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d(. ���[ +
��%�- .�$ #%�B& =)�!  

�O�"�- ��" Q%7Y�"��  V
��& +
��%� E��
d(.:   -���F&106 × 1 

 �-�%�� =)�!     E���
d(. +
���%� ��O�"�- "- U��$ �B    �%mn�& ��G&


 ���B  `%��G  �����[ Q%7Y�"����  ����R(� DMEM high glucose 

)Gibco �(Penicillin/Streptomycin )Gibco (1 ) �������"-Gibco �(  
8 -10  =)�����
Dexamethasone )Sigma �(Insulin �Transferrin  �

Selenium )ITS (1  ) ���"-Sigma �(Bovine serum albumin 

)BSA (1 ) ������"-Sigma �(50 ������%
 ������ @�����W���%
 ������%(   

=Ascorbate 2 phosphate )ASP) (Sigma � (5  ���� @���W���%


��%
 ��%( Linoleic acid )Sigma ( U-�- V
��& �%!�"��  ��  "- .��$

  ��"�- Q%7Y�"���  �B  `%G
 =�� U��W10    ���%
 ��� @�W)7��7  ���%( 

TGF-ß1�  �"������  �����B  `%����G
 @�- U������W "- ��"�- Q%7Y  

10 ��%
 �� @�W���%
 ��%( Piasclidin    ��B  `%�G
 @)! U��W "- �

N%Z #
�9 �- �� ��"�- Q%7Y���  ��	W    ���B  `%�G
 ��R(� E�
 �

21 .-)� ��"  

  Q��%��& @���A7� X�"MTT:  ��" "-21  ���B  `%��G
 ������� �

Q��3    ��� ��O�"�- � �
-�W �%�2& ��Phosphate buffered saline 

)PBS)B�O$ ( �$ U-�- . 'e!400   ���%(���%
DMEM high glucose 

 � v(����40   ����%(���%
=)���G
 5 
% ����  @���W ���� 
% ���� (% ����   

]3 (4, 5-dimethylthiazol-2-yl)-2, 5- diphenyltetrazolium-bromide [

)MTT( )Sigma E��
 �� � �$ ���D� ( 4     ��� ")&���)�7� "- �9��!

E"��[ 37 �0"- ��7�! �  � -��WCO2 5 �$ U-�- "��^ ��"- . �'e!
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 � ������	
�� ��
��TGF-β1 ���	 �������� �
��� ����
��� �
� ���� ����	
 �
	�( � 
 

  � ���%�2& T
���
400  ����%(���%
Dimethyl sulfoxide )DMSO (

)SigmaQ����3 ���� (   "- �9���! �- E���
 ���� � ���
-�W �����D� ����  

  ��$ U-�- "���^ 8�&� ��
- � ��
"�& . ���M�7� "- 100    ��� �� ���%(���%


����%�Z ����� �Q�����3 96  �")���7 :;���0 5�V���%
 � #���R��
 ����7��  

)Optical density  ���
OD ) U�x���!- ���� (Hyperion MPR4 (

ELISA Reader )Enzyme-linked immunosorbent assay � (

*)
 =)> 570 �$ U�7�)� ��
)7�7 .       "����& "��� ��! ��7)�7 ��� �����

)Triplicate( ) ���W E")�21-20(.  

 Q�%��& @�A7� X�" Real-time polymerase chain reaction 

)Real-time PCR(:  X�" ��Real-time PCR   5��%� ����
�"� ���� �

5Y =)�()
 �� �)��
 ��� Ud
� '�
�&�
 ��� �  .�$ U-�	�!� �����

 ��" "-21 �� E��
d(. +
��%� �O�"�- ����� �PBS    .��$ U-�- )�B�O$

�
VA& �M0 �'e! �  �E��
d(. ����%�55 ��%
   E���%�! C
�! ",)


5/1 ) ����"-Sharlau � (9/0 ����"- ���!
C �� ��
� )Merck �����D� (

-�W
�  E�
 �� #��[ =)�G
 �10 ^-%�R � �� :��$ 1200 "�- "- ^-% ��R 

��7�!
Y)	 -�W
�.  

=)����!������    *��2����!� ����M0 �#�����[RNA   ��������%�   

RNeasy mini kit )Qiagen, Cat. No. 74101 (-")��
 U-�	���!� "����^ 

��������W ������! .Complementary DNA )cDNA �� U-�	����!� ����� (

��Z
 ������ Oligo � RevertAidTM First Strand cDNA synthesis kit 

    ��  4�%&�& +�
� �� i�$ @�A7�10   ���%(���%
RNA    �U��$ *��2��!�  

1  ��������������%(���%
Oligo �Ribonuclease inhibitor �

Deoxynucleoside triphosphate )dNTP C
V���������7. � (

Reverstanscriptase  �%a�& ���� .��" "�  ��cDNA   �����! ����

 �U�$x buffer 10  5�V%
 ��5/2  ���%(���%
dNTP 10 ��%
   ��� ",)


 "��R
5/0 ���%
(%��� FPrimer 
 �� �%5�V 1 
%(���% ���� Rprimer   ���


%5�V 1 
%(���%��� �7)�7 � DNA M&%�   
 ��� U��$ �%5�V 2 
%(���% ���� 

Taq polymerase enzyme  
 ��� �%5�V 5/0 
%(���% ���  �dd H2O 

U-�V��  �$�& �M7 CA[�
  ��25 
%(���%�� !"%�.  

 ����3 "- ���%a�& �'e��!���
�7�� .���$ @���A7� ���
�7��  ������ =�� �

Denaturation  ��
- "-95 �0"- ��7�! �    E��
 ��� -��W10   ��R%^-

 .�$ o��$Denaturation  "-95 �0"- ��7�! �  ���� -��W15   ���%7�m

Annealing  ��
- "-60  ��0"-  ��7��! �      � ��R%^- Q�
 ����� -���W

Extension  "-72 �0"- ��7�! �  ��R%^- Q
 ���� -��W    .����
 ��
�-�

 "- ����
��� +
� # 40 ) ���W E")� ���324-22.(  

) :�w ��G�
 �5�
�Z "-Melt curve  ����� �
�7�� +
� .�$ C!" (

 ����� .����" "���  ���� 5Y ���! ����  "- U-�	���!� -")��
 �������
��Z �  

Real-time PCR    @��7 ��%W"��  ��� ��� �   "�V���Allele ID 7.6   ?��>

 =��01 .�$ �[��>  

 ��#718* .  ����0
��+ � ��)� ��& )�9� ��   

Real-time polymerase chain reaction )Real-time PCR(  

�� 
	�  ����� ����	
�� 

Col II-F  CTGGTGATGATGGTGAAG 
Col II-R CCTGGATAACCTCTGTGA 
Agre-F GTGGGACTGAAGTTCTTG 
Agre-R GTTGTCATGGTCTGAAGTT 

GAPDH-F AAGCTCATTTCCTGGTATG 
GAPDH-R CTTCCTCTTGTGCTCTTG 

Col X-F AGAATCCATCTGAGAATATGC 
Col X-R  AGAATCCATCTGAGAATATGC 

F: Forward; R: Revers; Col II: Type II Collagen; Agre: 
Aggrecan; Col X: Type X Collagen; GAPDH: Glyceraldehyde 
3-phosphate dehydrogenase 

  

 �� 5)�
�. Kolmogorov-Smirnov    ��!"�� ����� ��F%�>  5-)���

U-�- T
�)& ��� U-�- V%(�7. ���� �  �� ��5)
�.  ���� One-way ANOVA 

 �LSD post hoc )Least significant difference� ( @���7  "�V����

�"�
. SPSS )SPSS Inc., Chicago, IL( �
-�W U-�	�!�.  

  

����	 	
  

���� �
:�	 � �;� <
��$ !���� ���
�� ���  

 =)�G
 �� U-�	�!� =��7- ��MTT    5�V�%
 �+
�%���!�%Z ��$ v2B
 �

 ��R� � �%a�&ADSCs     ��
� �-�- N
�V��� �" �%�!�"��  �� ����
 V
��&

��F
 E��	& U��W +%� �"�-  ��B7 U�
- ���$ U��W �� �� )050/0 > P (

 #�$)2.(  

  

  
 ���2)>
�;� . �  <
��$MTT ]3 (4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium-bromide[ "��A �� ���  B)CD�E� ����

!�C� ���F	 "��A G
� G
� ����  ���#$ ��7� #��� "��A �� ��  

)050/0 > P.(  
T:TGF-β1; P: Piascledine; TP: TGF-β1 + piascledine 

0

0.4

0.8

1.2

1.6

0��> ,��O T P TP

A
bs

or
ba

nc
e 

(O
D

)

MMT
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 � ������	
�� ��
��TGF-β1 ���	 �������� �
��� ����
��� �
� ���� ����	
 �
	�( � 
 

Real-time PCR�  

��7
� Real-time PCR 5�B7 -�- �  �%5� 5Y  5Yl II  ��" "-21  "-

 U��WTGF-ß1 +
�%��!�%Z +   U���W �� ��O7TGF-ß1    ��
��M�& ���

 -��[14  U��W �� �O
�R
 "- +
�%��!�%Z U��W "- 5Y +
� 5�%� � �����

TGF-ß1   -���[5  ) -)�� �������001/0 < P #���$) (a-3 5Y 5���%� .(

 5Yl�� X  U����W "-Z%����!�%�
+   U����W �� ����� TGF-ß1  ���$  

)050/0 > P(  #���$)b-3 U����W "- 5����
�W� 5Y 5���%� �+%���k�� .(

TGF-ß1    5��%� � ��$ ����� C� �� ��
�R& ")> �� +
�%��!�%Z U��W �

 U����W "- 5Y +��
�TGF-ß1 +
�%����!�%Z + U����W ���� ����O7  �����  

TGF-ß1  -��[ +
�%��!�%Z �13   ) ��
-�W ���B%� �����001/0 < P (  

 #�$)c-3.(  

���  

 �!��M
 "-  �()��! C ��& -)0� ����� ���� �[��> �M0 �����

      ��B  ?�
�> �� � ��!� �"���D �4�!��
 �()�! +%� #
�F& � ,��

=)�! �
 ���F� �! �O�"�- ��" �� ��  4!��
 �()�! +%� #
�F& 5�)&

 �$" #
�)9 �  �!� � w �� @�, .-�  C���� �" V7Y�"��  ��R(� �M0

���O� �"��D V7Y�"��  ��R(� �M0 V%7 )26-25(.  

�O�"�- �� �Q%7Y�"��  V
��& �M0   U��$ U-�	�!� �7)W�7)W ���

 � 4
�F
 �Q
 �� �  �!��V
 �
�  ��O�"�- .��7"�- �
    ��9)���
 ����

�O
� �%M& � �7"��7 ��)� �"�W��! � 5.  �
� ��!� #�B
 �� g�G( ��

�Wd
�  ��� ��O�"�- .���O� 4!��
 Q%7��
     ��"�- V�%7 ��F%�> ����

 ���O� C  �"��
�Z �%P7 ��
�F
)28-27(. 

  

   

 
  ���3 <
��$ .Real-time polymerase chain reaction )Real-time PCR(  8*K& 8* ����II )a 8*K& L(X )b) 8��
�A� � (c ��� �� (21 �
��;� .

 G
M$�
�± %�� N
���O )� )� P���� ��
C� Q��R$�.  

U���- 5�B7 *** �
l9 � ��F
 U��W �l��� 5-)� "�- ) �!� �x
��
 �� ��001/0 < P) �(a ��O7 U��W �! �� :(��F
 �l��� �x
��
 �� ) .�7"�- �"�-b � +
�%��!�%Z U��W �l��� :(  

TGF-β1 ��F
 �x
- U��W �- �� ) .�!� "�-c � +
�%��!�%Z U��W �l��� :(TGF-β1 ��F
 �x
- U��W �- ��  �!� "�-  

P+
�%��!�%Z �%mn& �G& U��W : iT �%mn& �G& U��W :TGF-β1 iTP� +
�%��!�%Z �%mn& �G& U��W : TGF-β1.  

Relative quantity )RQU���- 5�B7 :( � 5Y 5�%� ��O7 5�V%
 �!� ��.  
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 � ������	
�� ��
��TGF-β1 ���	 �������� �
��� ����
��� �
� ���� ����	
 �
	�( � 
 

�O�"�- �� ��
 �E��
d(. +
��%� ��
�)e
�  �O�"�-   ��F%�> ���

�O
� �� �  �!�       � ��!� "�-")���� ���!��
 �"���
�Z � �"�W���!

�%M& �    � +
���%� ��O�"�- 4% �& �� ��O�"�- +
� .�!� 5�!. V%7 5.

   ��
 ��!- ��� E��
d(.   ��
.)29( .  +
���%� ��O�"�- �  � 5Y)��
��%� ��

�
 ����! +%�
��& -)$ � ��O
� �"�W��! g�G( ���  ��!� 4!��
  �

 �-�� �� ��G�
 Q%�!,�)�O
� �%���   �"���
�Z g��G( �� �
� i-"�-

�
 4
�2& T
�! � �!� 1%FD        ��� ��O�"�- +�
� 4�% �& ��� .-)�$

�
 �E��
d(. -�- N
�V�� �" �O�"�- �"��
�Z 5�)& )30-29(.  

E��
d(.� Q��0 �� U)M^ ��� =)Oe  �� �
 ��   ���Z ����   ��
"� ��!

��� ��  ��� ��
 �!-  ���Z .�
.    E���
d(. ��F%�> �
"� ��!�   `
���$ "-

=l[ -)0� �� ��%7 5��� U�xB
�
�. �� �(. ���     =Y ��(�[ ��� ��[�"

�
 "- �%M& � �
. �  �%%<& �� ��%7 5.pH   U����  =��F� ��
 E"��[ �   ����

-"�����7 �����! � "-  #���2�2& ��"�- �=Y ����(�[����!�  "����B�7� �

=)��
�� �
 �
 #%MO& �" ��  ��
��7   B  �%���� g��G( �� ��
� � �7��O 

 ��
 �+
��%� �� �O�"�- +
� 4% �& �� �  �!� U����$ � 1%FD   5�)�&

 -�- N
�V�� �" 5. �7�OB )33-31(.  

4
�2& �7�" +%� =-�F& -�A
� �M0 �T^�� "-    �%���� � ��
;�Z

 ��7�OB �
  �� ��% �& �� 5�)&  E���
d(. � +
���%�  ���    U-��
 5�)��9 � 

��%
� � =)�! �$" ���� 4!��
 ���O� �()�! *"��  C���� ��.-)�7  

Ma � 5�"���������  =)������! V7Y�"�������  ���������  ��������  

Bone marrow stromal cells )BMSCs ����% �& ���O�"�- �� (

         E"��^ �+
���%� ��  ��7-�- 5��B7 � ��7-�  U-�	��!� E���
d(. +
��%�

     ��
 N
�V��� �" �()��! ��%a�& �+%��k�� � �O�"�- �7�OB   ���-  �

5Y 5�%� � E��m �E��
d(.      '�
�&��
 ��V�0� ��%()& � �%�!�"��  ���

�
 N
�V�� V
��& �� 'Z �" �()�! *"�� ��- )34( .  

�F(�]
 "-   �+
�%���!�%Z �  �7�
� ��D�[ �TGF-β1   4�% �& �

5. ��- ��    ��%a�& 5�V�%
 ��7�$ ���D� �7�W��0 �B  `%G
 �! "- ��

U��W �� ��O7 +
�%��!�%Z U��W "- �R� �   ��
� i�
-�W ��B%� �x
- ���

F
 �N
�V�� +
��� ) -)�7 "�-050/0 > P.(  

��7
�  ���7 ���B
 �U�
. �!- ��
�   E��F(�]
Shikanov  ) 5�"����� �8 (

 V%7 �Ma ) 5�"���� �345. i-)� (   ��%a�& � �R� �  �7-)�7 v2B
 ��

BMSCs �
 �	[ E��
d(. +
��%� �O�"�- "-  .-)$  

   V%(��7. ���D�[ ?%RG& "-Real-time PCR   5Y 5��%� �����   ����

 5Yl II  �X =)�! ���� 5��
�W� �   '�Z ���3 �� ?�B
 �-�%�� ���

 �> Q%7Y�"��  �B  `%G
 "- �B  ��21  +
��%� �O�"�- "- ��"

 �+
�%��!�%Z ")�[ "- E��
d(.TGF-β1 5. ��- �� 4% �& �   ��� ��

 �  �$ v2B
 ��
�M7 "- .���W "��^ ���
�"� -")
 �7�W��0 E")�

 o)7 5Yl  5Y 5�%�II  5�V%
 ��5     +
�%���!�%Z ����[ U���W "- �����

 ��"�- U��W �� ��O7TGF-β1 �
 ��B%�   "- 5���
�W� 5Y 5�%� � �$��

    ��"�- U���W ��� ���O7 +
�%��!�%Z ���[ U��WTGF-β1    ")�> ���

  �+%(��%� ����� �� ���%�!- �M0 �!� � w �� @�, .�!� ����� ��
�R&

=)�! V7Y�"��  ��R(� `
��$ "- �
��  ��-�%�� ���  o)�7 5Yl  5Y 5�%�X 

.�
. #�9 �� ��%W)�0 5�$ ����&�e
�� �� �& ���
 N��   

 ��F(�]
 "- �   U����W "- 5Y +��
� 5���%� ��  ���$ v2��B
 ���D�[

  U���W �� ���  +
�%��!�%ZTGF-β1     ��O
�R
 ��� .��!� U-)�� �   5��%�

5Y  5Yl  �5��
�W� ���II  �X �
�5�)&       ��  -��� ��Z ��A%�7 +�
� ��

 �$" #
�9 �� ��B%� � ��M� �!� "-�^ �+
�%��!�%ZTGF-β1  ��R(� "-

=)�!    �� w ��� @�, .-)$ T^�� �m�
 ���3 ���� ��%B7�V
 �-�%�� ���

��%
� "- �!� � =)�! V
��& "- +
�%��!�%Z �%mn& �!"��   �-��%�� ���

�F(�]
 ���0� 5�
� �&  �F(�]
 ��D�[ �  �B��
 �� .-)� U�B7  

�F(�]
 �+%�k�� � �
 5�B7 �D�[   ��  ��-TGF-β1    U����� ���

5Y 5���%� "- +
�%����!�%Z  5Yl��  �����II   "�%��O� �%mn��& 5����
�W� �

  o)�7 5Yl  5Y 5�%� 5�V%
 �  �")> �� i�!� ��$�- ��%x�B3II  "-

 U��WTGF-β1  5�V%
 �� +
�%��!�%Z U���� ��3    U���W �� ���B%� �����

%��!�%Z ���[ � +
�14  ���[ U��W �� ��B%� �����TGF-β1  � �!�

 U����W "- 5����
�W� 5Y 5���%� 5�V��%
 �+%���k�� TGF-β1  U������ ����

 5�V��%
 ���� �+
�%����!�%Z13 U����W �� ����B%� �������  �����TGF-β1  �

�
 =���[� ��
��7 +
� u�!� �� .�!� +
�%��!�%Z -�"   ��m� +
�%��!�%Z

 ��" ��
�G&TGF-β1 ����
 +
� .�$�� ��$�-     ��F(�]
 �
���7 ��� ��� � 
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Comparing the Effects of Transforming Growth Factor Beta1 (TGF-ß1) and 

Piascledine on the Expression of Collagen II, X and Aggrecan Genes in 

Chondrogenesis of Human Adipose-Derived Stem Cells in Fibrin Alginate 

Composite Scaffold 

 
Hadi Didehvar1, Farhad Golshan-Iranpoor2, Ali Valiani2, Batool Hashemibeni3, Mojtaba Esmaeeli1 

 
Abstract 
Background: Cartilage injuries are the leading cause of disability in the elderly in developed countries. In 
addition, articular cartilage has a limited ability to repair. Current treatment methods for cartilage tissue injuries 
lead to fibrous tissue formation. Cell therapy is a treatment in which stem cells using tissue engineering can be 
differentiated into chondrocytes by using growth factors and scaffolds. Since growth factors such as 
transforming growth factor beta1 (TGF-β) leads to hypertrophy of cartilage chondrocytes tissue and many 
scaffolds are weak in terms of mechanics and stability, it is essential to achieve the appropriate scaffolds and 
inducing factors. Studies have shown that fibrin alginate scaffold is appropriate in terms of mechanical and 
stability and piascledine increases the cartilage-specific genes expression. Therefore, in this study the 
chondrogenic effect of TGF-β1 and piascledine on adipose derived stem cells in fibrin alginate scaffold was 
compared and evaluated.  

Methods: Fat samples were obtained from three persons. Adipose derived stem cells (ADSCs) was extracted 
from adipose tissue and proliferated. Then the cells were transferred to the fibrin alginate scaffold and the cells 
were cultured for 21 days under the influence of the induction medium. The rate of proliferation and survival of 
cells was evaluated by MTT [3 (4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium-bromide] method and the rate 
of gene expression of Aggrecan and Collagen II and X was evaluated with Real-time polymerase chain reaction 
(Real-Time PCR) method. 

Findings: The results showed that proliferation rate and survival of cells in a fibrin alginate scaffold in the group 
containing Piascledine increased compared to the other groups, but this increase is not significant (P> 0.050). 
Also, Piascledine increased collagen II gene expression (P < 0.001) and reduced collagen X gene expression 
when compared to TGF-β1. 

Conclusion: Piascledine was found as a proper effective inducer in chondrogenic differentiation of human 
adipose derived stem cells cultured in fibrin alginate scaffold. 
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