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#^':�� ������ �, �2'=��� $	�� ���  ��'62 )4(. �,L ��`6��   36��
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�, � ,� $#��= )12(�  �����, ���1��$�!1�#    36�� 6� �;��', ����

�, u�#�� �# �2# �� �# �#��� Z�# �� )���
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���1 %� 3��X�1 � �$E�?� #� 4� �?', �   ��,G6� �t� 4� ���24#�
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�, C�:M
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�S!" $�� ����.  

H�� J��=� -&        -�)6/Q $�6:/�� � #�Y6� #$ �6� ���681 ��61
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$�� J#2� )26-24(.  �-'�� 
 4� I��90  -& C�Y$ ���'�2� $	�� #$
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-&   ) ���'�62� �61GJB2 �6, (    >�6� $6	�� #$ �6���'
   .66/�0, �61

�'�2�� �  � $�4 f��62 ��'/+, �](n �F�#� ��,#��� ��n ��,#���

��$    ��62� ��62�$ I6S� >[�1 )28-27(�  �6	��� #$�  �6�1 � -&   �61

����� C�8��� ���'�2 HG�Y� %��&'�',�   )6�� �# �2'=��� ���� -�2

��#�$ )29(.  

>�$ J��=� -&     .���681 '�
���68�� |��6�� � s!
�, �1  �6" #$

-�� #$ �4�'1 78�('��, ������� ��'=     ) -r�68�� H6 � �61ROS   6�

Reactive oxygen species�, $	�� ( ��'= .��'2  -r�8�� H � �1

]/n� H:�$�# })�   C6�!? 4� �('/� CY�$ ��)�� �� � ���81 $�4K �1

X�1 � �#���'��, � ��81 >'�&�3��  �#�68�  3�~
��6� 4�    C6Y�$ �61

K �('/��, ]��  ����#)30(.   �6���� #$ ���$ 78��:, -�'�� �� -��

-K 1� ���K 7�8��   ��6�$ ������ �8:2 .��� J$�$ C,:
 �# -���8��

���K 7�8��  #$ -���8��  C6,�'� 36�� ������     J�6�,� '�
���68�� |��6��

�, �$ .$'2 J��= 7�)�K 4� ���K �1  -���8�� C,27�)�K #$ ��=#$ �1 

7�)�K� -'�

'/= 78�('��, 8, �1D-'��K �8:2 H� 1�   -�)6/Q #$

��� 4� Z'= -�)/Q .���81 H � Z'=     H6 � #�68� %6�('��, �1

#$ ���� �	����  �$�4 #��S,ROS  �6, ��('
 -K #$    *6 (T, .$'62

J$�$ -M� ���� 
 �%�8�'
'
� �1�#�$ ��E, 4� � �L�#��� ��F   61

 #��S, ��/� �1��O � |�
 �ROS ��� #$    �6� Z'6= -�)/Q �1

�, $�4 *�2 $'2 )5(.  

ROS ('
�� J�2� �� S�8, #'"�7 �� 8�� |���� �"Y�
���'  �6� � 6�3 

��� �,�O ,� .��4)�� � J���1��I ROS�  6M1�� ('
 #$ 6��   $�6:/�� �

)�K�71� ��K�8���-�� �`
� ,� ���� ��X�1�3 ��3  |��6��  68���
����'  6� 

S(�� ��- -&1�� � ��� ���$	  W�6,  ('/6�� #$  -�)6/Q  �'�62��  6,�

'2��� �)�� ����I ��2'=�� ,� $$�= )31(  �6T��# ���68��'
 * (T, . � 

66��3 +
66��� -& #$661� 66��K f66�$�668������� t�66�� GSTM1 �GSTT1 �

NAT2 �SOD2 � ��2'=��  ���� ��F �#)33 -32(.  

-& >'� J��= �#���'��, .���81 �#���'��, �� ��8��� �1�   6;�


 �('/� C�=#��,  �2�    �6� l�60, >'6�& ��#�$ ��81 CN, ��#$ ��

�8�S, .��� $'Y �      � Z'6=��� $��6�� 3�6� -68�� H�#'\�
 -�'0���

 J��=� �!"  $�$ -6M� ./�0, * (T, #$�     #69$ �#�6��'��, >'6�&

��Q     J�62 ��6��2 ��6Q 3�(�� .��� J�2 W#)� �14977 bp 

 >� �� �� $'�Common deletion ��� ��� ,m 9 ��  �6�  -K �6�	


 3� I��)�� � J���1 ����� #$ �'EY  J#��$ �� -�)/Q CN, ��1

��� ��('
 ��'2� �, I��)��  .��� �� #'"v�?$�    Z'6, #$ �6��+
 3��1

     �6�F $'6�', �$ �61 #$ �62'=��� � -K �[��'�� � $#�$ $'�� )��

��� J�2 )36-34(. ��Q * (T,���     )6�� �# ��6[�$ W#)6� �1

  ��66Q C66�!? 4� �#�66��'��, >'66�& #$ �662'=��� 66� J��66�15142  �  

5354 J$�$ -M� ���
'~/�'� ��� )37(.  

-�#:�1 � ���2'1� %�  �6�Q� �     #$ �=�62 �6���� �$/ ��6Q

 -4 %� #$ �# ���#���'��, >'�&57 �(� �   #$ ���'�62 HG�Y� ��#�$

��$�� Z#�)= -���� )38(.   C,62 ;�
 ���#���'��, >'�& *����+
 ��!(�

��Q I;� 4� ���'�� � ���8�� W#)� �1 �� -�#��� #$ �9 1 � ��8

H�, #$ �9  J�62 ����2 �#���'��, >'�& #$ ���'�Q �1  �6�� )39( .

 #'" ��!��S
�� 20  �O#$ $#�', �F� #$ �('
 4� � � ���'�2�  #$ �6��+


�, $	�� �#���'��, >'�&  -& .��'2UCP2  
��6� %�~ 6Mn #$ 3�� 

�# �#���'��, �, �� ~
��� 3�� .����3� 8,D   3
��6� � -'6��K HS��� H�

Mn #$�  �#���'��, ���   -�)6�, H�6��� #$ ��'� �� �ROS   �6�('


�/� .$#�$ IS� �#���'��, #$ J�2   768��#',Ala55Val   -& 36�� #$

�T��# � �� , ��� J$�$ -M� ����& �� �� �2'=��� � �#�$ )2(.  

 �� 	
�������� ��  

 ��� 4� �TY C,�'��2'=���� �,       C6�!? 4� �6`/�0, C6,�'� �6� -�'6



 �$�r� �i�� �Z'= -�)/Q 3� I��)��L    ��:62)� s���62 �)�'6� ��F

  �� 6k� ��=��4 %!� �%�8�'
'
� �1�#�$   �$6E�?� � ��6����

$�� J#2� )40 �23(.  

�T��# � �2 � Z'= -�)/Q 3� I��)�� � �2'=��� 3�� �'? � ��

 ��� J�2 J��$ $�, i��)16(. J�� �� ��   �62'=��� �� ���� ��'�

�, G�!,  ��'2)16(.   ��6�'�G, $�6:/�� � ��'� u�#    -�)6/Q #$ 61

G��� �/O� C�($ -�'�� �� ���'�2�       �6�� J�62 -�'6�� J�6� $�r6� ����

)41(. ���'�G, s�'
 �� 3��G,   �6�('
 ���'�2 -�)/Q #$ H����� �1

�, $'2� �� 3�� 4� �$H:�$�# -  �4K �61 � $    #$ 7�68/� 4�6�'�1 7�6t�


 ���'�2 �#��;[� � ��('
� �!" �, �4� IS�  .��� �-6�X�1   *6 (T,

 ���� ���M�� %�&'('�,���� ��#��J'U� � 
L`Q ��F  ���6� J�� $�r� ���

��� 4�� ���'�2��� ��9 m      �6����� 36�� ]!68, �/6O� C6,� ����2� 

�, -,#$ #$ ���'
 , J���K �1D.�2� �F  

)�'� � |�
�   .6/�0, * (T, #$ �� ��� �/,�'� 3�� 4� �:�

��� J$�$ -M� �# $'Y IS� ��'Y �� )42 �1.(  )�'� � ��^'" |�
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�66/Q�, #$ � H'/66� -$�$ �66�$ 4� �66�� H�� ��'66, �661  ��#66Y

�, �,�$� *#'O #$ � $'2�  ��Q ��H'/�     �,�6O �6/Y�$ Z'6= �1

�,  ��4)43(. ��`= �� � /�k��  6(�4� # 6y    ��:62)� >6t� -,46� i�

��':8, )���, #$ �
'O �=$'(K $#������� 55  �6�$   �6�� C6��   6,�

#$ �
'O �=$'(K -�)�,  �^� -��;
83 ��$  f'6k', 3�� � ��� C�� 

� m��� J�2 �2'=��� f'�2 I��)�� ��� � �#'6"     %6� $��6Q �6�

 �^� $���� >#;965 H�� J�2 �2'=��� #9$ ��'� �� ��� )44(. 

���+
 � �=��4 %!��  4�C,�'� , �[�$D�F  #$  .���681 �2'=���

   �6�'= ]6/n� �6�� H'" ���(� ��$��U,     $6�4 �# -�#����68� �61

�, H�, .���      ���62 $��6U, ��(6� �6��#$ �6t� 4� �� ���'�Q �1� 

����K �        � ���'�62 H'/6� -$�$ �6�$ 4� � ���62�$ ��6�;� ���'�62

-K #$ ���'�2 -�)/Q C�/U
  J��= �� �!8� 1�12   �6�� J$'� ����

)45( . ���� ���9 �� ����n 7�&# -$�$ �� ��� ](�12  �� �J,  �6�

 #'"   ���6�K ��6�� ��(6� ��$��U, .(0, v�?$ �   #$ �# ���'�62

i���� �, $�4 ^� �1  ���)46(.  ��# �� ��#��4083  ����#� $��

 3� �67-53 H��  4� �:��TY C,�'� =��� 3�2�$ �# �2'  lY62

J$'
 � �, -�'�� ^� ���� ��� )42(.  

 �[�$ 4� C,�'�,D�2'=��� #$ �F� �,    � �:62)� s���62 �� -�'


 C,�'�
L   �6�Q� �6� �,�6O .$�� J#2� $���� �,G� �� #��=��F �  ��6� 

�#666��� �666!/? �6661-    �^666� �666��9 �-'666Y #666M�) �666?���

K4��/:66����
#i��3���662 �66��$ �(  7�668�� �$�66:/�� *^G�66Y�

������ %�('��, �#��� ���/� ���#� � )6�# -�#$ $�n s���2 �  �T6�

�T��# -���� #$ � (T, %� >	��) -�����(K -',#'1   $��6� -6M� �# �� 

)47(�#66��� �  ) Z'66= �661Meniere��/:66��'
� �i�4 7���66
 � (

  �62'=��� ��# �� �� ���81 �:2)� s���2 4� -�'0���  �6�#�$ ��FL6
 

)21 �3(.   

 661�#�$ �665 � 4� J$`�66���66�t� i�66�  � *G�668�(� �3�66
G�

���K %�
'�� ��4':�/='��,K �1� �, H'/� �� ����'
    �6�#$ ��'6, �1

���,    #$ �6M=�� C6�? ��n ���'�2 HG�Y� ��� � ���)� �,�O )�'�

i���� .��'2 ^� �1 � �J�G��  �6, )�'� � ��4':�/='��,K    �6F� �6��'


  �6��� �6�'S
 �# �[���1 ��0, )48 �3(.     � '�6!�
 �#[�6� ��6E,


 3� �� ��8��� ���'�2 HG�Y� $	�� #$ )�� C:(�L��#�$ ��F )42 �1.(  

  

������� ����� ���
��  

�2'=���� �	��� #$ � H'/� 3��# ��$ 4� � ]��K  ��8Q ��', �1

H'/� � -'�/[�= H���\�� �1 3��X�1� H'/�    #^':6�� ���6�� �1

�, $	�� 7;, 4� .$'2 78��:, 3��
 �2'=��� $	�� �1� �,    �6� -�'6


  4'666��'�K � �#�666��'��, $�666:/�� HG�666Y� �'�
���6668�� |��666��  

.$�� J#2� 

78��:, 3��  $6	�� #$ ./�0, �1  �62'=����  ���6 ,   � 3��6


�U� )�[����-K 3��
 1� ��k�� �  6Mn�       -�'6�� �6� �6� �6�� ��6��

 �#'~
»  ���#�6��'��, ��6�� ���«    �6�� ���6 , )6�� )49(.   36��

�, ��F ��k��  ��6�� �� ����       #$ �$6�4 ��6� $�'6, �6�	
 �6��

�, �#���'��, �#���'��, $�:/�� -,4 #��, �� �� $'2    C6�0, �# 61

�,    C6�=#� 36�� .�6����    �6`/�0, �1�6����� #$ �6�t�    ��&�6�� �6�('


�,��� W�, ��('/� *��8S
 J�2 �)�# �   J�6�Y� � H'/6� �   7�68/�

�, �4� IS�  Z#�)6= .���   �61   �#�6��'��, {6!
#� 4� �6�����   �61

#����#��� ����� ������ � �,   3�6�# ��$ 4� � -"�� �'�
���&$ �1

H'/� ��( �  ���'�2 �1  �6�� ��$ #$)52-50.(     I6S� C6�($ �6�

 J�6�	�4 #$ �#���'��, �  �68`�
�  6M�,L    �6�('
 �/6O�ROS   -�6� #$

�, �'8U, $'2 )�٣(.  �6��" 4��     �6/�Q ���6� ���61� 3�6(�� 4� � 

ROS� �#���'��, >'�& .��� �#���'��, >'�&�   ��681 >'�& �� �!8�

 |668Q #�668�    �466�4� 7�668�� $'66�� >�66� .�66���
DNA  �

3�~
��� -'�8�1 ��t�U, �1�  J�2 ��� ���    *�62 �6� >'6�& 3��


 �U
L��F  C,�'� �/�� 4� ./�0,ROS  �6�� ���+
 )54(. �,L ��`6�� 

#��� �#�66��'��, ��66,�66()�, �66� �  �66�('
 I��)66��ROS  f��662 �

J#��$ � �, -K ��0, *��F� �2� )5(.   

Z', #$  -& #$ -'��
', C,Q �1Polg    W�6, ����#�6��'��,

 I��)�� �('/� ��� Z', 3�� � 1     �6�$ 4� �6� f��62 $�4 �6/�Y �

H'/� -$�$  � ���'�2 �1�-K H!�$ ��   �6, $'6Y ���'�2 ����'
  �6��� 

)55( -& .Polg J��4� �  ,= 4����/��, �2� 8, ��D >'�& ��N:
 H�

�, ���#���'��,  #$ ���+
 .�2�-& 3���  ���#$ � *!F ��# *�2 ��

  �6, �6�N:
 �� ���� �#���'��, >'�& C�  $'62�  6
L  *6 (T, .$#�$ ��F

.66/�0,�  ��66�
'~/�'� %66
 *��66��+
 f�'66�� I��)66�� �66� J#�'66�1 � 

��Q   -�#6��� #$ W#)� � %9'� �1   �6� G�6!,   �6���� #$ �62'=���

 J��= 7(6�   J$�6� J#62�  �6�� )39 �2(.  �68�S, �     �6�& -6�� C6�����

Z',  �12  �8 �1,�  -& -6�� ���2 I1�   J�6�	�4 �61 �   �68`�


  ���'�62 -�)/Q �#���'��, Z'6,    $�$ -6M� �# �6�� �61 )35(.   36��

�66��� 661�  �66, -66M�  �661$ �66� -'�66�
', �66�	
   >'66�& �661

���#���'��,�  �&�6�� 78�('��, #$ HG�Y� ��#���'��, HG�Y� �� �	�,

666S(� �� �666,��� �    �666�;� #$ � Z'666= -�)666/Q #$ W�666,�   

�, �2'=���  .$'2  

 (T,� � Sha �# �� -�#:�1 ��  Z',CBA/J   �6� $�$ -M�

H'/� 3��# ��$ 4� 1� ',�� �� #$ �6	� � ��
 �6!�    W�6, f�'6�� 4�

('/�� , �`
�� ����� ('/� W�, ,�� �,��� #�)�  J�2 6�  4'6��'�K� 

/O� �/�� �3� ������ ,�  � �2)56(. Someya  �Prolla )��  �/�

/O�� H'/� W�, 1�� ',�� \�� ��/[�= H��-'�   �6�� , 4'��'�K �#

�, ���� )33( . H� #$2014�  )�� -8�� #$ �#���:�, Z�# %�� �
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-& � 4'��'�K IS�  �2'=��� #$ -K �1�2 ��F 57(.  

       �('6:(', #6M�K v6��" 4� �6� �6�� H'/6� #$ ������� 4'��'�K

3�~
��� 4\�� �1� �,��� W�, ��� �� �# H'/�   ����61 J�2 �)�#

�,    �6����� 36�� .�6���       f��62 H'/6� #$ .6/�0, ��68, �$ v6��" 4�

�, $'2m ��#Y ��8,�   %6��U
 v��" 4� J�6���=    6Mn W�6, �61� 

 H'/� ��#Y ���  4\�� 3�8:2 %�8  �# H'/� �M�$'Y ������

 4\�� %�� �3 �, J�# �� �/Y�$ ��8, .$4�����    �'6`� �6��+
 v��" 4�

Mn ������  4\�� %�� � �#���'��,9   >���'��6� �4�$�4K �c 

�, �M�$'Y �� #�$�� �# H'/� � ���  6�� ](�3   �6��  �6�   #'6" �6�

71  #��S, -,4ROS �, I��)�� H'/� #$ )�� �#  .�1$ IS� 6� 4'��'�K �

�T��� � H'/� 3��# 3�� 4� #$ 4\��  �#�8� * (T, #$ ��', �1

��� J�2 ��F )58(.   

�2', H�, #$ '�
���8�� |�����  $�$ -M�  �6�   ���61� 4� �6:�

ROS #$  �?��DNA �, ��81 �2�.  3�� �� ]��KDNA�   I��)6�� �

 -& -��P53    �6� ��68��� 4'6��'�K ��8, BAK    J�# �6� �# �#�6��'��,

�, $4���� )33(. BAK   
��6� 4� �6:�~3�      4'6��'�K �6/Y�$ ��68, �61


��� 3�� .���~3�� 4�  J$�'�6Y �5�� �   �6�&Bcl2    �6�� � �6��

 �6, 4'��'�K I��)��     ��# �6� �6�#�� .$$�6=    36�� $�6:/�� 768��:,


���~�, -M� 3� �1$ �� 
��� 3�� C�8�'��� �;���~    �6� H6E
� 6� 3�

�[���1� Mn #$ �# ����,�   $6	�� �#���'��, �6, � 6�   �6�� �6� �

 >���'��8� �4�$�4K I��)��c ��;� #$ ��    H'/6� #$ �('/6� W�,

�, ��1  ��$�=)54(. 

66 (T,� � Esterberg #66:�1 �� $�$ -66M� - �66� 4� J$`�66��

 I��)�� � ��4':�/='��,KROS     #$ HG�6Y� v6��" 4� �76�G�'��� #$

�:!2 3�� 7�8/� 4��'�1 �    �6	��� #$ � �#�6��'��, � %���G�����

    �#�6��'��, ����6��'`� I��)6�� � �#�6��'��, #$ 7�8/� �4�$�4K� 

H'/� #$ �('/� W�, � ]��K $	�� ��� �, ��', �1  $'62 )59( m

  ���#�6��'��, ��n �1��8, v��" 4� �2'=��� #$ 4'��'�K ��!(� �6�t� 

SAP/JNK  �p38 MAP kinase �, f��2 )�� $'2 )53(.  

  

�
���� 	 ��� � !����"# $�� %��& ���'� �� (�� )
��* 

 	 +�,-#.����  

J4��,�� �#��� � ����       *�62 �6� 6��$ �6���� #$ -K �6� ��8��� �1

����= #��? 3�SSU, ��'
 $#',  �6�� )60(.     f'6k', 36�� �/6O� C6�($� 

   36;� �6� �� �62# �� �# I��)��   �6, H6�     ��# �6� v6�SU
 .�62�

78��:, �#��� $	�� �1 -K � �/�S, #'t�, �� 3� �� ��8��� �1  61� 

�,  ��`�� I��)�� ��� ���'
3;� $���� �=��4 $'2 H� .� �J�G��  4�

�$E�?� #�- �#��� 3�� ������    �62'=��� .�61:� 61�    -�'6�� �6�

��2 �	��� #$ 3� �� ��8��� �#��� 3��
 � H'/� 3��# ��$ 4�   �61

�, $	�� ���'�2 7�8�� $'2. �,L��`�� H'/� 3��   ���'
46� ����'
 1

 -�#����6668� #$ �# $�666	, �666�('
 �J$�$ �666�$ 4� .�666�� �666 (T, � 

78��:, �#��� 3�� $	�� �1� � �-& � �('/� W�, IS� ��'Y  �1

    �6��K f6�$ � �#�6��'��, >'6�& �-K �� ��8���    J$�$ -6M� �# �����68�

�	��� #$ .���� -& ���,#$  H'/6�    ��Y6�4� �:62)� � ��6,#$�   �6�

�O�� -�'��      , HG�6Y� 36�� -6,#$ #$ �/6O� ���61� � 1  �'68U

�, ��'2 )61(.  

H'/� �&'('�:
 ���� ���M�� �$��� �1�    #$ �# ��6��� �6�,�

�&'('�:
 3�� .��� J$�� $	�� �2'=��� -,#$� ��� �� �  �$$�!1�# 

 C,2»1#'���&��� %��U
 H'/� �   Z'6= �$��� �1   ���6� �6/Y�$

H'/� �� )��
 ���'�2 �1«  �»H'/� ��� ,     Z'6= �6� ��#6Y �1

-��� ���)[�� ���� �/Y�$  J�6�$ ]��K ���'�2 �1«    .�6�� #�'�6��

J�;, #$ #����8� ��n -�#�$�     H'/6� �6� $#�$ $'6�� ��6��'
 3��   �61

J��$ ]��K ���'�2�  H'/6� �       36�� #$ .��'62 3�)[�6� �6��� �61

*�$'�',� /�H' J���� ���Q �1 � H'/� ���"�  ��#$? ��', �1

H'/� ��    H'/6� 36�� $'6�� .���� ���� )��
 ���� ���'�2 �1   #$ 61

       J$�$ -6M� *6S�SU
 w�6�� � J�62 �6�F )6�� -�#����8�  �6��  �6�

-& 4� �5 � -�2 Z',Y ��(�� CQ��, �" #$ 1 � �2#�   J�62 ���

 �� ���  H'/6� 36��  � 61�  �6��, �6���'      .�6��� C6�� -�#����68� �6�n

78��:, �#:��$     H6 � ���6� �('6:(', �61  ��� �46�&  �61#'���

.��� �,�)(� ���'�2 H'/�  

Kuo -�#:�1 ��   68, 36�� �� 7/� �L   %6�� 6� �(β-catenin  �

Atoh1     $�66	, �66�('
 *G:66M, �66� Z'66, -�)66/Q #$ ���668��'


H'/� H'/� � ���� �!/n ��', ��1 1�   ̂ '6" �6�� ���    $��6 
 � �6


� �# �
^66�$66	�  �66���)62(. Zhong  �-�#66:�1 � �66(Y$ v66��" 4�
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Presbycusis: From Current Knowledge to Future Treatment Prospects 
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Abstract 
Presbycusis is the progressive sensorineural hearing loss during aging and is one of the most common chronic 
diseases of the elderly. Due to slow progress and high prevalence, it is usually underestimated. Collaboration of 
environmental factor and susceptibility genes by inducing cochlear cell death is responsible for it. These cells 
lose the ability of regeneration, so presbycusis is irreversible and doesn’t have a treatment. Presbycusis slowly 
affects communication skills, so may lead to dependency, isolation, and frustration and will reduce quality of life 
of patients and those surrounding them. It has a great social and economic impact on public health. Focus on new 
biomedical approaches such as cell and gene therapy and regenerative medicine created new hope for treatment. 
Because of the growing elderly population, the prevalence of presbycusis will raise higher. Right now we should 
make a decision to deal with this growing population. It’s the only way to increase the quality of life of future 
elderly and also lead to economic savings and promoting ear health. Here we review the different aspect of 
presbycusis from risk factors to future treatment view. With the aim of highlighting the importance of disease 
and demonstrating the need for research on intracellular mechanisms of presbycusis in order to finding early 
diagnosis, effective intervention and treatment. 
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