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�����: �	
 �� 
��  ������� ��� ���� ����� ��	
 ���  !��  "�)Intervertebral disc  $�IVD (&'�. ����� IVD �� ��)*� +,$� �-� 

./�' $,  0
1/�' 2�$3 4����$
 ����� 0 )�1/� +,$� )Extracellular matrix  $�ECM ( &5$�IVD  6� 7/836�9$: �� " ;/<��/:  ;0�/=1$>

)Nucleus pulposus  $�NP( 

 �$?�� �/@. �� &!���� �� &5$� 
')A	
 0 
*�BC "$,  "��� D�E�
 
*�BC ��F��
�� 0 "�$'�$� IVD  ��$GE'�



 ���H. I$���H/<�0�> �� 
�� I$��H�  &5$� �� �	
 "$,NP 

  !�� )@$�. 6*1$J
 ��� K),� 6!�$L
 "  M'/� ")�1/� I$��H� N@�� I�O�


./�'  "$,NP  ��IVD I$'/E�� 0 P$A�Q1R &!���� 0� �� 
:$!:�- �/� ���TU.  

��� ��: ./�'  "$,NP $� 6�O?� "  &5$� �� �$:UV� 
��O:RNP  WE5 6� VEB
 I��$���IVD ��,O1� I$E'�$��� ��" );(  6�	� I$	GX����H) . ./�Y


)@ Z/��
 ���TU ./�Y
 $� I$'/E�� . �� 4> �X$9 Z/��
Freeze drying �� 6&5�H ���[ ��$GE'� ��/
 &!���� I�/A� . 6�	� O�: P$A�Q1R &!����

)���H ../�' "0$9 
1/�' I/�!:$='/'  "$,NP  $� 0 �LEA
 &!���� 0� 6� ��)@�)\14 )@ ���� &^� �0� .H� N@�� I�O�
 
'��� "��� �� I$��

  �A��ELISA ./�' "U/1/5�/
 
'��� "��� 0 )@ ��$GE'� "�/: _/�'0���
 �� O�: $,. 

����� ��: 
�I�O N@�� I$��H� ��  �0�3  $�14 �6 A*
 P�/X
 ���" �O5��+ &@�� .$L
�6! " 
�I�O Q1R &!���� 0� �� N@���P$A � 0�I$'/E - �TU�� I$^: 

��� 6� KVE3� A*

 ���" ��� 0� &!���� �� $,�0�" 7 0 14 �� �/\0 &^�&@� 10
  �0� ��3 � &^��� A*
 KVE3�
  ����/B: .$� 6\/� 6� $E:��a 
�I�O 

N@�� ��$
�4� 2�$3 1/�'
 M'/� ./�' $," ;/<��: ;0�/=1$> �� &!���� Q1R�P$A &B!: 6� &!���� ��I$'/E - �TU�� KVE3� A*

 ���" &@��.  

����� ����:  &!����I$'/E�� &!���� 6� &B!: P$A�Q1R- �'$A
 M�Y
 ���TU  N@�� "��� "��ECM ./�' M'/�  "$,NP  �� 
:$!:�In vitro 



 �,��5 

 �$	A^�> 0 )A� ./�' &^� "��� &!���� ����� �/@  "$,NP �� In vivo ���H ��$GE'�.  
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 ���  !��  ����TU �I$'/E�� �&5$� 
')A	
 �"��P$A�Q1R I$��H�  
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�����  

���� ��� 	
��  
�)Intervertebral disc  ��IVD (�� 

 ����� ���� ������  ����� 2 �������  
������ 
 
��� �! 

)Annulus fibrosus  ��AF(    "#�$%&��' "$�(�)$* #

)Nucleus pulposus  ����NP( �+��
, ���) 
  
-��)��

.� �� 	
�� .��/01 ���2  3�2� 4)1(. AF  #NP   ���

�$��7 8��9:�  .&$���2 ������ ;<��/���� ��)ECM  ����

Extracellular matrix( �8� ��<=/  8�*� .IVD #  �� �

 3!�� >$?�NP   @$��2 ��8�A/   ���� .�9) 
��, #   

1  8B�� �� 	�
�� 3!�� CD�   .�� ��<�=/  8�,� )2 .(

ECM  ��NP ����: 4FG   H$�* I1J�)24  # I��*#�$&��, 

I����<��K$(/#�'  .���� ����, 8������.   �� .���<� I����)�K�

I�<��K$(/#�' I�#��! �� # C�� 
�,  �� I�<��K$(/#�' ���/

ECM .��� 8�����. I���<��K$(/#�' 4���,  # .��<�G 3���B��

 .�� 	
�� �� .<�+20�$<
�#  8��,�     FL�M N �2 ��)

O$�  PQ� 4����# 
�,�+�
�+20� 
   3�R!�S� # 	
��

.� 	
�� �� ����# 
�,#��* ����� �� 8*$� )3(.  

    4��2 U��-�!� ��V� �� I8�� .+!�� W�X�Q/� �� .<� 

 I8� ��*1�IVD     $��2 ��8�A/ 4IG �� ��) 3�2�   
��,

-�� # 3!�� 8�&$/ I�ECM .� U,�) # 8���  3���* ��

      ��R* ��$�� 3�!�� ���<�9: # ��+���2 �� ���Y/ N 2

.� �$� )4.(  �������� @$��2   .*�����   # 8��Q� ��� ���

�[ 
��� �V C����/ IVD  .��  \8����    ��) ���]  W�����

I1 # .*���� �$@$<&  .*�������8* �� )6-5.(  

�A&��� ��   a�2$/ �) 
�Nishimura  #Mochida 

8� b�D*�4  cd=�8���K  @$��2 e��-/ �)   
��,NP 

  ���*1� 	�
�� �� f$&$/� 3!��      U,��) N �2 �8��

 �� I$���2��*1�IVD .��� �$��� )7 .( -����9/ �����h9,

 @$��2   
��,MSC )Mesenchymal stem cells (  ���

@$�2  
�,NP #  IG @���+*�     W����i&G 3�
���� ��� ��,4 

 8�&$/ U��-!� N 2ECM   @$��2 a�2$/   
��,NP  #

N�2G 	
�� C���/ .� �8��  �$�)8.(  

� N2��� 3
���� F�d+*� �    
���� .���S� I�$��:

48�� 4��k</    l���/ # 8��&$/ECM �<� 4.   @$�B� ��

 @$��2 # 3!�� .28��� �� .2�2�    F$�
S� .*�����

.� �$� .     .�Ki�# 8���� ���Q+�2� ��$�� 3�
����   
��,

  8���� �+���� 
��! �� �?S��.  �� �  @��k� I�$��:   8����

��d/ 3
��N     ��K���2 3�
�� 4��L�'#   L�!��� 
����

@�+�) �d�d/ �� N2���  8��� �8� )10-9.(  

��9�'$�� 	� W���i&G     ��) 3�2� .�A� 7   �$�7 ���

89:� �$�X 	 �M ��  
�+)��� �� �+9) I�-�� �� # 
�   ��,

.� ���d+2� �$� )11.( ���� I�=* W�A&���  �32   ��)

 4���k</ U��-!� N 2 W���i&G    l���/ # -���9/ECM 

3�2#�8�) a2$/ ���� 3=) 
�,     ���� 
#� ��� �8��

.� 3
���� �$� )12.(  

Stevens @$�2 3=) �� I���<9, #   
��,NP   ���

     3�
���� ��) 8�*��) o��-�K W���i&G 3
���� 
#�

�+=�� ��k</ N 2 W���i&G @$�2   
��,NP #   U��-�!�

 l��/ECM    @$��2 ���� a�2$/   .�� ��,   �$��)13 .(

 ���h9, .������ I�=* W�A&���� 8*�  @$��2 �)   
��,

�8M  �� �8� IVD # I�
*� o$K��4  �� 3=) �� ;'

  H$��* I1J��) 4W�����i&G 3��
���� 
#�2# I���)�K� 4 

I�<��K$���G�$<��K �,
 .� l��/ 
�+=�� 8��) )14.(  

3
���� �p�� ��  ��' 
�,    �� 
�9��'$��� # ������)

43!�� .28���   .�� I��2$+�)  8����.   ��9��' I��2$+�) 

# ���G�$��<��K N  �� ���) 3��2� ���G�$��<��K ��+��2�

# I$�2�-��J'� �-I$�2J�+2� � ��+�) �.� 32�   8��G

)16-15(. IG I�2$+�) .*$�/�) 3�B��  �� �� �  I�$��:

   
���� ��) 32� ���) ��8 / 
8�Q� # F�LM 3
����

3�2#�8�) 
8�&$/ I�)�K�  ��,4     .*$��*G 3��B�� ��)
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8*���4 # 32� 8�Q� ���
�      
���� ��K���2 a��S� 	��

#�8�)3�2 .� ��D�� �,  8�))18-17( .  

�� I�����2$+�) 3����
�� q�����S&   
��K������2# 

3
�� N��d/   
��+���2 # 32� N2��� ���
� 
��L'

I�<��K$���G�$<��K �� �  
�,ECM ���� r#�st �� 

)18-17(.  

� I�2$+�) �� W�A&��� �� 
���
� �� � 3
���� I�$�:

  r#���st # I�$d+��2� C�����/ �� )20 -19( C+��
�2 4

. ?:)19( 4 32$' C���/)21 (32� �8� ���Q+2�.  

b�D*� W����S/ e 7  �8�   ��Vu�/ 
#� ��  3�
����

�� I���2$+�) ����k</ @$���2 
���, NP #  l����/ I�-����

ECM 4��� I�=* v��+*      w�:�� 3�
���� H$�* ���� �)

��k</ U��-!� @$�2  
�,NP #  l��/ECM .�  �$�� 

)23-22.(  

o#� �� 3��!�� .��28��� ��  
����� 
�8��A+� 
���,

3
���� b�<S+2� U��-!� .� ���Q+2� �,  �$�� .  I�#-�!�

 # ����/01Freeze drying  N��2��� �����
� o#� #�

.� 3
���� b�<S+2� U��-!� 
���  8���)25-24.(  

�9��'$���� ����/01 �� ���) 3��2� .��A� 7  -�&#�8���,

 ��� I1J��) � .��� 3��2� 8���G .3��
��  
��K����24 

3
�� N��d/   .��9�� C+
�2 I��<* 	��S/ # 
��L'

��  .�� F$
S� ��/01 F$� W��B$?�  �$�� )26(. 

���� I�=* W�A&���  32� �� ��/01 I�#-!� �)  3
����

   .<���!#�8���, 3���B�� U��-��!� N ��2 4I���2$+�)

 I�2$+�).� �$� )21(. � ���h9, �  .��B� x-M I�$�:

ECM  .�� F$
S� -�*  �$�� )27 .(   W��A&��� v���+*

.� I�=* 8,� I�2$+�) 3
���� �)- �� ��/01  ���k</ 

@$�2 ���
� I�8*� y&�' 
����� 
�, �[�V  3�2� )24 .(

I�2$+�) 3
����-  �< �� ��+��2 4��/01   . �2��� 
�

@$�2 ��k</ # 8�� 
���      I��2$+�) ��� ��
���� �� 4��,

.� C,��! c&�� 8�) )29-28.( 

  3�
���� 3��9,� �� �M$/ ��    ��' 
�9��'$��� 
��, 

 l��/ �� I�2$+�) # W���i&G �����)ECM    x-�M ��)

.� F$
S� �8*� 3!�� 	� .�B�  �$�#   ��) ��� -�*

�� .��2��� 4I$��+� ���A&��� 
� ���)  3��
���� #� ��Vu��/

I�2$+�) # W���i&G- ��/01   l���/ ��ECM   a�2$/

@$�2  
�,NP  ��IVD  .*��
*� ��  .�2��� #  ��
���� 

48��� ���) 3!�� 8=*\ ,  ��A&��� ���� r84  ��
���� 
 

3
���� ��Vu/    # W����i&G 
��, I��2$+�)-   �� ���/01

 8�&$/ECM @$�2 ��  
�,NP  ��IVD  .*�
*�$��.   

  

��� 	
  

 ���A&��� ����� b���D*� 
�����4 I���2$+�) )���� ���M�� 
   

�- I$���2J�+2�85 8��B��(4 # ����/01 �� W�����i&G 

�9p�2 .*�%9) 
�<���G  
��8��� ��8.   
���� ����/ 
 

 I���2$+�) 3�
���� -  ���/01 4  8���2� �� I��2$+�) ����K

 	�+2�2/0    ��/ 8�� ��� �0$�   I��2$+�) @$��S� 5/1 

 8B��)3 
* CD� �� I�# ( ��� 4/4  =pH  �� �  3�2�

G�8. ��K -�* ��/01 ��  FG �-�*$���t)Analar water( 

�� #  ��/01 @$�S�5/0 8B��   8�� �+���2 .  ;%�2

 I�2$+�)5/1 8B�� ��  ��/01 @$�S�5/0  8�B��   ���

 .9D� 3 
*1:1  |$�d����K8 . I��2$+�) |$�d�- 

 U�� �� ��/0110 .+*�2 8� �+d�� 
�+�.   3��d�}

 U�� �� |$�d�4 .+*�2 �+� �$�. 4IG �� ;'  �� U��

 
��� �� �-��!20- �M�� 
 .+*�2    W8�� ��� ���K24 

���X 3:�2 3!�K.     W8�� ��� 3����* ��36   3:��2

Lyophilized 8�.  

 
������/ 
 W���i&G 3
����  �8+��   W����i&G ��$�'

 @$�S� ��9/0 8B�� NaCl  �� #   W����i&G @$��S�

2/1 8B�� 8� �+��2. 8���K �+��! @$�S� ;%2.  
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����8M @$�2 I��)  
�,NP  �8+��  .+!��� W�A�X

 -)�� ��NP  ��IVD ��) 
���!     e�+! .����M 3�S/

IVD ���X 48*�$� �+!�K ���d+2�  8����K .   ���� ;%�2

 .+!�� W�A�X	]$) W�A�X ��     �� # 8�� ���� 
��/

  @$��S�HBSS )Hank's Balanced Salt Solution (

)Gibco BRL (.���+*G ����� .����' 	����/$�� �������2- 

��
���$+'�+2� )�9p�2 
�<���G (3!�K ���X.  

�� ���X   @$��2 W��A�X I���   
��,NP   @$��S� ��

 H$* ��*1J) 
$+S� .9�-*G1 )2/0 8B��(   W8�� ��

4 �� 3:�2  
���37 �M�� 
  .+*��2    W��A�X 4����K

 3!��NP  8�� ��-D/.   C�s, 3�!��      W8�� ��� �8��  

10 �� ���X�  �#�1800  ���X� �� �#� 1$Q��+*��2  8�� .

 �� .&$��2 I$�
*�%2$2      
#��� ��) 3�=) r#��~

DMEM/F124 50 .����� �� 8����#  ���+�&.���' ������2- 

����
���$+'�+2� )�9p���2 
���<���G (# 25  b���K#�<��

@�- 8�2� 	���$<2G )�9p�2 
�<���G(  �$�� 4  3�=)

8��� ���� . �� 3��=) r#���~ �� 4�$/����$<*�  
�����  

37 �M�� 
 .+*�2 �� ���K 2CO 5  8B�����X 8�+!�K.  

  
�����  @$���2 @����+*�   
���,NP   3���
���� ����

I���2$+�)/����/01 43��
���� I���2$+�) 
���,-  ����/01

�����/  W���A�X ���� �8���5 .�����  3��d��} ���� 
���+�  

4 .���  8�� �8��� �+�8*    3���' ��� #24    @���+*� ��*��

# 8�+!�� �� �A��  
UV )Ultraviolet(     C��* W8�� ���

8���K ���+2� 3:�2.  

@$���2  
���,NP �� .*���
*� 1���2�'  3��=) @#�

�� ��0$*$�   4���
%��/   8�� 1$Q��+*��2 # ����
%��/8*. 

 CD�100  
$�+S� .&$�2 I$�
*�%2$2 �� �+�&#�<�� 

105 × 1 @$�2I�2$+�) 3
���� �� 3%�' �� 4-   ���/01

8� ���� @��+*�.  

 
��� @���+*�  @$��2  ��,    W����i&G 3�
���� ���  ��� 4

 
$��+S� ���) .&$���2 F$��2� 105 × 1 �$��� @$���2 4

8� �!�}� W���i&G @$�S� .    ��� @$��S� ����  W�$�B

���X ���X4  a2$/�*�2 22 Gage 4  ��, ���   �� ��*��

 3����'24 8�����) @$���S� 
#���� ���) ���*��  C���
�)  

102 .��� �$� �0$� 4 8����K �!�}� .  �� ;�'15   ����X�

F� �  W���i&G 
�, �� .&$�2 �  �� @1#�8��, W�$�B 

8�G8* # @$�S� �� NaCl  W8� ��10   ����X� $�=+
� 

3!�K b�D*�. �� �X�# 
�,8�� ;%2 �*��   3���' 
��, 

24$=+
� b$�8� �� �*�� 8� ���� . �� ;'$=+
�   ���

 b$�8���� 4b$�8����F12 ) �������FBS  8���B�� �� #

.�' ����2- ��
���$+'�+2� (�, ��   # 8�� �!��}� �*�� 

�' 3���* ��3�   ���+�� �$/��$<*� �� �,  8�*8���K#   ��/

148*8� ���� 3=) �#�. �, 3  	�� �#�    b$�8�� ����

.� ��$A/ 8���K.  

�*� �*$9* 
#� �� $�� I�%��/ 
-��G   W����i&G 
�,

8���K b�D*� W0��� �</#�' e 7.  �� � �$�7  ��BJ� 

���X �� W���i&G 
�, PBS 8*8� �+��� $=+
� ��� #� 

#    8�� �!��}� W����X 
#�� 3��' �� C�82 W��+�2 .

  �#� ���� 1$Q��+*���21600  �����X� �� �#�  W8��� ����  

10  3��!�K b���D*� �����X�.  ;%��210 ���+�&#�<��  ��

   ��� # 8�� �+����� .&$�2 I$�
*�%2$210   ��+�&#�<��

8���K |$�d� b0 
#� �� $�� I�%��/ �*�.  

�������� �� 
  ������ ����� �+�$+�����2$9, 4
8���A�

 �$<�2#�<��   ���� @���+*� "$�<A�  8��  o��9��� #

 W�$B .&$�23!�K.  

�*� �*$9* 
��� $�� I�%��/ 
-��G   I��2$+�) 
��,- 

�*� 8�*�� ��/01 �*$9* 
-��G   8�� b�D*� W���i&G 
�,

�8M 
��� �) W#�Q/ ��� �� @$�2 I��)   3�
���� �� �,

I�2$+�)-  ��
%��/ �� 4��/01EDTA 8� ���Q+2�.  

�� I�)�K� ��8��  ����a�S� .�#�    �� 3�=) 
��,
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�����,�#� 3 47  #21    3�����) �����</#�' e���� 7  

Human aggrecan direct ELISA )Invitrogen (

8� ���A/.  ��       I�$��: ��� .��#� ����� 4��BJ� �$�7

.+*G I1 3��' �� ELISA  � # 8�� �!�}�$ @$�<&   
��,

.+*G �� �) I�)�K� 
���   ���� U��$' 
��,     3���X� �8��

.�  �/ 8���K �!�}� 48��)IG .+*G �� �, I1   ��, @��?/�  ����

 ��<=/ ��#8*�2 # 8*$���K�.   
�,��+�
�$2 b�D*��2

     �$�� @$�7 �� |$��d� FL�M # 8*8� �!�}� .9�-*G

450 � �+�$*�* ����2# 
 ���8*� �+�$+!#�+<%2� 8� 
��K.  

�
���� 
��� 
  l��/ I�-��ECM @$�2   
��,NP 

3
���� �� I�2$+�) # W���i&G 
�,- 4��/01 ����  
�,

� �32� b�* a2$/ �8�G  ��-�!�  
����G SPSS  �d�
* 
 

17 )version 17, SPSS Inc., Chicago, IL ( #

 I$��GMann-Whitney   
����G -�&�*G # �
���� ��$�

3!�K ���X.   

  

���
	 	
  

$�2  
�,NP ���� 3=) �� �8�  ��0$*$� 3=) a�S�

�� ���
� �8+�� 8*�$� �<� 
��$* # 	]$) ) �<�1(.  

  

 
��� 1 .��	
 ��
 �������� ���	��� ��� ��  �� �������

��  !�
��  

��"�� ��� #��$ � #��$ %&�� ��	
 �
 �� '�" ��� ��(�� 

�
" )60 ×(.  

�� �/0���� 
�,1���2�' �@$���2 ����  @�<���� ���� ���,

�#� �� .+2J�#� �!� 8�+!�� ���Y/ 8��� 8) �<�2.(   

�� 3
���� @$�2 4W���i&G �, �� 
1$&$!�$�  ���K 

3!��  8*8�) �<�3.(  

  

 
 ���2 .��	
 ��
 �������� ���	��� ��� ��  �� �������  

��" !�
�� .�� �  

��� /0
1$��234 �$ 5��� 56	$ ��	
 �
 78"� �
" )60 ×(.  

  

  
��� 3 .:�;< ���=> '�" �� � ?�6�@�A �! ��� ���� )Bead( 

/� :5�� ��� .  

��	
 ��
 ���	��� �������� �$ �!���4��� ���� ��� �� B4�6� 

�! ?�6�@�A �"�< 5��"� )60 ×(  

 
v��+* o��9� @$�2  ��,    ��*� a�2$/ ��)   
-���G

   I��=* 48�� b��D*� $�� I�%��/ ���  ��)  ��p*����  ��8�A/ 

@$�2  ��, ��  ��, #�  3�
����  W����i&G #  I��2$+�)- 

�� 4��/01 �#� 14 3 
* �� �#� 7 U,�) .�A� 
��� 
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@$�2 .S��/ I�)�K�  
�,NP   3�
���� ��G  W����i&

  I���2$+�) 3��
���� ���� 3 ��
*-   U��-��!� ����/01

 �#� �� U��-��!� ����� # 3����� 
��� 7 # 14 

�$� �+=�� ) �<�5.(  

  
������ �� �� %&�	'$ ���$ �	�(�� ��.  
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3
���� I�2$+�)- ��/01  ��� 

 �+�=�� ��  3�
����  W����i&G   �$��

  U�����G v��+* "�2� ��ELISA4    ��8��� ��p*����

@$�2 .S��/ I�)�K�

  I���2$+�) 3��
���� ���� 3 ��
*

.���A�  �#� �� U��-��!� ����� # 3����� 
���

 �#� �� 3 
*3 �$� �+=��

 +",4. %��	.$ /��
 ���&� �  �	� 0�1(������ �� �� %&�	'$ ���$ �	�(�� ��

���
 ��� :������ 3�	����� ���
 �#���	  :������ �	
��
�
* :56� � ��&$ ���  

  

5 . ?"�33G> �H$�"� �� �� #���I" �J	KA� ?�6�@� #�
�03�- '3>�!  ��
��� ��
*:  O10P"/6Q� �"�  

3 7 14

;��

7 14

;��

 

 �����	 
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� �����	� ����

������ �	
��
� � �	����� �	�

3��� # ��� U,�) �� 3
����

W�$B  .��A� 
���  �+�=��

) �<�4.(  

  U�����G v��+* "�2� ��
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 3��
���� #� ���, �� ���) 8��� �8,���=� �����h9,

 �#� �� 4
8���&$/ I���)�K� ��p*�����3  ���/14  U��-��!�

.�A� 3��� 
���.  

  
���  

    �� b�0 a����� �� .�<� 4N�2��� 3
���� �� ���Q+2�

# 3!�� .28��� 3!�� C���/   .�� ��,  8����. ��   C����/

#�str  8�*�� .��,IVD  N2��� 3
���� F�d+*� -�*

���� I���� 3��!$� �� .��-
� U�*.  8*#� �� ��������

      ��) 3�
���� ����+�� �� 8���� ��R* ��$� 3!�� C���/

48��� �+��� �� .!�) # b�0 a���� �$9* ���Q+2�.  

   &G @1 ��) 3�2� ���� I��=* W�A&��� v��+*  W����i

@$�2��k</ U��-!� N 2   
��,NP #    l���/ U��-�!�

ECM .� �$�.  �� ����h9,  -���9/    -��* 	�*1#�8��)

�� U�*�� )14-12.(  

 v������+*ELISA # W�������i&G 3����
���� #� �� 

I�2$+�)- ��� I�=* ��/01      I��)�K� l���/ I�-��� ��)

@$���2 a��2$/ 
8���&$/ 
���, NP 3��
���� ��  
���,

# W���i&G I�2$+�)- �� 4��/01  �#�3   ��/21   U��-�!�

.�A�  
���3���   W����i&G 3
���� �� U��-!� ��� #

I�2$+�) 3
���� �� 3 
*- cd=� 4��/01  �/�$�.  

.9����, .���� # �����) o��-��K I�����<9,  ���) 8��*�

# 8�� N 2 W���i&G 3
���� 32J�$(+2���k</   
��,

�� e+=� .� -�* ����$&�)  ����K.   ����h9,IG    I��=* ��,

@$�2 �) 8*��� �� e+=� 
����� 
�,  ��Vu/ 3S/ .��]

8�� �$+)�! BMP-6  3�2#�8�) �� W���i&G 3
���� ��

.� ��8 / # 8*$� ECM .� l��/ 8��) )30.(   

@$�2 o��9� v��+* 
�, NP ���� 3=)   �� �8�� 

�A&��� 
 ��� I�=* �� B�� �) 8 @$��2    �� �8�*� 
��,

 3��=) I���9, @#� �#� ���� 3 ��
* 3��=) b$��2 �#�

.�A� U��-!� �� 
���3�. � �@$�2 8B�� �#J:   
��,

�� �8*� 8A� �� 3=) b$2 �#� 4� �.�A� W�$B  
���

�/  �#�21  U,�) 3�!��.      o��-�K ����=� v���+* ����

Bertolo #  �$� I���<9,)31 .(IG @$�2 �,  
�,MSC 

�� �� # 8*��� 3=) W���i&G 3
����   @$��2 ���   
��,

NP  �8,�=� # 8*��) -��9+�$9*  I�-��� ��) 8*�  ���k</ 

@$�2 �� �,     ��8��� ���+�=�� ��� 3�=) @#� 
�,�#� 

�$� �2�8 4  8�A� .�&# ��    �� I�-��� ���� IG �  W�$�B

.���A�  U,���) 
���3��!��. �� ����� .&����  �$��� ���)

@$�2  
�,NP ��   ��� H#�� 3=) @#� 
�,�#� I�9,

 l����/ECM ��*��)# 8 ��8���� ����� �� �#� 35  ����

��8�� �k)�8�  �$�8�2� ..� ;'   ��D�+* I�$/  3�!�K

@$�2 �) �� �, ��k</ U,�)4     l���/ ��� H#���ECM 

.� 8��)\ � ��*$K �) ��� �) 
�U, ��k</ @$�2   ��� 4��, 

 l��/ U��-!�ECM 32� ���9,.  

�A&��� v��+* �}�� 
     l���/ I�-��� ��) ��� I�=*

 �#� �� W���i&G 3
���� �� I�)�K�7  �/21   ��� 3 
*

I�2$+�) 3
����- 4��/01 .�A� rJ+�� 
��� 3���.  

�A&��� .7 I���<9, # .*���X 4
�  @$��2   
��,NP 

 �� ��IVD  # W�������i&G 3����
���� #� �� .*�����
*�

I�2$+�)-      # 8�*��� 3�=) ��+Q, ��2 W8� �� ��/01

# ��k</ I�-�� �) 8*��) o��-K @$�2 8��   
��,NP 4

 �#� ��3  ���/21 ��� �.���A� W�$��B  #� ���, �� 
���

 U,�) 3
����3���\  �� � ��*$K   ���� ��) 
�   U,��)

# ��k</  8���� I�2$+�) 3
����- � ��/01 � W�$B

.�A� �$� W���i&G 3
���� �� �+=�� 
���. IG    ���&� ��,

 3�B�� �� 8�� # ��k</ U,�) ��� 8��,�@1#   I�$��

��$� �+�� W0�� / N 2 �) W���i&G   Ii��
)� # .��Lt

.� 4�$� 8*��) I���\  l��/ECM  a2$/ @$��2   
��,

NP  ./�� W�$B �� ;'��   I8�� �+
� # ��k</ ./8�
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I�2$+�) 3
���� .S�2 L!���-    ��� ��D�� �) ��/01

@$�2 �� .��Lt W0�� / U,�)   .�� .��9: 
�,  �$�� 

)32(.  ��A&��� �� -�* I���<9, # I�������   ��*�K�8M 
�

@$�2 3=) ��  
�,NP ���� ��� 	
��  �� .*�
*� 
�

I���2$+�) # W�����i&G 3��
���� #�- 4����/01 * .D����+

8*��) o��-K ���=� )33.(  

Roughley # I���<9,4  @$��2   
��,NP   	�
��

���� ���  
� #��K �� ��    ��) I��2$+�) @1  ��(/#��' ��� 

���M |$�d� �8� �$� # 8�*��� 3=) 4  8��+!����   ��)

@1#�8�,    ����X I��2$+�) 
��,   3�2�   # P�Q� N �2

 
��8�p*ECM 8�&$/     @$��2 a�2$/ �8��   
��,NP 

�$�  �� IG I8� ���G �*�� #a�S�   ����K .   ��� �#J�:

    # 8���� U��-��!� N ��2 I���2$+�) @1#�8���, 4�����

@$�2��k</ -�* �, .� ���K )22.( 

���� .��� �$��M# ����� ���:�� I�$��/  8����� ���) ����)

@1#�8�,  �
���� �� 3 
* �,3   ���t 
��,  8��,� .&1#

��k</ 48�� 
��� #  l��/ECM  N�2���   ��/ 8�����  #

N2��� �� .��&� ���     
���� W����i&G 3�
���� I�$� �/

48����  l����/ # ����k</ECM @$���2 a��2$/ 
���,   

NP .� 8���.  

  
����� ����  

��        ��� 3 �
* W����i&G 3�
���� ��A&��� ���� "�2�

I�2$+�) 3
����-  l��/ 3�M ��/01ECM   a�2$/

@$�2  
�,NP  �� .*�
*�In vitro  N�2���  ��/  3�2�. 

.��� ������=�' ����������  �� 3��
���� ����� �� ���) �$���

 I���� # 3!�� .28���N��d/ IVD �� In vivo  -��* 

�$� ���Q+2�. 

  
������� � ����  

 ���.�: �+��! C*�� W�9�     ���� b��D*� �� ��) 
� )�

*��� 
��� �� �� ��784 .� 
��-p2�%2 C���9*.  
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Abstract 
Background: Low back pain is an important disorder linked with degenerative changes in the 
intervertebral disc (IVD). Degradation of IVD is caused by decreased number of cells, reduced 
production and degradation of extracellular matrix of IVD tissue especially in nucleus pulposus (NP). 
Natural and synthetic scaffolds are used for regeneration of IVD in tissue engineering.  Aggrecan is an 
important proteoglycan in NP tissue of IVD. This study aimed to levels of aggrecan secreted by 
human NP cells of IVD in alginate and chitosan-gelatin scaffolds.  

Methods: Collagenase enzymatic hydrolysis was used to extract NP cells from NP tissue of patients 
with IVD hernia in Alzahra Hospital (Isfahan, Iran). Chitosan gel was mixed with gelatin gel and 
freeze dried to make the scaffold. An alginate scaffold was also prepared. Cellular suspension 
containing the extracted NP cells was transferred to each scaffold and cultured for 14 days. The levels 
of secreted aggrecan were investigated by enzyme-linked immunosorbent assay. A light microscope 
was used to assert the morphology of NP cells. 

Findings: Secretion of aggrecan had significant increases during the third to the 14th day. The 
increments were more considerable in alginate scaffolds. There were significant differences in 
secreted aggrecan between alginate and chitosan scaffolds on the seventh and 14th days. However, no 
such a significant difference was observed on the third day. The two scaffolds were significantly 
different in terms of the secretion of extracellular matrix by NP. 

Conclusion: Compared to the chitosan-gelatin scaffold, the alginate scaffold provided better 
conditions for aggrecan secretion in NP cells in vitro. The use of thus scaffold is suggested to culture 
NP cell in vivo. 
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