  

G e g e n s a t z  z u m  h ä u f i g  v e r w a n d t e n  F u r a  2  A M  

m e m b r a n i m p e r m e a b e l ,  s o  d a s s  S t r e u a r t e f a k t e  d u r c h  

V e r u n r e i n i g u n g e n  a u f  d e m  D e c k g l ä s c h e n  a u s g e s c h l o s s e n  w e r d e n  

k o n n t e n .   
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2 . 8  M e s s p r o t o k o l l  

 

Z u r  M e s s u n g  d e r  K o p p l u n g s s t r ö m e  w u r d e n  z w e i  u n t e r s c h i e d l i c h e  

M e s s p r o t o k o l l e  v e r w a n d t :    

D i e  M e s s u n g  v o n  G j / Z e i t e i n h e i t  e r f o l g t e  d u r c h  a l t e r n i e r e n d e  

S t i m u l a t i o n  d e r  Z e l l e n  n a c h  A n l e g e n  d e r  S p a n n u n g s k l e m m e  m i t  

S p a n n u n g s d i f f e r e n z e n  v o n  2 0  m V  ü b e r  5 0  m s  ( A b b .  6 ) .   

 

 

 

A b b . 6 :  M e s s a n o r d n u n g  z u r  E r m i t t l u n g  d e r  K o p p l u n g s s t r ö m e  

 

A u ß e r d e m  e r f o l g t e n  V e r s u c h e  z u r  Ü b e r p r ü f u n g  d e r  S p a n n u n g s -

a b h ä n g i g k e i t  d e r  I o n e n k a n a l l e i t f ä h i g k e i t .  H i e r b e i  w u r d e n  ü b e r  d e n  

B e r e i c h  v o n  – 1 2 0  m V  b i s  + 1 2 0  m V   ( V  1 0  m V ,  ü b e r  5 0  m s )  

v e r s c h i e d e n e  S p a n n u n g e n  a n  n u r  e i n e  Z e l l e  a n g e l e g t  u n d  d e r  

S t r o m  ü b e r  d i e  a n d e r e  Z e l l e  o d e r  i n  d e r  e i n z e l n e n  

G a n z z e l l a b l e i t u n g  g e g e n  d a s  B a d m e d i u m  z u r  U n t e r s u c h u n g  d e r  

I o n e n s t r ö m e  a b g e l e i t e t .  I n  b e i d e n  P r o t o k o l l e n  w u r d e  z w i s c h e n  d e n  

I m p u l s e n  e i n e  R e l a x a t i o n s z e i t  v o n  1 0 0  m s  e i n g e h a l t e n .  D i e  

V e r s u c h e  e r f o l g t e n  b e i  R a u m t e m p e r a t u r .  
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2 . 9  A n a l y s e  u n d  s t a t i s t i s c h e  A u f a r b e i t u n g  d e r  e r h o b e n e n  

M e s s d a t e n   

 

Z u r  s t a t i s t i s c h e n  A n a l y s e  w u r d e n  M e d i a n - /  M i t t e l w e r t e -

b e s t i m m u n g e n  m i t t e l s  S P S S  ( V e r s i o n  1 0 . 0 )  s o w i e  d e r  m i t t l e r e n  

S t a n d a r d a b w e i c h u n g  ( S t a n d a r d  d e v i a t i o n  o f  t h e  m e a n ,  S D M )  

d u r c h g e f ü h r t .  E i n e  B e s t i m m u n g  s i g n i f i k a n t e r  D i f f e r e n z e n  

z w i s c h e n  z w e i  P o p u l a t i o n e n  e r f o l g t e  m i t t e l s  g e p a a r t e m  t - T e s t .  D a s  

S i g n i f i k a n z n i v e a u  b e t r u g  ( p  <  0 . 0 5 ) .  

 

2 . 1 0  P a t i e n t e n a u s w a h l  u n d  G r u p p i e r u n g  d e r  P a t i e n t e n  m i t  

I n n e n o h r s c h w e r h ö r i g k e i t  

 

I n s g e s a m t  w u r d e  e i n e  A n z a h l  v o n  5 3 0  P r o b a n d e n  i n  d i e s e  

p r o s p e k t i v e  S t u d i e  i n t e g r i e r t .   D i e  S t u d i e n g r u p p e  u m f a s s t e  e i n e  

G r ö s s e  v o n  2 7 0  P a t i e n t e n  ( 1 3 1  w e i b l i c h ,  1 3 9  m ä n n l i c h ) .  

E i n s c h l u s s k r i t e r i u m  f ü r  d i e  S t u d i e n g r u p p e  w a r  e i n  e i n s e i t i g e r  o d e r  

b e i d s e i t i g e r  s e n s o r i n e u r a l e r  H ö r v e r l u s t  v o n  m e h r  a l s  3 0  d B  i n  

m e h r  a l s  2  F r e q u e n z e n .  

A u s s c h l u s s k r i t e r i e n  w a r e n :   

-  H ö r v e r l u s t   b e d i n g t  d u r c h  a k u t e n  o d e r  c h r o n i s c h e n  

L ä r m e i n f l u s s .  

-  H ö r v e r l u s t  n a c h  S c h ä d e l h i r n t r a u m a .  

-  H ö r v e r l u s t  n a c h  B a r o t r a u m a .  

-  H ö r v e r l u s t  b e i  a n a m n e s t i s c h  d u r c h g e m a c h t e n  

M i t t e l o h r o p e r a t i o n e n .  

-  H ö r v e r l u s t ,  d e r  a l s  F o l g e  v o n  I n f e k t i o n e n  ( M i t t e l o h r -

e n t z ü n d u n g e n ,  M a s t o i d i t i d e n ,  L a b y r i n t h i t i d e n )  a u f g e t r e t e n  

w a r .  

 

D i e  K o n t r o l l g r u p p e  u m f a s s t e  2 6 0  P a t i e n t e n ,  d i e  a u f g r u n d  v o n  

n i c h t -  o t o l o g i s c h e n  K r a n k h e i t s b i l d e r n  h o s p i t a l i s i e r t  w u r d e n  ( z . B .  

c h r o n i s c h e  T o n s i l l i t i s ,  S e p t u m d e v i a t i o n )  u n d  b e i  d e n e n  k l i n i s c h  

e i n e  H ö r -  o d e r  G l e i c h g e w i c h t s s t ö r u n g  b e s t a n d .  D e r  w e i b l i c h e  
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A n t e i l  b e t r u g  1 3 7  P a t i e n t e n .  D e r  m ä n n l i c h e  A n t e i l  b e t r u g  1 2 3  

P a t i e n t e n .  

  

J e d e r  P r o b a n d  w i l l i g t e  s c h r i f t l i c h  i n  d i e  E n t n a h m e  v o n  B l u t  u n d  

d e r e n  m o l e k u l a r g e n e t i s c h e  A n a l y s e  e i n .  N a c h  S t u d i e n a b s c h l u s s  

w u r d e n  a l l e  S t u d i e n t e i l n e h m e r  ü b e r  d a s  E r g e b n i s  d e r  g e n e t i s c h e n  

A n a l y s e  i n f o r m i e r t .  

 

A l l e  P r o b a n d e n  w u r d e n  H N O -  ä r z t l i c h e  U n t e r s u c h u n g  u n t e r s u c h t .  

 

D i e  S t u d i e n g r u p p e  w u r d e  u n t e r t e i l t  i n  6  U n t e r g r u p p e n  a u f  d e r  

B a s i s  v o n  k l i n i s c h e n  K r a n k h e i t s b i l d e r n .  

1 )  P a t i e n t e n  m i t  b e i d e r s e i t i g e r  E r t a u b u n g .  

2 )  P a t i e n t e n  m i t  M o r b u s  M e n i e r e ’ .  

3 )  P a t i e n t e n  m i t  A k u s t i k u s n e u r i n o m e n .  

4 )  P a t i e n t e n  m i t  O t o s k l e r o s e .  

5 )  P a t i e n t e n  m i t  e i n e m  a k u t e n  e i n s e i t i g e n  H ö r v e r l u s t .  

6 )  P a t i e n t e n  m i t  e i n e m  b e i d e r s e i t i g e n  c h r o n i s c h e n  H ö r v e r l u s t  

u n k l a r e r  U r s a c h e .  

 

2 . 1 1  D e f i n i t i o n  u n d  A b g r e n z u n g  d e r  S u b g r u p p e n  

 

D i e  A b g r e n z u n g  d e r  P a t i e n t e n  d e r  G r u p p e  1  v o n  d e n e n  d e r  G r u p p e  

6  e r f o l g t e  a u f  d e r  B a s i s  d e s  R e i n t o n a u d i o g r a m m s .  B e i  e i n e m  

H ö r v e r l u s t  v o n  m e h r  a l s  7 0 -  8 0  d B ,  e n t s p r e c h e n d  d e r  d e r z e i t  

g ä n g i g e n  K r i t e r i e n  z u r  I n d i k a t i o n s s t e l l u n g  f ü r  d i e  C o c h l e a r  

I m p l a n t v e r s o r g u n g ,  e r f o l g t e  d i e  Z u o r d n u n g  z u  G r u p p e  1 .  

D i e  Z u o r d n u n g  z u  G r u p p e  2  e r f o l g t e  n a c h  d u r c h g e f ü h r t e r  

E l e k t r o c o c h l e o g r a p h i e  ( S P / A P  r a t i o  > 0 . 3 3 )  ( M o f f a t  e t  a l . ,  1 9 7 9 )  

o d e r  e r f o l g t e m ,  p o s i t i v e m  K l o c k h o f f  T e s t  ( M o f f a t  e t  a l . ,  1 9 7 8 )  

u n d  E r f u e l l u n g  d e r  K r i t e r i e n  d e r  A A O -  H N S .  

G r u p p e  3  w u r d e  n a c h  d u r c h g e f ü h r t e r  k e r n s p i n t o m o g r a p h i s c h e r  

U n t e r s u c h u n g  u n d  d e m  N a c h w e i s  e i n e s  A k u s t i k u s n e u r i n o m s  

g e b i l d e t .  
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D i e  Z u o r d n u n g  z u  G r u p p e  4  e r f o l g t e  n a c h  F e s t s t e l l u n g  e i n e r  

S c h a l l l e i t u n g s s c h w e r h ö r i g k e i t ,  e i n e m  n e g a t i v e n  T e s t  n a c h  R i n n e  

u n d  d e r  i n t r a o p e r a t i v e n  F e s t s t e l l u n g  e i n e r  O t o s k l e r o s e .  

G r u p p e  5  w u r d e  e n t s p r e c h e n d  d e r  i n d i v i d u e l l e n  A n a m n e s e  u n d  d e s  

v o r l i e g e n d e n  R e i n t o n a u d i o g r a m m s  g e b i l d e t .  D i e  a k u t e  

H ö r m i n d e r u n g  s o l l t e  i n n e r h a l b  d e r  l e t z t e n  3  T a g e  s t a t t g e f u n d e n  

h a b e n .  

 

 D i e  K l a s s i f i k a t i o n  d e r  H ö r v e r l u s t e  e r f o l g t e  a u f  d e r  B a s i s  d e r  

R e i n t o n a u d i o g r a m m e  e n t s p r e c h e n d  d e r  b e k a n n t e n  Ü b e r e i n k u n f t  

„ C l a s s i f i c a t i o n  C r i t e r i a  o f  t h e  E u r o p e a n  W o r k s h o p  o n  G e n e t i c  

H e a r i n g  L o s s ;  X u e  Z h o n g  e t  a l . ,  2 0 0 5 ) .  

 

A l l e  S t u d i e n g r u p p e n t e i l n e h m e r  w u r d e n  h i n s i c h t l i c h  e i n e s  

f a m i l i ä r -  h e r e d i t ä r e n  H i n t e r g r u n d e s  i h r e s  H ö r v e r l u s t e s  b e f r a g t .  

E i n  s o l c h e r  H i n t e r g r u n d  w u r d e  a n g e n o m m e n ,  w e n n  e i n  H ö r v e r l u s t  

v o n  V a t e r  u n d  M u t t e r  o d e r  e i n  H ö r v e r l u s t  ü b e r  3   G e n e r a t i o n e n  

b e s c h r i e b e n  w u r d e .  

 

A u f g r u n d  d e r  g r o ß e n  A n z a h l  v o n  K o n n e x i n -  M u t a t i o n e n  i n  d e r  

K o n t r o l l g r u p p e  e r f o l g t e  d i e  W i e d e r e i n b e s t e l l u n g  d e r  v o n  

M u t a t i o n e n  b e t r o f f e n e n  P a t i e n t e n  z u r  D u r c h f ü h r u n g  e i n e r  

H ö r p r ü f u n g .  

2 . 1 2  M o l e k u l a r g e n e t i s c h e  A n a l y s e  

 

D i e  D N A - E x t r a k t i o n  p e r i p h e r e r  L e u k o z y t e n  w u r d e  m i t t e l s  ü b l i c h e r  

M e t h o d e n  d u r c h g e f ü h r t  ( M i l l e r  e t  a l . ,  1 9 8 8 ) .  G J B 2  w u r d e  

a m p l i f i z i e r t  m i t t e l s  P C R  z w i s c h e n  d e n  P o s i t i o n e n  1 9 , 6 6 0 , 9 1 6  u n d  

1 9 , 6 6 1 , 8 7 9  d e r  m e n s c h l i c h e n  C h r o m o s o m  1 3  S e q u e n z  ( G e n B a n k  

a c c e s s i o n  n u m b e r  N C _ 0 0 0 0 1 3 ,  v e r s i o n  9 ) .  G J B 6  w u r d e  

a m p l i f i z i e r t  m i t t e l s  P C R  z w i s c h e n  d e n  P o s i t i o n e n  1 9 , 7 0 1 , 4 7 1  u n d  

1 9 , 7 0 2 , 4 0 7  d e r  m e n s c h l i c h e n  C h r o m o s o m  1 3  S e q u e n z .  D i e  

P r o d u k t e  w u r d e n  d i r e k t  s e q u e n z i e r t  u n t e r  V e r w e n d u n g  d e s  

„ B i g D y e  T e r m i n a t o r  S e q u e n c i n g  R e a g e n t s “ ( A p p l i e d  B i o s y s t e m s )  
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u n d  d i e  D N A  a u t o m a t i s c h  a n a l y s i e r t  ( A p p l i e d  B i o s y s t e m s  3 7 3 0 ) .  

D i e  d i e  D e l e t i o n  b e i n h a l t e n d e  G J B 6  ( d e l ( G J B 6 - D 1 3 S 1 8 3 0 ) )  w u r d e  

d i r e k t  m i t t e l s  P C R  a n a l y s i e r t  u n t e r  V e r w e n d u n g  d e r  b e s c h r i e b e n e n  

P r i m e r  ( d e l  C a s t i l l o  e t  a l . ,  2 0 0 3 ) .  D i e  U n t e r s u c h u n g e n  e r f o l g t e n  

a m  M a x - D e l b r ü c k - C e n t e r ,  B e r l i n -  B u c h .  
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3 .  E r g e b n i s s e  

 

I n s g e s a m t  w u r d e  e i n e  A n z a h l  v o n  e t w a  1 7 0  Z e l l p a a r e n  e r f o l g r e i c h  

u n t e r s u c h t .  D i e  d u r c h g e f ü h r t e  S t u d i e  u m f a s s t e  d r e i  T e i l b e r e i c h e .   

D e r  e r s t e  T e i l  u m f a s s t e  d i e  E t a b l i e r u n g  d e r  M e t h o d i k ,  d i e  

C h a r a k t e r i s i e r u n g  d e r  e l e k t r o p h y s i o l o g i s c h e n  E i g e n s c h a f t e n  u n d  

d i e  A u s w i r k u n g e n  v o n  H 2 O 2  a u f  d i e  G J I C  s o w i e  d i e  B e o b a c h t u n g  

d e s  [ C a
2 +

] i .  

I m  z w e i t e n  T e i l   w u r d e  d i e  W i r k u n g  v o n  G e n t a m y c i n s  a u f  d i e  

G J I C  n ä h e r  u n t e r s u c h t .   

I m  d r i t t e n  T e i l  e r f o l g t e  d i e  A n a l y s e  d e r  F u n k t i o n  i o n i s i e r t e n  

E i s e n s /  H 2 O 2  f ü r  d i e  G e n t a m y c i n - a b h ä n g i g e  G J I C .  

 

3 . 1  E t a b l i e r u n g  d e r  d o p p e l t e n  G a n z z e l l a b l e i t u n g  ( D W P C )  n a c h  

e r f o l g r e i c h e r  I s o l a t i o n  c o c h l e ä r e r  H e n s e n z e l l e n  

    

 

A b b .  7 :  

A u f n a h m e  e i n e s  i s o l i e r t e n  H e n s e n z e l l p a a r e s  m i t  i h r e n  c h a r a k t e r i s t i s c h e n  

L i p i d e i n s c h l ü s s e n  i n  d e r  D W P C - K o n f i g u r a t i o n .  
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N a c h  I d e n t i f i k a t i o n  e i n e s  H e n s e n z e l l p a a r e s  a u f g r u n d  d e r  

c h a r a k t e r i s t i s c h e n  L i p i d e i n s c h l ü s s e  e r f o l g t e  d i e  A n l a g e  d e r  

P i p e t t e n  z u r  d o p p e l t e n  G a n z z e l l a b l e i t u n g  ( D W P C ) .   

U n t e r  k o n t r o l l i e r t e n  B a d -  u n d  P i p e t t e n b e d i n g u n g e n  f a n d e n  s i c h  

b e i  e i n e m  a p p l i z i e r t e n  H a l t e p o t e n t i a l  v o n  – 4 0  m V  m i t t l e r e  i n t e r -

z e l l u l ä r e  L e i t f ä h i g k e i t e n  ( G j )  f ü r  d i e  e r s t e  V e r s u c h s r e i h e  v o n  2 9 . 9  

 2 . 6  n S  ( n = 3 1 ) ,  f ü r  d i e  z w e i t e  R e i h e  5 5 . 5   1 6 . 7  n S  ( n = 1 8 )  u n d  

f ü r  d i e  d r i t t e  V e r s u c h s r e i h e  6 7 . 2   1 0 . 1  n S  ( n  =  1 3 ) .  D i e s e  

L e i t f ä h i g k e i t e n  v e r ä n d e r t e n  s i c h  ü b e r  d i e  g e s a m t e  M e s s d a u e r  n i c h t  

s i g n i f i k a n t .  D i e  g e m e s s e n e n  M e m b r a n p o t e n t i a l e  b e t r u g e n  f ü r  d i e  

e r s t e  V e r s u c h s r e i h e  – 3 0 . 0   1 . 2  m V  ( n = 1 0 8 ) ,  f ü r  d i e  z w e i t e  

V e r s u c h s r e i h e  – 2 7 . 3   6 . 3  m V  ( n = 1 8 )  u n d  – 3 5 . 0   1 . 1  m V  ( n = 1 3 )  

f ü r  d i e  d r i t t e  V e r s u c h s r e i h e .  

D i e  w ä h r e n d  d e r  g e s a m t e m  M e s s p e r i o d e  e r m i t t e l t e n  L e i t f ä h i g -

k e i t e n  w u r d e n  g e g e n  d e n  M i t t e l w e r t  d e r  e r s t e n  5  M e ß m i n u t e n  

g e m i t t e l t ,  s o  d a s s  d i e  L e i t f ä h i g k e i t e n  a l s  ( G j /  G j 0 )  a n g e g e b e n  

w u r d e n .  D i e  k u r z z e i t i g  b e o b a c h t b a r e n  S c h w a n k u n g e n  i n  d e r  

i n t e r z e l l u l ä r e  L e i t f ä h i g k e i t  u n m i t t e l b a r  n a c h  E t a b l i e r u n g  d e r  

D W P C - K o n f i g u r a t i o n  s i n d  d i e  F o l g e  d e r  D i f f u s i o n  d e s  

P i p e t t e n m e d i u m s  i n  d e n  z y t o p l a s m a t i s c h e n  R a u m .  I n s g e s a m t  

g e l a n g e n  M e s s r e i h e n  m i t  e i n e r  s t a b i l e n  G J I C  ü b e r  9 0  ( e r s t e  

V e r s u c h s r e i h e )  b z w .  1 5 0  m i n  ( d r i t t e  V e r s u c h s r e i h e )  n a c h  

O p t i m i e r u n g  d e r  V e r s u c h s d u r c h f ü h r u n g .   
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A b b .  8 :  

Z e i t a b h ä n g i g k e i t  d e r  i n t e r z e l l u l ä r e  K o p p l u n g  c o c h l e ä r e r  H e n s e n z e l l e n  i n  

d e r  K o n t r o l l g r u p p e  ( n =  1 8 )  m i t  S t a n d a r d a b w e i c h u n g e n .  
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3 . 2  S p a n n u n g s a b h ä n g i g k e i t  d e r  t r a n s j u n c t i o n a l e n  L e i t f ä h i g k e i t  

 

I n  d i e s e r  V e r s u c h s a n o r d n u n g  e r f o l g t e  d i e  N o r m i e r u n g  d e r  

i n t e r z e l l u l ä r e  L e i t f ä h i g k e i t   g e g e n  d i e  L e i t f ä h i g k e i t  b e i  0  m V .  

 

D i e  i n t e r z e l l u l ä r e  L e i t f ä h i g k e i t  v a r i i e r t e  s p a n n u n g s a b h ä n g i g  i n  

c h a r a k t e r i s t i s c h e r  W e i s e  ( A b b .  9 )  b e i  k o n s t a n t e m  

M e m b r a n p o t e n t i a l  ( n  =  1 4 ) .  S o  f a n d  s i c h  z u m  e i n e n  ( A b b .  9 a )  e i n e  

g e r i n g e  S p a n n u n g s a b h ä n g i g k e i t .  D a b e i  f i n d e n  s i c h  d i e  m a x i m a l e  

L e i t f ä h i g k e i t  b e i  V j =  0 m V  u n d  d i e  i n t e r z e l l u l ä r e  L e i t f ä h i g k e i t  

n i m m t  i m  p o s i t i v e n  B e r e i c h  u m  1 7 . 0  %  ( n = 4 )  a b  ( 0  m V  b i s  + 1 2 0  

m V ) .   

Z u m  a n d e r e n  l i e ß  s i c h  e i n e  s i g n i f i k a n t e  S p a n n u n g s a b h ä n g i g k e i t  

d e r  i n t e r z e l l u l ä r e  L e i t f ä h i g k e i t  ( A b b .  9 b )  i n  d i e s e r  G r u p p e  

n a c h w e i s e n .  D i e  L e i t f ä h i g k e i t e n  b l i e b e n  e i n e r s e i t s  i m  B e r e i c h  v o n  

– 1 2 0  b i s   0  m V  k o n s t a n t  u n d  f i e l e n  v o n  0  b i s   + 1 2 0  m V  u m  3 0 . 9  %  

a b  ( n = 7 ) .   

Z u s ä t z l i c h  z u  d e n  o b e n  b e s c h r i e b e n e n  V e r l ä u f e n  k a m  e s  

s p o r a d i s c h  e n t w e d e r  z u  e i n e m  m o n o p h a s i s c h e n  A b f a l l  ( b i s  z u  6 0  

% )  d e r  L e i t f ä h i g k e i t  i m  B e r e i c h  v o n  – 1 2 0  b i s  + 1 2 0  m V  ( A b b .  9 c )  

o d e r  z u  e i n e m  A n s t i e g  ( b i s  z u  3 5  % )  d e r  L e i t f ä h i g k e i t  v o n  – 1 2 0  

b i s  0  m V  b e i  k o n s t a n t e r  L e i t f ä h i g k e i t  v o n  0  b i s  + 1 2 0  m V  ( A b b .  

9 d ) .  
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(b) 
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(d) 

 

 

A b b .  9 :   
M e s s u n g e n  d e r  S p a n n u n g s a b h ä n g i g k e i t  i n t e r z e l l u l ä r e  L e i t f ä h i g k e i t  ( a  -  d ) .  

9 a  u n d  9 b  m i t  m i t t l e r e n  S t a n d a r d a b w e i c h u n g e n .  9 c  u n d  9 d  E i n z e l m e s s u n g e n   

( D i e  L e i t f ä h i g k e i t  w u r d e  j e w e i l s  g e g e n  d e n  W e r t  b e i  0  m V  n o r m a l i s i e r t .  

D i e  t r a n s j u n c t i o n a l e  S p a n n u n g  ( m V )  i s t  v o n  – 1 2 0  m V  b i s   1 2 0  m V  

d a r g e s t e l l t )  
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 3 . 3  A u s w i r k u n g e n  v o n  H 2 0 2  a u f  d i e  i n t e r z e l l u l ä r e  K o p p l u n g  

 

I n  d i e s e r  S e r i e  e r f o l g t e  d i e  N o r m i e r u n g  d e r  L e i t f ä h i g k e i t  ( G j )  

g e g e n  d e n  M i t t e l w e r t  d e r  L e i t f ä h i g k e i t  i n n e r h a l b  d e r  e r s t e n  1 0  

M e ß m i n u t e n  ( n  =  2 4 ) .  N a c h  w e i t e r e n  5  m i n  s t a b i l e r  L e i t f ä h i g k e i t  

e r f o l g t e  d i e  i n t e r z e l l u l ä r e  P e r f u s i o n  m i t  0 . 0 8  m M ,  0 . 4  m M ,  0 . 8  

m M ,  4  m M  u n d  8  m M  H 2 0 2 .  D a s  M e m b r a n p o t e n t i a l  w a r  ü b e r  d e n  

g e s a m t e n  M e s s z e i t r a u m  s t a b i l .  M i k r o s k o p i s c h  w a r e n  d i e  Z e l l e n  

e b e n f a l l s  u n v e r ä n d e r t ,  s o  d a s s  v o n  i h r e r  V i t a l i t ä t  a u s g e g a n g e n  

w e r d e n  k a n n  ( k e i n e  z y t o p l a s m a t i s c h e n  V e r ä n d e r u n g e n ,  k e i n e  

F o r m -  o d e r  s i c h t b a r e n  M e m b r a n v e r ä n d e r u n g e n ) .  

B e i  e i n e r  K o n z e n t r a t i o n  v o n  0 . 0 8  m M  H 2 0 2  f a n d e n  s i c h  k e i n e  

Ä n d e r u n g e n  d e r  i n t e r z e l l u l ä r e  L e i t f ä h i g k e i t  ( G j / G j 0 )  ( + / -  0 . 1  S D M  

m a x . ) ,  b e i  h ö h e r e n  K o n z e n t r a t i o n e n  n a h m  d i e  L e i t f ä h i g k e i t  j e d o c h  

s c h n e l l ,  s i g n i f i k a n t  u n d  i r r e v e r s i b e l  a b .  N a c h  1 5  m i n  

P e r f u s i o n s z e i t  s a n k  d i e  L e i t f ä h i g k e i t  d u r c h s c h n i t t l i c h  u m  

m i n d e s t e n s  5 0  %  a b  i m  B e r e i c h  v o n  0 . 4  m M  ( + / -  0 . 0 8  S D M  m a x . ) ,  

0 . 8  m M  ( + / -  0 . 1 2  S D M  m a x . ) ,  4  m M  ( + / -  0 . 0 8  S D M  m a x . )  b i s  8  

m M  ( + / -  0 . 0 8  S D M  m a x . )  H 2 0 2 .   

K o n t r o l l m e s s u n g e n ,  b e i  d e n e n  n a c h  d e m  A b s i n k e n  d e r  L e i t -

f ä h i g k e i t  e i n e  n e u t r a l e  K o n t r o l l b a d l ö s u n g  e i n g e s e t z t  w u r d e ,  

f ü h r t e n  n i c h t  z u  e i n e m  W i e d e r a n s t i e g .   

I n n e r h a l b  d e r  V e r s u c h s r e i h e  f a n d e n  s i c h  v a r i a b l e  K i n e t i k e n  d e r  

L e i t f ä h i g k e i t s ä n d e r u n g e n ,  d i e  m ö g l i c h e r w e i s e  i h r e  U r s a c h e  i n  d e r  

u n t e r s c h i e d l i c h e n  i n t r a c o c h l e ä r e n  L o k a l i s a t i o n  ( m i t t l e r e / b a s a l e  

S c h n e c k e n w i n d u n g )  d e r  e i n g e s e t z t e n  H e n s e n z e l l e n  ( u n d  d a m i t  

e i n e r  v e r ä n d e r t e n  M e m b r a n k i n e t i k )  h a b e n  ( v g l .  D i s k u s s i o n )  

( S p i c e r  e t  a l . ,  1 9 9 4 ) .   
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A b b .  1 0 :  

Z e i t l i c h e  V e r ä n d e r u n g e n  i n t e r z e l l u l ä r e  L e i t f ä h i g k e i t  c o c h l e ä r e r  

H e n s e n z e l l e n  u n t e r  P e r f u s i o n  m i t  v e r s c h i e d e n e n  K o n z e n t r a t i o n e n  v o n  H 2 0 2 .   

 

3 . 4  A u s w i r k u n g e n  v o n  H 2 0 2  a u f  [ C a
2 +

] i  

 

N a c h  E t a b l i e r u n g  e i n e r  d o p p e l t e n  G a n z z e l l a b l e i t u n g  m i t  d e m  

s p e z i f i s c h e m  P i p e t t e n m e d i u m  ( F u r a  2 )  e r f o l g t e  d e r  B e g i n n  d e r  

M e s s u n g e n  e r s t  n a c h  S t a b i l i s i e r u n g  d e s  [ C a
2 +

] i ,  u m  

p e r f u s i o n s u n a b h ä n g i g e  [ C a
2 +

] i  V e r ä n d e r u n g e n  a u s z u s c h l i e ß e n  

( z . B .  M e m b r a n d e f e k t e  u n d /  o d e r  a b l e i t u n g s d i n d u z i e r t e  C a
2 +

 -

F r e i s e t z u n g ,  I n t e r a k t i o n e n  v o n  Z y t o s o l ,  C a l c i u m s p e i c h e r n  

u n d / o d e r  P i p e t t e n m e d i u m ) .   

D i e  V e r ä n d e r u n g e n  d e s  [ C a
2 +

] i  d u r c h  H 2 0 2  k o n n t e n  s o m i t  e r s t  n a c h  

E r r e i c h e n  e i n e s  S t e a d y - s t a t e  g e m e s s e n  w e r d e n .  I n  A b w e s e n h e i t  

v o n  H 2 0 2  f a n d  s i c h  e i n  i n t r a z e l l u l ä r e r  K a l z i u m s p i e g e l  v o n  1 0 0 -  

2 0 0  n M  ( A b b .  1 1 ,  1 2 ) .  H 2 0 2 - P e r f u s i o n  d e r  Z e l l e n  ( 0 . 0 8 /  0 . 8  m M ,  
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j e  n = 4 )  i m  B a d m e d i u m   i n d u z i e r t e n  e i n e  z e i t –  u n d  

k o n z e n t r a t i o n s a b h ä n g i g e  V e r ä n d e r u n g  d e s  [ C a
2 +

] i  ( v g l .  A b b .  1 1 ,  

1 2 ) .  B e i  e i n e r  K o n z e n t r a t i o n  v o n  0 . 0 8  m M  H 2 0 2  f a n d e n  s i c h  

o s z i l l i e r e n d e  A n t w o r t e n  d e s  [ C a
2 +

] i  .  K u r z  n a c h  I n i t i i e r u n g  d e r  

H 2 0 2 - P e r f u s i o n  f a n d e n  s i c h  p e r i o d i s c h e  V e r ä n d e r u n g e n  d e s  

i n t r a z e l l u l ä r e n  K a l z i u m s p i e g e l s  ( i n n e r h a l b  e i n e s  1 5  m i n . -  

R h y t h m u s )  m i t  e i n e m  s t e t e n  A n s t i e g ,  g e f o l g t  v o n  e i n e m  r a p i d e n  

A b f a l l .  D a s  G J I C - V e r h a l t e n  w a r  d a b e i  s t a b i l  ( A b b .  1 1 ) .   

N a c h  Z u g a b e  v o n  0 . 8  m M  H 2 0 2  z u m  B a d m e d i u m  k a m  e s  z u  e i n e m  

n a c h h a l t i g e n ,  k o n t i n u i e r l i c h e n  A n s t i e g  d e s  [ C a
2 +

] i ,  w o b e i  n a c h  2 5  

m i n  e i n  M a x i m a l w e r t  ( 2  µ M  [ C a
2 +

] )  e r r e i c h t  w u r d e  ( A b b .  1 2 ) .  

P a r a l l e l  d a z u  w a r  e i n e  A b n a h m e  d e r  i n t e r z e l l u l ä r e  K o p p l u n g  z u  

b e o b a c h t e n  ( A b b . 1 2 ) .   

 

 

 

A b b .  1 1 :   

V e r ä n d e r u n g e n  v o n  [ C a
2 +

] i  n a c h  P e r f u s i o n  m i t  0 . 0 8  m M  H 2 0 2 .  
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A b b .   1 2 :   

V e r ä n d e r u n g e n  v o n  [ C a
2 +

] i  n a c h  P e r f u s i o n  m i t  0 . 8  m M  H 2 0 2 .   

 

 

3 . 5  A u s w i r k u n g e n  v o n  H 2 0 2  a u f  d i e  I o n e n k a n ä l e  d e r  E i n z e l z e l l e  

 

I n  d i e s e r  V e r s u c h s r e i h e  w u r d e  u n t e r s u c h t ,  o b  d i e  b e o b a c h t e t e n  

V e r ä n d e r u n g e n  d e r  L e i t f ä h i g k e i t  u n d  d e s  i n t r a z e l l u l ä r e n  

K a l z i u m s p i e g e l s  a u c h  z u  V e r ä n d e r u n g e n  d e r  I o n e n k a n a l -

l e i t f ä h i g k e i t e n  d e r  e i n z e l n e n  H e n s e n z e l l e  f ü h r e n .  H i e r z u  w u r d e n  

e i n e  e i n z e l n e  H e n s e n z e l l e n  n a c h  3 0  m i n -  I n k u b a t i o n  i m  

B a d m e d i u m  ( H B S S  -  n = 4 ;  H B S S  +  0 . 0 8  m M  H 2 0 2  -  n = 3 ;  H B S S  +  

0 . 8  m M  H 2 0 2  -  n = 3 )  u n t e r s u c h t ,  w o b e i  s i c h  f ü r  a l l e  M e d i e n  e i n e  

A k t i v i e r u n g s k i n e t i k  b e i  – 2 0  m V  f a n d .  D i e  S t r o m /  

S p a n n u n g s k e n n l i n i e  l i e ß  s i c h  d u r c h  d i e  Z u g a b e  v o n  H 2 0 2  n i c h t  

b e e i n f l u s s e n ,  d . h .  d a s  s p a n n u n g s a b h ä n g i g e  Ö f f n u n g s v e r h a l t e n  d e r  

I o n e n k a n ä l e  b l i e b  u n v e r ä n d e r t  u n d  [ C a
2 +

] i  h a t t e  k e i n e n  E i n f l u ß .    
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A b b .  1 3 :  

S t r o m - S p a n n u n g s k e n n l i n i e n  v o n  e i n z e l n e n  H e n s e n z e l l e n  i n  d e r  e i n z e l n e n  

G a n z z e l l a b l e i t u n g  w ä h r e n d  e i n e r  P e r f u s i o n  m i t  v e r s c h i e d e n e n  L ö s u n g e n  

( K o n t r o l l l ö s u n g ,  ▲  0 . 8  m M  u n d  ▀  8  m M  H 2 0 2 ) .   

 

3 . 6  E i n f l u ß  v o n  G e n t a m y c i n  a u f  d i e  G J I C  

 

D i e  P e r f u s i o n  d e r  H e n s e n z e l l e n  m i t  v e r s c h i e d e n e n  

G e n t a m y c i n k o n z e n t r a t i o n e n  ( 1  µ M  –  1 0 0  µ M )  f ü h r t e  w e d e r  z u  

e i n e r  V e r ä n d e r u n g  d e s  M e m b r a n p o t e n t i a l s  b z w .  d e s  n i c h t -

j u n c t i o n a l e n  W i d e r s t a n d e s  n o c h  z u  m o r p h o l o g i s c h e n  

V e r ä n d e r u n g e n  d e r  Z e l l e n  ( s . o . ) .  D i e  Z e l l e n  w a r e n  v i t a l  u n d  

w u r d e n  d u r c h  d e n  V e r s u c h s a u f b a u  n i c h t  b e e i n t r ä c h t i g t  ( A b b .  1 4 ,  

1 5 ) .   

A u c h  d i e  i n t e r z e l l u l ä r e  L e i t f ä h i g k e i t  ä n d e r t e  s i c h  b e i  1  µ M  

G e n t a m y c i n  ü b e r  d e n  B e o b a c h t u n g s z e i t r a u m  v o n  1  h  n i c h t .   
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A b b .  1 4 :  

B e i s p i e l h a f t e  A u s w i r k u n g  v o n  u n t e r s c h i e d l i c h e n  G e n t a m y c i n  

k o n z e n t r a t i o n e n  a u f  d i e  i n t e r z e l l u l ä r e  K o p p l u n g  v o n  H e n s e n z e l l p a a r e n  ( 1  

µ M ,  5  µ M ,  1 0  µ M  u n d  1 0 0  µ M ) .  G j  w u r d e  r e l a t i o n i e r t  z u m  M i t t e l w e r t  d e r  

L e i t f ä h i g k e i t  1 0   m i n  n a c h  E t a b l i e r u n g  d e r  D W P C - K o n f i g u r a t i o n .   

 

E r s t  b e i  Z u g a b e  v o n  5  µ M  G e n t a m y c i n  z u m  P e r f u s a t  f a n d e n  s i c h  

d i s k r e t e  V e r ä n d e r u n g e n  i n  d e r  i n t e r z e l l u l ä r e n  L e i t f ä h i g k e i t  ( A b b .  

1 5 ) ,  d i e  s i c h  n a c h  c a .  1 5  m i n  P e r f u s i o n  w i e d e r  n o r m a l i s i e r t  h a t t e n  

( S c h w e l l e n k o n z e n t r a t i o n ) .  N i c h t  v o l l s t ä n d i g  k l a r  w a r ,  o b  b e i  

d i e s e n  d i s k r e t e n  V e r ä n d e r u n g e n  ( s . o . )  d i e  j e w e i l i g e  i n t r a c o c h l e ä r e  

P o s i t i o n  d e r  e i n z e l n e n  g e w o n n e n e n  H e n s e n z e l l e n  ( d . h .  d i e  

t o n o t o p e  A n o r d n u n g  u n d  V a r i a b i l i t ä t )  e i n e  R o l l e  s p i e l t e  ( S p i c e r  e t  

a l . ,  1 9 9 4 ;  S h a  e t  a l . ,  2 0 0 1 ) .  

B e i  h ö h e r e n  G e n t a m y c i n k o n z e n t r a t i o n e n  k a m  e s  z u  e i n e m  

m o n o p h a s i s c h e n  A b f a l l  d e r  i n t e r z e l l u l ä r e  L e i t f ä h i g k e i t  u m  2 0  %  

i n n e r h a l b  v o n  7  (  2 . 9 )  b z w .  u m  5 0  %  i n n e r h a l b  v o n  2 3  (  1 . 4 )  

m i n  ( 1 0  µ M ) .  B e i  1 0 0  µ M  b e t r u g  d e r  A b f a l l  2 0  %  ( 5 0  % )  n a c h  6 . 5  

(  0 . 5 )  m i n  ( 1 0 . 5   2 . 5  m i n ) .  D i e  m i t t l e r e n  m a x i m a l e n  

S t a n d a r d a b w e i c h u n g e n  d e r  i n t e r z e l l u l ä r e n  L e i t f ä h i g k e i t  b e t r u g e n  
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f ü r  1  µ M  (  0 . 1 3 ) ,  5  µ M  (  0 . 1 8 ) ,  1 0  µ M  (  0 . 1 4 )   u n d  1 0 0  µ M  (  

0 . 2 2 ) .  

D a m i t  l i e ß  s i c h  e i n e  s i g n i f i k a n t e ,  k o n z e n t r a t i o n s a b h ä n g i g e  

A b n a h m e  d e r  i n t e r z e l l u l ä r e  L e i t f ä h i g k e i t  d u r c h  G e n t a m y c i n  

n a c h w e i s e n .

A b b . 1 5 :   

E i n f l u ß  u n t e r s c h i e d l i c h e r  G e n t a m y c i n k o n z e n t r a t i o n e n  a u f  d i e  i n t e r z e l l u l ä r e  

K o p p l u n g  v o n  H e n s e n z e l l p a a r e n  ( n  =  3  f ü r  j e d e  K o n z e n t r a t i o n )  .   

 

3 . 7  I n h i b i t i o n  d e r  G e n t a m y c i n - i n d u z i e r t e n  V e r ä n d e r u n g  d e r  G J I C  

d u r c h  K a t a l a s e  

K a t a l a s e  i s t  e i n   ( H 2 0 2 - s p e z i f i s c h e r )  R a d i k a l e n f ä n g e r ,  m i t  d e m  d i e  

H e n s e n z e l l p a a r e  n a c h  H e r s t e l l u n g  e i n e r  s t a b i l e n  d o p p e l t e n  

G a n z z e l l a b l e i t u n g  p r ä i n k u b i e r t  w u r d e n  ( 1 0 0 0  U / m l ) .  D u r c h  

n a c h f o l g e n d e  Z u g a b e  v o n  1 0  µ M  G e n t a m y c i n  ( n = 3 )  v e r ä n d e r t e  s i c h  

d i e  i n t e r z e l l u l ä r e  L e i t f ä h i g k e i t  b e i  s t a b i l e m  M e m b r a n p o t e n t i a l  

n i c h t .  D a m i t  w u r d e  g e z e i g t ,  d a s s  d i e  G e n t a m y c i n v e r m i t t e l t e n  

z e l l u l ä r e n  V e r ä n d e r u n g e n  w e s e n t l i c h  d u r c h  f r e i e  R a d i k a l e  ( H 2 0 2 )  

v e r m i t t e l t  w e r d e n .  A u c h  n a c h  Z u g a b e  e i n e r  n o c h m a l s  d e u t l i c h  

h ö h e r e n  G e n t a m y c i n k o n z e n t r a t i o n  ( 1 0 0  µ M ,  n = 3 )  f a n d  s i c h  z w a r  

e i n  z e i t v e r z ö g e r t e s  A b s i n k e n  d e r  i n t e r z e l l u l ä r e  L e i t f ä h i g k e i t .  
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D a b e i  m u ß  j e d o c h  b e r ü c k s i c h t i g t  w e r d e n ,  d a s s  d i e  

K a t a l a s e k o n z e n t r a t i o n  u n v e r ä n d e r t  b l i e b  u n d  v e r m u t l i c h  n i c h t  

a u s r e i c h t e ,  u m  e i n e  I n h i b i t i o n  d e s  G e n t a m y c i n e f f e k t e s  v o l l s t ä n d i g  

z u  e r r e i c h e n .   

 

A b b .  1 6 :   

S u p p r e s s i o n  d e r  G e n t a m y c i n - i n d u z i e r t e n  ( 1 0  µ M /  1 0 0  µ M )  M i n d e r u n g  d e r  

G J I C  m i t t e l s  P r ä i n k u b a t i o n  u n d  s i m u l t a n e r  A d d i t i o n  v o n  C a t a l a s e  

( 1 0 0 0 U / m l ) .   

 

3 . 8   I n t e r a k t i o n  v o n  i o n i s i e r t e m  E i s e n  u n d  D e f e r o x a m i n e  m i t  d e r  

G e n t a m y c i n -  i n d u z i e r t e n  V e r ä n d e r u n g  d e r  G J I C  

 

D a  i n  d e r  L i t e r a t u r  b e l e g t  i s t ,  d a s s  E i s e n c h e l a t o r e n  d i e  

o t o t o x i s c h e  G e n t a m y c i n w i r k u n g  a n t a g o n i s i e r e n  k ö n n e n  ( S o n g  e t  

a l . ,  1 9 9 6 )  b z w .  i o n i s i e r t e s  E i s e n  d i e  O t o t o x i z i t ä t  v e r s t ä r k t  ( X u  e t  

a l . ,  1 9 9 5 ;  C o n l o n  e t  a l . ,  1 9 9 8 ) ,  s o l l t e  i n  d e r  v o r l i e g e n d e n  S e r i e  

d i e  R o l l e  i o n i s i e r t e n  E i s e n s  u n d  v o n  D e f e r o x a m i n e  ( a l s  

E i s e n c h e l a t o r )  b e i m  G J I C  u n t e r s u c h t  w e r d e n .  D e r  z e l l u l ä r e n  

T o x i z i t ä t  v o n  G e n t a m y c i n  l i e g t  e i n e  K o m p l e x b i l d u n g  m i t  ( F e
2 + )  
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z u g r u n d e  ( P r i u s k a  e t  a l .  1 9 9 5 ) ,  d i e  d a n n  d i e  R O S - F r e i s e t z u n g  

a u s l ö s t  ( F e n t o n - R e a k t i o n ) .  
 
 

I n  e i n e r  e r s t e n  S e r i e  w u r d e n  d i e  H e n s e n z e l l p a a r e  m i t  1 0 0  µ M  

F e S O 4  ( a l s  Z u s a t z  z u m  B a d m e d i u m )  p e r f u n d i e r t  ( A b b .  1 7 ) .  D a b e i  

f a n d  s i c h  e i n e  s t a b i l e  K o p p l u n g  o h n e  B e e i n t r ä c h t i g u n g  d e s  

M e m b r a n p o t e n t i a l s .  S o m i t  k o n n t e  e i n e  d i r e k t e  I n t e r a k t i o n  v o n  

E i s e n  u n d  d e r  G J I C  a u s g e s c h l o s s e n  w e r d e n .  

 

A b b .  1 7  :  

L e i t f ä h i g k e i t s ä n d e r u n g e n  ( G j )  n a c h  Z u g a b e  v o n  1 0 0  µ M  F e S O 4  z u m  

B a d m e d i u m .  M i t t l e r e  S t a n d a r d a b w e i c h u n g e n  s i n d  d a r g e s t e l l t  .   

 

I n  e i n e r  n ä c h s t e n  V e r s u c h s r e i h e  i n k u b i e r t e n  w i r  u n s e r e  Z e l l p a a r e  

m i t  d e m  E i s e n c h e l a t o r  D e f e r o x a m i n e  ( 1 0 0  µ M )  u n d  f ü g t e n  d e r  

B a d l ö s u n g  n a c h  1 5  m i n  1 0  µ M  G e n t a m y c i n  ( A b b . 1 8 )  u n d  i n  e i n e r  

w e i t e r e n  V e r s u c h s r e i h e  1 0 0  µ M  G e n t a m y c i n  ( A b b . 1 9 )  h i n z u .  E s  

f a n d  s i c h  e i n e  s t a b i l e  I n t e r z e l l u l ä r e  K o p p l u n g  z w i s c h e n  4 3 . 8  n S  

( A b b . 1 8 )  ( n = 3 )  u n d  7 0 . 1  n S  ( A b b .  1 9 )  ( n = 4 )  u n t e r  d e n  g e n a n n t e n  

V e r s u c h s b e d i n g u n g e n .  D e r  C h e l a t o r  f ü h r t e  z u  e i n e r  B i n d u n g  d e s  

i n t r a z e l l u l ä r  g e l ö s t e n  E i s e n s ,  s o  d a s s  e s  n i c h t  z u  e i n e r  
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K o m p l e x b i l d u n g  m i t  G e n t a m y c i n  u n d  d e r  K a s k a d e  n a c h f o l g e n d e r  

E f f e k t e  k o m m e n  k o n n t e .   

 

 

A b b .  1 8 :  

L e i t f ä h i g k e i t s ä n d e r u n g e n  ( G j )  n a c h  V o r i n k u b a t i o n  m i t  D e f e r o x a m i n e  ( 1 0 0  

µM) u n d  n a c h f o l g e n d e r  Z u g a b e  v o n  G e n t a m y c i n  ( 1 0  µM).  
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A b b .  1 9 :  

L e i t f ä h i g k e i t s ä n d e r u n g e n  ( G j )  n a c h  V o r i n k u b a t i o n  m i t  D e f e r o x a m i n e  ( 1 0 0  

µM) u n d  n a c h f o l g e n d e r  Z u g a b e  v o n  G e n t a m y c i n  ( 1 0  µM).  

 

I n  e i n e r  l e t z t e n  S e r i e  k o n n t e  g e z e i g t  w e r d e n ,  d a s s  e r s t  d u r c h  

Z u g a b e  v o n  1 0 0  µ M  F e  S O 4  ( z u m  B a d m e d i u m  H B S S ,  w a s  b e r e i t s  

1 0 0  µ M  D e f e r o x a m i n e / G e n t a m y c i n  e n t h i e l t )  d i e  i n t e r z e l l u l ä r e  

L e i t f ä h i g k e i t  u m  5 6  (  1 1 . 5 )   %  n a c h  3 0  m i n  u n d  6 8  (  1 4 . 4 )  %  

n a c h  4 5  m i n  a b s a n k  ( A b b .  2 0 ) ( n = 3 ) .  

D a m i t  w u r d e  b e s t ä t i g t ,  d a s s  n a c h  v o l l s t ä n d i g e r  A b s ä t t i g u n g  d e s  

E i s e n c h e l a t o r s  D e f e r o x a m i n e  d u r c h  E i s e n z u g a b e  d i e  

F e n t o n r e a k t i o n  m i t  R O S - B i l d u n g  v e r s t ä r k t  e i n s e t z t  u n d  s o m i t  d i e  

i n t e r z e l l u l ä r e  L e i t f ä h i g k e i t  v e r r i n g e r t  w i r d  ( L i n k s v e r s c h i e b u n g ) .  

 



                                                                                                                     

 

 48 

 

 

Abb. 20 : 

L e i t f ä h i g k e i t s ä n d e r u n g e n  ( G j )  b e i  v o r i n k u b a t i e r t e n  H e n s e n z e l l e n  ( 1 0 0  µ M  

D e f e r o x a m i n e / G e n t a m y c i n )  n a c h  Z u g a b e  v o n  1 0 0  µ M  F e  S O 4 .   

 

 

3 . 9  H ä u f i g k e i t  v o n  K o n n e x i n -  M u t a t i o n e n  i n  d e r  P o p u l a t i o n   

 

I n s g e s a m t  f a n d e n  s i c h  b e i  3 0  ( 1 1 . 1 % )  P a t i e n t e n  C x 2 6 -  M u t a t i o n e n  

i n n e r h a l b  d e r  S t u d i e n g r u p p e  v o n  2 7 0  P a t i e n t e n .  B e i  4  d i e s e r  

P a t i e n t e n  f a n d  s i c h  e i n e  h o m o z y g o t e  M u t a t i o n .  B e i  2  P a t i e n t e n  

f a n d  s i c h  e i n e  „ c o m p o u n d -  h e t e r o z y g o t e  M u t a t i o n “  u n d  b e i  2 3  

P a t i e n t e n  e i n e  h e t e r o z y g o t e  C x 2 6 -  M u t a t i o n .  B e i  e i n e m  w e i t e r e n  

P a t i e n t e n  b e s t a n d  e i n e  „ c o m p o u n d  h e t e r o z y g o t e  K o n s t e l l a t i o n “  

e i n e r  C x 2 6 -  M u t a t i o n  u n d  e i n e r  C x 3 0 -  D e l e t i o n  ( T a b . 1 :  P a t .  I L :  

G J B 2 - V 3 7 L /  G J B 6 - D 1 3 S 1 8 3 0 ) .  B e i  3  P a t i e n t e n  d e r  S t u d i e n g r u p p e  

z e i g t e  s i c h  e i n e  h e t e r o z y g o t e  C x 3 0 -  M u t a t i o n  ( S e r 1 9 9 T h r ) .  D i e  

H ä u f i g k e i t  v o n  P a t i e n t e n  m i t  c . 3 5 d e l G -  M u t a t i o n e n  i n  d e r  

S t u d i e n g r u p p e  b e t r u g  3 . 3  %  ( n = 9 ) .  D i e  H ä u f i g k e i t  d i e s e r  M u t a t i o n  

i n  d e r  C x 2 6 -  M u t a t i o n s g r u p p e  l a g  b e i  3 0  % .  W e i t e r e  h ä u f i g e r e  



                                                                                                                     

 

 49 

M u t a t i o n e n  i n  d e r  S t u d i e n g r u p p e  w a r e n  M 3 4 T  ( n = 7 ) ,  V 1 5 3 I  ( n = 4 )  

u n d  V 3 7 T  ( n = 3 ) .  E i n e  i n d i v i d u a l i s i e r t e  D a r s t e l l u n g  d e r  P a t i e n t e n  

m i t  M u t a t i o n ,  k l i n i s c h e r  S u b g r u p p e  u n d  H ö r v e r l u s t  f i n d e t  s i c h  i n  

T a b . 1  ( A n h a n g ) .  

D i e  H ä u f i g k e i t  v o n  M u t a t i o n e n  i m  B e r e i c h  d e r  K o n t r o l l g r u p p e  v o n  

2 6 0  P r o b a n d e n  b e t r u g  8 . 9  %  ( n = 2 3 )  u n d  b e t r a f  a u s s c h l i e ß l i c h  

h e t e r o z y g o t e  C x 2 6 -  M u t a t i o n e n .  C x 3 0 -  M u t a t i o n e n  f a n d e n  s i c h  i n  

d e r  K o n t r o l l g r u p p e  n i c h t .  D i e  h ä u f i g s t e n  C x 2 6 -  M u t a t i o n e n  w a r e n  

M 3 4 T  ( n = 9 ) ,  c . 3 5 d e l  ( n = 5 )  u n d  V 3 7 T  ( n = 4 ) .  E i n e  i n d i v i d u a l i s i e r t e  

D a r s t e l l u n g  d e r  P a t i e n t e n  m i t  M u t a t i o n ,  k l i n i s c h e r  S u b g r u p p e  u n d  

H ö r v e r l u s t  f i n d e t  s i c h  i n  T a b . 2  ( A n h a n g ) .   

 

3 . 1 0  V e r t e i l u n g  d e r  M u t a t i o n s h ä u f i g k e i t e n  i n  d e n  k l i n i s c h e n  

S u b g r u p p e n  v o n  P a t i e n t e n   

 

Z u s a m m e n f a s s e n d  f a n d  s i c h  e i n e  V e r t e i l u n g  d e r  M u t a t i o n s -

h ä u f i g k e i t  i n n e r h a l b  d e r  k l i n i s c h e n  S u b g r u p p e n  w i e  f o l g t :  

-  3  v o n  2 2  ( 1 3 . 6 % )  P a t i e n t e n  i n n e r h a l b  d e r  G r u p p e  1 ;   

-  1  v o n  5 2  ( 2 . 0 % )  P a t i e n t e n  i n n e r h a l b  d e r  G r u p p e   2 ;   

-  2  v o n  3  ( 6 6 . 6 % )  P a t i e n t e n  i n n e r h a l b  d e r  G r u p p e  3 ;   

-  4  v o n  2 4  ( 1 6 . 7 % )  P a t i e n t e n  i n n e r h a l b  d e r  G r u p p e  4 ;   

-  7  v o n  5 7  ( 1 2 . 3 % )  P a t i e n t e n  i n n e r h a l b  d e r  G r u p p e  5 ;   

-  1 3  v o n  1 1 3  ( 1 1 . 5 % )  P a t i e n t e n  i n n e r h a l b  d e r  G r u p p e  6   
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Abb. 21 : 
V e r t e i l u n g  d e r  H ä u f i g k e i t  v o n  C x 2 6 - M u t a t i o n e n  i n n e r h a l b  d e r  k l i n i s c h e n  

S u b g r u p p e n .  

 

 

D a s  A u f t r e t e n  d e r  d r e i  C x 3 0 -  M u t a t i o n e n  b e t r i f f t  a u s s c h l i e s s l i c h  

d i e  G r u p p e  4 .  

 

U n t e r  A u s s c h l u s s  d e r  P a t i e n t e n  m i t  K o n n e x i n -  M u t a t i o n e n  f a n d  

s i c h ,  b a s i e r e n d  a u f  d e r  F a m i l i e n a n a m n e s e ,  b e i  8 . 5  %  d e r  P a t i e n t e n  

d e r  S t u d i e n g r u p p e  d e r  H i n w e i s  a u f  e i n e n  g e n e t i s c h e n  H i n t e r g r u n d  

d e r  b e s t e h e n d e n  H ö r m i n d e r u n g .  I n  d e r  G r u p p e  d e r  K o n n e x i n -  
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M u t a t i o n s t r ä g e r  f a n d  s i c h  i n n e r h a l b  d e r  F a m i l i e n a n a m n e s e  d e r  

H i n w e i s  a u f  e i n e  g e n e t i s c h e  U r s a c h e  d e r  H ö r m i n d e r u n g  b e i  3 8 . 2  %  

d e r  P a t i e n t e n .  
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4 .  D i s k u s s i o n  

 

4 . 1  R e g u l a t i o n  v o n  Z e l l - Z e l l - K a n ä l e n  a n  H e n s e n z e l l e n  d e s  

I n n e n o h r e s  

1 9 8 5  z e i g t e n  N e y t o n  u n d  T r a u t m a n n  e r s t m a l s ,  d a s s  d i e  d o p p e l t e  

G a n z z e l l a b l e i t u n g  a u f g r u n d  i h r e s  h o h e n  S i g n a l  –  R a u s c h a b s t a n d e s ,  

d e s  n i e d r i g e n  E i n g a n g s w i d e r s t a n d e s  u n d  d e s  g e r i n g e n  L e c k s t r o m e s  

e i n e  h e r v o r r a g e n d e  M e t h o d e  z u r  U n t e r s u c h u n g  v o n  e i n z e l n e n  Z e l l -

Z e l l - K a n ä l e n  d a r s t e l l t .  D i e  E i n z e l k a n a l l e i t f ä h i g k e i t  v o n  T r ä n e n -

d r ü s e n z e l l e n  d e r  R a t t e  w u r d e  i n  d e r  d a m a l i g e n  U n t e r s u c h u n g  m i t  

7 0 - 1 8 0  p S  a n g e g e b e n  b e i  e i n e r  l a n g s a m e n ,  s p a n n u n g s u n a b h ä n g i g e n  

K a n a l k i n e t i k  m i t  e i n e r  m i t t l e r e n  Ö f f n u n g s z e i t  v o n  2  s .   

I n  d e r  F o l g e z e i t  e r f o l g t e  d i e  C h a r a k t e r i s i e r u n g  w e i t e r e r  K a n a l -

e i g e n s c h a f t e n  m i t t e l s  A C h  ( N e y t o n  e t  a l . ,  1 9 8 6 ) ,  

P h o s p h o r y l i e r u n g ,  C a 2 + ,  p H ,  C h o l e z y s t o k i n i n ,  C a l m o d u l i n  e t c .   

( K o l b  e t  a l . , 1 9 9 1 ) .   

D a s  A u s m a ß  d e r  i n t e r z e l l u l ä r e  K o p p l u n g  c o c h l e ä r e r  H e n s e n z e l l e n  

i s t  u n g e w ö h n l i c h  h o c h ,  d a  2 5  %  d e r  z e l l u l ä r e n  O b e r f l ä c h e  v o n  

k o n n e x o n h a l t i g e n  P l a q u e s  e i n g e n o m m e n  w i r d  ( F o r g e  e t  a l . ,  2 0 0 3 ) .   

D i e  i m  R a h m e n  u n s e r e r  U n t e r s u c h u n g e n  g e f u n d e n e n  

L e i t f ä h i g k e i t e n  d i e s e r  Z e l l - Z e l l - K a n ä l e  ( T o d t  e t  a l . ,  1 9 9 9 )  v o n  b i s  

z u  1 8 0  n S  b e s t ä t i g e n  d i e  a u s g e p r ä g t e  K o p p l u n g  u n d  l i e g e n  s o m i t  

d e u t l i c h  ü b e r  d e n  W e r t e n  a n d e r e r  g e k o p p e l t e r  Z e l l e n  ( z . B .  4 5 -  8 5  

n S  f ü r  p a n k r e a t i s c h e  A z i n a r z e l l e n ,  3 0  n S  f ü r  K a r d i o m y o z y t e n )  

( N g e z a h a y o  e t  a l . ,  1 9 9 3 ,  V e r r a c h i a  e t  a l . ,  1 9 9 9 ) .  D i e  b i s l a n g  i n  

d e r  L i t e r a t u r  b e s c h r i e b e n e n  V e r f a h r e n  z u m  K o p p l u n g s n a c h w e i s  

w a r e n  e n t w e d e r  q u a l i t a t i v e r  N a t u r  ( F a r b s t o f f k o p p l u n g ,  z . B .  m i t  

L u c i f e r  y e l l o w )  o d e r  s e m i q u a n t i t a t i v  z u m  N a c h w e i s  d e r  A n z a h l  

m i t e i n a n d e r  v e r k o p p e l t e r  Z e l l e n  ( K a p a z i t ä t s m e s s u n g e n )  ( S a n t o s  

S a c c h i  e t  a l . ,  1 9 8 6 )  g e e i g n e t .  

U n s e r e  U n t e r s u c h u n g e n  f ü h r t e n  i m  L a u f e  d e s  E x p e r i m e n t a l -

z e i t r a u m s  d u r c h  O p t i m i e r u n g  d e r  P r ä p a r a t i o n s t e c h n i k e n ,  d u r c h  

M e d i e n m o d i f i k a t i o n  u . a .  z u  e i n e r  v e r l ä n g e r t e n  L e b e n s f ä h i g k e i t  d e r  
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Z e l l p r ä p a r a t i o n  u n d  z u  k o n t i n u i e r l i c h  v e r b e s s e r t e n  A b l e i t -  u n d  

M e s s b e d i n g u n g e n .  D i e  a n f ä n g l i c h  g e m e s s e n e  m i t t l e r e  L e i t f ä h i g -

k e i t  ( 2 9 . 9  n S  b e i  e i n e r  K o p p l u n g s d a u e r  v o n  e t w a  1 , 5  h )  

v e r b e s s e r t e  s i c h  s p ä t e r  a u f  6 7 . 0  n S  b e i  e i n e r  K o p p l u n g s d a u e r  v o n  

e t w a  2 . 5  h  ( T o d t  e t  a l . ,  1 9 9 9 ;  2 0 0 0 ;  2 0 0 1 ;  J u n k e r  2 0 0 0 ;  B l ö d o w  e t  

a l . ,  2 0 0 3 ) .   

I n  u n s e r e n  V e r s u c h s r e i h e n  f a n d e n  s i c h  v a r i a b l e  S p a n n u n g s -

a b h ä n g i g k e i t e n ,  d i e  v o n  r e l a t i v  g e r i n g  ( A b b .  9 a )  b i s  z u  s e h r  s t a r k  

( A b b . 9 c )  s c h w a n k t e n .  A n  d i e s e n  B e i s p i e l e n  l a s s e n  s i c h  k e i n e  

A n a l o g i e s c h l ü s s e  z u  h o m o t y p i s c h e n  Z e l l - Z e l l - K a n ä l e n  h e r l e i t e n .  

E i n e  d e u t l i c h e  Ä h n l i c h k e i t  d e r  i n v e r s e n  K u r v e n v e r l ä u f e n ,  w i e  s i e  

i n  d e n  U n t e r s u c h u n g e n  b e o b a c h t e t  w u r d e n  ( A b b .  9 b ,  9 d ) ,  b e s t e h t  

j e d o c h  z u m  K a n a l v e r h a l t e n  d e r  h e t e r o t y p i s c h e n  K a n ä l e  

( C x 3 0 / C x 2 6 )   ( D a h l  e t  a l .  1 9 9 6 ) .  E s  k a n n  d e s h a l b  v e r m u t e t  

w e r d e n ,  d a s s  d i e s e  h e t e r o g e n e n  Z e l l - Z e l l k a n ä l e  i m  C o r t i -  O r g a n  

e i n e  f u n k t i o n e l l  w i c h t i g e  R o l l e  b e i  d e r  i n t e r z e l l u l ä r e n  K o p p l u n g  

s p i e l e n  ( T o d t  e t  a l . ,  1 9 9 9 ;  T o d t  e t  a l . ,  2 0 0 1 ) .  H e t e r o m e r e  

K o n n e x o n e  k o n n t e n  m i t t e l s  i m m u n - h i s t o c h e m i s c h e n  N a c h w e i s e s  

i m  C o r t i - O r g a n  b e r e i t s  n a c h g e w i e s e n  w e r d e n  ( F o r g e  e t  a l . ,  2 0 0 3 ;  

A h m a d  e t  a l . ,  2 0 0 3 )  u n d  S u n  u n d  M i t a r b e i t e r  ( 2 0 0 4 )  z e i g t e n ,  d a s s  

d i e s e  K a n ä l e  s o g a r  q u a n t i t a t i v  ü b e r w i e g e n .  Z u r  Z e i t  g e l i n g t  e i n  

w e i t e r e s  e x p e r i m e n t e l l e s  A u f s c h l ü s s e l n  d e r  e i n z e l n e n  K o n n e x i n e  

( i n n e r h a l b  d e r  K o n n e x o n - U n t e r e i n h e i t e n )  n o c h  n i c h t ,  s o  d a s s  w i r  

o h n e  s t r u k t u r e l l e n  N a c h w e i s  a u f  d i e  f u n k t i o n e l l -  

e l e k t r o p h y s i o l o g i s c h e n  U n t e r s u c h u n g s e r g e b n i s s e  a n g e w e i s e n  s i n d .  

M i t  d i e s e r  H e t e r o g e n i e  d e r  K a n a l z u s a m m e n s e t z u n g  z w i s c h e n  d e n  

H e n s e n z e l l e n  e r k l ä r t  s i c h  a u c h  d a s  h o c h g r a d i g  v a r i a b l e ,  

s p a n n u n g s a b h ä n g i g e  Ö f f n u n g s v e r h a l t e n .  S o w o h l  d i e  s p a n n u n g s -

a b h ä n g i g e  L e i t f ä h i g k e i t  h o m o m e r e r  h o m o t y p i s c h e r  C x 2 6 / C x 3 0 -

K a n ä l e  a l s  a u c h  h o m o m e r e r ,  h e t e r o t y p i s c h e r  C x 2 6 / C x 3 0 - K a n ä l e  

( D a h l  e t  a l . ,  1 9 9 6 ;  V a l u n i a s  e t  a l . ,  1 9 9 9 ;  M a n t h e y  e t  a l . ,  2 0 0 1 ;  

B e l t r a m e l l o  e t  a l . ,  2 0 0 3 )  e n t s p r i c h t  n i c h t  d e n  b e o b a c h t e t e n  

K a n a l e i g e n s c h a f t e n  d e r  f r i s c h  d i s s o z i i e r t e n  H e n s e n z e l l e n  ( T o d t  e t  
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a l . ,  1 9 9 9 ;  Z h a o  e t  a l . ,  2 0 0 0 ;  T o d t  e t  a l . ,  2 0 0 1 ) .  D i e  f u n k t i o n e l l e  

B e d e u t u n g  d i e s e s  v a r i a b l e n  Ö f f n u n g s v e r h a l t e n s  k a n n  z u m  

g e g e n w ä r t i g e n  Z e i t p u n k t  e b e n f a l l s  n o c h  n i c h t  v o l l s t ä n d i g  

a u f g e k l ä r t  w e r d e n .  M ö g l i c h  e r s c h e i n t  j e d o c h  e i n e  t o n o t o p e ,  

s p e z i f i s c h e  F u n k t i o n  e i n z e l n e r  H e n s e n z e l l s u b - p o p u l a t i o n e n  

i n n e r h a l b  d e r  C o c h l e a ,  s o  d a s s  d i e  V o r s t e l l u n g  e i n e s  r ä u m l i c h  g u t  

d e f i n i e r t e n  P u f f e r m e c h a n i s m u s  d a m i t  b e l e g t  w ä r e  ( S p i c e r  e t  a l . ,  

1 9 9 4 ) .   

E x p e r i m e n t e l l  k a n n  m a n  d i e  K a n a l e i g e n s c h a f t e n  d e r  v e r s c h i e d e n e n  

K o n n e x i n e  n a c h  E x p r e s s i o n  i n  Z e l l s y s t e m e n  u n t e r s u c h e n :  W ä h r e n d  

i n  H E L A -  Z e l l e n  h o m o t y p i s c h e  Z e l l - Z e l l - K a n ä l e   b e k a n n t e r  

K o n n e x i n e  o d e r  a n g e n o m m e n  h e t e r o t y p i s c h e  u n k l a r e r  K o n n e x i n -

z u s a m m e n s e t z u n g  e l e k t r o p h y s i o l o g i s c h  u n t e r s u c h t  w e r d e n  k ö n n e n ,  

k a n n  m a n  m i t  H i l f e  d e r  X e n o p u s  l a e v i s -  O o z y t e  z w e i  h o m o t y p i s c h e  

K o n n e x o n e  u n t e r s c h i e d l i c h e r  K o n n e x i n e  a n a l y s i e r e n .  S o  w u r d e  

b e s c h r i e b e n ,  d a s s  C x 2 6 - Z e l l - Z e l l - K a n ä l e  -  e b e n s o  w i e  C x 3 0  -   e i n  

w e i t g e h e n d  s y m m e t r i s c h e s  S p a n n u n g s v e r h a l t e n  z e i g e n .  J e d o c h  

z e i g t  d a s  s p a n n u n g s a b h ä n g i g e  Ö f f n u n g s v e r h a l t e n  –  i m  H i n b l i c k  

a u f  d i e  K i n e t i k  u n d  V 0  –  s e h r  u n t e r s c h i e d l i c h e  A u s p r ä g u n g  ( D a h l  

e t  a l . ,  1 9 9 6 ) .  K o p p e l t  m a n  h e t e r o t y p i s c h  C x 2 6  m i t  C x 3 0 ,  f i n d e t  

s i c h  e i n  d e u t l i c h e r  A b f a l l  d e r  L e i t f ä h i g k e i t  b e i  

H y p e r p o l a r i s i e r u n g  ( D a h l  e t  a l . ,  1 9 9 6 ) .  W e i t e r e  U n t e r s c h i e d e  

f i n d e n  s i c h  i n  d e r  F a r b s t o f f k o p p l u n g  h o m o t y p i s c h e r  K a n ä l e .  D i e  

E x p r e s s i o n  v o n  C x 2 6 / C x 3 0  C h i m ä r e n  i n  H e L a -  Z e l l e n  b e l e g e n ,  d a ß  

d i e  z y t o p l a s m a t i s c h e n  D o m ä n e n  d i e s e r  K o n n e x i n e  f ü r  d a s  

l e i t f ä h i g k e i t s -  u n d  s p a n n u n g s a b h ä n g i g e  Ö f f n u n g s v e r h a l t e n  

v e r a n t w o r t l i c h  s i n d  ( M a n t h e y  e t  a l . ,  2 0 0 1 ) .  V a l i u n a s  u n d  

M i t a r b e i t e r  ( 1 9 9 9 )  n e h m e n  a n ,  d a ß  C x 3 0  b e i  e i n e r  m i t t l e r e n  

L e i t f ä h i g k e i t  v o n  1 8 0  p S  n i c h t  n u r  d a z u  i n  d e r  L a g e  i s t ,  k l e i n e r e  

I o n e n  p a s s i e r e n  z u  l a s s e n ,  s o n d e r n  a u c h  M o l e k ü l e  z w i s c h e n  4 0  –  

3 0 0  p S  ( v g l .  a u c h  d a z u  W a l t z m a n n  u n d  S p r a y  1 9 9 5 ) .  D a m i t  i s t  

C x 3 0  a u s  f u n k t i o n e l l e r  S i c h t  g u t  d a f ü r  g e e i g n e t ,  i n t e n s i v e ,  

i n t e r z e l l u l ä r e  S i g n a l t r a n s d u k t i o n  z u  e r m ö g l i c h e n .   
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4 . 2  F u n k t i o n e l l e  B e d e u t u n g  v o n  C x 2 6  u n d  C x 3 0  i m  C o r t i - O r g a n  

 

C x 2 6  u n d  C x 3 0  k o n n t e n  a l s  q u a n t i t a t i v  w i c h t i g s t e  K o n n e x i n e  i n  

c o c h l e ä r e n  H e n s e n z e l l e n  n a c h g e w i e s e n  w e r d e n  ( K i k u c h i  e t  a l .  

1 9 9 5 ;  L a u t e r m a n n  e t  a l . ,  1 9 9 8 ) .  D a m i t  s i n d  d i e s e  b e i d e n  K a n ä l e  

w a h r s c h e i n l i c h  v o r r a n g i g  f ü r  d e n  i n t r a c o c h l e ä r e n ,  i n t r a z e l l u l ä r e n  

A b t r a n s p o r t  d e s  b e i  d e r  H a a r z e l l d e p o l a r i s a t i o n  f r e i w e r d e n d e n  

K a l i u m s  v e r a n t w o r t l i c h  ( K i k u c h i  e t  a l . ,  1 9 9 5 ,  2 0 0 0 ;  F o r g e  e t  a l . ,  

1 9 9 9 ;  W a n g e m a n n  2 0 0 2 ) .  B e i  d e r  S i g n a l t r a n s d u k t i o n  d e r  

a u f t r e f f e n d e n  S c h a l l w e l l e  ( „ c o c h l e ä r e r  V e r s t ä r k e r m e c h a n i s m u s “ )  

e r f o l g t  i n  d i e  ä u ß e r e  H a a r z e l l e  e i n  K a l i u m e i n s t r o m  d u r c h  d i e  

S t e r e o z i l i e n  e n t l a n g  e i n e s  e l e k t r o c h e m i s c h e n  G r a d i e n t e n .  N a c h  

d e r  D e p o l a r i s a t i o n  d e r  Z e l l e  w i r d  d a s  K a l i u m  d u r c h  e i n e n  M a x i - K -

K a n a l  a u s  d e r  b a s o l a t e r a l e n  Z e l l w a n d  h e r a u s t r a n s p o r t i e r t  ( G i t t e r  

e t  a l . ,  1 9 9 2 ) ,  u m  s o  d i e  s c h n e l l e  R e p o l a r i s i e r b a r k e i t  z u  s i c h e r n .  

E s  i s t  w a h r s c h e i n l i c h ,  d a s s  d i e  s o  f r e i g e s e t z t e n  K a l i u m i o n e n  a u s  

d e m  C o r t i - T u n n e l  m i t  H i l f e  e i n e s  K - C l  C o t r a n s p o r t e r s  K C C  4  

( B o e t t g e r  e t  a l . ,  2 0 0 2 )  o d e r  v o n   K a l i u m k a n ä l e n  K i r  4 . 1  ( H i b i n o  e t  

a l . , 1 9 9 7 ) ,  M E R G 1 a  ( N i e  e t  a l . ,  2 0 0 4 )  o d e r  K C N Q 3  ( L i a n g  e t  a l . ,  

2 0 0 4 )  i n  d i e  S t ü t z z e l l e n  g e l a n g e n .  V o n  d o r t  w e r d e n  s i e  ü b e r  d i e  

Z e l l - Z e l l - K a n ä l e  a b g e l e i t e t ,  u m  s o  d i e  i o n a l e  H o m ö o s t a s e  i m  

C o r t i - O r g a n  z u  g e w ä h r l e i s t e n  ( „ l o k a l e r  K a l i u m p u f f e r  

m e c h a n i s m u s “ )  ( J o h n s t o n e  e t  a l . ,  1 9 8 9 ) .  

D u r c h  d i e s e n  l o k a l e n  P u f f e r m e c h a n i s m u s  e r m ö g l i c h e n  d i e  Z e l l -

Z e l l - K a n ä l e  d e r  H e n s e n z e l l e n  d i e  A u f r e c h t e r h a l t u n g  d e s  

h o c h p o s i t i v e n  e n d o l y m p h a t i s c h e n  P o t e n t i a l s  ( E P ,  + 8 5  m V ) .  D i e s e s  

p o s i t i v e  B e s t a n d s p o t e n t i a l  w i r d  v o n  d e r  k a l i u m r e i c h e n  

E n d o l y m p h e  g e t r a g e n  u n d  „ t r e i b t  a l s  B a t t e r i e s t r o m “  d i e  

R e p o l a r i s i e r u n g  d e r  O H C  v o r a n  ( K i k u c h i  e t  a l . ,  1 9 9 5 ;  S o u t e r  a n d  

F o r g e  e t  a l . , 1 9 9 8 ;  W a n g e m a n n ,  2 0 0 2 ;  F o r g e  e t  a l . ,  2 0 0 3 ) .  W e i t e r e  

Z e l l - Z e l l - K a n ä l e  i m  C o r t i - O r g a n  f i n d e n  s i c h  i n  d e r  S t r i a  

v a s c u l a r i s ,  e i n e m  k a l i u m s e k r e t o r i s c h e n  E p i t h e l ,  d a s  d e n  



                                                                                                                     

 

 56 

E n d o l y m p h s c h l a u c h  a n  d e r  l a t e r a l e n  S e i t e  b e g r e n z t  ( F o r g e ,  1 9 9 4 ;  

C a r l i s l e  e t  a l . ,  1 9 9 0 ;  S o u t e r  a n d  F o r g e ,  1 9 9 8 ) .  E i n e  m ö g l i c h e  

R o u t e  d e s  „ K a l i u m - T r a f f i c k i n g s “  i n  d i e  S t r i a  v a s c u l a r i s  ( M c G u i r t  

a n d  S c h u l t e  1 9 9 4 ;  S c h u l t e  a n d  S t e e l ,  1 9 9 4 )  g e h t  ü b e r  d i e  

l i g a m e n t ä r e n  F i b r o z y t e n  u n t e r  U m g e h u n g  d e r  d i c h t e n  

S c h l u s s l e i s t e n k o m p l e x e  d e r  B a s a l z e l l e n .  S o  k o n n t e  g e z e i g t  

w e r d e n ,  d a s s  n a c h  i n t r a c o c h l e ä r e r  A p p l i k a t i o n  v o n  P r o a d i f e n  -  

e i n e m  s p e z i f i s c h e n  Z e l l - Z e l l - K a n a l e n t k o p p l e r  -  e i n  A b s i n k e n  d e s  

e n d o c o c h l e ä r e n  P o t e n t i a l s  ( E P )  z u  b e o b a c h t e n  w a r  ( S p i e s s  e t  a l . ,  

2 0 0 2 ) .   

C x 3 0  s p i e l t  v o n  d e n  i n t r a c o c h l e ä r  n a c h w e i s b a r e n  K o n n e x i n e n  e i n e  

z e n t r a l e  R o l l e  i n  d e r  c o c h l e ä r e n  P h y s i o l o g i e ,  w i e  K n o c k o u t -

E x p e r i m e n t e  a n  M ä u s e n  z e i g t e n .  W ä h r e n d  f e h l e n d e s  C x 3 0  d a z u  

f ü h r t e ,  d a s s  d i e  T i e r e  k e i n  E P  a u s b i l d e n  ( T e u b n e r  e t  a l . ,  2 0 0 3 ) ,  

i s t  d a s  E P  b e i  C x 2 6 - K n o c k o u t - M ä u s e n  n o r m a l  n a c h w e i s b a r  

( C o h e n -  S a l m o n  e t  a l . ,  2 0 0 2 ) .  S o  s i n d  d i e  K o n n e x i n e  i m  C o r t i -

O r g a n  u n d  i n  d e r  S t r i a  v a s c u l a r i s  u n t e r s c h i e d l i c h  e x p r i m i e r t .  

S o m i t  i s t  b e i  u n t e r s c h i e d l i c h e r  K o m p a t i b i l i t ä t  v o n  C x 2 6 / 3 0  m i t  

a n d e r e n  K o n n e x i n e n  e i n e   k o m p e n s a t o r i s c h e n  E x p r e s s i o n  a n d e r e r  

K o n n e x i n e  ( C x 3 2 ,  C x 3 1 ,  C x 4 3 )  v o r s t e l l b a r ,  s o  d a s s  d i e s e  

s c h e i n b a r  g e g e n l ä u f i g e n  E r g e b n i s s e  d e r  K n o c k o u t - V e r s u c h e  

v e r s t ä n d l i c h  w e r d e n .     

E i n  w i c h t i g e r  A s p e k t  d e r  A r b e i t  l a g  i n  d e r  U n t e r s u c h u n g  d e r  

B e t e i l i g u n g  i n t e r z e l l u l ä r e r  K o m m u n i k a t i o n s m e c h a n i s m e n  b e i  

p a t h o p h y s i o l o g i s c h e n  V e r ä n d e r u n g e n  i m  C o r t i - O r g a n .  B e i  

v e r s c h i e d e n e n  I n n e n o h r e r k r a n k u n g e n  –  w i e  z . B .  d e r  O t o t o x i z i t ä t  

( G a r e t z  e t  a l . ,  1 9 9 4 a ,  1 9 9 4 b ;  P r i u s k a  e t  a l . ,  1 9 9 5 ;  R a v i  e t  a l . ,  

1 9 9 5 ,  C l e r i c i  e t  l 9 9 5 ;  1 9 9 6 ;  C l e r i c i  a n d  Y a n g  1 9 9 6 ;  H i r o s e  e t  a l . ,  

1 9 9 7 ;  K o p k e  e t  a l . ,  1 9 9 7 ;  L o p e z -  G o n z a l e z  e t  a l . ,  1 9 9 8 ) ,  d e n  

a k u t e n  o d e r  c h r o n i s c h e n  H ö r -  u n d  G l e i c h g e w i c h t s s t ö r u n g e n  

( S e i d m a n n  e t  a l . ,  1 9 9 1 ;  Q u i r k  e t  a l . ,  1 9 9 4 ,  S e i d m a n n  a n d  

S h i v a p u j a ,  1 9 9 3 ,  Q u i r k  e t  a l . ,  1 9 9 4 ,  H u  e t  a l . ,  1 9 9 7 ,  Y a m a n e  e t  

a l . ,  1 9 9 5 )  –  s p i e l t  d i e  e r h ö h t e  P r o d u k t i o n  f r e i e r  R a d i k a l e  ( R O S ,  
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d . h .  W a s s e r s t o f f p e r o x i d - ,  A n i o n e n -  u n d  H y d r o x y l r a d i k a l e )  i n  d e r  

E n t s t e h u n g  d e r  e i n z e l n e n  S t ö r u n g e n  e i n e  z e n t r a l e  R o l l e .  Ä h n l i c h e s  

g i l t  f ü r  a n d e r e  n e u r o n a l e  G e w e b e ,  z . B .  n a c h  a k u t e n  T r a u m e n  

( S i e s j o  e t  a l . ,  1 9 8 9 ;  H a l l  e t  a l . ,  1 9 9 3 ) ,  d a s  R e p e r f u s i o n s m o d e l l  

n a c h  a k u t e r  I s c h ä m i e  ( C a o  e t  a l . ,  1 9 8 8 ;  H a l l i w e l l ,  1 9 9 2 )  o d e r  

c h r o n i s c h - d e g e n e r a t i v e  V e r ä n d e r u n g e n  ( G ö t z  e t  a l . ,  1 9 9 4 ;  

G u t t e r i d g e ,  1 9 9 4 ) .  

 

4 . 3  D e r  E i n f l u ß  v o n   H 2 O 2  a u f  d i e  i n t e r z e l l u l ä r e  K o p p l u n g  

 

B i s h e r i g e  U n t e r s u c h u n g e n  d e r  G J I C  a n  H e n s e n z e l l e n  ( S a n t o s  

S a c c h i  e t  a l . ,  1 9 8 3 ;  S a n t o s  S a c c h i  1 9 8 4 )  b e z o g e n  s i c h  

a u s s c h l i e ß l i c h  a u f  d i e  p h y s i o l o g i s c h e  M o d u l i e r b a r k e i t  d e r  

K a n a l e i g e n s c h a f t e n ,  z . B .  d u r c h  p H - ,  C a 2 + - ,  S p a n n u n g s -  u n d  

T e m p e r a t u r ä n d e r u n g e n  ( S a n t o s  S a c c h i ,  1 9 8 5 ;  1 9 8 6 ;  S a t o  e t  

a l . , 1 9 9 4 ;  S a t o  e t  a l . ,  1 9 9 8 ;  Z h a o  e t  a l . ,  1 9 9 8 ) .  

I n  u n s e r e r  V e r s u c h s r e i h e n  f a n d e n  s i c h  k e i n e  H i n w e i s e  a u f  e i n e  

u n m i t t e l b a r e  B e e i n t r ä c h t i g u n g  d e r  Z e l l v i a b i l i t ä t -  b z w .  i n t e g r i t ä t  

d e r  Z e l l m e m b r a n  n a c h  Z u g a b e  v o n  H 2 O 2  u n t e r s c h i e d l i c h e r  

K o n z e n t r a t i o n .  D i e s e  R e s i s t e n z  d e r  H e n s e n z e l l e n  –  i m  V e r g l e i c h  

z u  d e n  w e s e n t l i c h  e m p f i n d l i c h e r e n  S i n n e s z e l l e n  ( C l e r i c i  e t  a l . ,  

1 9 9 5 ) –  k o n n t e  b e r e i t s  i m  H ä u t c h e n p r ä p a r a t  n a c h g e w i e s e n  w e r d e n  

( D e h n e  e t  a l . ,  2 0 0 0 )  u n d  b e r u h t  a u f  d e m  h o h e n  i n t r a z e l l u l ä r e n  

G e h a l t  a n  R a d i k a l e n f ä n g e r n  ( U s a m i  e t  a l . ,  1 9 9 6 ) .  

D i e  V e r ä n d e r u n g e n  d e r  G J I C  w a r e n  k o n z e n t r a t i o n s a b h ä n g i g  u n d  

f a n d e n  i n  e i n e m  e n g e n  z e i t l i c h e n  F e n s t e r  v o n  3 0  m i n  s t a t t .  

W ä h r e n d d e s s e n  k a m  e s  v o m  A b s i n k e n  b i s  z u r  s u b t o t a l e n  R e d u k t i o n  

( 1 0  % )  d e r  K o p p l u n g .  D i e s e r  E f f e k t  l ä s s t  s i c h  a l s  d i r e k t e  

I n t e r a k t i o n  m i t  d e m  Z e l l - Z e l l - K a n a l  i n t e r p r e t i e r e n  ( z . B .  

K o n n e x i n p h o s p h o r y l i e r u n g ) ,  d a  d e s s e n  z e l l u l ä r e  H a l b w e r t s z e i t  i m  

B e r e i c h  v o n  2  b i s  5  h  l i e g t ,  s o  d a s s  a l s  a l t e r n a t i v e  E r k l ä r u n g  f ü r  

d i e  R e d u k t i o n  d e r  i n t r a z e l l u l ä r e n  K o p p l u n g  e i n  K o m p l e t t a u s t a u s c h  

d e r  Z e l l - Z e l l - K a n ä l e  ü b e r  e i n  T r a f f i c k i n g  a u s s c h e i d e t  ( E v a n s  e t  



                                                                                                                     

 

 58 

a l . ,  2 0 0 2 ) .  A u f g r u n d  d e r  B i l d u n g  h e t e r o m e r e r  K o n n e x o n e  i m  

C o r t i - O r g a n  ( F o r g e  e t  a l .  2 0 0 3 )  u n d  d e r  s o m i t  w a h r s c h e i n l i c h e n  

A u s b i l d u n g  h e t e r o m e r e r ,  h e t e r o t y p i s c h e r  Z e l l - Z e l l - K a n ä l e  d e r  

H e n s e n z e l l e n  ( C x 2 6 / C x 3 0 )  e r s c h e i n t  d i e s e r  P a t h o m e c h a n i s m u s  

a u f g r u n d  d e r  u n t e r s c h i e d l i c h e n  P h o s p h o r y l i e r b a r k e i t  d e r  

K o n n e x i n e  a l s  w a h r s c h e i n l i c h s t e  E r k l ä r u n g .  F ü r  C x 4 3  ( U p h a m  e t  

a l . ,  1 9 9 7 )  u n d  C x 3 0  ( S a e z  e t  a l . ,  1 9 9 8 )  i s t  b e r e i t s  d i e  

P h o s p h o r y l i e r u n g  d u r c h  H 2 O 2  e x p e r i m e n t e l l  g u t  b e l e g t .  B e i  

Z u g a b e  v o n  0 . 0 8  m M  H 2 O 2  z e i g t e n  s i c h  k e i n e  Ä n d e r u n g  d e r  

i n t e r z e l l u l ä r e n  L e i t f ä h i g k e i t ,  j e d o c h  w i e s  d i e  i n t r a z e l l u l ä r e  

K a l z i u m k o n z e n t r a t i o n  o s z i l l a t o r i s c h e  S c h w a n k u n g e n  a u f  ( A b b .  

1 1 ) .  D i e s e r  E f f e k t  ( K a n n a n  e t  a l . ,  1 9 9 7 )  k ö n n t e  ü b e r  

R y a n o i d r e z e p t o r e n  v e r m i t t e l t  s e i n  ( F a v e r o  e t  a l . ,  1 9 9 5 ;  B u r l a n d o  

e t  a l . ,  1 9 9 7 ;  H e r n a n d e z - C r u z  e t  a l . ,  1 9 9 7 ) ,  w i e  s i e  b e r e i t s  f ü r  

H e n s e n z e l l e n  n a c h g e w i e s e n  w u r d e n  ( S a t o  e t  a l . ,  1 9 9 8 )  o d e r  a u f  

k o m p l e x e  V e r ä n d e r u n g e n  i n  d e r  S i g n a l t r a n s d u k t i o n  z u r ü c k g e h e n  

( i n k l .  G e n e x p r e s s i o n ,  A T P - S y n t h e s e  i n  M i t o c h o n d r i e n  e t c . )  

( N a k a h a r a  e t  a l . ,  1 9 9 8 ;  N g e z a h a y o  e t  a l . ,  1 9 9 3 ) .     

 

4 . 4  [ C a
2 +

] i  u n d  i n t e r z e l l u l ä r e  K o p p l u n g  

 

U n t e r  P e r f u s i o n  m i t  h ö h e r e n  H 2 O 2 - K o n z e n t r a t i o n e n  ( 0 . 8  m M )  

f i n d e t  s i c h  n e b e n  e i n e r  M i n d e r u n g  d e r  L e i t f ä h i g k e i t  e i n  p a r a l l e l e r ,  

s i g n i f i k a n t e r  A n s t i e g  d e s  [ C a
2 +

] i  ( A b b . 1 2 ) .  

G e n e r e l l  w e r d e n  b e i  d e r  a u c h  h i e r  a n g e w a n d t e n  ( d o p p e l t e n )  

G a n z z e l l a b l e i t u n g  d i e  z y t o p l a s m a t i s c h e n  E l e k t r o l y t e  d u r c h  d i e  

P i p e t t e n l ö s u n g  b e s t i m m t ,  w e s h a l b  d i e  Z u g a b e  v o n  5  m M  E G T A  i n  

d e r  P i p e t t e n l ö s u n g  d i e  K a l z i u m i o n e n  g e p u f f e r t  h a t t e .  S o m i t  k a n n  

a u s g e s c h l o s s e n  w e r d e n ,  d a s s  e s  z u  e i n e m  H 2 O 2 -  i n d u z i e r t e n  

A n s t i e g  v o n  K a l z i u m i o n e n  i m  Z y t o p l a s m a r a u m  k a m .  D e s h a l b  i s t  

w a h r s c h e i n l i c h ,  d a s s  d e r  i n  u n s e r e n  V e r s u c h e n  b e o b a c h t b a r e  

A n s t i e g  d e s  [ C a
2 +

] i  i n  A n w e s e n h e i t  v o n  E G T A  d u r c h  e i n e  

F r e i s e t z u n g  a u s  z e l l m e m b r a n n a h e n  R e g i o n e n  v e r u r s a c h t  w u r d e  
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( Y o u  e t  a l . ,  1 9 9 7 ) ( A b b .  1 1 ,  1 2 ) .  D e r  s t ä r k e r  a u s g e p r ä g t e  A n s t i e g  

d e s  [ C a
2 +

] i  n a c h  H 2 O 2 - Z u g a b e  f a n d  s e i n e n  N i e d e r s c h l a g  i n  d e r  

p a r a l l e l e n  A b n a h m e  d e r  G J I C  ( A b b .  1 0 ) .  D i e s e r  B e f u n d  g e h t  

p r i m ä r  a u f  e i n e  d i r e k t e  I n t e r a k t i o n  d e s  [ C a
2 +

] i   m i t  d e r  

K a n a l s t r u k t u r  z u r ü c k  ( S o m o g y i  e t  a l . ,  1 9 9 1 )  u n d  w u r d e  f ü r  

c o c h l e ä r e  S t ü t z z e l l e n  i m  M i l l i m o l a r b e r e i c h  b e r e i t s  b e s c h r i e b e n  

( S a t o  e t  a l . ,  1 9 9 4 ) .  A n d e r e ,  b e g l e i t e n d e  k a l z i u m a s s o z i i e r t e  

E r e i g n i s s e  b e i  A n w e s e n h e i t  v o n  H 2 O 2  u m f a s s e n  d i e  b e r e i t s  o b e n  

b e s c h r i e b e n e  P h o s p h o r y l i e r u n g  d e r  K o n n e x i n e  u n d  e i n e  

P h o s p h o r y l i e r u n g  ü b e r  G - P r o t e i n e  ( N i s h i d a  e t  a l . ,  2 0 0 0 )  s o w i e  

e i n e  I n t e r a k t i o n  m i t  C a l m o d u l i n  ( B l ö d o w  e t  a l . ,  2 0 0 3 ) .  

E i n  E i n f l u s s  v o n  H 2 O 2  a u f  d i e  s p a n n u n g s a b h ä n g i g e  L e i t f ä h i g k e i t s -

ä n d e r u n g  d e r  G J I C  k o n n t e  a u s g e s c h l o s s e n  w e r d e n  ( A b b .  1 3 ) ( T o d t  

e t  a l . ,  2 0 0 1 ) .  

 

4 . 5  B i l d u n g  f r e i e r  R a d i k a l e  u n d  A m i n o g l y k o s i d o t o t o x i z i t ä t  

 

A u f g r u n d  d e r  b e k a n n t e n  B e t e i l i g u n g  v o n  R O S  a n  d e r  

A m i n o g l y k o s i d o t o t o x i z i t ä t  ( T a k a y a m a  e t  a l .  1 9 9 7 )  u n d  u n s e r e r  

E r g e b n i s s e  d e r  H 2 O 2 –  i n d u z i e r t e n  V e r ä n d e r u n g e n  d e r  

i n t e r z e l l u l ä r e n  L e i t f ä h i g k e i t  s o l l t e  i n  e i n e m  n ä c h s t e n  A b s c h n i t t  

u n t e r s u c h t  w e r d e n ,  w e l c h e n  E i n f l u s s  G e n t a m y c i n  a u f  d i e  G J I C  h a t .  

D i e  B e o b a c h t u n g ,  d a s s  ä u ß e r e  H a a r z e l l e n  e x  v i v o  o h n e  u m g e b e n d e  

S t ü t z z e l l e n  n a c h  A m i n o g l y k o s i d e x p o s i t i o n  ü b e r  e i n e n  Z e i t r a u m  

v o n  6  h  k e i n e  V i t a l i t ä t s ä n d e r u n g e n  ( D u l o n  e t  a l . ,  1 9 8 9  ,  Z e n n e r  e t  

a l . ,  1 9 9 4 )  u n d  n u r  g e r i n g f ü g i g e  Ä n d e r u n g e n  d e s  M e m b r a n  

p o t e n t i a l s  ( E r n s t  e t  a l . ,  1 9 9 4 )  z e i g e n ,   l ä s s t  e i n e  a k t i v e  

B e t e i l i g u n g  d e r  S t ü t z z e l l e n  b e i  d e r  G e n e r a t i o n  f r e i e r  R a d i k a l e r  

u n d  d e r  V e r m i t t e l u n g  d e r  A m i n o g y k o s i d o t o t o x i z i t ä t  v e r m u t e n .  S o  

w a r  b i s h e r  b e k a n n t ,  d a s s  A m i n o g l y k o s i d e  d e n  T r a n s d u k t i o n s k a n a l  

d e r  S t e r e o z i l i e n  d e r  ä u ß e r e n  H a a r z e l l e n  b l o c k i e r e n  k ö n n e n  ( 5 0  

µ M )  ( K r o e s e  e t  a l . ,  1 9 8 2 ;  1 9 8 9 ) ,  h ö h e r e  K o n z e n t r a t i o n  ( 0 . 5  m M -

1 m M )  i n  e x p l a n t i e r t e n  K u l t u r e n  v o n  O H C  u n d  S t ü t z z e l l e n  f ü h r e n  
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z u m  Z e l l u n t e r g a n g  d e r  O H C  ( R i c h a r d s o n  e t  a l . ,  1 9 9 1 ) .  D a m i t  

e n t s t a n d  d i e  H y p o t h e s e ,  d a s s  d e r  H ö r v e r l u s t  n a c h  

A m i n o g l y k o s i d g a b e  d u r c h  d e n  H a a r z e l l s c h a d e n  a l l e i n e  n i c h t  

e n t s t e h e n  k ö n n e ,  s o n d e r n  d a s s  a n d e r e  z e l l u l ä r e  S t r u k t u r e n  u n d  

P a t h o m e c h a n i s m e n  e i n e n  e b e n s o  e n t s c h e i d e n d e n  A n t e i l  d a r a n  

h a b e n .   

D e r  i n  d e n  8 0 e r  J a h r e n  v o r g e s c h l a g e n e  u n d  l a n g e  a k z e p t i e r t e  

z e l l u l ä r e  P a t h o m e c h a n i s m u s  d e r  G e n t a m y c i n t o x i z i t ä t  u m f a s s t e  d i e  

B l o c k a d e  e i n e s  C a  ²
+

- a k t i v i e r t e n  K
+

- K a n a l s  i n  d e r  l a t e r a l e n  W a n d  

d e r  O H C  u n d  d i e  n a c h f o l g e n d e  B i n d u n g  a n  z y t o p l a s m a t i s c h e s  

P h o s p h a t i d y l i n o s i t o l  4 , 5 - t r i s p h o s p h a t  ( I n s P 3 )  ( L i m ,  1 9 8 6 ;  

W i l l i a m s ,  1 9 8 7 ) .  A l l e  d i e s e  V e r s u c h e  w u r d e n  j e d o c h  a n  i s o l i e r t e n  

O H C - P r ä p a r a t i o n e n  e x  v i v o  d u r c h g e f ü h r t .  D a  j e d o c h  a u c h  e i n  J a h r  

n a c h  e r s t m a l i g e r  i . v . - G a b e  v o n  G e n t a m y c i n  i m  T i e r v e r s u c h  b e i  

u n v e r ä n d e r t e r  H ö r s c h w e l l e  n o c h  G e n t a m y c i n  i n t r a c o c h l e ä r  

n a c h w e i s b a r  w a r  ( D u l o n  e t  a l . ,  1 9 9 3 ) ,  m u s s t e  d e r  o b e n  

v o r g e s c h l a g e n e  P a t h o m e c h a n i s m u s  e i n e r  R e v i s i o n  u n t e r z o g e n  

w e r d e n .  D a  G e n t a m y c i n  a l s  S u b s t a n z  a l l e i n e  k e i n e  z y t o t o x i s c h e  

W i r k u n g  a u f  i s o l i e r t e  O H C  e n t f a l t e n  k a n n  ( E r n s t  e t  a l . ,  1 9 9 4 ) ,  

m u ß t e  v o n  e i n e r  M e t a b o l i s i e r u n g  ( „ T o x i f i z i e r u n g “ )  a u s g e g a n g e n  

w e r d e n  ( H u a n g  e t  a l . ,  1 9 9 0 ;  C r a n n  e t  a l . ,  1 9 9 2 ) .  S o  w u r d e  g e z e i g t ,  

d a s s  e i n e  C h e l a t b i l d u n g  v o n  G e n t a m y c i n  u n d  E i s e n  i m  C o r t i - O r g a n  

z u r  F r e i s e t z u n g  v o n  R O S  f ü h r t  ( F e n t o n - R e a k t i o n )  ( P r i u s k a  e t  a l . ,  

1 9 9 5 ) .  I m  U m k e h r s c h l u s s  k o n n t e  n a c h g e w i e s e n  w e r d e n ,  d a s s  e i n e  

I n h i b i t i o n  d e r  R O S - F r e i s e t z u n g  d u r c h  R a d i k a l e n f ä n g e r  o d e r  

E i s e n c h e l a t b i l d n e r  i n  v i v o  ( G a r e t z  e t  a l . ,  1 9 9 4 ;  S o n g  e t  a l . ,  1 9 9 6 ;  

1 9 9 7 )  u n d  i n  v i t r o  ( G a r e t z  e t  a l . ,  1 9 9 4 ;  Z e n n e r  e t  a l . ,  1 9 9 4 )  d i e  

A m i n o g l y k o s i d o t o t o x i z i t ä t  v e r h i n d e r t .  

D i e  B e o b a c h t u n g  v o n  m o r p h o l o g i s c h e n  V e r ä n d e r u n g e n  d e r  Z e l l -

Z e l l - K a n ä l e  n a c h  G e n t a m y c i n e x p o s i t i o n  s o w o h l  i m  C o r t i - O r g a n  a l s  

a u c h  i n  d e r  S t r i a  v a s c u l a r i s  ( F o r g e  e t  a l . ,  1 9 8 5 ;  M c  D o w e l l  e t  a l . ,  

1 9 8 9 )  l e g t e n  d e s h a l b  e i n e  f u n k t i o n e l l e  B e t e i l i g u n g  d e r  



                                                                                                                     

 

 61 

H e n s e n z e l l e n  b e i  d e r  A m i n o g l y k o s i d o t o t o x i z i t ä t  n a h e  ( F o r g e  e t  

a l . ,  2 0 0 3 ;  B i t n e r -  G l i n d z i c z ,  2 0 0 2 ) .  

S o  s e t z t  a b  1 h  b i s  3 h  n a c h  G e n t a m i c i n  E x p o s i t i o n  m i t  

f o r t s c h r e i t e n d e r  Z e i t  e i n e  M i n d e r u n g  d e r  g a p  j u n c t i o n a l e n  P l a q u e s  

i n  d e n  e n t s p r e c h e n d e n  R e g i o n e n  d e r  B a s a l z e l l e n  d e r  S t r i a  

v a s k u l a r i s  e i n  ( F o r g e  e t  a l . ,  1 9 8 5 ) .  

I n  u n s e r e n  V e r s u c h e n  n a c h  G e n t a m y c i n z u g a b e  f i n d e t  s i c h  e i n e  

k o n z e n t r a t i o n s a b h ä n g i g e ,  s c h n e l l e ,  i r r e v e r s i b l e  M i n d e r u n g  d e r  

G J I C  d u r c h  1 0  µ M  b z w .  1 0 0  µ M  u m  5 0  %  i n n e r h a l b  v o n  1 0 . 5  m i n  

b z w .  2 3  m i n  ( A b b . 1 4 )  ( T o d t  e t  a l . ,  1 9 9 9 ) .   

D i e s e  u n t e r s c h i e d l i c h e n  Z e i t v e r l ä u f e  h a b e n  v e r m u t l i c h  z w e i  

z u g r u n d e l i e g e n d e  M e c h a n i s m e n .  Z u m  e i n e n  d e u t e t  d i e  

I r r e v e r s i b i l i ä t  d e r  G J I C - V e r m i n d e r u n g  a u f  e i n e n  n i c h t  m e h r  

v o l l s t ä n d i g  f u n k t i o n s f ä h i g e  Z e l l - Z e l l - K a n ä l e  h i n .  D a  d e r  

g e n t a m y c i n i n d u z i e r t e  K a n a l a b b a u  m i t t e l s  T r a f f i c k i n g  i n  e i n e m  

z e i t l i c h e n  F e n s t e r  v o n  2  b i s  5  h  b e g i n n t  ( E v a n s  e t  a l . ,  2 0 0 2 ) ,  s i n d  

d i e  v o n  F o r g e  u n d  M i t a r b e i t e r n  ( 1 9 8 5 )  b e o b a c h t e t e n  

e l e k t r o n e n o p t i s c h e n  V e r ä n d e r u n g e n  m i t  g r o ß e r  W a h r s c h e i n l i c h k e i t  

a u f  d i e s e n  M e c h a n i s m u s  z u r ü c k z u f ü h r e n .  D i e  f u n k t i o n e l l e n  

Ä n d e r u n g e n  d e r  G J I C  b e g i n n e n  –  w i e  o b e n  g e z e i g t  -  d e u t l i c h  

f r ü h e r  ( A b b . 1 4 ) ,  w o b e i  s i c h  u n s e r e  e i n g e s e t z t e n  K o n z e n t r a t i o n e n  

d a r a n  o r i e n t i e r t e n ,  w a s  T r a n  B a n  H u y  e t  a l .  ( 1 9 8 1 )  i n  d e r  

P e r i l y m p h e  f a n d e n  ( 2 0 µ M ) .  D a m i t  s i m u l i e r e n  u n s e r e  

V e r s u c h s b e d i n g u n g e n  r e a l i s t i s c h  d a s  S z e n a r i o  d e r  o t o t o x i s c h e n  

R e a k t i o n e n  a m  C o r t i - O r g a n .  D i e  S c h w e l l e n k o n z e n t r a t i o n  f ü r  d a s  

A b s i n k e n  d e r  G J I C  l a g  b e i  5  µ M   ( A b b . 1 4 ) ,   G e n t a m y c i n -

k o n z e n t r a t i o n e n  v o n  1 0  –  1 0 0  µ M  f ü h r e n  z u  e i n e r  z e i t l i c h  

s c h n e l l e r e n  V e r m i n d e r u n g  d e r  G J I C  ( A b b . 1 4 ) .  D i e s e r  E f f e k t  

k o n n t e  d u r c h  Z u g a b e  v o n  C a t a l a s e  -  e i n e m  s p e z i f i s c h e n  H 2 O 2 -

R a d i k a l e n f ä n g e r  ( M u e l l e r  e t  a l . ,  1 9 9 6 )  -  a n t a g o n i s i e r t  w e r d e n  

( A b b . 1 6 ) .  D a m i t  k o n n t e n  w i r  a l s  M e c h a n i s m u s  d e r  T o x i f i z i e r u n g  

v o n  G e n t a m y c i n  d i e  B i l d u n g  v o n  R O S  a n  d e n  H e n s e n z e l l e n  

i n d i r e k t  b e l e g e n .  A u f g r u n d  d e s  h o h e n  i n t r a z e l l u l ä r e n  E i s e n a n t e i l s  
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i n  d e n  H e n s e n z e l l e  ( D e h n e  e t  a l . ,  2 0 0 1 ) ,  m u ß  a u c h  a n  d i e s e n  

Z e l l e n  d i e  F e n t o n - R e a k t i o n  u r s ä c h l i c h  a n g e n o m m e n  w e r d e n  

( P r i u s k a  e t  a l . ,  1 9 9 5 ) .  D i e  B e o b a c h t u n g ,  d a s s  O H C  u n t e r  P e r f u s i o n  

v o n  G e n t a m y c i n  i n  i h r e r  L e b e n s f ä h i g k e i t  n i c h t  e i n g e s c h r ä n k t  s i n d  

( D u l o n  e t  a l . ,  1 9 8 9 ;  Z e n n e r  e t  a l . ,  1 9 9 4 ;  K e i n e r  e t  a l . ,  1 9 9 5 ) ,  

u n t e r s t ü t z t  d i e  H y p o t h e s e ,  d a s s  S t ü t z z e l l e n  a l s  E i s e n l i e f e r a n t e n  

d i e n e n .  D i e  H y p o t h e s e ,  d a s s  z u s ä t z l i c h e  B l u t s e r u m b e s t a n d t e i l e  

m i t  i h r e n  E i s e n s p e i c h e r n  z u r  B i l d u n g  v o n  R O S   b e i t r a g e n  ( F o r g e  

e t  a l . ,  2 0 0 0 ) ,  i s t  m ö g l i c h .  N e u e s t e  A r b e i t e n  z e i g e n  j e d o c h ,  d a s s  

d i e  C a t a l s e b i l d u n g  n a c h  G e n t a m y c i n g a b e  i n  d e r  C o c h l e a  

i n t r i n s i s c h  h o c h r e g u l i e r t  w i r d  ( B o d m e r  e t  a l . ,  2 0 0 4 ) .  

D i e  H e n s e n z e l l e n  r e a g i e r t e n  w e d e r  m o r p h o l o g i s c h  n o c h  

e l e k t r o p h y s i o l o g i s c h  a u f  d i e  G e n t a m y c i n z u g a b e  i n  u n s e r e n  

V e r s u c h e n ,  w a s  v e r m u t l i c h  a u f  i h r e n  h o h e n  A n t e i l  a n  G l u t h a t i o n  

( U s a m i  e t  a l . , 1 9 9 6 ) ,  T a u r i n  ( H o r n e r  e t  a l . ,  1 9 9 7 )  u n d  V i t a m i n  A  

( B i e s a l s k i  e t  a l . ,  1 9 8 4 )  z u r ü c k z u f ü h r e n  i s t ,  d a  d i e s e  S u b s t a n z e n  

a l s  R a d i k a l e n f ä n g e r  d i e n e n .   

D a  [ F e
2 +

] i  i n  d e r  P e r i l y m p h e  n a c h  G e n t a m y c i n  a n s t e i g t  ( X u  e t  a l . ,  

1 9 9 5 ) ,  d e r  E i s e n c h e l a t o r  D e f e r o x a m i n  z u  e i n e r  R e d u k t i o n  d e r  

O t o t o x i z i t ä t  f ü h r t  ( S o n g  e t  a l . ,  1 9 9 6 )  u n d  e x t e r n  z u g e f ü h r t e s  

[ F e
2 +

]  z u  e i n e r  Z u n a h m e  d e r  O t o t o x i z i t ä t  f ü h r t  ( C a n l o n  e t  a l . ,  

1 9 9 8 ) ,  w u r d e n  z u s ä t z l i c h e  V e r s u c h e  z u r  w e i t e r e n  A u f k l ä r u n g  d e r  

R o l l e  v o n  [ F e
2 +

] i  u n t e r n o m m e n  ( T o d t  e t  a l . ,  2 0 0 1 ) .   

S o  k o n n t e n  w i r  z e i g e n ,  d a s s  e i n e  D e f e r o x a m i n e -  Z u g a b e  d e n  

G e n t a m y c i n e f f e k t  a n t a g o n i s i e r t  ( A b b .  1 8 ,  A b b .  1 9 ) ,  w o b e i  d a s  

[ F e
2 +

] i  m i t  h o h e r  W a h r s c h e i n l i c h k e i t  a u s  d e n  M i t o c h o n d r i e n  d e r  

H e n s e n z e l l e n  s t a m m t  ( H i e l  e t  a l . ,  1 9 9 3 ;  B a l o g h  e t  a l . ,  1 9 7 0 ;  

H a y a s h i d a  e t  a l . ,  1 9 8 5 ;  d e  G r o o t  e t  a l . ,  1 9 9 0 )  u n d  d i e s e  d a m i t  d i e  

S e n s i t i v i t ä t  d e s  I n n e n o h r e s  g e g e n ü b e r  G e n t a y m c i n  m i t b e s t i m m e n  

( F i s c h e l - G h o d s i a n  e t  a l . ,  1 9 9 3 ;  S u n  e t  a l . ,  1 9 9 0 ) .  

D a m i t  i s t  a u c h  a u f  d e r  z e l l u l ä r e n  E b e n e  d e r  S t ü t z z e l l e n  d e r  

e n t s c h e i d e n d e  B e i t r a g  d e s  –  i n  d e n  H e n s e n z e l l e n  b e s o n d e r s  h o h e n  

( D e h n e  e t  a l . ,  2 0 0 1 ) -  [ F e
2 +

] i  a m  P a t h o m e c h a n i s m u s  d e r  
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A m i n o g l y k o s i d o t o t o x i z i t ä t  b e s t ä t i g t  w o r d e n .    U n t e r s u c h u n g e n  a n  

r e n a l e n  M i t o c h o n d r i e n  b e l e g e n  d i e  F ä h i g k e i t  v o n  G e n t a m y c i n ,  

[ F e
2 +

] i  d u r c h  H 2 O 2   a u s  s e i n e n  B i n d u n g e n  z u  l ö s e n  u n d  s o  s e i n e  

n e p h r o t o x i s c h e  W i r k u n g  z u  e n t f a l t e n  ( U e d a  e t  a l . ,  1 9 9 3 ;  Y a n g  e t  

a l . ,  1 9 9 5 ) .   

D e r  Z u s a m m e n b r u c h  d e r  G J I C  n a c h  G e n t a m y c i n e x p o s i t i o n  

z w i s c h e n  d e n  S t ü t z z e l l e n  h a t  g r a v i e r e n d e  p a t h o p h y s i o l o g i s c h e  

A u s w i r k u n g e n ,  d a  d a s  b e i m  H ö r v o r g a n g  a u s  d e n  O H C  f r e i w e r d e n d e  

i o n i s i e r t e  K a l i u m  n i c h t  m e h r  l o k a l  g e p u f f e r t  w e r d e n  k a n n .  D a m i t  

i s t  d i e  R e p o l a r i s i e r b a r k e i t  d e r  O H C  n i c h t  m e h r  g e g e b e n ,  d a s  E P  

s i n k t  a b  u n d  m i t t e l f r i s t i g  e n t s t e h e n  d i e  k l i n i s c h e n  S y m p t o m e ,  w i e  

H ö r s t ö r u n g  u n d  T i n n i t u s .   

U n s e r e  U n t e r s u c h u n g e n  l e g e n  d e n  S c h l u ß  n a h e ,  d a s s  d e r  k l i n i s c h e  

E i n s a t z  v o n  R a d i k a l e n f ä n g e r n  s i c h  b e i  v e r s c h i e d e n e n  

K r a n k h e i t s z u s t ä n d e n  d e s  I n n e n o h r e s  a n b i e t e t .  A n  w i c h t i g s t e r  

S t e l l e  s t e h t  h i e r  –  n e b e n  d e r  P r ä v e n t i o n  d e r  

A m i n o g l y k o s i d o t o t o x i z i t ä t  -   d i e  a k u t e  H ö r m i n d e r u n g  b z w .  d i e  

a k u t e  I n n e n o h r s c h ä d i g u n g  ( d u r c h  I s c h ä m i e ,  L ä r m t r a u m a  e t c . ) .  

Ä h n l i c h  w i e  d i e  D i s k u s s i o n e n  u m  d i e  z u v o r  w e n i g e r  b e a c h t e t e  

G l i a  i n  d e n  l e t z t e n  z w e i  J a h r z e h n t e n  f ü r  d a s  Z N S  z e i g t e n ,  

s c h e i n e n  a u c h  d i e  ( g l i a l e n )  S t ü t z z e l l p o p u l a t i o n e n  d e s  C o r t i -

O r g a n s  e i n e  e i g e n e ,  w i c h t i g e  R o l l e  i n  d e r  P h y s i o l o g i e  u n d  

P a t h o p h y s i o l o g i e  d e s  H ö r e n s  z u  s p i e l e n ,  w i e  d i e s e  u n d  a n d e r e  

E r k e n n t n i s s e  b e l e g e n .  V o r  a l l e m  d i e  A u f k l ä r u n g  d e r  a m  h ä u f i g s t e n  

w e l t w e i t  v o r k o m m e n d e n ,  n i c h t - s y n d r o m a l e r  S c h w e r h ö r i g k e i t ,  d i e  

d u r c h  e i n e  M u t a t i o n  d e s  C x 2 6 - K a n a l p r o t e i n s  h e r v o r g e r u f e n  w i r d ,  

h a t  h i e r z u  e n t s c h e i d e n d  b e i g e t r a g e n .   

 

4 . 6  H ä u f i g k e i t s v e r t e i l u n g  v o n  K o n n e x i n -  M u t a t i o n e n   

 

A u f g r u n d  d e r  E i n f ü h r u n g  v o n  g e n e t i s c h e n  R e i h e n u n t e r s u c h u n g e n  

i n  d i e  k l i n i s c h e  P r a x i s  g e w i n n t  d i e  F r a g e  d e r  H ä u f i g k e i t  

s p e z i f i s c h e r  K o n n e x i n -  M u t a t i o n e n  s o w i e  d e r  N a c h w e i s  
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s p e z i f i s c h e r  k l i n i s c h e r  u n d  n e u r o o t o l o g i s c h e  

B e f u n d k o n s t e l l a t i o n e n  z u n e h m e n d  a n  B e d e u t u n g .  

 

E r s t e  S t u d i e n  b e s c h r i e b e n  e i n e  K o r r e l a t i o n  z w i s c h e n  A u s p r ä g u n g  

u n d  F o r m  d e s  H ö r v e r l u s t e s  u n d  v e r s c h i e d e n e n  T y p e n  h o m o z y g o t e r ,  

h e t e r o z y g o t e r ,  a n d  „ c o m p o u n d  h e t e r o z y g o t e r “  C x 2 6 -  M u t a t i o n e n  

( C r y n s  e t  a l . ,  2 0 0 3 ;  L ö f f l e r  e t  a l . ,  2 0 0 1 ;  A z a i e z  e t  a l . ,  2 0 0 4 ) .  D i e  

H ä u f i g k e i t  v o n  K o n n e x i n -  M u t a t i o n e n  i n  e i n e r  t a u b e n  

n o r d a m e r i k a n i s c h e n  P o p u l a t i o n  w i r d  m i t  1 5 . 4 %  h o m o z y g o t e n  

T r ä g e r n  d e r  C x 2 6  M u t a t i o n  c . 3 5 d e l G  u n d  1 1 . 8 %  e i n e r  e i n z e l n e n  

S e q u e n z v a r i a t i o n  v o n  G J B 2  a n g e g e b e n  ( P a n d y a  e t  a l . ,  2 0 0 3 ) .  D i e  

H ä u f i g k e i t  v o n  G J B 2 -  M u t a t i o n e n  i n  D e u t s c h l a n d  h i n g e g e n  w u r d e ,  

i n  e i n e r  P o p u l a t i o n  m i t  5 0 %  g e n e t i s c h e n  H ö r v e r l u s t e n  u n t e r s u c h t  

m i t  9  %  a u f  b e i d e n  A l l e l e n  u n d  w e i t e r e n  9 %  a u f  e i n e m  A l l e l  

( c . 3 5 d e l G )  a n g e g e b e n  ( K u n s t m a n n  e t  a l . ,  2 0 0 5 ) .  W e i t e r e  S t u d i e n  

b e s c h r e i b e n  e i n e  H ä u f i g k e i t  v o n  3 . 8 %  h o m o z y g o t e n  T r ä g e r n  d e r  

c . 3 5 d e l G  M u t a t i o n  i n  G J B 2  b e i  P a t i e n t e n  m i t  m i t t e l g r a d i g e m  b i s  

s c h w e r e m  ( m o d e r a t e  t o  p r o f o u n d )  H ö r v e r l u s t ,  2 . 6 %  „ c o m p o u n d  

h e t e r o z y g o t e n “  a n d  4 . 7 %  h e t e r o z y g o t e n  T r ä g e r n .  I n  e i n e r  

K o n t r o l l g r u p p e  v o n  P r o b a n d e n  o h n e  H ö r v e r l u s t  l a g  d i e   H ä u f i g k e i t  

v o n  G J B 2  M u t a t i o n e n  b e i  0 . 8 %  ( K u p k a  e t  a l . ,  2 0 0 2 ) .   

 

H o m o z y g o t e  a n d  „ c o m p o u n d  h e t e r o z y g o t e “  M u t a t i o n e n  d e s  C x 2 6 -  

G e n s  s i n d  a l s  U r s a c h e  v e r s c h i e d e n e r  G r a d u i e r u n g e n  u n d  F o r m e n  

d e r  H ö r m i n d e r u n g  a n z u s e h e n  ( L a i r d  e t  a l . ,  2 0 0 8 ) .  D i e  R o l l e  

h e t e r o z y g o t e r ,  r e z e s s i v e r  M u t a t i o n e n  d e s  C x  2 6 -  G e n s  b e i  d e r  

E n t s t e h u n g  v o n  H ö r s t ö r u n g e n  i s t  o f t m a l s  u n k l a r .  D i e  A u f k l ä r u n g  

z u s ä t z l i c h e r  M u t a t i o n e n  z . B .  ( d e l ( G J B 6 - D 1 3 S 1 8 3 0 ) ;  d e l ( G J B 6 -

D 1 3 S 1 8 5 4 ) )  e r m ö g l i c h e n  d e s h a l b  e i n  b e s s e r e s  V e r s t ä n d n i s  d i e s e r  

g e n e t i s c h  u n k l a r e n  T y p e n  v o n  H ö r v e r l u s t e n  ( d e l  C a s t i l l o  e t  a l . ,  

2 0 0 2 ;  L e r e r  e t  a l . ,  2 0 0 1 ;  P a l a r e s - R u i z  e t  a l . ,  2 0 0 2 ;  d e l  C a s t i l l o  e t  

a l . ,  2 0 0 5 ) .  A u c h  t a u b e  P o p u l a t i o n e n  s i n d  c h a r a k t e r i s i e r t  d u r c h  

e i n e  h o h e  A n z a h l  v o n  T r ä g e r n   h e t e r o z y g o t e r  C x - 2 6 - M u t a t i o n e n  i m  
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V e r g l e i c h  z u  T r ä g e r n  h o m o z y g o t e r  M u t a t i o n e n  ( P a n d y a  e t  a l . ,  

2 0 0 3 ) .  I n  u n s e r e r  S t u d i e n p o p u l a t i o n  f i n d e t  s i c h  n u r  i n  e i n e m  F a l l  

e i n e  d e r  g e n a n n t e n  z u s ä t z l i c h e n  M u t a t i o n e n  ( d e l ( G J B 6 -

D 1 3 S 1 8 3 0 ) ) .   

 I n  d e r  L i t e r a t u r  w i r d  e i n e  g e w i s s e  K o r r e l a t i o n  z w i s c h e n  s c h w e r e n  

H ö r m i n d e r u n g e n  u n d  h o m o z y g o t e n  C x 2 6 -  M u t a t i o n e n  b z w .  l e i c h t e n  

b i s  m i t t e l g r a d i g e n  H ö r m i n d e r u n g e n  u n d  c o m p o u n d  h e t e r o z y g o t e n  

a n d  h e t e r o z y g o t e n  M u t a t i o n e n  b e s c h r i e b e n  ( X u e  e t  a l . ,  2 0 0 5 ;  

S n o e c k x  e t  a l . ,  2 0 0 5 ;  W e l c h  e t  a l . ,  2 0 0 7 ) .   

D i e s  s t i m m t  z u  e i n e m  g e w i s s e m  M a s s e  m i t  d e n  i n d i v i d u e l l e n  

A u s p r ä g u n g s g r a d e n  d e r  g e f u n d e n e n  H ö r m i n d e r u n g e n   i n  u n s e r e r  

S t u d i e n p o p u l a t i o n  ( T a b . 1 )  ü b e r e i n .  D i e s e  K o r r e l a t i o n  m a c h t  d i e  

V e r t e i l u n g  d e r  M u t a t i o n s t y p e n  i n  d e r  S t u d i e n g r u p p e  a u f g r u n d  d e r  

E i n s c h l u s s k r i t e r i e n  ( z w e i  F r e q u e n z e n  >  3 0  d B )  t r a n s p a r e n t .  

B e d i n g t  d u r c h  d i e  E i n b e z i e h u n g  v o n  P a t i e n t e n  m i t  

g e r i n g e r g r a d i g e n  H ö r v e r l u s t e n  i s t  d e r  A n t e i l  d e r  h o m o z y g o t e n  u n d  

„ c o m p o u n d  h e t e r o z y g o t e n “  T r ä g e r  v e r g l e i c h s w e i s e  g e r i n g  ( n = 7 )  

u n d  d e r  A n t e i l  d e r  h e t e r o z y g o t e n  T r ä g e r  v e r g l e i c h s w e i s e  h o c h  

( n = 2 3 ) .  

I n  e i n e r  S t u d i e n p o p u l a t i o n  m i t  e i n e m  h ö h e r e n  A n t e i l  

h ö h e r g r a d i g e r  H ö r v e r l u s t e  f i n d e t  s i c h  d e s h a l b  e i n e  a b w e i c h e n d e  

H a e u f i g k e i t  ( 1 : 0 . 8 )  ( K u p k a  e t  a l . ,  2 0 0 2 ) .   

D i e  H ä u f i g k e i t  d e r  C x 2 6 -  M u t a t i o n  c . 3 5 d e l G  v o n  3 . 3 %  i n  u n s e r e r  

S t u d i e n g r u p p e  s t e h t  i m  E i n k l a n g  m i t  a n d e r e n  S t u d i e n  ( G a s p a r i n i  

e t  a l . ,  2 0 0 2 ) .  D i e  F r e q u e n z  v o n  s e l e k t i v e n ,  v e r m u t l i c h  p a t h o g e n e n  

C x 2 6 - M u t a t i o n e n  ( c . 3 5 d e l G  a n d  c . 3 1 3 d e l 1 4 )  v o n  2 . 7  %  i n  d e r  

K o n t r o l l g r u p p e   w a r  h ö h e r  a l s  d i e  i n  d e r  K o n t r o l l g r u p p e  v o n  

( K u p k a  e t  a l . ,  2 0 0 2 )  b e s c h r i e b e n e  H ä u f i g k e i t  d i e s e r  M u t a t i o n e n  

( 1 . 6 % ) .   

D i e s e s  E r g e b n i s  e r k l ä r t  s i c h  d u r c h  d a s  h o c h s e l e k t i e r t e  K l i e n t e l  i n  

e i n e m  K r a n k e n h a u s  i m  V e r g l e i c h  z u  e i n e r  „ N o r m a l p o p u l a t i o n “  w i e  

b e i  K u p k a  e t  a l . ,  2 0 0 2 .  
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I n  d e r  K o n t r o l l g r u p p e  f i n d e t  s i c h  d i e  b e z ü g l i c h  i h r e r  P a t h o g e n i t ä t  

k o n t r o v e r s  d i s k u t i e r t e  M 3 4 T -  M u t a t i o n  ( O s h i m a  e t  a l . ,  2 0 0 7 )  i n  

e i n e r  h ö h e r e n  R a t e   ( 9  v o n  2 3 )  a l s  d i e  c . 3 5 d e l G  M u t a t i o n  ( 5  v o n  

2 3 )  u n d  a u c h  h ä u f i g e r  a l s  i n  d e r  S t u d i e n g r u p p e  ( 7  v o n  3 0 ) .   

D i e  M 3 4 T  i s t  s o m i t  i m  V e r g l e i c h  z u r  c . 3 5 d e l G  ( 1 4 )  m i t  1 6  

b e t r o f f e n e n  P r o b a n d e n  d i e  h ä u f i g s t e  i s o l i e r t e  C x 2 6 -  M u t a t i o n  i n  

d e r  u n t e r s u c h t e n  G e s a m t p o p u l a t i o n .   

D i e s  v e r w u n d e r t ,  d a  d i e  c . 3 5 d e l G  M u t a t i o n   i n  a n d e r e n  S t u d i e n  

d i e  a m  h ä u f i g s t e n  i s o l i e r t e  M u t a t i o n  i n  D e u t s c h l a n d  i s t .  

( K u n s t m a n n  e t  a l . ,  2 0 0 5 ;  K u p k a  e t  a l . ,  2 0 0 2 ) .  A u c h  e t h n i s c h e  

E i n f l u s s e  i n  B e r l i n  B r a n d e n b u r g  d u r c h  E i n w a n d e r u n g s s t r ö m e  a u s  

O s t e u r o p a  ü b e r  d i e  l e t z t e n  2 5 0  J a h r e  k ö n n e n  d i e s  n i c h t  e r k l ä r e n ,  

d a  f ü r  d i e s e  R e g i o n e n  e b e n f a l l s  e i n e  c . 3 5 d e l G -  D o m i n a n z  

b e s c h r i e b e n  w u r d e  ( P o s u k h  e t  a l . ,  2 0 0 5 ;  W i s z n i e w s k i  e t  a l . ,  

2 0 0 1 ) .  M ö g l i c h e r w e i s e  s p i e l t  h i e r  d i e  P r o b a n d e n a u s w a h l  i n  d e r  

K l i n i k  e i n e  d e t e r m i n i e r e n d e  R o l l e  ( v g l .  d a z u  P o l l a k  e t  a l . ,  2 0 0 7 ) .  

D a s  A u f t r e t e n  d e r  3  P a t i e n t e n  m i t  K o n n e x i n  3 0  M u t a t i o n e n  s t e h t  

i n  Ü b e r e i n s t i m m u n g  m i t  d e r  n i e d r i g e n  F r e q u e n z  i n  a n d e r e n  

S t u d i e n  ( K u n s t m a n n  e t  a l . ,  2 0 0 5 ) .  

 

 4 . 7  C x 2 6 -  M u t a t i o n e n  b e i  a k u t e r  H ö r m i n d e r u n g  u n d  

b e i d e r s e i t i g e r  I n n e n o h r s c h w e r h ö r i g k e i t  

 

R e i n t o n a u d i o m e t r i s c h e  U n t e r s u c h u n g e n  i n n e r h a l b  d e r  S t u d i e n -

g r u p p e  z e i g e n  e i n  k l i n i s c h -  a u d i o l o g i s c h  u n e i n h e i t l i c h e s  B i l d .  

I m  G e g e n s a t z  z u  a n d e r e n  S t u d i e n  f a n d e n  s i c h  i n n e r h a l b  u n s e r e r  

h e t e r o z y g o t e n  K o n n e x i n -  M u t a t i o n s t r ä g e r  t i e f f r e q u e n t e  

H ö r v e r l u s t e  ( X u e  e t  a l . ,  2 0 0 5 ) ,  i n s b e s o n d e r e  i n  d e r  G r u p p e  d e r  

P a t i e n t e n  m i t  e i n e r  a k u t e n  e i n s e i t i g e n  H ö r m i n d e r u n g  ( T a b . 1 ) .  

 I n  d e n  m e i s t e n  F ä l l e n  v o n  b i l a t e r a l e r  H ö r m i n d e r u n g  z e i g t e n  s i c h  

s y m m e t r i s c h e ,  p a n t o n a l e  ( f l a t )  o d e r  s t e i l a b f a l l e n d e  ( s l o p i n g )  

H o e r v e r l u s t e  i m  R e i n t o n a u d i o g r a m .   
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I n n e r h a l b  d e r  K o n t r o l l g r u p p e  w a r e n  n u r  e i n e  b e g r e n z t e  A n z a h l  v o n  

R e i n t o n a u d i o g r a m m e n  ( 6  v o n  2 4 )   z u  e r m i t t e l n .  

D a b e i  k o n n t e  j e d o c h  i n  a l l e n  R e i n t o n a u d i o g r a m m e n  v o n  S t u d i e n -  

u n d  K o n t r o l l g r u p p e  e i n  H ö r v e r l u s t  n a c h g e w i e s e n  w e r d e n ,  d e r  ü b e r  

d e r  S t a n d a r d a b w e i c h u n g  d e r  H ö r t e s t s  N o r m a l h ö r i g e r  l a g  ( 1 0  d B ) .   

A u s  U n t e r s u c h u n g e n  d e r  o t o a k u s t i s c h e n  E m i s s i o n e n  v o n  

h e t e r o z y g o t e n  3 5 d e l G -  T r ä g e r n  ( E n g e l - Y e g e r  e t  a l . ,  2 0 0 2 )  w i s s e n  

w i r ,  d a s s  d i e s e  v e r m i n d e r t  s i n d .  

 F r a n z e  u n d  M i t a r b e i t e r  ( 2 0 0 5 )  b e s c h r i e b e n  e i n e  s i g n i f i k a n t e  

r e i n t o n a u d i o m e t r i s c h e  D i f f e r e n z  z w i s c h e n  T r ä g e r n  d e r  

h e t e r o z y g o t e n  C x 2 6 -  M u t a t i o n  c . 3 5 d e l G  u n d  e i n e m  N o r m a l -

k o l l e k t i v  f ü r  d i e  F r e q u e n z e n  6  k H z  a n d  8  k H z .  D i e s  b e l e g t  e i n e n  

s i g n i f i k a n t e n  H ö r v e r l u s t  a u c h  f ü r  d i e  G r u p p e  d e r  h e t e r o z y g o t e n  

T r ä g e r  v o n  3 5 d e l G -  M u t a t i o n e n .  D a h e r  k a n n ,  a u f  d e r  B a s i s  d e r  

r e i n t o n a u d i o m e t r i s c h e n  E r g e b n i s s e  b e i  T r ä g e r n  d e r  h e t e r o z y g o t e n  

C x 2 6  M u t a t i o n e n ,  n e b e n   d e r  c . 3 5 d e l G  M u t a t i o n ,   i n  S t u d i e n  u n d  

K o n t r o l l g r u p p e  e i n  E i n f l u s s  d i e s e r  M u t a t i o n e n  a u f  d a s  

H o e r v e r m o e g e n  a n g e n o m m e n  w e r d e n .  

 

4 . 8   C x 2 6 -  M u t a t i o n e n  b e i  T a u b h e i t  

 

C x 2 6 -  M u t a t i o n e n  s i n d  a l s  U r s a c h e  f ü r  E r t a u b u n g  b e i  C o c h l e a -  

I m p l a n t -  P a t i e n t e n  g u t  b e k a n n t .  E i n  b e s s e r e s  p o s t o p e r a t i v e s  

S p r a c h v e r s t ä n d n i s  b e i  C x 2 6 -  M u t a t i o n e n -  T r ä g e r n  i m  V e r g l e i c h  z u  

a n d e r e n  P a t i e n t e n ,  d i e  m i t  e i n e m  C o c h l e a  I m p l a n t  v e r s o r g t  

w u r d e n ,  w i r d  d i s k u t i e r t  ( B a u e r  e t  a l . ,  2 0 0 3 ;  S i n n a t h u r a y  e t  a l . ,  

2 0 0 4 ,  C o n n e l l  e t  a l . ,  2 0 0 7 ) .  S t u d i e n  z u r  H ä u f i g k e i t  v o n  C x 2 6 -  

M u t a t i o n e n  b e i  C o c h l e a - I m p l a n t -  P a t i e n t e n  v a r i i e r e n  z w i s c h e n  

1 8 %  u n d  4 0 %  ( L u s t i g  e t  a l . ,  2 0 0 4 ;  B a u e r  e t  a l . ,  2 0 0 3 ) .  D i e  g e r i n g e  

A n z a h l  a n  C x 2 6  M u t a t i o n e n -  T r ä g e r n  i n  u n s e r e r  S t u d i e  ( 1 3 . 6 % )  i s t  

w a h r s c h e i n l i c h  a u f  d a s  h ö h e r e  A l t e r  d e r  i m p l a n t i e r t e n  P a t i e n t e n  

z u r ü c k z u f ü h r e n .  
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W ä h r e n d  i n  a n d e r e n  S t u d i e n  d e r  A n t e i l  v o n  K i n d e r n  h o c h  i s t ,  

f i n d e n  s i c h  i n  u n s e r e r  S t u d i e  ü b e r w i e g e n d  P a t i e n t e n  m i t  e i n e m  

A l t e r  v o n  ü b e r  3 0  J a h r e n .  D a h e r  k a n n  d e r  A n t e i l  a n  P a t i e n t e n  m i t  

e i n e r  n i c h t  h e r e d i t ä r e n  U r s a c h e  d e r  H ö r m i n d e r u n g  a l s  g r ö ß e r  

a n g e n o m m e n  w e r d e n  a l s  i n  S t u d i e n  m i t  e i n e m  h o h e n  A n t e i l  a n  

K i n d e r n .  

4 . 9   C x 2 6 -  M u t a t i o n e n  b e i  M o r b u s  M e n i e r e ’  

 

I n n e r h a l b  d e r  w i s s e n s c h a f t l i c h e  L i t e r a t u r  f i n d e t  s i c h  k e i n  H i n w e i s  

a u f  e i n e  K o r r e l a t i o n  z w i s c h e n  M .  M e n i e r e ’  u n d  K o n n e x i n -  

M u t a t i o n e n .  

D i e  g e r i n g e  A n z a h l  a n  P a t i e n t e n  ( 2 % )  m i t  K o n n e x i n -  M u t a t i o n e n  

u n d  M .  M e n i e r e ’  i n  u n s e r e r  S t u d i e  b e s t ä t i g t  d i e s e  E i n s c h ä t z u n g .  

 

4 . 1 0  C x 2 6 -  M u t a t i o n e n  b e i  A k u s t i k u s n e u r i n o m e n  

 

D i e  g r o ß e  B e d e u t u n g  v o n  K o n n e x i n -  M u t a t i o n e n  f ü r  W a c h s t u m  u n d  

I n t e g r i t ä t  n e u r a l e r  S t r u k t u r e n  i s t  s e i t  d e r  e r s t m a l i g e n  

B e s c h r e i b u n g  d e r  C x 3 2 -  a s s o z i i e r t e n  X - c h r o m o s o m a l e n  C h a r c o t -

M a r i e - T o o t h  E r k r a n k u n g  u n b e s t r i t t e n .  B i s  z u  1 6 3  C x 3 2 -  

M u t a t i o n e n  s i n d  b e s c h r i e b e n  w o r d e n  ( R e s s o t  e t  a l . ,  2 0 0 0 ) .  

A u f f ä l l i g e r w e i s e  b e s t e h t  z w i s c h e n  C x 3 2  u n d  C x 2 6  e i n e  

p h y l o g e n e t i s c h  e n g e  B e z i e h u n g  u n d  d i e  p a t h o g e n t i s c h  b e d e u t s a m e  

C x 3 2 -  M u t a t i o n  M e t 3 4 T h r  i s t  a u f  d e r s e l b e n  P r o t e i n p o s i t i o n  w i e  

d i e  b e z ü g l i c h  i h r e r  P a t h o g e n i t ä t  k o n t r o v e r s  d i s k u t i e r t e  C x 2 6  

M u t a t i o n  ( M e t 3 4 T h r )  ( F e l d m a n n  e t  a l . ,  2 0 0 4 b )  l o k a l i s i e r t .  I n  d e r  

v o r l i e g e n d e n  S t u d i e  f a n d  s i c h  d i e  b e s c h r i e b e n e   C x 2 6 -  M u t a t i o n  

( M e t 3 4 T h r )  b e i  b e i d e n  P a t i e n t e n  m i t  C x 2 6 -  M u t a t i o n e n  u n d  

A k u s t i k u s n e u r i n o m .   

C x 3 2  u n d  C x 2 6  k ö n n e n  h e t e r o t y p i s c h e  Z e l l -  Z e l l -  K a n ä l e  b i l d e n  

( S w e n s o n  e t  a l . ,  1 9 8 9 ) .  C x 3 2  b e f i n d e t  s i c h  b e i  d e n  S c h w a n n s c h e n  

Z e l l e n  a n  d e n  R a n v i e r ’ s c h e n  S c h n ü r r i n g e n  s o w i e  a n  d e n  S c h m i d t -

L a n t e r m a n n -  I n z i s u r e n .  B e i  M ä u s e n  l ä s s t  s i c h  C x 2 6  i n n e r h a l b  d e r  

M y e l i n s c h e i d e n ,  d e n  S c h m i d t -  L a n t e r m a n n -  I n z i s u r e n ,  j e d o c h  
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n i c h t  a n  d e n  R a n v i e r ’ s c h e n  S c h n ü r r i n g e n  n a c h w e i s e n .  D e s  

w e i t e r e n  e r s c h e i n t  C x 2 6  g e r i n g f ü g i g e r  e x p r i m i e r t  z u  w e r d e n  a l s  

C x 3 2  ( Z h a o  a n d  S p r a y ,  1 9 9 8 ) ,  w e l c h e s  d i e  f e h l e n d e  B e s c h r e i b u n g  

i n  a n d e r e n  S t u d i e n  e r k l ä r e n  k ö n n t e  ( M a m b e t i s a e v a  e t  a l . ,  1 9 9 9 ) .   

N a g a o k a  u n d  M i t a r b e i t e r  b e s c h r e i b e n  C x 2 6  a n  d e n  p e r i n e u r a l e n  

S c h e i d e n  p e r i p h e r e r  N e r v e n  i n  K o l o k a l i s a t i o n  m i t  L a m i n i n .  

( 1 9 9 9 ) .  S o m i t  e r s c h e i n t  e i n e  p h y s i o l o g i s c h e  A u s p r ä g u n g  d e s  C x 2 6  

a n  n e r v a l e m  G e w e b e  u n z w e i f e l h a f t  b e d e u t s a m  z u  s e i n .  

D i e  D i s k u s s i o n  d e r  R e l e v a n z  g e f u n d e n e r  M u t a t i o n e n  b e i  2  v o n  3  

P a t i e n t e n  m i t  A k u s t i k u s n e u r i n o m e n  e r s c h e i n t  a u f g r u n d  d e r  

g e r i n g f ü g i g e n  A n z a h l  a n  P a t i e n t e n  s c h w i e r i g .  

G r ö ß e r e  S t u d i e n p o p u l a t i o n e n  s i n d  n o t w e n d i g  u m  e i n e  m ö g l i c h e  

K o r r e l a t i o n  z w i s c h e n  C x 2 6  M u t a t i o n e n  u n d  A k u s t i k u s n e u r i n o m e n  

e i n o r d n e n  z u  k ö n n e n .  

 

4 . 1 1  C x 2 6 -  u n d  C x 3 0 -  M u t a t i o n e n  b e i  O t o s k l e r o s e  

 

D i e  O s t e o b l a s t e n a k t i v i t ä t  s p i e l t  b e i  d e r  P a t h o g e n e s e  d e r  

O t o s k l e r o s e  e i n e  z e n t r a l e  R o l l e .  

K o n n e x i n e  w i e d e r u m  w e r d e n  a l s  e i n  S c h l ü s s e l f a k t o r  i n  d e r  

i n t e r z e l l u l ä r e n  K o m m u n i k a t i o n  v o n  O s t e o b l a s t e n  a n g e s e h e n  

( D o n a h u e  e t  a l . ,  1 9 9 5 ) .  E i n e r s e i t s  w u r d e  a u s s c h l i e ß l i c h  C x 4 3  a n  

O s t e o b l a s t e n  b e s c h r i e b e n  ( D o n a h u e  e t  a l . ,  2 0 0 0 ) ,  a n d e r e r s e i t s  

f a n d e n  s i c h  a n  F e l s e n b e i n p r ä p e r a t e n  v o n  P a t i e n t e n  m i t  

O t o s k l e r o s e  B e r e i c h e  h o h e r  C x 2 6 -  E x p r e s s i o n .  A t r o p h i s c h e  

V e r ä n d e r u n g e n  u n d  z y s t i s c h e  A u f t r e i b u n g e n  k o n n t e n  i n  d i e s e n  

R e g i o n e n  n a c h g e w i e s e n  w e r d e n  ( D o h e r t y  e t  a l . ,  2 0 0 4 ) .   

D e r  H ö r v e r l u s t  v o n  P a t i e n t e n  m i t  O t o s k l e r o s e  u n d  C x 2 6 -  M u t a t i o n  

i n  u n s e r e r  S t u d i e n g r u p p e  z e i g t e  k e i n e  h o c h g r a d i g e  S c h w e r -  

h ö r i g k e i t  w e d e r  a l s  r e i n e  S c h a l l e i t u n g s s c h w e r h ö r i g k e i t  n o c h  a l s  

k o m b i n i e r t e  S c h w e r h ö r i g k e i t  ( T a b .  1 ) .  D i e  H ä u f i g k e i t  v o n  C x 2 6 -  

M u t a t i o n s -  T r ä g e r n  ( 1 6 . 7 % )  i n  u n s e r e r  S t u d i e n g r u p p e  l e g t  d e n  

V e r d a c h t  e i n e r  B e z i e h u n g  z w i s c h e n  K o n n e x i n -  M u t a t i o n e n  u n d  

O t o s k l e r o s e  n a h e ,  o b s c h o n  k e i n e  s p e z i f i s c h e n  C x 2 6 -  M u t a t i o n e n  
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g e h ä u f t  v o r k o m m e n .  D e r  A n t e i l  a n  v o n  K o n n e x i n - M u t a t i o n e n  

b e t r o f f e n e n  O t o s k l e r o s e p a t i e n t e n  e r h ö h t  s i c h  n o c h  w e i t e r ,  w e n n  

m a n  d i e  n a c h g e w i e s e n e n  3  P a t i e n t e n  m i t  C x 3 0 -  M u t a t i o n e n  

h i n z u r e c h n e t .  E i n s c h r ä n k e n d  m u s s  j e d o c h  d a r a u f  v e r w i e s e n  

w e r d e n ,  d a s s  m a n  d i e s e r  M u t a t i o n  ( S e r 1 9 9 T h r )  z u m  j e t z i g e n  

Z e i t p u n k t  k e i n e  w e s e n t l i c h e  P a t h o g e n i t ä t  z u r e c h n e t  ( K e l l e y  e t  a l . ,  

1 9 9 9 ) .  

I n  a l l e n  F ä l l e n  v o n  K o n n e x i n - M u t a t i o n e n  f a n d e n  s i c h  a u c h  

a n a m n e s t i s c h  H i n w e i s e  a u f  e i n e  H e r e d i t ä t  d e r  O t o s k l e r o s e .   

 

N e b e n  d e n  a l l g e m e i n  a k z e p t i e r t e n  U r s a c h e n  d e r  O t o s k l e r o s e  

( c h r o n i s c h e  E n t z ü n d u n g ,  v i r a l e  o d e r  g e n e t i s c h e  U r s a c h e ;  M e n g e r  

e t  a l . ,  2 0 0 3 )  l e g e n  d i e  v o r l i e g e n d e n  E r g e b n i s s e  v o r  a l l e m  d e n  

g e n e t i s c h e n  H i n t e r g r u n d  n a h e .  B e t o n t  w e r d e n  m u s s  i n  d i e s e m  

Z u s a m m e n h a n g ,  d a s s  K o n n e x i n e  i n t e n s i v  i n  d e n  M e c h a n i s m u s  d e s  

i n t e r z e l l u l ä r e n  A u s t a u s c h e s  b e i  d e r  V e r m i t t e l u n g  v o n  c h r o n i s c h e n  

E n t z ü n d u n g e n  i n v o l v i e r t  s i n d .  

( T r a n  v a n  N h i e u  e t  a l . ,  2 0 0 3 ) .  

 

4 . 1 2  E r b g a n g   v o n  C x 2 6 -  M u t a t i o n e n   

 

V e r g l e i c h e n  w i r  d i e  H ä u f i g k e i t  e i n e s  h e r e d i t ä r e n  f a m i l i ä r e n  

H i n t e r g r u n d e s  b e i  C x 2 6 -  M u t a t i o n s t r ä g e r n  ( 3 8 . 2 % )  i n n e r h a l b  d e r  

S t u d i e n g r u p p e  m i t  d e n  P a t i e n t e n  o h n e  C x 2 6 -  M u t a t i o n e n  ( 8 . 5 % ) ,  

s o  m ü s s e n  C x 2 6 -  M u t a t i o n e n  a l s  d i e  h ä u f i g s t e  g e n e t i s c h e  

D e t e r m i n a n t e  i n  d e r  g e s a m t e n  P o p u l a t i o n  a n g e n o m m e n  w e r d e n  

( G o p a l a r a o  e t  a l . ,  2 0 0 8 ) .  

B e i  e i n e r  H ä u f i g k e i t  v o n  3 8 . 2  %  C x 2 6 -  M u t a t i o n s t r ä g e r n  u n d  8 . 5  

%  o h n e  K o n n e x i n -  H i n t e r g r u n d  k a n n  i m  R ü c k s c h l u s s  v o n  e i n e r  

A n z a h l  v o n  5 0  %  s p o n t a n e n  M u t a t i o n e n  a u s g e g a n g e n  w e r d e n .  

D i e s e  H ä u f i g k e i t  k o r r e l i e r t  g u t  m i t  d e n  i n  d e r  L i t e r a t u r  g e m a c h t e n  

A n g a b e n  ( 6 0  % ;  M u r g i a  e t  a . ,  1 9 9 9 ) .   
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5 .  Z u s a m m e n f a s s u n g  

 

D i e  v o r l i e g e n d e  A r b e i t  s o l l  e i n e n  B e i t r a g  z u r  A u f k l ä r u n g  d e r  

p h y s i o l o g i s c h e n  u n d  p a t h o p h y s i o l o g i s c h e n  F u n k t i o n  v o n  n i c h t -

s e n s o r i s c h e m ,  g l i a l e m  I n n e n o h r g e w e b e  l e i s t e n .  D i e  

e l e k t r o p h y s i o l o g i s c h e n  U n t e r s u c h u n g e n  d i e n t e n  i n s b e s o n d e r e  d e r  

A u f k l ä r u n g  v o n  R e g u l a t i o n s m e c h a n i s m e n  d e r  d u r c h  Z e l l - Z e l l -

K a n ä l e  ( g a p  j u n c t i o n s )  v e r b u n d e n e n  H e n s e n z e l l e n  d e s  

M e e r s c h w e i n c h e n i n n e n o h r e s ,  d e n e n  e i n e  e n t s c h e i d e n d e  R o l l e  b e i  

d e r  i o n a l e n  H o m ö o s t a s e  d e s  I n n e n o h r e s  z u g e s c h r i e b e n  w i r d .   

D i e  v o r l i e g e n d e n  U n t e r s u c h u n g e n  w u r d e n  m i t  d e r  e l e k t r o -  

p h y s i o l o g i s c h e n  M e t h o d e  d e r  d o p p e l t e n  G a n z z e l l a b l e i t u n g  ( d o u b l e  

w h o l e - c e l l  p a t c h - c l a m p )  a n  f r i s c h  d i s s o z i i e r t e n  H e n s e n z e l l e n  d e s  

M e e r s c h w e i n c h e n i n n e n o h r e s  d u r c h g e f ü h r t ,  d a  b i s l a n g  i n  d e r  

L i t e r a t u r  n u r  F a r b s t o f f k o p p l u n g e n  b e s c h r i e b e n  w u r d e n .  D i e s e  

e l e k t r o p h y s i o l o g i s c h e  M e t h o d e  r e p r ä s e n t i e r t  d e n  G o l d s t a n d a r d  b e i  

d e r  d i r e k t e n  U n t e r s u c h u n g  d e r  d u r c h  Z e l l - Z e l l - K a n ä l e  v e r m i t t e l t e n   

i n t e r z e l l u l ä r e n  K o p p l u n g .  Z u s ä t z l i c h  w u r d e n  d i e  b e g l e i t e n d e n  

V e r ä n d e r u n g e n  d e r  K a l z i u m i o n e n k o n z e n t r a t i o n  m i t t e l s  F U R A - 2 -

F l u o r e s z e n z m i k r o s k o p i e  a u f g e z e i c h n e t .    

E r s t m a l s  g e l a n g  e s  i n  d e n  v o r l i e g e n d e n  U n t e r s u c h u n g e n ,  d i e  

e l e k t r i s c h e  L e i t f ä h i g k e i t  c o c h l e ä r e r  Z e l l - Z e l l - K a n ä l e  u n t e r  i n -

v i t r o - B e d i n g u n g e n  z u  b e s t i m m e n .  D i e  s o  n a c h g e w i e s e n e n ,  

v a r i a b l e n  K a n a l e i g e n s c h a f t e n  l a s s e n  e i n e  h e t e r o g e n e  K o n n e x i n -  

z u s a m m e n s e t z u n g  d e r  Z e l l - Z e l l - K a n ä l e  i m  C o r t i - O r g a n  v e r m u t e n  

u n d  m a c h e n  d i e  G r e n z e n  f u n k t i o n e l l e r  E x p r e s s i o n s m o d e l l e  

( X e n o p u s  l a e v i s - O o z y t e ,  H e L a - Z e l l e )  f ü r  d i e  A u f k l ä r u n g  d e r  

i n t e r z e l l u l ä r e n  K o m m u n i k a t i o n  u n t e r  p h y s i o l o g i s c h e n  u n d  

p a t h o p h y s i o l o g i s c h e n  B e d i n g u n g e n  d e u t l i c h .  

D a  f r e i e  R a d i k a l e  b e i  d e r  E n t s t e h u n g  w i c h t i g e r  

p a t h o p h y s i o l o g i s c h e r  V o r g ä n g e  u n d  K r a n k h e i t s z u s t ä n d e  i m  

I n n e n o h r  e i n e  z e n t r a l e  R o l l e  s p i e l e n  ( u . a .  b e i  d e r  

L ä r m s c h w e r h ö r i g k e i t ,  A m i n o g l y k o s i d o t o t o x i z i t ä t ,  P r e s b y a k u s i s ) ,  
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w u r d e  d e r e n  E i n f l u ß  a u f  d i e  i n t e r z e l l u l ä r e  L e i t f ä h i g k e i t  

u n t e r s u c h t .  S o  f a n d e n  s i c h  e i n e  k o n z e n t r a t i o n s a b h ä n g i g e  A b n a h m e  

d e r  i n t e r z e l l u l ä r e r  K o p p l u n g  n a c h  P e r f u s i o n  m i t  H 2 O 2  o h n e  

m o r p h o l o g i s c h  e i n g e s c h r ä n k t e  V i t a l i t ä t  d e r  H e n s e n z e l l e n  b e i  

g l e i c h z e i t i g e r  M o d u l a t i o n  d u r c h  k a l z i u m a b h ä n g i g e  

S i g n a l t r a n s d u k t i o n s w e g e .     

P a t h o p h y s i o l o g i s c h  v o n  g r o ß e r  B e d e u t u n g  e r s c h i e n  d i e  

U n t e r s u c h u n g  d e r  B e t e i l i g u n g  d e r  H e n s e n z e l l e n  a n  d e r  z e l l u l ä r e n  

O t o t o x i z i t ä t  v o n  A m i n o g l y k o s i d e n .  B e i  P e r f u s i o n  v o n  g e p a a r t e n  

H e n s e n z e l l e n  m i t  p a t h o p h y s i o l o g i s c h  s c h ä d i g u n g s r e l e v a n t e n  

K o n z e n t r a t i o n e n  v o n  G e n t a m y c i n  z e i g t e  s i c h  e i n e  

k o n z e n t r a t i o n s a b h ä n g i g e  A b n a h m e  d e r  i n t e r z e l l u l ä r e n  

L e i t f ä h i g k e i t ,  d i e  s i c h  d u r c h  p r ä e x p o n e n t i e l l e  I n k u b a t i o n  d e r  

Z e l l e n  m i t  K a t a l a s e ,  e i n e m  s p e z i f i s c h e n  R a d i k a l e n f ä n g e r ,  

v e r h i n d e r n  l i e ß .  G r u n d l a g e  d i e s e r  o t o t o x i s c h e n  

G e n t a m y c i n w i r k u n g ,  d i e  d u r c h  f r e i e  R a d i k a l e  v e r m i t t e l t  w i r d ,  

b i l d e t  d i e  F e n t o n - R e a k t i o n .  D a b e i  k o m m t  e s  z u r  K o m p l e x b i l d u n g  

v o n  G e n t a m y c i n  u n d  E i s e n i o n e n ,  i n  d e r e n  F o l g e  f r e i e  R a d i k a l e  

e n t s t e h e n .  E i n e  V e r s u c h s s e r i e  m i t  E i s e n i o n e n  u n d  d e m  

E i s e n c h e l a t b i l d n e r  D e f e r o x a m i n  w i e s  n a c h ,  d a s s  d e m   

G e n t a m y c i n e f f e k t  e i n e  e i s e n a b h ä n g i g e ,  H 2 O 2 - g e n e r i e r e n d e  

R e a k t i o n  z u g r u n d e  l i e g t .  D a  b i s l a n g  d i e  s e n s o r i s c h e n  Z e l l e n  d e s  

I n n e n o h r e s  ( ä u ß e r e  H a a r z e l l e n )  a l s  z e l l u l ä r e s  H a u p t t a r g e t  d e r  

G e n t a m y c i n o t o t o x i z i t ä t  g a l t e n ,  g e l a n g  i n  d e n  v o r l i e g e n d e n  

U n t e r s u c h u n g e n  e r s t m a l s  d e r  N a c h w e i s  e i n e r  B e t e i l i g u n g  n i c h t -

s e n s o r i s c h e r ,  g l i a l e r  I n n e n o h r s t r u k t u r e n .  

D i e  k l i n i s c h e  R e l e v a n z  d e r  v o r g e l e g t e n  U n t e r s u c h u n g e n  f u e r  d i e  

H N O -  H e i l k u n d e  e r g i b t  s i c h  a u s  d e r  T a t s a c h e ,  d a ß  5 0  %  a l l e r  

n i c h t - s y n d r o m a l e n  I n n e n o h r s c h w e r h ö r i g k e i t e n  d u r c h  M u t a t i o n e n  i n  

d e n  G e n o r t e n  e n t s t e h e n ,  d i e  d a s  K a n a l p r o t e i n  K o n n e x i n - 2 6  ( C x 2 6 )  

k o d i e r e n .  C x 2 6  i s t  d a s  q u a n t i t a t i v  w i c h t i g s t e  K o n n e x i n ,  w e l c h e s  

n e b e n  w e i t e r e n  K o n n e x i n e n  i m  I n n e n o h r  Z e l l - Z e l l - K a n ä l e  ( g a p  

j u n c t i o n s )  b i l d e t .  S t ö r u n g e n  d e r  p h y s i o l o g i s c h e n  Z e l l f u n k t i o n e n  
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d e r  H e n s e n z e l l e n  ( u . a .  K a l i u m p u f f e r f u n k t i o n ,  E P - G e n e r i e r u n g )  

h a b e n  d a m i t  u n m i t t e l b a r e ,  g r a v i e r e n d e  A u s w i r k u n g e n  a u f  d e n  

H ö r v o r g a n g  u n d  k ö n n e n  z u m  i r r e v e r s i b l e n  H ö r v e r l u s t  b e i t r a g e n .  

D a  d i e  k l i n i s c h e  M a n i f e s t a t i o n  d e r  I n n e n o h r s c h w e r h ö r i g k e i t  b e i  

g l e i c h e r  M u t a t i o n  s t a r k  v a r i i e r e n  k a n n ,  i s t  d i e  A u f d e c k u n g  v o n  

R e g u l a t i o n s v o r g ä n g e n  b e i  Z e l l - Z e l l - K a n ä l e n  d e s  I n n e n o h r e s  v o n  

b e s o n d e r e m  p a t h o p h y s i o l o g i s c h e m  I n t e r e s s e .  Z u s ä t z l i c h  w i r d  

i n t e r m i t t i e r e n d  d i e  H y p o t h e s e  e i n e r  „ 2 .  M u t a t i o n “  d i s k u t i e r t ,  d i e  

i n  v e r s c h i e d e n e n  F ä l l e n  u r s ä c h l i c h  f ü r  H ö r s t ö r u n g e n  n a c h g e w i e s e n  

w e r d e n  k o n n t e .  I n  d e n  v o r l i e g e n n d e n  U n t e r s u c h u n g e n  k o n n t e n  

e n t s p r e c h e n d e  z u s ä t z l i c h e  M u t a t i o n e n  ( G J B 6 - D 1 3 S 1 8 3 0 )  n u r  i n  

e i n e m  v o n  5 3 0  F ä l l e n  n a c h g e w i e s e n  w e r d e n  u n d  s i n d  d a h e r  a u s  

e p i d e m i o l o g i s c h e r  S i c h t  z u  v e r n a c h l ä s s i g e n .  I n  d e r  s p e z i f i s c h e n  

M u t a t i o n s a n a l y s e  d e r  u n t e r s u c h t e n  P o p u l a t i o n  f a n d e n  s i c h  

e n t g e g e n  a l l e r  b i s h e r i g e n  m i t t e l e u r o p ä i s c h e n  S t u d i e n  d i e  M u t a t i o n  

M 3 4 T  a l s  d i e  a m  h ä u f i g s t e n  v o r k o m m e n d e  C x 2 6 -  M u t a t i o n .  

B i s l a n g  k o n n t e  a n s o n s t e n  c 3 5  d e l G  a m  h ä u f i g s t e n  n a c h g e w i e s e n  

w e r d e n .  D i e s  l ä s s t  s i c h  n u r  d u r c h  d i e  h o h e  V o r s e l e k t i o n  d e r  

a n a l y s i e r t e n  P a t i e n t e n p o p u l a t i o n  i n  e i n e r  s p e z i a l i s i e r t e n  

F a c h a b t e i l u n g  e r k l ä r e n .  

B e i  d e r  t i e f e r g e h e n d e n  A n a l y s e  v o n  K o n n e x i n m u t a t i o n e n  k o n n t e   

e i n  g e h ä u f t e s  A u f t r e t e n  i n n e r h a l b  d e r  G r u p p e n  v o n  P a t i e n t e n  m i t  

O t o s k l e r o s e  u n d  A k u s t i k u s n e u r i n o m e n  n a c h g e w i e s e n  w e r d e n  

H i e r  s o l l t e n  w e i t e r e  S t u d i e n  m i t  g r ö ß e r e n  P a t i e n t e n g r u p p e n  u n d  

s p e z i f i s c h e r  m o l e k u l a r g e n e t i s c h e n  F r a g e s t e l l u n g e n  f i n a l e  E v i d e n z  

e r b r i n g e n .  

 

 

 

 

 

   

 



                                                                                                                     

 

 74 

6 .  L i t e r a t u r v e r z e i c h n i s  

 

 

Ahmad S, Chen S, Sun J, Lin X.  (2003) Konnexins 26 and 30 are co-assembled 

to form gap junctions in the cochlea of mice.  

Biochem Biophys Res Commun., Jul 25 ;307(2): 362-8. 

 

Azaiez H, Chamberlin GP, Fischer SM, Welp CL, Prasad SD, Taggart RT, del 

Castillo I, Van Camp G, Smith RJ.  (2004) GJB2: The spectrum of deafness -

causing allele variants and their phenotype.  

Hum Mut.; 24: 305-311. 

 

Balogh K Jr, Hiraide F, Ishii D.  (1970) Distribution of radioactive 

dihydrostreptomycin in the cochlea. An autoradiographic study.  

Ann Otol Rhinol Laryngol.,Jun; 79(3): 641 -52. 

 

Bauer PW, Geers AE, Brenner C, Moog JS, Smith RJ. (2003) The effect of 

GJB2 allele variants on performance after cochlear implantation.  

Laryngoscope.; 113(12): 2135-40. 

 

Beahm DL, Hall JE.  (2002) Hemichannel and junctional properties of 

Konnexin 50. 

Biophys J., Apr ;82(4): 2016-31. 

 

Beltramello M, Bicego M, Piazza V, Ciubotaru CD, Mammano F, D'Andrea P.  

(2003) Permeability and gating properties of human Konnexins 26 and 30 

expressed in HeLa cells.  

Biochem Biophys Res Commun., Jun 13; 305(4): 1024 -33. 

 

Bergoffen J, Scherer SS, Wang S, Scott MO, Bone LJ, Paul DL, Chen K, 

Lensch MW, Chance PF, Fischbeck KH.  (1993) Konnexin mutations in X-

linked Charcot-Marie-Tooth disease.  

Science.,Dec 24; 262(5142): 2039-42. 

 

Beyer EC, Kistler J , Paul DL, Goodenough DA.  (1989) Antisera directed 

against Konnexin43 peptides react with a 43 -kD protein localized to gap 

junctions in myocardium and other tissues.  

J  Cell Biol., Feb; 108(2): 595-605. 

 

Biesalski HK. (1984) Retinol and retinyl ester in separated structures of the 

guinea pig inner ear.  

Int J  Vitam Nutr Res.; 54(2-3): 113-8. 

 

Bitner-Glindzicz M. (2002) Hereditary deafness and phenotyping in humans.  

Br Med Bull.;  63: 73-94.  

 

Blodow A, Ngezahayo A, Ernst A, Kolb HA.  (2003) Calmodulin antagonists 

suppress gap junction coupling in isol ated Hensen cells of the guinea pig 

http://www.ncbi.nlm.nih.gov/pubmed/15365987?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15365987?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bauer%20PW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Geers%20AE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Brenner%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Moog%20JS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Smith%20RJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1


                                                                                                                     

 

 75 

cochlea. 

Pflugers Arch., Apr; 446(1): 36-41. 

 

Bodmer D, Brors D, Bodmer M. (2004) Early gene expression in the organ of 

corti exposed to gentamicin.  

# 528, 27th Midwintermeeting, Association for Research in Otolaryngology, 

2004, Daytona Beach, Florida, USA.  

 

Boettger T, Hubner CA, Maier H, Rust MB, Beck FX, Jentsch TJ.  (2002) 

Deafness and renal tubular acidosis in mice lacking the K -Cl co-transporter 

Kcc4. 

Nature., Apr 25; 416(6883): 874-8. 

 

Bolz H, Schade G, Ehmer S, Kothe C, Hess M, Gal A. (2004) Phenotypic 

variability of non syndromic hearing loss in patients heterozygous for both 

c.35delG of GJB 2 and the 342-kb deletion involving GJB6.  

Hear Res.; 188: 42-46. 

 

Bruzzone R, Veronesi V, Gomes D, Bicego M, Duval N, Marlin S, Petit C, 

D'Andrea P, White TW.(2003)  Loss-of-function and residual channel activity 

of Konnexin26 mutations associated with non-syndromic deafness.  

FEBS Lett.,  Jan 2; 533(1-3): 79-88. 

 

Burlando B, Viarengo A, Pertica M, Ponzano E, Orunesu M.  (1997) Effects of 

free oxygen radicals on Ca2+ release mechanisms in the sarcoplasmic 

reticulum of scallop (Pecten jacobaeus) adductor muscle.  

Cell Calcium., Aug; 22(2): 83-90. 

 

Cao W, Carney JM, Duchon A, Floyd RA, Chevion M.  (1988) Oxygen free 

radical involvement in ischemia and reperfusion injury to brain.  

Neurosci Lett.,  May 26; 88(2): 233-8. 

 

Carlisle L, Steel K, Forge A. (1990) Endocochlear potential generation is 

associated with intercellular communication in the stria vascularis: structural 

analysis in the viable dominant spotting mouse mutant.  

Cell Tissue Res., Nov; 262(2): 329-37. 

 

Carrasquillo MM, Zlotogora J, Barges S, Chakravarti A. (1997) Two different 

Konnexin 26 mutations in an inbred kindred segregating non -syndromic 

recessive deafness: implications for genetic studies in isolated populations.  

Hum Mol Genet., Nov; 6(12): 2163-72. 

 

Caspar DL, Goodenough DA, Makowski L, Phillips WC. (1977) Gap junction 

structures. I. Correlated electron microscopy and x -ray diffraction.  

J  Cell Biol., Aug; 74(2): 605-28. 

 

Chiba T, Kikuchi T, Yoshida R, Kobayashi T. (2004) Expression of Kir 4.1 

potassium channels in the outer sulcus  cells in the guinea pig cochlea.  

# 988, 27
t h

 Midwintermeeting, Association for Research in Otolaryngology, 

21-26 Feb.2004, Daytona Beach,  Florida, USA.  

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bolz%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schade%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ehmer%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kothe%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hess%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gal%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1


                                                                                                                     

 

 76 

 

Clerici WJ, DiMartino DL, Prasad MR.  (1995) Direct effects of reactive 

oxygen species on cochlear ou ter hair cell shape in vitro.  

Hear Res., Apr; 84(1-2): 30-40. 

 

Clerici WJ, Hensley K, DiMartino DL, Butterfield DA.  (1996) Direct detection 

of ototoxicant-induced reactive oxygen species generation in cochlear 

explants.  

Hear Res., Sep 1; 98(1-2): 116-24. 

 

Clerici WJ, Yang L. (1996) Direct effects of intraperilymphatic reactive 

oxygen species generation on cochlear function.  

Hear Res., Nov 1; 101(1-2): 14-22. 

 

Cohen-Salmon M, Ott T, Michel V, Hardelin JP, Perfettini I, Eybalin M, Wu 

T, Marcus DC, Wangemann P , Willecke K, Petit C. (2002) Targeted ablation 

of Konnexin26 in the inner ear epithelial gap junction network causes hearing 

impairment and cell death.  

Curr Biol., Jul 9; 12(13): 1106-11. 

 

Canlon BJ, Smith DW. (1998) Supplemental iron exacerbates aminoglycoside 

ototoxicity in vivo.  

Hear Res., Jan; 115(1-2): 1-5. 

 

Contreras JE, Saez JC, Bukauskas FF, Bennett MV.  (2003) Gating and 

regulation of Konnexin 43 (Cx43) hemichannels.  

Proc Natl Acad Sci U S A., Sep 30; 100(20): 11388 -93. 

 

Connell SS, Angeli SI, Suarez H, Hodges AV, Balkany TJ, Liu XZ. (2007) 

Performance after cochlear implantation in DFNB1 patients.  

Otolaryngol Head Neck Surg. , Oct;137(4):596-602.  

 

Crann SA, Huang MY, McLaren JD, Schacht J.  (1992) Formation of a toxic 

metabolite from gentamicin by a hepatic cytosolic fraction.  

Biochem Pharmacol., Apr 15; 43(8): 1835-9. 

 

Cryns K, Orzan E, Murgia A, Huygen PL, Moreno F, del Castillo I, 

Chamberlin GP, Azaiez H, Prasad S, Cucci RA, Leonardi E, Snoeckx RL, 

Govaerts PJ , Van de Heyning PH, Van de Heyning CM, Smith RJ, Van Camp 

G. (2003) A genotype-phenotype correlation for GJB2 (Cx26) deafness.  

J  Med Gen.; 41: 147-154. 

 

Dahl E, Manthey D, Chen Y, Schwarz HJ, Chang YS, Lalley PA, Nicholson 

BJ, Willecke K. (1996)Molecular cloning and functional expression of mouse 

Konnexin-30,a gap junction gene highly expressed in adult brain and skin.  

J  Biol Chem., Jul 26; 271(30): 17903-10. 

 

de Brouwer AP, Pennings RJ, Roeters M, Van Hauwe P, Astuto LM, Hoefsloot 

LH, Huygen PL, van den Helm B, Deutman AF, M Bork J, Kimberling WJ, 

Cremers FP, Cremers CW, Kremer H.  (2003) Mutations in the calcium-binding 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Connell%20SS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Angeli%20SI%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Suarez%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hodges%20AV%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Balkany%20TJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Liu%20XZ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
javascript:AL_get(this,%20'jour',%20'Otolaryngol%20Head%20Neck%20Surg.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cryns%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Orzan%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Murgia%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Huygen%20PL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Moreno%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22del%20Castillo%20I%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Chamberlin%20GP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Azaiez%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Prasad%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cucci%20RA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Leonardi%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Snoeckx%20RL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Govaerts%20PJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Van%20de%20Heyning%20PH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Van%20de%20Heyning%20CM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Smith%20RJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Van%20Camp%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Van%20Camp%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Van%20Camp%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1


                                                                                                                     

 

 77 

motifs of CDH23 and the 35delG mutation in GJB2 cause hearing loss in one 

family. 

Hum Genet.,  Feb; 112(2): 156-63. 

 

de Groot JC, Meeuwsen F, Ruizendaal WE, Veldman JE. (1990) 

Ultrastructural localization of gentamicin in the cochlea.  

Hear Res., Dec; 50(1-2): 35-42. 

 

Dehne N, Lautermann J, ten Cate WJ, Rauen U, de Groot H.  (2000) In vitro 

effects of H2O2  on the cochlear neurosensory epithelium of the guinea pig.  

Hear Res., May; 143(1-2): 162-70. 

 

Dehne N, Lautermann J, Petrat F, Rauen U, de Groot H.  (2001) Cisplatin 

ototoxicity: involvement of iron and enhanced formation of su anion radicals.  

Toxicol Appl Pharmacol., Jul 1; 174(1): 27 -34. 

 

del Castillo I, Villamar M, Moreno-Pelayo MA, del Castillo FJ, Alvarez  A, 

Tellería D, Menéndez I, Moreno F.  (2002) A deletion involving the connexin 

30 gene in nonsyndromic hearing impairment.  

N Engl J Med., 24; 346(4): 243-9. 

 

del Castillo FJ, Rodríguez-Ballesteros M, Alvarez A, Hutchin T, Leonardi E, 

de Oliveira CA, Azaiez H, Brownstein Z, Avenarius MR, Marlin S, Pandya A, 

Shahin H, Siemering KR, Weil D, Wuyts W, Aguirre LA, Martín Y, Moreno -

Pelayo MA, Villamar M, Avraham KB, Dahl HH, Kanaan M, Nance WE, Petit 

C, Smith RJ, Van Camp G, Sartorato EL, Murgia A, Moreno F, del Castillo I.  

(2005) A novel deletion involving the connexin - 30 gene, (del( GJB6-

d13s1854), found in trans with mutations in the GJB2 gene (connexin -26) in 

subjects with DFNB1 non-syndromic hearing impairment.  

J  Med Genet,; 42: 588-594. 

 

Denoyelle F, Weil D, Maw MA, Wilcox SA, Lench NJ, Allen-Powell DR, 

Osborn AH, Dahl HH, Middleton A, Houseman MJ, Dode C, Marlin S, 

Boulila-ElGaied A, Grati M, Ayadi H, BenArab S, Bitoun P, Lina -Granade G, 

Godet J, Mustapha M, Loiselet J , El -Zir E, Aubois A, Joannard A, Petit C.  

(1997) Prelingual deafness: high prevalence of a 30delG mutation in the 

Konnexin 26 gene.  

Hum Mol Genet., Nov; 6(12): 2173-7. 

 

Doherty JK, Linthicum FH. (2004) Spiral ligament and stria vascularis 

changes in cochlear otosclerosis: effect on hearing levels.  

Otol Neurotol.; 25: 457- 464. 

 

Donaldson PJ, Dong Y, Roos M, Green C, Goodenough DA, Kistler J .  (1995) 

Changes in lens Konnexin expression lead to increased gap junctional voltage 

dependence and conductance.  

Am J Physiol.,  Sep; 269(3 Pt 1): C590-600. 

 

http://www.ncbi.nlm.nih.gov/pubmed/11807148?ordinalpos=13&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/11807148?ordinalpos=13&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15994881?ordinalpos=5&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15994881?ordinalpos=5&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15994881?ordinalpos=5&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15994881?ordinalpos=5&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15994881?ordinalpos=5&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum


                                                                                                                     

 

 78 

Donahue HJ, McLeod KJ, Rubin CT, Andersen J, Grine EA, Hertzberg EL, 

Brink PR. (1995) Cell to cell communication in osteoblastic networks: cell 

line dependent hormonal regulation of gap junction function.  

J  Bone Miner Res.; 10: 881-889. 

 

Donahue HJ, Li Z, Zhou Z, Yellowley CE.  (2000) Differentiation of human 

fetal osteoblastic cells and gap junctional intercellular communication.  

Am J Physiol Cell Physiol.;  278(2): C315-22. 

 

Dulon D, Zajic G,  Aran JM, Schacht J. (1989) Aminoglycoside antibiotics 

impair calcium entry but not viability and motility in isolated cochlear outer 

hair cells.  

J  Neurosci Res., Oct;24(2): 338-46. 

 

Dulon D, Hiel H, Aurousseau C, Erre JP, Aran JM.  (1993) Pharmacokinetics 

of gentamicin in the sensory hair cells of the organ of Corti: rapid uptake and 

long term persistence.  

C R Acad Sci III.,  Jul; 316(7): 682-7. 

 

Engel-Yeger B, Zaaroura S, Zlotogora J, Shalev S, Hujeirat Y, Carrasquillo M, 

Barges S, Pratt H.  (2002) The effects of connexin 26 mutation -35delG- on oto-

acoustic emissions and brainstem evoked potentials  :homozygotes and carr iers.  

 

Ernst A, Reuter G, Zimmermann U, Zenner HP. (1994). Acute aminoglycoside 

ototoxicity in cochlear outer hair cells.  

Brain Res.; 636: 153-156 

 

Evans WH, Martin PE.  (2002) Gap junctions: structure and function (Review).  

Mol Membr Biol., Apr-Jun; 19(2): 121-36.  

 

Favero TG, Zable AC, Abramson JJ.  (1995) H2O2  stimulates the Ca2+ release 

channel from skeletal muscle sarcoplasmic reticulum.  

J Biol Chem. ,Oct 27; 270(43): 25557-63. 

Hear Res.; 163: 93-100. 

 

Feldmann D, Denoyelle F, Loundon N, Weil D, Garabedian EN, Couderc R, 

Joannard A, Schmerber S, Delobel B, Leman J, Journel H, Catros H, Ferrec C, 

Drouin-Garraud V, Obstoy MF, Moati L, Petit C, Marlin S.  (2004) Clinical 

evidence of the non-pathogenic nature of M34Tvariant in the connexin 26 

gene.  

Eur J Hum Gen.; 12: 279-284. 

 

Feldmann D, Denoyelle F, Chauvin P, Garabédian EN, Couderc R, Odent S, 

Joannard A, Schmerber S, Delobel B, Leman J,  Journel H, Catros H, Le 

Maréchal C, Dollfus H, Eliot MM, Delaunoy JP, David A, Calais C, Drouin -

Garraud V, Obstoy MF, Bouccara D, Sterkers O, Huy PT, Goizet C, Duriez F, 

Fellmann F, Hélias J, Vigneron J, Montaut B, Lewin P, Petit C, Marlin S.  

(2004) Large deletions of GJB6 gene in deaf patients heterozygous for the 

GJB2 gene mutation: genotypic anf phenotypic analysis.  

Am J Med Gen.; 127A: 263-7. 

http://www.ncbi.nlm.nih.gov/pubmed/7572312?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/7572312?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/10666026?ordinalpos=10&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/11788203?ordinalpos=7&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/11788203?ordinalpos=7&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/14694360?ordinalpos=12&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/14694360?ordinalpos=12&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/14694360?ordinalpos=12&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15150777?ordinalpos=11&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15150777?ordinalpos=11&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15150777?ordinalpos=11&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15150777?ordinalpos=11&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15150777?ordinalpos=11&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum


                                                                                                                     

 

 79 

 

Fischel-Ghodsian N, Prezant TR, Bu X, Oztas S.  (1993) Mitochondrial 

ribosomal RNA gene mutation in a patient with sporadic aminoglycoside 

ototoxicity.  

Am J Otolaryngol., Nov-Dec; 14(6): 399-403. 

 

Forge A. (1984) Gap junctions in the stria vascularis and effects of ethacrynic 

acid. 

Hear Res., Feb; 13(2): 189-200. 

 

Forge A, Fradis M. (1985) Structural abnormalities in the stria vascularis 

following chronic gentamicin treatment.  

Hear Res.; 20(3): 233-44. 

 

Forge A, Becker D, Casalotti S, Edwards J, Evans WH, Lench N, Souter M.  

(1999) Gap junctions and Konnexin expression in the inner ear.  

Novartis Found Symp.; 219: 134-50; discussion 151-6.  

 

Forge A, Schacht J.  (2000) Aminoglycoside antibiotics.  

Audiol Neurootol. Jan-Feb; 5(1): 3-22.  

 

Forge A, Becker D, Casalotti S, Edwards J, Marziano N, Nevill G.  (2003) Gap 

junctions in the inner ear: comparison of distribution patterns in different 

vertebrates and assessement of Konnexin composition in mammals.  

J  Comp Neurol., Dec 8; 467(2): 207-31. 

 

Franzé A, Caravelli A, Di Leva F, Marciano E, Auletta G, D'Aulos F, Saulino 

C, Esposito L, Carella M, Gasparini P.  (2005) Audiometric evaluation of 

carriers of the connexin 26 mutation  35 del G.  

Europ Arch Oto Rhino.; 262(11): 921-4. 

 

Garetz SL, Altschuler RA, Schacht J.  (1994) Attenuation of gentamicin 

ototoxicity by glutathione in the guinea pig in vivo.  

Hear Res., Jun 15; 77(1-2): 81-7. 

 

Garetz SL, Rhee DJ, Schacht J.  (1994) Sulfhydryl compounds and antioxidants 

inhibit cytotoxicity to outer hair cells of a gentamicin metabolite in vitro.  

Hear Res., Jun 15; 77(1-2): 75-80. 

 

Gasparini P, Rabionet R, Barbujani G, Melçhionda S, Petersen M, Brøndum-

Nielsen K, Metspalu A, Oitmaa E, Pisano M, Fortina P, Zelante L, Estivill X. 

(2000) High carrier frequency of the 35 del G deafness mutation in European 

populations.  

Eur J Hum Mut Gen.; 8: 19-23. 

 

Gee J, Tanaka M, Grossman HB. (2003) Konnexin 26 is abnormally expressed 

in bladder cancer.  

J  Urol., Mar;169(3):1135-7. 

 

http://www.ncbi.nlm.nih.gov/pubmed/15895291?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15895291?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gasparini%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Rabionet%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Barbujani%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mel%C3%A7hionda%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Petersen%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Br%C3%B8ndum-Nielsen%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Br%C3%B8ndum-Nielsen%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Metspalu%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Oitmaa%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Pisano%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Fortina%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zelante%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Estivill%20X%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1


                                                                                                                     

 

 80 

Gitter AH, Fromter E, Zenner HP. (1992) C-type potassium channels in the 

lateral cell membrane of guinea pig hair cells.  

Her Res.; 60(1): 13-19. 

 

Goodenough DA, Gilula NB.  (1974) The splitting of hepatocyte gap junctions 

and zonulae occludentes with hypertonic disaccharides.  

J  Cell Biol., Jun; 61(3): 575-90. 

 

Goodenough DA, Goliger JA, Paul DL.  (1996) Konnexins, Konnexons, and 

intercellular communication.  

Annu Rev Biochem.;  65: 475-502.  

 

Gopalarao D, Kimberling WJ, Jesteadt W, Kelley PM, Beauchaine KL, Cohn 

ES. (2008) Is hearing loss due to mutations in the connexin 26 gene 

progressive ?.  

Int J  Audiol., Jan; 47(1):11-20. 

 

Gotz ME, Kunig G, Riederer P, Youdim MB. (1994) Oxidative stress: free 

radical production in neural degeneration.  

Pharmacol Ther.; 63(1): 37-122.  

 

Gourdie RG, Green CR, Severs NJ, Anderson RH, Thompson RP.  (1993) 

Evidence for a distinct gap-junctional phenotype in ventricular conduction 

tissues of the developing and mature avian heart.  

Circ Res., Feb; 72(2): 278-89. 

 

Grifa A, Wagner CA, D'Ambrosio L, Melchionda S, Bernardi F, Lopez -Bigas 

N, Rabionet R, Arbones M, Monica MD, Estivill X, Zelante L, Lang F, 

Gasparini P.(1999) Mutations in GJB6 cause nonsyndrom ic autosomal 

dominant deafness at DFNA3 locus.  

Nat Genet., Sep; 23(1):16-8. 

 

Grynkiewicz G, Poenie M, Tsien RY.  (1985) A new generation of Ca2+ 

indicators with greatly improved fluorescence properties.  

J  Biol Chem.,  Mar 25; 260(6): 3440-50. 

 

Gualandi F, Martini A, Calzolari E. (2003) Progress in understanding GJB2-

linked deafness.  

Community Genet.; 6: 125-132. 

  

Gutteridge JM. (1994) Hydroxyl radicals, iron, oxidative stress, and 

neurodegeneration.  

Ann N Y Acad Sci., Nov 17; 738: 201-13. 

 

Hall ED, Braughler JM. (1993) Free radicals in CNS injury.  

Res Publ Assoc Res Nerv Ment Dis.; 71: 81 -105.  

 

Halliwell B. (1992) Oxygen radicals as key mediators in neurological disease: 

fact or fiction?  

Ann Neurol.; 32 Suppl: S10-5. 



                                                                                                                     

 

 81 

 

Hama K. (1980) Fine structure of the afferent synapse and gap junctions on the 

sensory hair cell in the saccular macula of goldfish: a freeze -fracture study.  

J  Neurocytol., Dec; 9(6): 845-60. 

 

Hayashida T, Nomura Y, Iwamori M, Nagai Y, Kurata T.  (1985) Distribution 

of gentamicin by immunofluorescence in the guinea pig inner ear.  

Arch Otorhinolaryngol.; 242(3): 257-64. 

 

Hernandez-Cruz A, Escobar AL, Jimenez N. (1997) Ca(2+)-induced Ca2+ 

release phenomena in mammalian sympathetic neurons are critically dependent 

on the rate of rise of trigger Ca2+.  

J Gen Physiol.,  Feb; 109(2): 147-67. 

 

Hiel H, Erre JP, Aurousseau C, Bouali R, Dulon D, Aran JM.  (1993) 

Gentamicin uptake by cochlear hair cells precedes hearing impairment during 

chronic treatment.  

Audiology.; 32(1): 78-87. 

 

Hirose K, Hockenbery DM, Rubel EW.  (1997) Reactive oxygen species in 

chick hair cells after gentamicin exposure in vitro.  

Hear Res., Feb; 104(1-2): 1-14. 

 

Hibino H, Horio Y, Inanobe A, Doi K, Ito M, Yamada M, Gotow T, Kawamura 

M, Kubo T, Kurachi Y. (1997) An ATP- dependent inwardly rectifying 

potassium channel, KAP (Kir4.1), in cochlear stria vaskularis of inner ear: its 

specific subcellular localization and correlation with formation of the 

endocochlear potential.  

J  Neurosci.; 17(12): 4711-4721. 

 

Hoh JH, Sosinsky GE, Revel JP, Hansma PK. (1993) Structure of the 

extracellular surface of the gap junction by atomic force microscopy.  

Biophys J., Jul; 65(1): 149-63. 

 

Horner KC, Aurousseau C. (1997)Immunoreactivity for taurine in the cochlea: 

its abundance in supporting cells.  

Hear Res. Jul; 109(1-2): 135-42. 

 

Hu BH, Zheng XY, McFadden SL, Kopke RD, Henderson D.  (1997) R-

phenylisopropyladenosine attenuates noise -induced hearing loss in the 

chinchilla.  

Hear Res.,Nov; 113(1-2): 198-206. 

 

Huang MY, Schacht J. (1990) Formation of a cytotoxic metabolite from 

gentamicin by liver.      

Biochem. Pharmacol., 1;40(11): R11-4. 

 

Iurato S, Franke K, Luciano L, Wermbter G, Pannese E, Reale E.  (1976) 

Intercellular junctions in the organ of Corti as revealed by freeze fracturing.  

Acta Otolaryngol., Jul -Aug; 82(1-2): 57-69. 



                                                                                                                     

 

 82 

 

Iurato S, Franke KD, Luciano L, Wermbter G, Pannese F, Reale E.  (1977) The 

junctional complexes among the cells of the orga n of Corti as revealed by 

freeze-fracturing. 

Adv Otorhinolaryngol.; 22: 76-80. 

 

Jahnke K.(1975) The fine structure of freeze-fractured intercellular junctions 

in the guinea pig inner ear.  

Acta Otolaryngol Suppl.; 336: 1 -40. 

 

Johnstone BM, Patuzzi R, Syka J, Sykova E. (1989) Stimulus -related 

potassium changes in the organ of Corti of guinea -pig.  

J  Physiol.;  408: 77-92. 

 

Junker R. (2000) Elektrophysiologische Charakterisierung einer nicht 

sensorischen Zellpopulation (Hensenzell en) des Cortischen Organs mit Hilfe 

der doppelten Saugpipettentechnik,  

Dissertation, FU Berlin.  

 

Kannan MS, Prakash YS, Brenner T, Mickelson JR, Sieck GC. (1997) Role of 

ryanodine receptor channels in Ca2+ oscillations of porcine tracheal smooth 

muscle. 

Am J Physiol.,  Apr; 272(4 Pt 1): L659-64. 

 

Kanno Y, Loewenstein WR. (1964) Low resistance coupling between gland 

cells. Some observations on intercellular contact membranes and intercellular 

space. 

Nature., Jan 11; 201: 194-5. 

 

Kanno Y, Loewenstein WR. (1964) Intercellular diffusion  

Science., Feb 28;143: 959-60. 

 

Kanno Y, Loewenstein WR. (1966) Cell-to-cell passage of large molecules. 

Nature., Nov.5; 212(62): 629-30. 

 

Kelsell DP, Dunlop J, Stevens HP, Lench NJ, Liang JN, Parry G, Mueller RF, 

Leigh IM. (1997) Konnexin 26 mutations in hereditary non -syndromic 

sensorineural deafness.  

Nature., May 1; 387(6628): 80-3. 

 

Kikuchi T, Kimura RS, Paul DL, Adams JC. (1995) Gap junctions in the rat 

cochlea: immunohistochemical and ultrastructural analysis.  

Anat Embryol (Berl).,  Feb; 191(2): 101-18. 

 

Kikuchi T, Adams JC, Miyabe Y, So E, Kobayashi T. (2000) Potassium ion 

recycling pathway via gap junction systems in the mammalian cochlea and its 

interruption in hereditary nonsyndromic deafness.  

Med Electron Microsc., 33(2): 51-6. 

 



                                                                                                                     

 

 83 

Kirchhoff S, Nelles E, Hagendorff A, Kruger O, Traub O, Willecke K.  (1998) 

Reduced cardiac conduction velocity and predisposition to arrhythmias in 

Konnexin40-deficient mice.  

Curr Biol., Feb 26; 8(5): 299-302. 

 

Kolb HA, Somogyi R.  (1991) Biochemical and biophysical analysis of cell -to-

cell channels and regulation of gap junctional permeability.  

Rev Physiol Biochem Pharmacol.; 118: 1 -47. 

 

Kopke RD, Liu W, Gabaizadeh R, Jacono A, Feghali J , Spray D, Garcia P, 

Steinman H, Malgrange B, Ruben RJ, Rybak L, Van de Water TR.  (1997) Use 

of organotypic cultures of Corti 's organ to s tudy the protective effects of 

antioxidant molecules on cisplatin -induced damage of auditory hair cells.  

Am J Otol., Sep; 18(5): 559-71. 

 

Kroese AB, van den Bercken J.  (1982) Effects of ototoxic antibiotics on 

sensory hair cell functioning.  

Hear Res., Feb; 6(2): 183-97.  

 

Kroese AB, Das A, Hudspeth AJ.  (1989) Blockage of the transduction 

channels of hair cells in the bullfrog's sacculus by aminoglycoside antibiotics.  

Hear Res., Feb; 37(3): 203-17. 

 

Kudo T, Kure S, Ikeda K, Xia AP, Katori Y, S uzuki M, Kojima K, Ichinohe A, 

Suzuki Y, Aoki Y, Kobayashi T, Matsubara Y. (2003) Transgenic expression 

of a dominant-negative Konnexin26 causes degeneration of the organ of Corti 

and non-syndromic deafness.  

Hum Mol Genet., May 1; 12(9): 995-1004. 

 

Kunstmann E, Hildmann A, Lautermann J , Aletsee C, Epplen JT, Sudhoff H. 

(2005) Kongenitale Schwerhörigkeit.  

HNO.; 53: 773-778. 

 

Kupka S, Braun S, Aberle S, Haack B, Ebauer M, Zeissler U, Zenner HP, Blin 

N, Pfister M. (2002) Frequencies of GJB2 mutations in german control 

individuals and patients showing sporadic non - syndromic hearing impairment.  

Hum Mut. ;  20(1):  77 -8.  Kikuchi T, Adams JC, Paul DL, Kimura RS. (1994) Gap 

junction systems in the rat vestibular labyrinth: immunohistochemical and 

ultrastructural analysis.  

Acta Otolaryngol., Sep; 114(5): 520-8. 

 

Lautermann J, ten Cate WJ, Altenhoff P, Grummer R, Traub O, Frank H, 

Jahnke K, Winterhager E. (1998) Expression of the gap-junction Konnexins 26 

and 30 in the rat cochlea.  

Cell Tissue Res., Dec; 294(3): 415-20. 

 

Lagostena L, Cicuttin A, Inda J, Kachar B, Mammano F.  (2001) Frequency 

dependence of electrical coupling in Deiters' cells of the guinea pig cochlea.  

Cell Commun Adhes.; 8(4-6): 393-9. 

 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kunstmann%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hildmann%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lautermann%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Aletsee%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Epplen%20JT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sudhoff%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kupka%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Braun%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Aberle%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Haack%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ebauer%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zeissler%20U%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zenner%20HP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Blin%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Blin%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Blin%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Pfister%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1


                                                                                                                     

 

 84 

Laird DW.(2008) Closing the gap on autosomal dominant connexin -26 and 

connexin-43 mutants linked to human disease.  

J  Biol Chem.;283(6):2997-3001. 

 

Lerer I, Sagi M, Ben-Neriah Z, Wang T, Levi H, Abeliovich D.  (2001) A 

deletion mutation in GJB6 cooperating with a GJB2 mutation in trans in non -

syndromic deafness: a novel founder mutation in ashkenazi jews.  

Hum Mut.; 458: 1-10. 

 

Löffler J , Nekahm D, Hirst -Stadlmann A, Günther B, Menzel HJ, Utermann G, 

Janecke AR. (2001) Sensorineural hearing loss and the incidence of Cx26 

mutations in Austria.  

Eur J Hum Genet.; 9(3): 226-30. 

 

Loewenstein WR, Socolar SJ, Higashino S, Kanno Y, Davidson N. (1965) 

Intercellular communication: Renal, urinary bladder, sensory and salvatory 

gland cells.  

Science,; 16: 295-298. 

 

Loewenstein WR, Kanno Y. (1966) Intercellular communication and controll 

of tissue growth: lack of communication between cancer cells.  

Nature., Mar. 19; 209(29): 1248-9. 

 

Liang G, Jin z, Ulfendahl M, Järlebark LE. (2004) Identification, expression 

and localization of K-channel subtypes KCNQ2 and 3 in the mammalian 

cochlea.  

#695, 27
t h

 Midwintermeeting, Association for Research in Otolaryngology, 21 -

26 Feb.2004, Daytona Beach,  Florida, USA.  

 

Lim DJ. (1986) Effects of noise and ototoxic drugs at the cellula r level in the 

cochlea: a review. 

Am J Otolaryngol., Mar-Apr; 7(2): 73-99.  

 

Liu S, Taffet S, Stoner L, Delmar M, Vallano ML, Jalife J.  (1993) A structural 

basis for the unequal sensitivity of the major cardiac and liver gap junctions to 

intracellular acidification: the carboxyl tail length.  

Biophys J., May; 64(5): 1422-33. 

 

Liu XZ, Xia XJ, Adams J, Chen ZY, Welch KO, Tekin M, Ouyang XM, 

Kristiansen A, Pandya A, Balkany T, Arnos KS, Nance WE.  (2001) Mutations 

in GJA1 (Konnexin 43) are associated with non -syndromic autosomal 

recessive deafness.  

Hum Mol Genet., Dec 1; 10(25): 2945-51. 

 

Lopez-Gonzalez MA, Lucas M, Delgado F, Diaz P. (1998) The production of 

free oxygen radicals and nitric oxide in the rat cochlea.  

Neurochem Int., Jul; 33(1): 55-9. 

 

http://www.ncbi.nlm.nih.gov/pubmed/11668644?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/11313763?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/11313763?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum


                                                                                                                     

 

 85 

Lustig LR , Lin D , Venick H , Larky J , Yeagle J , Chinnici J , Polite C , Mhatre AN , 

Niparko JK , Lalwani AK . (2004) GJB2 gene mutations in cochlear implant 

recipients: prevalence and impact on outcome.  

Arch Otolaryngol Head Neck Surg. 130(5):541 -6. 

 

Loewenstein WR, Kanno Y.  (1964) studies on an epithelial(gland) cell 

junction.I Modification of surface membrane permeability  

J Cell Biol., Sep; 22: 565-86. 

 

Makowski L, Caspar DL, Phillips WC, Goodenough DA.  (1977) Gap junction 

structures. II. Analysis of the x -ray diffraction data.  

J  Cell Biol., Aug; 74(2): 629-45.  

 

Makowski L, Caspar DL, Phillips WC, Goodenough DA.  (1984) Gap junction 

structures. V. Structural chemistry inferred from X -ray diffraction 

measurements on sucrose accessibility and trypsin susceptibility.  

J  Mol Biol., Apr 15; 174(3): 449-81.  

 

Mambetisaeva ET, Gire V, Evans H. (1999) Multiple connexin expression in  

peripheral nerve, schwann cells and schwannoma cells.  

J  Neuroscience Res.  ;  57: 166-175. 

 

Marlin S, Garabédian EN, Roger G, Moatti L, Matha N, Lewin P, Petit C, 

Denoyelle F.(2001) Connexin26 gene mutation in congenitally deaf children.  

Arch Oto Head Neck.; 127: 927-933. 

 

Manthey D, Banach K, Desplantez T, Lee CG, Kozak CA, Traub O, Weingart 

R, Willecke K. (2001) Intracellular domains of mouse Konnexin26 and -30 

affect diffusional and electrical properties of gap junction channels.  

J  Membr Biol., May 15; 181(2): 137-48. 

 

Martin PE, Coleman SL, Casalotti SO, Forge A, Evans WH.  (1999) Properties 

of Konnexin26 gap junctional proteins derived from mutations associated with 

non-syndromal hereditary deafness.  

Hum Mol Genet.,  Dec; 8(13): 2369-76. 

 

Matsuyama W, Nakagawa M, Moritoyo T, Takashima H, Umehara F, Hirata K, 

Suehara M, Osame M. (2001) Phenotypes of X-linked Charcot-Marie-Tooth 

disease and altered trafficking of mutant Konnexin 32 (GJB1).  

J  Hum Genet., 46(6): 307-13. 

 

Manthey D, Willecke K.  (2001) Transfection and expression of exogenous 

Konnexins in mammalian cells.  

Methods Mol Biol.;154:187-99. 

 

Menger DJ, Tange RA. (2003) The aetiology of otosclerosis: a review of the 

literature.  

Clin Otola.; 28: 112-120. 

 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lustig%20LR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lin%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Venick%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Larky%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yeagle%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Chinnici%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Polite%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mhatre%20AN%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Niparko%20JK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lalwani%20AK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/pubmed/11493200?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/11493200?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum


                                                                                                                     

 

 86 

McDowell B, Davies S, Forge A.  (1989) The effect of gentamicin-induced hair 

cell loss on the tight junctions of the reticular lamina.  

Hear Res., Jul; 40(3): 221-32. 

 

McGuirt JP, Schulte BA.  (1994) Distribution of immunoreactive alpha - and 

beta-subunit isoforms of Na,K-ATPase in the gerbil inner ear.  

J  Histochem Cytochem., Jul; 42(7): 843-53.  

 

Miller SA, Dykes DD, Polesky HF. (1988) A simple salting out procedure for 

extracting  DNA from human nucleated cells.  

Nucleic Acid Res.; 16: 1215.  

 

Moffat DA. (1979) Transtympanic electrocochleography in menieres disease  : 

variation in the amplitude of the summationg potential related to clinical 

status.  

Brit J  Audiol.; 13: 149- 152. 

 

Moffat DA, Gibson WP, Ramsden RT, Morrison AW, Booth JB.  

 (1978) Transtympanic electrocochleography during glycerol dehydration.  

Acto Otola (Stockh).; 85: 158- 166. 

 

Momiyama M, Omori Y, Ishizaki Y, Nishikawa Y, Tokairin T, Ogawa J, 

Enomoto K. (2003) Konnexin26-mediated gap junctional communication 

reverses the malignant phenotype of MCF-7 breast cancer cells.  

Cancer Sci., Jun; 94(6): 501-7. 

 

Mueller S, Riedel HD, Stremmel W. (1996) Determination of catalase activity 

at physiological H2O2  concentrations.  

Anal Biochem.; 245: 55-60. 

 

Mulroy MJ, Dempewolf SA, Curtis S, Iida HC. (1993) Gap junctional 

connections between hair cells, supporting cells and nerves in a vestibular 

organ. 

Hear Res., Dec; 71(1-2): 98-105. 

 

Murgia A, Orzan E, Polli R, Martella M, Vinanzi C, Leonardi E, Arslan E, 

Zacchello F.  (1999) Cx26 deafness: mutation analysis and clinical variability.  

J  Med Genet.; 36: 829- 832. 

 

Nadol JB Jr, Mulroy MJ, Goodenough DA, Weiss TF.  (1976) Tight and gap 

junctions in a vertebrate inner ear.  

Am J Anat.,  Nov; 147(3): 281-301. 

 

Nagaoka T, Oyamada M, Okajima S, Takamatsu T.  (1999) Differential 

expression of gap junction proteins Cx 26, 32 and 43 in normal and crush -

injured rat sciatic nerves: and occludin in the perineurium.  

J Hist Cytochem. ; 47: 937-948. 

 

http://www.ncbi.nlm.nih.gov/pubmed/636865?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/10544226?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/10544226?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/10375382?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum


                                                                                                                     

 

 87 

Nakahara H, Kanno T, Inai Y, Utsumi K, Hiramatsu M, Mori A, Packer L. 

(1998) Mitochondrial dysfunction in the senescence accerlerated mouse 

(SAM).  

Free Rad Biol Med.; 24: 85-92. 

 

Neyton J, Trautmann A. (1985) Single-channel currents of an intercellular 

junction. 

Nature., Sep 26-Oct 2; 317(6035): 331-5. 

 

Neyton J, Trautmann A.  (1986) Acetylcholine modulation of the conductance 

of intercellular junctions between rat lacrimal cells.  

J  Physiol.,  Aug; 377: 283-95. 

 

Nishida M, Futami S, Morita I, Maekawa K, Murota SI.  (2000) Hypoxia-

reoxygenation inhibits gap junctional communication in cultured human 

umbilical vein endothelial cells.  

Endothelium.; 7(4): 279-86. 

 

Ngezahayo A, Kolb HA. (1993) Gap junctional conductance tunes phase 

difference of cholecystokinin evoked calcium oscillations in pairs of 

pancreatic acinar cells.  

Pflugers Arch., Jan; 422(4): 413-5. 

 

Ngezahayo A, Zeilinger C, Todt I I, Marten I I, Kolb H.  (1998) Inactivation of 

expressed and conducting rCx46 hemichannels by phosphorylation  

Pflugers Arch., Sep; 436(4): 627-9. 

 

Nie L, Feng W, Diaz RC, Doyle KJ, Gratton MA, Vazquez AE, Ebenezer NY. 

(2004) Molecular cloning and functional identification og Merg 1A Potassium 

channel in mouse cochlea.  

#697,  27
t h

 Midwintermeeting, Association for Research in Otolaryngology, 

21-26 Feb.2004, Daytona Beach,  Florida, USA.  

 

Oshima A, Tani K, Hiroaki Y, Fujiyoshi Y, Sosinsky GE.  (2007) Three-

dimensional structure of a human connexin26 gap junction channel reveals a 

plug in the vestibule.  

Proc Natl Acad Sci U S A., Jun 12;104(24): 10034-9. 

 

Pallares-Ruiz N, Blanchet P, Mondain M, Claustres M, Roux AF.  (2002) A 

large deletion including most of GJB6 in recessive non syndromic deafness: a 

digenic effect?  

Eur J Hum Genet.; 10(1): 72-6 

 

Pandya A, Arnos KS, Xia XJ, Welch KO, Blanton SH, Friedman TB, Garcia 

Sanchez G, Liu MD XZ, Morell R, Nance WE.  (2003) Frequency and 

distribution of GJB 2 and GJB 6 mutations in al large north american 

repository of deaf probands.  

Gen in Med.; 5(4): 295-303. 

 

http://www.ncbi.nlm.nih.gov/pubmed/17551008?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/11896458?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/12865758?ordinalpos=8&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/12865758?ordinalpos=8&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum


                                                                                                                     

 

 88 

Pollak A, Skorka A, Mueller -Malesinska M, Kostrzewa G, Kisiel B, Waligora 

J, Krajewski P, Oldak M, Korniszewki L, Skarzynski H, Ploski R.(2007) M34T 

and V37I mutations in GJB2 associated hearing impairment: evidence for 

pathogenicity and reduced penetrance.  

Am J Med Genet A., Nov 1; 143 (21):2534-43. 

  

Posukh O, Pallares-Ruiz N, Tadinova V, Osipova L, Claustres M, Roux AF. 

(2005) First molecular screening for deafness in the altai republic population.  

BMC Med Genet.; 24: 6-12. 

 

Priuska EM, Schacht J. (1995) Formation of free radicals by gentamicin and 

iron and evidence for an iron/gentamicin complex.  

Biochem Pharmacol.,  Nov 27; 50(11): 1749-52. 

 

Quirk WS, Shivapuja BG, Schwimmer CL, Seidman MD.  (1994) Lipid ation 

inhibitor attenuates noise-induced temporary threshold shifts.  

Hear Res., Apr; 74(1-2): 217-20. 

 

Rabionet R, Lopez-Bigas N, Arbones ML, Estivill X.  (2002) Konnexin 

mutations in hearing loss, dermatological and neurological disorders.  

Trends Mol Med., May; 8(5): 205-12.  

 

Ravi R, Somani SM, Rybak LP. (1995) Mechanism of cisplatin ototoxicity: 

antioxidant system. 

Pharmacol Toxicol., Jun; 76(6): 386-94. 

 

Ressot C, Bruzzone R. (2000) Connexin channels in schwann cells and the 

development of the X-linked form of Charcot- Marie- Tooth disease.  

Brain Res Rev. ; 32: 192-202. 

 

Richardson GP, Russell IJ .  (1991) Cochlear cultures as a model system for 

studying aminoglycoside induced ototoxicity.  

Hear Res., Jun; 53(2): 293-311. 

 

Rubin JB, Verselis VK, Bennett MV, Bargiello TA.  (1992) Molecular analysis 

of voltage dependence of heterotypic gap junctions form ed by Konnexins 26 

and 32. 

Biophys J., Apr; 62(1): 183-93; discussion 193-5. 

 

Saez JC, Martinez AD, Branes MC, Gonzalez HE. (1998) Regulation of gap 

junctions by protein phosphorylation.  

Braz J Med Biol Res., May; 31(5): 593-600. 

 

Santos-Sacchi J, Dallos P. (1983) Intercellular communication in the 

supporting cells of the organ of Corti.  

Hear Res., Mar; 9(3): 317-26. 

 

Santos-Sacchi J.  (1984) A re-evaluation of cell coupling in the organ of Corti.  

Hear Res., May; 14(2): 203-4. 

 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Posukh%20O%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Pallares-Ruiz%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tadinova%20V%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Osipova%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Claustres%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Roux%20AF%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1


                                                                                                                     

 

 89 

Santos-Sacchi J.  (1985) The effects of cytoplasmic acidification upon 

electrical coupling in the organ of Corti.  

Hear Res.; 19(3): 207-15. 

 

Santos-Sacchi J.(1986) The temperature dependence of electrical coupling in 

the organ of Corti.  

Hear Res.; 21(3): 205-11. 

 

Santos-Sacchi J.  (1986) Dye coupling in the organ of Corti.  

Cell Tissue Res.; 245(3): 525-9. 

 

Sato Y, Santos-Sacchi J.  (1994) Cell coupling in the supporting cells of 

Corti 's organ: sensitivity to intracellular H+ and Ca+2.  

Hear Res., Oct; 80(1): 21-4. 

 

Sato Y, Handa T, Matsumura M, Orita Y. (1998) Gap junction change in 

supporting cells of the organ of Corti with ryanodine and caffeine.  

Acta Otolaryngol., Nov; 118(6): 821-5. 

 

Seidman MD, Quirk WS, Nuttall AL, Schweitzer VG.  (1991) The protective 

effects of allopurinol and su dismutase-polyethylene glycol on ischemic and 

reperfusion-induced cochlear damage.  

Otolaryngol Head Neck Surg., Sep; 105(3): 457 -63. 

 

Seidman MD, Shivapuja BG, Quirk WS.  (1993) The protective effects of 

allopurinol and su dismutase on noise -induced cochlear damage.  

Otolaryngol Head Neck Surg., Dec; 109(6): 1052 -6. 

 

Schulte BA, Steel KP.  (1994) Expression of alpha and beta subunit isoforms of  

Na,K-ATPase in the mouse inner  ear and changes with mutations at the Wv or 

Sld loci.  

Hear Res., Jul; 78(1): 65-76. 

 

Sha SH, Taylor R, Forge A, Schacht J.  (2001) Differential vulnerability of 

basal and apical hair cells is based on intrinsic susceptibility to free radicals.  

Hear Res., May; 155(1-2): 1-8. 

 

Shiels A, Mackay D, Ionides A, Berry V, Moore A, Bhattacharya S.  (1998) A 

missense mutation in the human Konnexin50 gene (GJA8) underlies autosomal 

dominant "zonular pulverulent" cataract, on chromosome 1q.  

Am J Hum Genet., Mar; 62(3): 526-32. 

 

Siesjo BK, Agardh CD, Bengtsson F.  (1989) Free radicals and brain damage.  

Cerebrovasc Brain Metab Rev., Fall; 1(3): 165 -211. 

 

Simon AM, Goodenough DA, Li E, Paul DL.  (1997) Female infertility in mice 

lacking Konnexin 37.  

Nature., Feb 6; 385(6616):  525-9. 

 



                                                                                                                     

 

 90 

Simon AM, Goodenough DA, Paul DL.  (1998) Mice lacking Konnexin40 have 

cardiac conduction abnormalities characteristic of atrioventricular block and 

bundle branch block.  

Curr Biol., Feb 26; 8(5): 295-8. 

 

Sinnathuray AR, Toner JG, Clarke-Lyttle J, Geddis A, Patterson CC, Hughes 

AE. (2004) Connexin 26 (GJB2) gene-related deafness and speech 

intelligibility after cochlear implantation.  

Otol Neurotol.; 25(6): 935-42 

 

Snoeckx RL, Huygen PL, Feldmann D, Marlin S, Denoyelle F, Waligora J, 

Mueller- Malienska M, Pollak A, Ploski R, Murgia A, Orzan E, Castorina P, 

Ambrosetti U, Nowakowska-Szyrwinska E, Bal J , Wisniewski W, Janecke AR, 

Nekahm- Heis D, Seeman P, Bendova O, Kenna MA, Frangulov A, Rehm HL, 

Tekin M, Incesulu A, Dahl HH, du Sart D, Jenkins L, Lucas D, Bittner - 

Glindzicz M, Avraham KB, Brownstein Z, del Castillo I, Moreno F, Blin N, 

Pfister M, Sziklai I, Toth T, Kelley PM, Cohn ES, van Maldergem L, Hilbert 

P, Roux AF, Mondain M, Hoefsloot LH, Cremers CW, Lopponen T, Lopponen 

H, Parving A, Gronskov K, schriijver I, Roberson J, Gualan di F, Martini A, 

Lina- Granade G, allares- Ruiz N, Correia C, Fialho G, Cryns K, Hilgert N, 

van de heyning P, Nishimura CJ, Smith RJ, van Camp G. (2005) GJB2 

mutations and degree of hearing loss: a multicenterstudy.  

Am J Hum Genet., Dec; 77(6): 945-57. 

 

Sohl G, Willecke K.  (2003) An update on Konnexin genes and their 

nomenclature in mouse and man.  

Cell Commun Adhes., Jul -Dec; 10(4-6): 173-80. 

 

Somogyi R, Zhao M, Stucki JW.  (1992) Modulation of cytosolic -[Ca2+] 

oscillations in hepatocytes results from cross -talk among second messengers. 

The synergism between the alpha 1 -adrenergic response, glucagon and cyclic 

AMP, and their antagonism by insulin and diacylglycerol manifest themselves 

in the control of the cytosolic -[Ca2+] oscillations.  

Biochem J.,Sep 15; 286 (Pt 3): 869-77. 

 

Song BB, Schacht J.  (1996) Variable efficacy of radical scavengers and iron 

chelators to attenuate gentamicin ototoxicity in guinea pig in vivo.  

Hear Res., May; 94(1-2): 87-93.  

 

Song BB, Anderson DJ, Schacht J.  (1997) Protection from gentamicin 

ototoxicity by iron chelators in guinea pig in vivo.  

J  Pharmacol Exp Ther., Jul; 282(1): 369-77. 

 

Souter M, Forge A.  (1998) Intercellular junctional maturation in the stria 

vascularis: possible association with onset and rise of endocochlear potential.  

Hear Res., May; 119(1-2): 81-95. 

 

Spicer SS, Schulte BA. (1994) Differences along the place - frequency map in 

the structure of supporting cells in the gerbil cochlea.  

Hear Res.; 79(1-2): 161-177. 

http://www.ncbi.nlm.nih.gov/pubmed/15547423?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15547423?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum


                                                                                                                     

 

 91 

 

Spiess AC, Lang H, Schulte BA, Spicer SS, Schmiedt RA. (2002) Effects of 

gap junction uncoupling in the gerbil cochlea.  

Laryngoscope., Sep; 112(9): 1635-41. 

 

Stojkovic T, Latour P, Vandenberghe A, Hurtevent JF, Vermersch P.  (1999) 

Sensorineural deafness in X-linked Charcot-Marie-Tooth disease with 

Konnexin 32 mutation (R142Q) 

Neurology., Mar 23; 52(5): 1010-4. 

 

Suzuki T, Oyamada M, Takamatsu T.  (2001) Different regulation of 

Konnexin26 and ZO-1 in cochleas of developing rats and of guinea pigs with 

endolymphatic hydrops.  

J  Histochem Cytochem., May; 49(5): 573-86. 

 

Swenson KI, Jordan JR, Beyer EC, Paul DL. (1989) Formation of gap 

junctions by expression of Konnexins in Xenopus oocyte pairs.  

Cell.,  Apr 7; 57(1): 145-55. 

 

Sun AH, Li JY, Xiao SZ, Li ZJ, Wang TY. (1990) Changes in the coch lear iron 

enzymes and adenosine triphosphatase in experimental iron deficiency.  

Ann Otol Rhinol Laryngol.; 99: 988-992. 

 

Sun JJ, Ahmad, Peng BG, Lin X. (2004) Heteromerically assembled gap 

junctions comprised of Cx26 and 30 are the major type of GJ in the cochlea 

and show larger Ca permeability than their homomerically -assembled 

counterparts.  

#763, 27
t h

 Midwintermeeting, Association for Research in Otolaryngology, 

Daytona Beach, Florida, USA.  

 

Takayama M, Yamane H, Konishi K, Iguchi H, Shibata S, Sunami K, Nakai Y, 

Nakagawa T. (1997) Induction of free radicals in the cochlea by 

aminoglycoside antibiotics.  

Acta Otolaryngol Suppl.; 528: 19-24. 

 

Tanaka M, Grossman HB.  (2004) Konnexin 26 induces growth suppression, 

apoptosis and increased efficacy of doxorubicin in prostate cancer cells.  

Oncol Rep., Feb; 11(2): 537-41. 

 

Teubner B, Michel V, Pesch J, Lautermann J, Cohen -Salmon M, Sohl G, 

Jahnke K, Winterhager E, Herberhold C, Hardelin JP, Petit C, Willecke K.  

(2003) Konnexin30 (Gjb6)-deficiency causes severe hearing impairment and 

lack of endocochlear potential.  

Hum Mol Genet., Jan 1; 12(1): 13-21. 

 

The Connexin deafness homepage (http://www.crg.es/deafness/ ).  

 

Todt I, Ngezahayo A, Ernst A, Kolb HA.  (1999) Inhibition of gap junctional 

coupling in cochlear supporting cells by gentamicin.  

Pflugers Arch., Nov; 438(6): 865-7. 



                                                                                                                     

 

 92 

 

Todt I, Ngezahayo A, Kolb HA, Ernst A. (1999) H2O2 decreases gap junctional 

conductance in cochlear supporting cells.  

#12, 22
n d

 Midwintermeeting, Association for Research in Otolaryngology, 

1999, St. Petersburg, Florida, USA.  

 

Todt I, Ngezahayo A, Kolb HA, Ernst A. (2000) Gentamicin onto cochlear 

Hensen cells: Production of free radicals and inhibition of gap junctional 

coupling.  

#261, 23rd Midwintermeeting, Association for Research in Otolaryngology, 

2000, St. Petersburg, Florida, USA.  

 

Todt I, Ngezahayo A, Kolb HA, Ernst A (2001) Iron chelator deferoxa mine 

suppresses the gentamicin induced gap junctional uncoupling of Hensencells. 

#12, 24th Midwintermeeting, Association for Research in Otolaryngology, 

2001, St. Petersburg, Florida, USA.  

 

Todt I, Ngezahayo A, Ernst A, Kolb HA.  (2001) H2O2  inhibits gap junctional 

coupling and modulates intracellular free calcium in cochlear Hensen cells.  

J  Membr Biol., May 15; 181(2): 107-14. 

 

Tran Ban Huy P, Manuel C, Meulemans A, Sterkers O, Amiel C. (1981) 

Pharmacokinetics of gentamicin in perilymph and endolymph of th e rat as 

determined by radioimmunoassay.  

J  Infect. Des.  ;  143: 476-486. 

 

Tran Van Nhieu G, Clair C, Bruzzone R, Mesnil M, Sansonetti P, Combettes 

L. (2003) Connexine- dependent inter-cellular communication increases 

invasion and dissemination of shigella in epthelial cells.  

Nature.; 5(8): 720-726. 

 

Ubl J. (1992) Ionentransportsysteme in einer Nierenzelllinie (OK -Zellen) und 

deren Beteiligung an der Volumenregulation.  

Dissertation , Universität Konstanz.  

 

Ueda N, Guidet B, Shah SV.  (1993) Gentamicin-induced mobilization of iron 

from renal cortical mitochondria.  

Am J Physiol.,  Sep; 265(3 Pt 2): F435-9. 

 

Unwin PN, Zampighi G. (1980) Structure of the junction between 

communicating cells.  

Nature., Feb 7; 283(5747): 545-9.  

 

Unwin PN, Ennis PD.  (1984) Two configurations of a channel -forming 

membrane protein.  

Nature., Feb 16-22; 307(5952): 609-13.  

 

Upham BL, Kang KS, Cho HY, Trosko JE.  (1997) H2O2  inhibits gap junctional 

intercellular communication in glutathione sufficient but not glutathione 

http://www.ncbi.nlm.nih.gov/pubmed/12844145?ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/12844145?ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum


                                                                                                                     

 

 93 

deficient cells.  

Carcinogenesis., Jan; 18(1): 37-42. 

 

Usami S, Hjelle OP, Ottersen OP.  (1996) Differential cellular d istribution of 

glutathione--an endogenous antioxidant --in the guinea pig inner ear.  

Brain Res.,  Dec 16; 743(1-2): 337-40. 

 

Valiunas V, Manthey D, Vogel R, Willecke K, Weingart R.  (1999) Biophysical 

properties of mouse Konnexin30 gap junction channels stud ied in transfected 

human HeLa cells.  

J  Physiol.,  Sep 15; 519 Pt 3: 631-44. 

 

van Geel M, van Steensel MA, Kuster W, Hennies HC, Happle R, Steijlen PM, 

Konig A. (2002) HID and KID syndromes are associated with the same 

Konnexin 26 mutation.  

Br J Dermatol.; 146(6): 938-42. 

 

Verrecchia F, Duthe F, Duval S, Duchatelle I, Sarrouilhe D, Herve JC.  (1999) 

ATP counteracts the rundown of gap junctional channels of rat ventricular 

myocytes by promoting protein phosphorylation.  

J  Physiol.,  Apr 15; 516 ( Pt 2): 447-59. 

 

 

  

Vrensen GF, Graw J, De Wolf A.  (1991) Nuclear breakdown during terminal 

differentiation of primary lens fibres in mice: a transmission electron 

microscopic study.  

Exp Eye Res., Jun; 52(6): 647-59. 

 

Waltzmann M, Spray D. (1995) Exogenous expression of K onnexins for 

physiological charakterization of channel properties: comparison of methods 

and results.  

Intercellular communication through gap junctions, Vol.4 Progress in cell 

research. pp.9-17, Elsevier, Amsterdam, Netherlands  

 

Wangemann P. (2002) K+ cycling and the endocochlear potential.  

Hear Res., Mar; 165(1-2): 1-9. 

 

Welch KO, Marin RS, Pandya A, Arnos KS. (2007) Compound heterozygosity 

for dominant and recessive GJB2 mutations: effects on phenotype and review 

of the literature.  

Am J Med Genet., Jul 15; 143(14): 1567-73. 

 

White TW, Bruzzone R, Wolfram S, Paul DL, Goodenough DA.  (1994) 

Selective interactions among the multiple Konnexin proteins expressed in the 

vertebrate lens: the second extracellular domain is a determinant of 

compatibility between Konnexins.  

J  Cell Biol., May; 125(4): 879-92. 

 



                                                                                                                     

 

 94 

Williams SE, Zenner HP, Schacht J.  (1987) Three molecular steps of 

aminoglycoside ototoxicity demonstrated in outer hair cells.  

Hear Res.; 30(1): 11-8. 

 

Wiszniewski W, Sobieszczanska-Radoszewska L, Nowakowska-Szyrwinska E, 

Obersztyn E, Bal J .  (2001) High frequency of GJB2 gene mutations in polish 

patients with prelingual non- syndromic deafness.  

Genet Test.;  5(2): 147-8. 

 

Xia JH, Liu CY, Tang BS, Pan Q, Huang L, Dai HP, Zhang BR, Xie W, Hu 

DX, Zheng D, Shi XL, Wang DA, Xia K, Yu KP, Liao XD, Feng Y, Yang YF, 

Xiao JY, Xie DH, Huang JZ. (1998) Mutations in the gene encoding gap 

junction protein beta-3 associated with autosomal dominant hearing 

impairment.  

Nat Genet., Dec; 20(4): 370-3. 

 

Xu M, Fan Y, Gao Z, Chen J, Li J .  (1995)  Hearing loss and trace elements 

Fe2+ and Zn2+ in the perilymph.  

ORL J Otorhinolaryngol Relat Spec., Sep-Oct; 57(5): 245-9. 

 

Xue Zhong L, Pandya A, Angeli S, Telischi FF, Arnos KS, Nance WE, Balkany 

T . (2005) Audiological features of GJB2 (Connexin 26) deafness.  

Ear Hearing.; 26: 361-369. 

 

Yamane H, Nakai Y, Takayama M, Iguchi H, Nakagawa T, Kojima A. (1995) 

Appearance of free radicals in the guinea pig inner ear after noise -induced 

acoustic trauma. 

Eur Arch Otorhinolaryngol.; 252(8): 504-8. 

 

Yang CL, Du XH, Han YX. (1995) Renal cortical mitochondria are the source 

of oxygen free radicals enhanced by gentamicin.  

Ren Fail.;  17(1): 21-26. 

 

Zenner HP, Keiner S, Zimmermann U.  (1994) Specific glutathione-SH 

inhibition of toxic effects of metabolized gentamicin on isolated guinea pig 

hair cells.  

Eur Arch Otorhinolaryngol.; 251(2): 84 -90. 

 

Zhao HB, Santos-Sacchi J.  (1998) Effect of membrane tension on gap 

junctional conductance of supporting cells in Corti 's organ.  

J  Gen Physiol.,  Oct; 112(4): 447-55. 

 

Zhao HB, Santos-Sacchi J.  (2000) Voltage gating of gap junctions in cochlear 

supporting cells: evidence for nonhomotypic channels.  

J  Membr Biol., May 1; 175(1): 17-24. 

 

Zhao and Spray.(1998) Localization of Cx26, Cx 32 and Cx 43 in myelinating 

schwann cells of mouse sciatic nerve during postnatal development.  

Gap junctions. R.Werner (Ed.) IOS Press.  

 

http://www.ncbi.nlm.nih.gov/pubmed/11551103?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/11551103?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Pandya%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Angeli%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Telischi%20FF%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Arnos%20KS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nance%20WE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Balkany%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Balkany%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Balkany%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1


                                                                                                                     

 

 95 

 

 

 

 



                                                                                                                     

 

 96 

 
 



                                                                                                                     

 

 97 

 
 

 

 

 

 

 

 

 

 

 

 

 



                                                                                                                     

 

 98 

 

D a n k s a g u n g  

 

 

 

Z u e r s t  m ö c h t e  i c h  m e i n e r  F r a u ,  m e i n e r  T o c h t e r  u n d  m e i n e m  S o h n  

f ü r  d i e  G e d u l d ,  R ü c k s i c h t n a h m e  u n d  v i e l e n  e n t b e h r t e n  S t u n d e n  

u n d  T a g e  d a n k e n .  

A u s d r ü c k l i c h  u n d  h e r z l i c h  m ö c h t e  i c h  m i c h  b e i  H e r r n  P r o f .  D r .  

m e d .  A r n e  E r n s t  f ü r  d i e  p e r s ö n l i c h e  U n t e r s t ü t z u n g  b e d a n k e n ,  o h n e  

d i e  m e i n  b i s h e r i g e r  W e r d e g a n g  u n d  d i e  E r s t e l l u n g  d i e s e r  A r b e i t  s o  

n i c h t  m ö g l i c h  g e w e s e n  w ä r e .   

W e i t e r h i n  m ö c h t e  i c h  m i c h  b e i  P r o f .  D r .  r e r .  n a t .  H a n s - A l b e r t  

K o l b  f ü r  d i e  k r i t i s c h e  B e g l e i t u n g  u n d  d i e  f r u c h t b a r e n  

D i s k u s s i o n e n  b e d a n k e n ,  w e l c h e  a u c h  i n  s c h w i e r i g e n  S i t u a t i o n e n  

o f t m a l s  d e n  r e c h t e n  P f a d  w i e s e n .  

G a n z  b e s o n d e r s  m ö c h t e  i c h  m i c h  b e i  D r .  r e r .  n a t .  A n a c l e t  

N g e z a h a y o  b e d a n k e n ,  d a  o h n e  s e i n e  h e r v o r r a g e n d e  E i n a r b e i t u n g ,  

D i s k u s s i o n  d e s  T h e m a s  u n d  d e r  M e t h o d i k e n  e i n e  B e w ä l t i g u n g  d e r  

T h e m a t i k  n i c h t  m ö g l i c h  g e w e s e n  w ä r e .  

A u ß e r d e m  m ö c h t e  i c h  m i c h  a u c h  b e i  D r .  m e d .  R .  J u n k e r  u n d  D r .  

m e d .  A .  B l ö d o w  f ü r  d i e  f r u c h t b a r e  W e i t e r f ü h r u n g  d e s  

e x p e r i m e n t e l l e n  P r o j e k t e s  b e d a n k e n .  

D e s  w e i t e r e n  m ö c h t e  i c h  m i c h  b e i  d e n  P a t i e n t e n  u n d  i h r e n  

A n g e h ö r i g e n  f ü r  d i e  T e i l n a h m e  a n  d e r  S t u d i e  b e d a n k e n .  W e i t e r e r  

D a n k  g i l t  F r a n ç o i s e  A n d r é ,  A n e t t e  P e f f e k o v e n ,  D a n i e l  H e r b s t  u n d  

T i n o  K ö h l e r  f ü r  i h r e  t e c h n i s c h e  A s s i s t e n z  b e i  d e r  

m o l e k u l a r g e n e t i s c h e n  A n a l y s e .  

 

 

 

 

  



                                                                                                                     

 

 99 

 

 

E r kl ä r u n g  

§  4  A b s .  3  ( k )  d e r  H a b O M e d  d e r  C h a r i t e  

 

 

H i e r m i t  e r k l ä r e  i c h ,  d a s s  

 

 

 

-  w e d e r  f r ü h e r  n o c h  g l e i c h z e i t i g  e i n  H a b i l i t a t i o n s v e r f a h r e n  

d u r c h g e f ü h r t  o d e r  a n g e m e l d e t  w i r d  b z w .  w u r d e ,  

 

-  w e l c h e n  A u g a n g  e i n  d u r c h g e f ü h r t e s  H a b i l i t a t i o n s v e r f a h r e n  

h a t t e ,  

 

-  d i e  v o r g e l e g t e  H a b i l i t a t i o n s s c h r i f t  o h n e  f r e m d e  H i l f e  

v e r f a s s t ,  d i e  b e s c h r i e b e n e n  E r g e b n i s s e  s e l b s t  g e w o n n e n  

s o w i e  d i e  v e r w e n d e t e n  H i l f s m i t t e l ,  d i e  Z u s a m m e n a r b e i t  m i t  

a n d e r e n  W i s s e n s c h a f t l e r n /  W i s s e n s c h a f t l e r i n n e n  m i t  

t e c h n i s c h e n  H i l f s k r ä f t e n  s o w i e  d i e  v e r w e n d e t e  L i t e r a t u r  

v o l l s t ä n d i g  i n  d e r  H a b i l i t a t i o n s s c h r i f t  a n g e g e b e n  w u r d e n .  

 

-  m i r  d i e  g e l t e n d e  H a b i l i t a t i o n s o r d n u n g  b e k a n n t  i s t .  

 

 

 

 

B e r l i n ,  d e n  2 0 . 0 6 . 2 0 0 7   


