
 

 



��

�����������	
	���
������������
������������������������� ��� �!�"#$�%&��

��
�'�������'��(�) ���*���&��

�+�,+� ����+��������'������)�'���
��

-�����
.��/��0�����12-�����
.��/��0�����12-�����
.��/��0�����12-�����
.��/��0�����12-�����2���#(�3$����4&��215����2��6���2���$-�����2���#(�3$����4&��215����2��6���2���$-�����2���#(�3$����4&��215����2��6���2���$-�����2���#(�3$����4&��215����2��6���2���$��6���2���$��6���2���$��6���2���$��6���2���$

����7����7����7����7�

����

8��"���
��0�2�9�+��

��
�0�$���6������

8�:�1�(6�����7��
��

���# �6������
);1<��) �.= �1�(6��

��
����1�'>?@>��

�����A�B� �������������������������� ��� �!�"#$�%&���12�) ���*���&�6�B ����!6�B����CDE���
 



 



�

�



                       ������������������������������������

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE �
��

��������2�F9G�12��
.��3����6��6��0� 1��6�G���12��6��� ����1H�1"�6���$
��1������-���$
����������I���J+�2��
.�6�K �1�L,�>�� ��'�2� E-�������/����
.���6���2���$�/M ��6�)(�N���3O�
�������
����6�6�7��J+�2*�������+�����7��6��� ��������=��P�)2��Q��&��6����7��61,�0����$

����6��G12� �
.�� E-���� ����&� R���� �
.�� 3����� 3� 1�� *�, �� ���12� 
S�+6� N�0$� )2��2� ���$
T��:����2�*6�0��N�/"��7���������2���0$�����!��6������6��G12����/��E�*��(������2�����&���$

 1����12�����7���2��61,�0��6�
�2���3�T��:������0�2��
.����$ ����)������(�)2�!��6�E)2��%�
!
-����R����������(��&�*���0�2�����1����N��7����!� :����2��+�B���/ ���$�!�'�R	����$U���+�

@�)�B$!�'� *� �6���� ���V������ ��� �	
�� �

�W� E�X��� � �2� ����7����2� *6��:���6� )2� 
-�D� 1$� �6
����)7�� ��6�����	Y� ����I9G��V���������������������

�W�E
�Z+�-�������!6�B����N�		� ���$

!6�0��[1Y �N�/"��7��+����X
� ����*�����)2�����6���2�����E 

�����-����)�� ���6�1�G����	�	��-�������!6�B����-�0�D��
�6���2���$-����1�\��
J+�2��6���2���$��

��6���2���$����!6�0��[1Y �����0�#��/ �E/M �-����]����X
� ����*��<���$����6���2���0�#��/ 
�)(����-����^��< �_�����)2����6�I��2���/��0���/M ���$�E-����N��-����)2��#(�R�� ��6��$�

��
.����$�/��� �/��0����2��V���������	
������, Sanchez-����������	
������, Woodbury et al., 

����W�E-����N�������,����(�!6�B����
6�7��N����2-�������$*�G��6���2���$�1�\����9,# ��2����
1� ���`1 �
6�6�-����3(�6��=�����;��6��$-����a�1<��������)7�� �V�����������	
������W�E���b

-����)(�����1(c�)2/M ��6���2���$��R	��)(�*��<���dd>ed�� ��d>ed�-������$/M �*��<�������
� �S �'f� ��61V��� ����	!� ��� �	
�� ����W����I� 
6�G���3$�1�� �� ����6��6��� � 1�L,�� ������
*:�*6�0�`�+��������&���12��$
��I�����0D�1&� �1�f��'�2V"�	#!�������	
������W�E��

�������'1��X
� �����215����2���-����*61(�N�/"��7���12� ��� !��$6����2������0��`�+������$
� �3$�1�6��:�E/M ����� ��215����2�� �C�# ����������6�/ ����*��<������=07�������D���661f

+���������*��1�$���� �1����E-�����215����2����N�		� �
XI����6!61(���7�������$��
�1	��)(����
-���� �/��0�� S�����&� *�0$/M � �6���2� ��$����$���(��� �2� ��0��� ���g� �6� �� )�'�6� ��� *��<���

T��� �
� !6��)2����������$��������(��������� �
�����h�6:�
�����i����2���/��0����VPark, Eglitis 

����$�����!��������, %���!�������	
���

&W�E!6�6�*�#���6�=� ���=+�Y �-�D�)2���-����)(����$���
������������������������������������������������������������

�- Degeneration  

���B"#�&���B"#�&���B"#�&���B"#�&�



����1�g�8� ��215����2���� �1���V"�	#!�������	
������, '!�������	
������, Tholpady, Katz and 

(�	�������, ���������	
�����)W
��8� V*�+!���������	
�����&, ,�����������	
������W
��*�0� j����
V����� ��� �	
�� ���)W�� *����� �V-�.+!��� ��� �	
�� ����, *�+!����� ��� �	
�� ���&, ����� ��� �	
�� ����, 

,������� ��� �	
�� ����, /�0� ��� �	
�� ����W�� ���+���� � )2� ��������� ��2��� /��0�� ���� � *����� ��$
��$1"��#�����(�*��2� ���-���f�����E�
N���12�!�9�)(�����!61(���
k�����	���-������� �1������$

��215����2NGF�
BDNF���VEGF�� �*��2���� �l��� �����1��������$���(������)(����(���61f
V�.����1��!�����	
������, ���������	
������, ��1����.�����	
������, 2�1!1!�������	
���

&, McCoy 

��� �	
�� ���3, ��.���� ��� �	
�� ���)W� E�����2� S�+6� N�0$� )2�� ��� N�		� ��	�= ��-���� )(���$
�� N,0 � �215� ���2� ��� �1������0�2� ��� �=���� ^�;� *� �6� �6� ���XI��� ��B � ����+����� ��$

���'�E��
�����-����3� ���/ -����N��� )(�����N����215����2���� �1������$����R���� ������:� )2� �$

8����0�2����37����SI��D��2� !6��� ���6�)2� �� � !6�6��#(��f6���)2������:���'� � E-������$
��� �1����X�1�����G��#(�R�� ��6��215����2-�������1�/M ��0�#��/ ���$�� �1�L,��*��<�����

-���������'!�'�!6�6��#(���b�;��� �)2�)(����$��f%����+��� ���$����&����4&� 
��������1&�
� �mBD����6�G��0�#��/ 0������V'�0����!�����	
������W�E-����N��� ��$��2�!� �N���5���12�������

�*�'�12�12��6�*� ��������'�mBD��#(�R�� ��6�*�'�1�&�����B�=P�[�Y����3\� VRehman et 

�	
�� ���)WE�!�9�� )2� `�+���� ����&� 
-���� �215� ���2� ��� �1���� ��$��� �I9G�� �9,# � �I��
���2����!6�B����6�� ��6�!�'�[1Y �����+���0��-�������$���$��������7��6���2�EN�������g�.G�

� �*�#�-����)(��$6� ��215����2���� �1������$����7�X
� ����*����� )2��2�G������(�������
+������ �6�-����/�����)��&���	�	�����12������0�2��6���$��
.��3������'�2�E��

� 

��������
��������



��������

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

!��,5������ �



EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE��������

��������

�����������������1�G��)=+�Y ����F�$
�-��������
.��/��0���2������215����2��6���2���$
���2���#(�3$����4&
-���6�2�����7��6���2���$� E-���� 
��\� �N��� )2����6���2���$�8� �-����"���� )�D����215����2�

�a�1<�����61f�� �6���)�D1 ��������&
�R�����R�� DMEM�����DKoSR��'� !6�6�/��0�� E�6�
�n<2�-��)=+�Y �N��
�-�����
.��/��0��$�����61f��	+���������o������R�����215����2��6���2��

�*��2��$1"��#��R�����
.��RT-RCR�4Real-time PCR������0�����'����12��0�'��E��n<2��6
���6
)=+�Y �-�����215����2��6���2���$��� �)2p�����-�����2���#(�3$���������7��6���2���$

f���1I*:����4&�������1����'�!6�6�/��0��E����4&>q����
�-����N����
.��/��0����1I�)=+�Y �6�� ��$
��1fE��N��� �6�0�I����
!��1&�� 12���#(�3$� 1k��r�������+�,+� � 1�L,�� �-�������2��6���2���$

�'����12�/����215�E/����������6
�3$�!6�B����1k�����*� �KoSR����g�6����FBS���6��;���6�)�B$
/��0�
�-�����
.�� /��0�� 12�$�215����2��6���2�����1f� ��1I� )=+�Y � 6�� � E�N��� ��� Sg�D�]����

C�	���-���� )(� 6�6� *�#�� �6� )����/��0�� ��$!�1f� )0$-���� ��$1"��#�� �$� �
.�� ��$%-5��

Nestin� 
NSE� 
NeuN� 
NEFL� 
TH� 
Synaptophysin�� �GAD-���sY�� �6� ��mRNA�� �beta 

tubulin III��
MAP-����NEFL���61(�*��2�N�i��1&�sY���6����E����Sg�D�]����Real-time PCR�
*��*��2�n��/���N�
 !�1f��6��
.����$����2�!�'���0�����$�������o����t�.G�)2�
��\�O��2uuuuv>d�

� �b� 6�2E��*��*��2!�1f� �6��
.����$� !�'� !6�6���#(�3$���$�/���-1��(� !�1f� )2��
���n��/��
�����E�*��*��2�n��/���w��2���#(�3$�
!�9��)2PCNA�*���-�����6������1&���$����2��6���2���$

��215��61f�E��g�6����*6�/��FBS����#(�R�� �)2�/��0��6�
�2�/���/��0����6�)�B$��;��6��$�-��
�'�6�-�
�6�)2�����
.��E)�����N���)2�)7����2� ��$�1f�)K����*���-����)(����215����2��6���2���$

����6��
.��!6��)2�/��0����12��2�G�����2����2�I�*�����N��,����������o������1�k��������$�3$�

3$�!6�B��������#(���*� ��KoSR���N���&����G���$��\�O�FBS�� ����	�6�'�E��������

��������

������!��,5������!��,5������!��,5������!��,5�



���
�

����������������EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE��
��

-���S.�-���S.�-���S.�-���S.��x�x�x�x) �	 ) �	 ) �	 ) �	 ��������

>v>�E-����6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEp 

>v>v>�E-����������'�6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE? 

>v>vpE��_����-����6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE? 

>v>vpv>��E-�������7��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE?��
>v>vpvp�E-���J+�2��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEq��
>vp�E-����215����2��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEy 

>vpv>�E-����������7�215����2��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEU��
>vpvp�E-����������'�215����2��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEz��
>vpv?�E-����^��< �� ����215����2��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE@��
>vpvq�E-�����#(���1�L,��215����2��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE>d��
>vpvy�E��!���-����61,�0!��6�T��:����2�)2�����&����4&��215����2��6���2���$EEEEEEEEEEEEEEEEEEE>d��
>vpvU�E-����N�1(���&�s'1��215����2��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE>>��
>vpvz�E-�����/��0�����1H�215����2��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE>?��
>v?�E�
.��3����EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE>? 

>v?v>�E*�����$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE>q��
>v?v>v>�E*�����_�������&�-�	����1�� �j����12��$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE>q��
>v?v>vp�E*�����_���������j����12��$��'1��1��0���1�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE>q��
>v?vp�E-���-���f���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE>y��
>v?v?�E�
.��3�����S �,�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE>U��
>v?vq�E*��
.��3������g�.�G����$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE>z��
>vq�E�������o�����EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE>@ 

>vqv>�EN��7�S �,���6��������o������n	�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEpd��
>vqvp�E�����^��< �� ����������o�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEpd��
>vqv?�EN�i��1&�������o������3��+�2�� ��6�S�G6���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEpd��
>vqvq�E,���6��������o������n	��
.��3�����N��EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEpp��
>vqvy�E�
.��3�����12��������o������1�k���3����, EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEp?���

��1����1����1����1������N�����N�����N�����N������



�� �
�

>vy�E-����/��0���6���#(�3$�n	��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEpq���
��

��6�S.���6�S.���6�S.���6�S.��x�x�x�xX2�� �12����1 X2�� �12����1 X2�� �12����1 X2�� �12����1 ��������
pv>�E-�������!6�B����
.��/��0���6��215����2��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEpz��
pvp�E�
.��/��0���6��������o������n	�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEp@��
pv?�E/��0���6���#(�3$�n	�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEp@��
pvq�E1P�D�[1;�)��#�&EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE?>��
��

����S.�����S.�����S.�����S.��x�x�x�x8�����6�� 8�����6�� 8�����6�� 8�����6�� �$�$�$�$��������
?v>�E!��1&���(�[1;EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE??��
?vp�E-�����/��0��1�O��#(���a�1<����215����2��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE??��
?vpv>�E�����9(�)�����1;ped��g�6EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE?y��
?v?E�-��������&�215����2��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE?y��
?v?v>�E�)�����1;PBS����/�� ���3���(��I��EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE?y��
��

�n<2-���x-����/��0��12��������o������1�k������12�215����2��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE?y��
?vq�E-�����/��0���#(�215����2��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE?y��
?vy�E��12��������o������1�k������12�
.��/��0��12�/��0EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE?U��
?vyv>�E�������o�����������!6� :�!���EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE?U��
��

��6�n<2� E-����/��0�����12����2��6���2���$-�����2���#(�3$�1�k�������T.��)2��215���$
��215����2��6���2EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE?U��

?vU�E-�����#(����7��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE?U��
?vz�E�N���� ���� ��2�*:���0�����8� �����7���92�1
���!���(�)�ZM��)�b�)����!���CEEEEEEEEEEEEEEEEE?z 

?vzv>�E�N���� ���� �1��2�)�����1;CEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE?u 

?vu�E-�����/��0��1�O��#(���7�!6�B����6�� ��#(�R�� ����7��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEE?u��
?vuv>�E��2�)�����1;v��-�������&�(1 X>ddd�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE?@��
?vuvp�E�)�����1;Lv��N� ����fX>ddEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE?@��
?v@�E-����������7�!���-�����������7��6���2���$�!���(�)�ZM����$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE?@��



�� �
�

?v>d�E����#(�3$-��-�������215����2��6���2���$����7��6���2���$EEEEEEEEEEEEEEEEEEEEEEE...EEEEEEEEEEEEEEE?@��
��

����n<2�x-����1�L,�����+�,+� �r���������12-�����2���#(�3$����4&��215����2��6���2���$�

����7��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE...........EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEq>��
?v>>�E-����1�L,�����+�,+� �r���������12-�����2���#(�3$����4&��215����2��6���2���$���$

����7��6���2EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE..EEEEEEEEEEEEEEEEEEEEq>��
��

����5�n<2�x3$�1k�����12�*� �KoSR���FBS�-��������
.��/��0��12�215����2��6���2���$EEq>��
?v>p�E-�����#(3$�1k�����12���7��215����2��6���2���$�*� �KoSR���FBSEEEEEEEEEEEEEEEEEEEEEq>���
?v>?�E'�������0������12-�����0�-�������C�# ��
.����$�215����2��6���2���$EEEEEEEEEEEEEEEq>��
?v>p�v>�E{���!����0�'�������0����/� :EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEqp��
?v>p�vp�E�)�����1;%6,��5��0�'�������0�����12EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEq?��
?v>q�E*��*��2����12�8���)2��
.����$RT- PCR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEq?��
?v>q�v>�E�a�1<���RNA�-�������S(�)�����/��0���215����2��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEqq��
?v>q�vp�E����12RNA�S(EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEqq��
?v>q�v?�E��G��cDNA����RNA�!�'�a�1<���EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEqy��
?v>q�vq�E�$10��1&�)���EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEqU��
?v>q�vy�E�n�(��PCREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEqz��
?v>q�vU�E��b�.� ������1�,+�PCREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEq@��
?v>y�E*��*��2����12�8���)2��
.����$Real- time PCR �EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEq@��
��

����5�S.�����5�S.�����5�S.�����5�S.��x�x�x�x]����]����]����]������������
qv>�E-����������7�215����2���� �1������$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEyp��
qvp�E-��������
.��/��0��12��������o������1k�����12�215����2��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEy?��
qvpv>�E-����/��0�*�����)2��215����2���� �1������$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEy?��
qvpvp�E*��*��2����12-�����6��
.����$)����/��0����$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEyy��
qvpv?�E��2��0(����12*��*�C�1;�)2��
.����$Real-time PCREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEyU 

qvpvq�EN�i��1&�*��2����12-�����6��
.����$�0�'�������0���8���)2�
)�����/��0����$EEEEEEEEEyu��
qv?�E�
.��/��0���6���#(�3$�n	�����12EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEy@��



�� �
�

qv?v>��E-������#(�3$-�����2��215����2��6���2���$����7��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEy@ 

qv?vp� � E-���� /��0�-���� �2� ��#(� 3$� ��� 4&� *����� )2� �215� ���2� �6���2� ��$��6���2� ��$
����7EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEUd��

qv?v?� E*��*��2����12-�����6��
.����$/��0���215����2��6���2���$��2���#(�3$����4&�)����
-�������7��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEU?��

qv?vq�E*��*��2��0(����12�8���)2�
�
.����$Real-time PCR�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEUy 

qv?vy�EN�i��1&�*��2����12-�����6��
.����$�0����$�0�'�������0���8����2�
)����/�EEEEEEEEEEEU@��
qvq�E-�����6�1�L,�����+�,+� �r���������12�3$����4&��215����2��6���2���$-�����2���#(���$

�����7��6���2EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE........EEEEEEEEEEEEEEEEEEEEEEEEEEEzp��
qvqv>�E*��*��2����12�PCNA�*���-�����6������1&����0�#��/ ���$�4&��215����2��6���2���$

-�����2���#(�3$�������7��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEz?��
qvqvp�E��12*��*��2��0(���*���������1&����0�#��/ ���$PCNA�8���)2�
Real-time PCREEzq 

qvy�E3$�!6�B����1�k������12����*� �>y���g�6KoSR���>���g�6FBS�-��������
.��/��0��12���$
�215����2��6���2�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE........EEEEEEEEEEEEEEzq��

qvyv>�E*��*��2����12�8���)2��
.����$RT-PCR�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEzq 

qvyvp�E*��*��2��0(����12�8���)2��
.����$Real-time PCR�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEzU��
��

3K�&�S.�3K�&�S.�3K�&�S.�3K�&�S.��x�x�x�x)K������w�2)K������w�2)K������w�2)K������w�2�1�f�1�f�1�f�1�f��������
yv>�E1P�D�C�	������F�$�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE.EEEEuy��
yvp�E-�������!6�B����
.��/��0����12��215����2��6���2���$�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEuU��
yv?�E����D��/��0��R�� ����!6�B�������KoSR��
.��/��0����	+����7�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEuz��
yvq�E-��������
.��/��0��12��������o������1�k���215����2��6���2���$�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEu@��
yvy�E������#(�3$-$-�����2��215����2��6���2�������7��6���2���$�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE@d��
yvyv>� E��������
.��/��0�����12--�����2���#(�3$����4&��215����2��6���2���$��6���2���$

����7�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE@d��
yvU�E3$�1k�����12�*� �KoSR���FBS�-��������
.��/��0��12�215����2��6���2���$EEEEEEEEEEEEEEE@?��
yvz�E�1�f�)K����EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE@q��
��
��



�� �
�

��

3#'�S.�3#'�S.�3#'�S.�3#'�S.��x�x�x�x��6���#�&��6���#�&��6���#�&��6���#�&��������
��6���#�&�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE@U  

3�B$�S.�3�B$�S.�3�B$�S.�3�B$�S.��x�x�x�xZG� ���X2�� ZG� ���X2�� ZG� ���X2�� ZG� ���X2�� ����EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE@z��������
��

N��b�!��,5N��b�!��,5N��b�!��,5N��b�!��,5����EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE>dq �

�

�

�

�

�

�

�

�

�

�

�

�

�

�



�� �
�

����������������������������������������������������������������EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE��������
��

-��7>�v>�E*�����:���1��-������Y����$�215����2��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE...EEEEEEEEEEEEEu��
-��7>�vp� E"��#�-������$1��2� )���	 � �6� *����� ��8� � *��<���� /M � �� �215����2� �6���2� ��$

-������$1"��#�-��������92�1
�����$���� �1����1�(���$7��I�1�EEEEEEEEEEEEEEEEEEEE.EEEEEEEEEEEEE.EE.EEEEE@��
�-��7>v?�EN�(����-����R����!�'�s'1���'����$���(������$�215����2��6���2���$EE.EEEEEE.EEE>p��
�-��7>�vq�E!6�-�������)�����/��0���+������$���7�T��� ���$���(������215����2��6���2���$

�$/��0��N�����	+�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE.EEEEEE..EEEEEEEEEEEEE>?��
-��7?�v>�x�6�2����:�N�����*:���1. ��I������.<# �
)����k���)�+�����$�$EEEEEEEEEEEEEEEEEEE...EEEEEEEEq? 

�-��7?vp�E)=+�Y �N����6�)������(�)2���$10��1&���.<# ����+���EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE...EEEEEEEEEEEEEEEqz��
�

�

���1�����1�����1�����1��-���7-���7-���7-���7 �



�� �
�

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE �

��
�S,'>�v>��EN�i��1&�������o������3��+�2�� ��6�S�G6���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE..EEEEEEEEpp�����
S,'>�vp�E��������o������1k��3����, �
.��3�����N��,��12EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE....EEEpy��
�S,'?�v>�E-����a�1<����SD�1 8� �-����"�����215����2�����6���2���$EEEEEEEEEEEEEEEEEE..EEEEEEEEEEEEEEEE?q��
S,'?�vp�E�1����3$�8����6�!6�B����6�� ���$���#(EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE...EEEEEEEEqd��
S,'q�v>� E-���� -�.��� 
�#(� F1H� ^(� )2� �215� ���2� ��� �1���� ��$U����� 4&� ����

a�1<���EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE....EEEEEEEEEEyp��
�S,'q�vp�E-�����������&�)�D1 ��6��215����2���� �1������$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE...EEEEEEEEEEy?��

��S,'q�v?�E-�������+���� �1��M��
�215����2��6���2���$pq��/��0����O:����4&EEEEEEEEEEEEEEEEE..EEEEEEEyq 

�S,'q�vq�E-����2��6���2���$�\�O����D�R�� ��6�)����/��0���215����������UUUU�v>d�
zzzz�v�v�v�v>d����uuuu�v>d�
���o�������b� ����(RA) �
?��/��0����O:����4&����EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE.....EEEEEE...EEEEEEEEEEEEyq��

�S,'q�vy�E-����\�O����D�R�� ��6�)����/��0���215����2��6���2���$�������UUUU�v>d�
zzzz�v�v�v�v>d����uuuu�v>d�
���o�������b� ����(RA) �
>d�/��0����O:����4&����EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE........EEEEEEEEEEEEEEEyy��

S,'q�vU�E*��*��2!�1f��6��
.����$�-1��(���$VKoSR�W�\�O��2�!�'���0�����UUUUv>d
zzzz�v�v�v�v>d����uuuuv>d�
���o��������b� �����(RA)�
p�/��0����O:����4&�)�B$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE..EEEEEEEEEEEyU��

�S,'q�vz��E�N�i��1&�*��28-tubulin III�-�������C�# ���$�*������+�����o������3�9&������6���$
�215����2��6���2EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE...........EEEEEEEEEEEEEEyu��

�S,'qvu��EN�i��1&�*��2���$NEFL���Map-���-�������C�# ���$�*������o������3�9&������6��

�215����2��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE...EEEEEEEEEEEEy@��
�S,'q�v@�E-��������(�S�,#��!���(�)�ZM��)�b�����8� �����7��6���2���$MEFEEEEEEEEEEEEEEE...EEEEUd��
�S,'q�v>d�E����(�S�,#�-������$�1���������8� �����7��6���2���$EEEEEEEEEEEEEEEEEEEEEEEEEE...EEEEEEEEUd 

�����S,'qv>>�E-�������+���� �/��0�����S
I�
�215����2��6���2���$V������0��W��pq�����4&
�/��0����O:Vr5��0�WEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE...EEEEEEEEEEEEEEEEEEEU>��

�S,'q�v>p�E-����2��6���2���$R�� ��6�)����/��0���215�������D���$zzzz�v�v�v�v>d��uuuuv>d����o�������b� 
����(RA) �� -1��(� �VKoSRV� Wb�2� ^�6�� W)��0�� �3$� ��$��1f� N��� !�'� !6�6� ��#(!� �$V�^�6�
N���&W�
?��/��0����O:����4&����EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE..............EEEEEEEEEEEEEEEEUp��

S,'���1��S,'���1��S,'���1��S,'���1���$�$�$�$ �



	��
�

�S,'yv>?� E-�������D�R�� � �6� )����/��0���215����2��6���2���$zzzz�v�v�v�v>d��uuuuv>d�����o������ �b� 
����(RA) �� -1��(� �VKoSRV� Wb�2� ^�6�� W)��0�� �3$� ��$��1f� N��� !�'� !6�6� ��#(!� �$V�^�6�
N���&W�
>d�/��0����O:����4&����EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE...EEEEEEEEEEEEEEEEEEEEEU? 

S,'q�v>q��E*��*��2!�1f��6��
.����$�-1��(���$VKoSR�W�\�O��2�!�'���0�������$zzzz�v�v�v�v>d���uuuu�v>d�
���o�������b� )��0��������3$���$�!�1f�N���!�'�!6�6���#(�$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE........EEEEEEEEEUq��

S,'q�v>y�E*��*��2-�����6��
.����$�8� ��/M ���$(Brain)�-�������215����2��6���2���$��
�1Bg�����&�)�D1 ��6(ADSC P�)��)���(ADSC P�)�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE..EEEEEEEEEUy��

�S,'q�v>z� E&�*��2�N�i��18-tubulin III���6��o������3�9&����+����-�������C�# ���$�*������
��$��!�1f��6��215����2��6���2��,�9�-��-3

 M�!�'�!6�6���#(�3$�Vb�2�^�6�W�{������/� :
-����N���)��$�R�����$PI�VN���&�^�6�W�
p�/��0����O:����4&�)�B$EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE...EEEEEEEEEEzd��

�S,'qv>u�EN�i��1&�*��2���$NEFL���Map-�����o������3�9&������6+�������C�# ���$�*������
��$� -�����215� ���2� �6���2�!�1f� �6� �KoSR�� !�'� !6�6� ��#(� 3$Vb�2� ^�6�� W�!�1f� � �

��,�9�-��-3�
M�3$��!�'�!6�6���#(VN���&�^�6�W�
p�/��0����O:����4&�)�B$EEEEEEEEE..EEEEEEEEEEEEEEEEEEz>��

�S,'qv>@� E-����R�� ��6�!�'�6�K���{������B���2� !�'�!6�6���#(�3$��215����2��6���2���$
-��������7��6���2���$Vq�r5��0���$�5� 6��� W� -1��(� !�1f� )2��
��Vp���0���$�5� 6��
����WEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE...EEEEEEEEEEEEEEEEEEzp 

�S,'y�vpd�E�*��*��2PCNA�*���-�����6������1&����0�#��/ ���$�!�1f��6��215����2��6���2���$
�!�'�!6�6���#(�3$(Co- ADSC)��-1��(��(ADSC)�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE..........EEEEEEEEz? 

� S,'q�vp>� � E*�� *��2-���� �6��
.�� ��$����� ��� ��|D� �6� )����� /��0�� �215� ���2� �6���2� ��$
���|D>��g�6FBS�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE...EEEEEEEEEEEEEEzy��

qvpp�EMelt Curve�N�+�2����2�*��)2�}�21 �EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE..EEEEEEEEEE.EEEEEEEEzz 

qvp?�EMelt Curve��*��)2�}�21 �:*��EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE..EEEEEEEEEzu 

qvpq�EMelt Curve��*��)2�}�21 Nestin�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE..EEEEEEEEEEEzu 

qvpy�EMelt Curve��*��)2�}�21 NSE�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE..EEEEEEEEEEEEz@ 

qvpU�EMelt Curve��*��)2�}�21 NeuN�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE..EEEEEEEEEEEEEEEEEz@ 

qvpz�EMelt Curve��*��)2�}�21 NEFL�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE...EEEEEEEEEEEEEud 

qvpu�EMelt Curve��*��)2�}�21 TH�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE...EEEEEEEEEEEEEud 

qvp@�EMelt Curve��*��)2�}�21 PCNA�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE...EEEEEEEEEEEEEEEEEu> 

qv?d�EMelt Curve��*��)2�}�21 (;�)�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE..EEEEEEu>��




��
�

qv?>�EMelt Curve��*��)2�}�21 ����&�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE...EEEEEEEEEEEEEEEEEEup 

qv?pE�Melt Curve��*��)2�}�21 ��<��EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE..EEEEEEEEEEEEup 

qv??�EMelt Curve��*��)2�}�21 ,�=��EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE...EEEEEEEEEEEEEEEEEup��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��



�� �
�

��

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE��
��

���6�0�qv>�E)���	 �*��*��2���
.�NeuN�!�1f��6���o�������2�!�'���0�����-1��(���$����EEE..EEEEEyz��

��6�0��yvp�E)���	 �*��*��2���
.�NSE�!�1f��6��o�������2�!�'���0�����-1��(���$����EEE..EEEEEEEEyz��

���6�0�q�v?�E*��*��2�)���	 ����D�R�� ��6�)����/��0��-1��(�!�1f�N�2��
.����$KoSR��)��0���
�!�1f�N���!�'�!6�6���#(�3$(Co-Cultured KoSR)EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE..EEEEEEEEEEEEEEEEEEUU��

��6�0�qvq�E*��*��2�)���	 /��0��-1��(�!�1f�N�2��
.����$����D�R�� ��6�)������,�9�-��-3�

M�3$�)��0��� !�1f�N���!�'�!6�6���#(�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE...EEEEEEEEEEEEEEEEEEEUz��

���6�0�qvy�E*��*��2�)���	 �!�1f��N�2��
.����$KoSR�3$��#(���!�'�!6�6��,�9�-��-3�
M�

3$ !�'�!6�6���#(��EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE...EEEEEEEEEEEEEEEEEEEEEEEEEEEEEUu 

���6�0�qvU�E���	 *��*��2�)�!�1f�N�2��
.����$�(,�9�-��-<�
M�3$�)��0��� *:�!�'�!6�6���#(��

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE.........EEEEEEEEEEEEEEEU@��
���6�0�qvz�E�*��2�)���	 *����$PCNA� 
 ,�=�� 
(;�)� 
��<��������&� �-����N�2��6���2���$

�!�'�!6�6���#(�3$��215����2(Co-cultured ADSC)�-1��(��(ADSC) ��EEEEEEEEEEEEEEEEEEEEEEE..EEEEEEEEEEzq 

���6�0�qvu�E*��*��2�)���	 -�����6��
.����$����������|D��6�
)�����/��0���215����2��6���2���$

�|D��>���g�6.FBS�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE..........EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEzU��

���6�0�qv@�E*��*��2�)���	 -�����6��
.����$����������|D��6�
)�����/��0���215����2��6���2���$

���|D>���g�6.FBS�EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE..........EEEEEEEEEEzz��

 

�

��������
��

�$��6�0����1���$��6�0����1���$��6�0����1���$��6�0����1���



>�
�

��������
��������

    

��������

        

��������
��������

��������

    

    

    

    

��������

��������

��������

��������

��������

-���S.��
) �	 �



p�
�

��������

���������EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE��
��������

>>>>�v�v�v�v>>>>EEEE -���-���-���-�����2���$��2���$��2���$��2���$�6��6��6��6�>>>>� 

������-���-��������$�1f��6���2���$��0����$/�)������1&�*������7��6�)(����+���p�� ��������'E 
-����N��S2�I����1H�����6��$�7�����-����^��< �_�����)2�/��0����12�$��$����E)2�!�9�
���$�1f

-����N������)(��$-�������6�����J+�2��6���2���$
��2��6���2����������2�3�����*�����)���$���~15
� �S0���0� 1���(��VHwang, Zhang and HwangWE�-����������f%����6�����6��6���2���$�� ��

��'�2:��
>v�6�G������?x �	����K����������3�/��0���+�D�mBD��2��+��� ���$�)������V��  �����	
�����
WE��

pv��/��0�����1H�x0���������-����_�����)2�/���.<����$�����)�V��  �����	
�����
WE��

�������$� �3��	���6���2�-�������)(�� �"6�'
�� ����7�-����1$�����g�)2����������6���2�-���
�.<��-�������)2���������02��I�2�6�'�S��
��)����
�-���� �1���3��	��_����6�����6��6���2���$

����$� x�2�w��2�)(�*��	� �3��	�� �*��,���1�G6�-�����6�*� :� 6�7%�������6�)(� 6�'�f���$
�6���2�-������������$	�)(�*��	� ���3��*:��;��6
��-����������6���2�-����������n�&q

 �6�K��
� 6�'�.(6�;0���������	
�����<)�-���!�1f�)2��/��0��*����A��+�����6���2���$��$��3��	��1��
� ���'�x��
>v���0��*���y� x-����N��-������0�� )2� /��0���������� �$� 6�7� �*�2���$!61&� �� !�����������7���$

� 
����6-���� ���� )�+��� ��$1 ���92� �� ��"��� ��$� � Sg�D� ��"��� 3��	�� ��� )(� �����'�
V$!��	! �1�����>�	������
WE��

pv�*���1&Ux�-����N��-����T+�O�)2�/��0�����������$�6�K���)2��6�I��+������6����!����6�7� �*�2���$
�-��*�12� ��$�������� �B7� ���� � ����7E�-�������7� �6���2� ��$�)��0�-���� ��� ����6���2� ��$

������1&�VUlloa-$��������?����!		!������@������&W.��

��

������������������������������������������������������������

�- Stem Cells 

�- Multi Cellular 

�- Self renewal   

)- Progenitor�

&-�Toti Patent 

�-�Pluripotent           

) �	 ) �	 ) �	 ) �	 �


