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���	� 
�**� 6 ��**�0<��6 �**JF�0N�MO �� **� $� �**PQ��# 6 �

8'" ����M'MJ� $� ��#$� *' R�*8 �+������*��8 ��!3*J .�*#�
�6�(#���JF4�	 �� ��*T�# *'�N��*	 �U�-*# �N�*V� 

8'��MF�JF)J 6 ��*� �� !"� <�� $� K7 !�# �K*� �*JF$*���N
"**'�**# 6 &��**W" K**8 $����� $� <��X!**%� �� /**%��# �**� Y

#�)4� �� &R�-(#+#+��Z.
�[+� $� �Y<��60�� F�J \]# N�ZI� �J#+��8�8 KZ �K

4�'�6�(# 9���JF4�	 �� ��T�# '�N"���*]=F��*	 6��
MJ� $� U�-#'6 ��<^�F�������8 ��!3J 6�%� Y[M#

8K4�'��	 ���8 <�	�Z 9��0 U�-# ��6�*O K*Z �J?$6� 
�%�N$� 6 �"�*� _��*� U�-*# K��` $� <��X!%� �6�8 

8'Y8�"6�)�.(�J��!Z�� $� <��X!%� <$6�#�F��*T�# �*�� 
�*ZI� ��)PDGF: AA, BB, AB(N)TGF:β1,β2(N)FGF2

b(N)EGF ( 6)VEGF(#�	 �� '�% K` �J \�c\*�$ �	 �*J
d�H�-.# \�$ �JF� Y#)# �� ����� �� <�� ��e�!8�'K*Z f

"'#�	 K8 $�'�% \�c\*�$ �	 ��*8 �*JFL�*7T '�F� $� ���*e
\**J 6 �**"��� �**"�X; **�`'��**8 Y�**JF��$� <�**� ��**e

O��T+6 �J�=!3[� �+�JF"��.!*%� +N*8K�A &��*H
!ZI�+I� $� K��M%F�g <$�	 +]	 ��I� $� '*# K+��*�N

�)�� K8 6���%� h)?2�.(\J�`'� Y�6 �*�� �� 9#��; Y
i5	'��7% ��JF!*%I8�j!%� N+M'>*"�)# +� 6'!*%I86�P+

# h "D�kF�"��� )�2B(.��8��8�� ���!8 �L� Y*�l*Q Y'�� K
�ZI� ���# �� �JF��	 �" K!��L �'�"�*%� &�Pk� K8 )N��

# &��H �0+	�ZI� $� ��� �JF��*	 �]	 �� K!*��L �*'K
!ZI� �A+��W�# K8#�	 '\*�$ \=!3*[� 6 �*J+$� 6 �*J
�J��!Z��F�*T �*]T ��� �)=�*(# �� ���*Z Y'm�*JF

4�7% �>Z+�T K8F9*M[# �*J+�9*i# FCS 6FBS K*Z
)J�$ K����F�"��� N��Z <��X!%� )��2�nN�.(

&�#+"�#$ K��ZI� $� 4�*8 �� �J'8 Y'*M*8 �� K���*�;
(-	'o���*p	 <���Z *� *!ZI� 9*M; �+*%�P#6�	 �� '�!+�� 

# <��X!%�+��*�N���� F�6�*(# ��6�*O �?�*%� $6� .
�ZI� �JF��	 �4�8 <��X!%� K!��L �'�+�*"���" .�*L� K*`

"'	�!%�MJ�M; KM'�ZI� f*46 �*%� <�	�Z �J+�*W" K*8 
#+"R�q ��#$ &�# �� ��� ��� 9#��; KZ �%�+r*XO 
#+���Z)�.(

\]# �	�� U�*J Y*��*ZI� $� <��X!*%� K*p4�V# Y�*JF
��	**�*]	 �� K!**��L �**'**!ZI� �A K+**%��8 6+k�**	 '�

�0 $� <�� ��$0 ��� F�J��!��� 6� �8 �JFi5	 6 �*�� *'�
<�� �JF4�7*% E7!.# +��*8 .<�� K*% $� s*' (	 Y*�� ��

 �**%I86�P'� +4�7**%)\**�$ ��**P]8 �� +7**H� ��7**%(N
��7%CHO ( China Hamester Ovary)  ��7*% ���*�; K*8 

Y'j	6�*� ��*'8 �]T &������� /*'��	�" F�*J ��7*% 6
��M'>"�)# F��'�8)6 �*"�'� K*7MT $� ��p!# ��8��� �7; K8

 +"�#�� ��7%(�� <��X!%� N)�n2�?(.\*J $� +*5� Y'*�`
�**'�� K**p4�V# U��**J�N)**'4 $� s!>**# F�**J��!��� ��8��**� 

��I� � ���*�; K*8 K�]� F�J Y�)=��*T F�*J��!�� FCS 6
FBS +#���8 .$� +*��" �*V� ���* � 6 F��-*!Q� K*'T�	

 F��M'8 +��8 F6�*L ��*�T K*7MT $� �*JN�*�)# $� F�*J
 +��)=��T FBS  6FCS<��60�� �8 �*�� F��8 +!�I� F�J

 ��7% �'i5	 6�J�*%� .<�� �*'i5	 �*JF4�7*% E*7!.# +
�*�I� $� <�*� ��$0 ��� 9#��; �'k�	 �(	 F�*J ����*	

 %��8 NK!��L+#'k�	 ��)'����*LF*!ZI� �*�� 9*#��; +
6�F<�� t��"� �JF4�7% +��I� $� <��X!%� 6����*	 F�J

 +!�I� �A K']	 �� K!��LN� U��J� $� �� �=� (	 Y'K*8 s
# ��M�+�6�.


 ��� �
���
*8�e	 t�" $� <�� :�e"� Kp4�V#+��*8 K*"�M" 6K*8 �*J

 !"� +���-	 &��H �"�� u�. .��W�# K89'7(	 <��� �JN$�
F��#0 ��#$0ANOVA �*� <��X!%� .����* # n?/np ≤$�

+�p# F��#0 v�(4 �� K!��L �W" �� ���.

]	'!ZI� ��� 9#��; K+:
h��#$0 :�e"� ��W�# K8 �J�*�$ �6� $� <��X!%� �8 ��!8� 

+�g F�M%I� $��� K']	 Y'P#6�	 6 ��I�.

]	'�M%I� KF�g+�ZI� $� )PRP(:
�n #'7+4'K	��!'% ��� K"�M" �! $��?\4�*% <������J� 

)8 Y!��� :�;'��MF�JF"�� +!ZI� 6+6 �"�X; N�6 ���
 �J6��� U�-# :�;F8�]!4� �w +(]	'�� K.K*"�M" �*8 �*J

 �6�g×xyy &�**# K**8 �yQ�'�!"�**% K** �A�X)U�6�**��� N
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��M40(�"�� 66� ��7(#�+KZ6�OF�M*%I�F*�g +$�
�**ZI�N��**8 K**8 6 ��**T ��[4�**� K**4�4 ml �?)Nunc N
z��M"�� (��L 9 !�#��.��7(#d���e#�6� �8 × g�{yy K8

 &�#�yQ�'�!"�% K ��� A�X.7|	 ��W�# K8'�ZI� r�*JN
"'M+�M%I� $� F6��+4�� +��.!ZI� u�%�+[>*	 '9

�M%I� �� <��FQ�8 '6 �6��� <�"�M �8��	 Y	'F�M%I� /
����L K']	 ��I� $� +�g.

"'M+�M%I� $� F�g+]	 �ZI� $� '��*W�# K*8 <�*� K
]	**'�**ZI� K�**JF��**	 ���	�**8�["� �� K**�]Z 6 K!**��L �
�'����[)}~��M'!�NY��A(�#� �� F��!"�*% KT�� +K*8 ���*L

 &�#����]=" $6� F��.��T6 :�; L��*40 +�!Z�8 *��+�
�8 �M%I� # �>Z'[*86�+*(# �� '6 ��*L0 �I*8 mEMB 

)�**78 9**'!# Y�$�**�� =�**]T +H�-**!�� �>**� m'**(#
 F�!��8 ,'.>	 +*X�# :�*L F�*J(*%��8+��L *��.*"'\

���=F�M%I� $��JF]	*'<�*� K)�*J �*ZI�F<$�*	 (��
��!��L ���Q <��X!%� ���# $6� ��MJ .��8F]	'�J��!Z�� KF

*!ZI� ���+�*�I� $� *% $� N<$�*	 6 K*�]� F�*J �6� K
8�.!"�+�� <��X!%� .

+"�3"� F�M%I� $� Y'P#6�	 K']	:
�n +7'# �*� K*']	 K	��!'% ��� K"�M" �!'4 .��*W�# K*8

�M%I� F$�%��TN�6� �*8 K"�M" × g�nnn &�*# K*8�y
�� A�X��!"�% K 'Q� .6� c��#+���*8 �M%I� F6�O .F��*8 

&�**"���7L \'3**7� NY'P#6�**	 K**']	�n)%�**�'# ��**��N�(6
M%I�*�F;*��FZI� $� *T �*� ��*�P3" K8 <��K*8?

&�*# K8 6 <�� ��7.# �=��5� �8xy* 'Q� **#� �� K*F�
	�*]=" G�*"�� F���*�.�*!.4 9'5>	 $� �*�*8 K*"�M" NK

�6� × g�nnn &�*# K8�yA�X��!"�*% K* 'Q� )U�6�*��� N
��M40(��.

K*4�4 �� ��8 Y'P#6�	 F6�O K� +�6� ��7(# K*"�L��T
cMT �� F�60 .�!7'� $� <��X!%� �8 <�� K']	 Y'P#6�	��/y

�6�5'# )Orange scientific ���*"�� N(�*� 9��!*%� .K*"�M"
 <�� K']	 ��'*%��!7'� $� �p8 �*#� �� U�-*# ��*#$ �*	 F

ºC{y2)Dairei �5��#0 N(���]=" F��.<�� K']	 Y'P#6�	 
�6� �� K7O�# Y�� ���6�h��#$0 )I� �A+!� (���#

���L ���Q <��X!%�)��.(

]�� ���0#�����.c�A ��.c<� !	� �
!ZI� �A+)�6��6�(:

�6� �8 s8�V# �JF�� <�*� �Z� 9*#��; K*']	 K*7O�#
 +!�I� ��� N�M%I�F�g+P#6�	 6 �ZI� $� ']	 Y'�� K.
]	 ��*W�# K8 *' *!ZI� �A K+N��*8 F�� K*"�M" �*J �K*4�4 

��[4�� ml �?)Nunc z��M"�� N()�6 <$�*	 �ZI� K4�4 f
�K*�]Z �*ZI� K*4�4 f(N1#'*7+4'�M*%I� �*!F*�g +$�

�8 �ZI��#'*7+4'P#6�*	 �*!'6 Y?/�#'*7+4'3*7Z �*!'\
&�"�Z�7L )��'# ����� N(��*7.# 6K*"�M" �*J &�*# K*8�

�;�**%)�6� �(6B�;�**% )�6��(�**#� �� FºC 1C
K8�["���L���".N��%K"�M" J�6� �8 �× g�{yy &�# K8

�y Q�'�!"�*% K �A�X)U�6�*��� ��*M40 N(6 �"�*� ��*7(#
6�**�+)0 �**�� 9**#��; �**ZI� $� <�**� ��$ (**T***8 6 ��*K

K4�4 �JF���T  !�# *��L 9�*�.!ZI� ��� 9#��;+9H�O 
K"�M" :�M	 $� �ZI� $� �J �JF�*ZI� 6 \*J �*8 <$�	 �*JF

" K�]Z'\J �8 )��7.# 6K"�M" F�*J ��*#$ �*	 <�*� K*']	 
�**#� �� U�-**#FºC �n2)Dairei�**5��#0 N(���**]="F

�"��)��N?.(

��Me"�*u6� )��61(:
�� ���6� Y1#'7+4'�M%I� $��!F�g+�ZI� $� N�*J

 �� K"�M" @� ��[4�*� K4�4 ml �?)Nunc z��*M"�� N()��
��ZI� K4�4 f�JF� K*4�4 �� 6 <$�*	 ��*ZI� �*= �*JF

K�]Z (8&�# K��� �� �;�*% *��)ºC �n2�*� �*Me�# .
�ZI� ��% �#� �� �JF�"�*� u6� G�	� )�*8�	�	 Y*'/

�>gF�ZI� 4 �J'�!(# 6 <�� )*���*"��L &� �*JF�0�*J
8'# �6�+���).(K*"�M" 6� �*8 �*J�× g�{yy &�*# K*8�y

Q�'�!"�% K �A�X)U�6���� ��M40 N(�"�� .6� ��7(# +*� $� 
4�7% ��3T� u�%�+��*T ��L *��.6� ��*7(# +*� :�*M	 

K"�M" 8 �J K�J��!Z�� &��HF�ZI� $� 9H�O ��� �*JF
�"�� ��7.# \J �8 K�]Z 6 <$�	.K"�M" �*8 <�*� K*']	 F�J

� $� <��X!**%�'�**J�!7F��/y#'�6�**[)Orange scientific N
���**"��(�'�"�**� �**!7 .K**"�M" K**8 <�**� �**!7'� F�**J

��'	6�5'# 9��!%� F�J)U�6���� ��M40 N(�"�*� 9* !�# .
K"�M" �*#� �� U�-*# ��*#$ �*	 <�*� K']	 F�JFºC  {y2

���]="F�"�� .
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+!�I� ��� F�J��!���6��I� K!��L ����	 F�J ����5MJ 6 F�'(� +'(� 

���

4'�ZI� )J ��*7(# m*%�	 �*J'"�	�� *' f�yyTriton X- 
)?/y)(% �6��(:

?nn#'46�['�	 ��**7(# $� �**!���**! �yyX-)�M='**% N
�5��#0(���y#'7+4'�!*%� �*V # u0�*!���L 9*O 9*��.

�P3" K8 9H�O ��7(#�K8��M%I� �8 F�g+�ZI� $� 
K"�M" 6 ��7.# �J��#� �� �;�% fF�"�� K8�["� G�	� .

J ��**7(#'"�	��**'�	 f���**!�yy2X4 �**;�8 **'�>**g )F
�ZI� �!(# 6 <�� �J *� ��*"��L &��*� �*J��� ��$0 �*J .

K*"�M" ��*% �6� �*8 �*J× g�{yy &�*# K*8�yQ�'K* 
�!"�%��"�� A�X .6� ��7(#+�K"�M" :�M	 *8 �*J K&��*H

�J��!Z��F�ZI� $� 9H�O ��� �JF\*J �*8 K�]Z 6 <$�	 
��7.#NK8��*'	6�5'# 9��!*%� F�*J)U�6�*��� ��*M40 N(
9* !�# 6�**#� �� U�-**# ��**#$ �**	FºC �n2���**]="F
�"��.

4�7% �>Z+:
<�'�� <�� �JF4�7% +6 �%I86�P'� CHO f*"�8 $� 

4�7%+!3"� '� ��!%���!�]	 ���'�� K.��*� )*���� $� ��N
��7% F6�O ���6 �J K8F�J<�'�� ,�+*7'# *(# �*!'4'm

RPMI)�M='****% N�****5��#0 (6�****OF�n%FBS 6�%
+**!"0 @**'	�'8 F�**JY'3**��#�!��!%�)mg/ml �nn�M='**%N
�5��#0(6+�� Y'7'%)U/ml �nnnnn �A��'%N����� (<�6)��

 &�# K8 6�n�6� �� K 'Q� g×�Cnn �"�*� A�X��!"�*% .
�� +4�7% u�%� 6 _��� +�6� m'(# ��%�+7'# �*!'4 

�*���L 9*O G�*� �>� m'(# .��7*% �*��]" �� *J���
@%I�cm3�? F6�O?+7'# (# �!'4'mRPMI)�M='*% N
�***5��#0 (9#�***� �n%FBS  6�%+***!"0 @***'	�'8 F�***J

Y'3*****��#�!��!%�)mg/ml �nn�M='*****%�*****5��#0 N(6
+**�� Y'7'**%)U/ml �nnnnn �A��'**%�**�� N��(��� �>**Z<
�"�� .��7% �8 F�J'��F$� +M'>"�)# �y#'7+4'K*"�M" �*!

 �w� /3Z �8 ���.!%� )|#�K*']	 \4�*% ��L���Z��J� $� �
����L .��7% K!3*J @	 F�J �*"�����L $� <��X!*%� �*8 F�

 @%I� �� 6 ��T �W7gcm3�? *(# F6�*O'mDMEM 

Low Glucose )�M='***%�***5��#0 N(9#�***� �n%FBS 
)�!��***����A6 �***5��#0 N(6�%+****!"0 @***'	�'8 F�****J

Y'3*****��#�!��!%�)mg/ml �nn�M='*****%�*****5��#0 N(6

+�� Y'7'%)U/ml �nnnnn �A��'% ����� N(��� �>Z<�*� .
��7% ��7% 6 <��P3` �'g F�J ��J+�� �*�� K*8 ���Q K�

�"��P" +H�-!�� m'(# Y��NU�*O m'*(# ���*p	 �*8 
�"�� .&�# K8��$6� N�J�@� $6� # ��8 �>*� m'*(
��7% �� ���p	 �J .&�# Y�� ���L $� �p8N��7% F�J

 ��M'>*"�)# F��'�8N�n�"�"�*��� �� @*%I� �*H�� )��N
�1.(

	'��7% ��M !ZI� ��� 9#��; �8 �J+:
��!8�CnnfJ�` �6�� ��7% �JF7�*'��BK*"�� �F

)��!%� 9% ��M40 N(�� <��� �>Z .4�7*% <�� K*% ��%+
�� ��lO (#'m�*JF�>*Z �*Q�� :�*%)*X�# ��*!�Z+(N

6�**OF%�y:�**% FBS **��FCS  )�**Pi# ��**!�Z(6%�y 
�J��!���F!�I� ��� +)K"�M" F�Jh��#$0 (�*8 <�� <��#0 

�6� ��]` �6� �� <�� ��� N+!�I� �A K']	 F�J 	'��M
�"�� .&�*# K8�N$6� *��� $6� f#*'*(# ��'�>*Z m
�p	���L ���.�#$0 :�M	�h�J� �J F��8 �� $� @<F�*J

 +��*	 K% &��H K8 +4�7%)�*'5'7���	 (@*J�` �� �*JF
7�'��� ���5	 ��8 6� h��#$0 �J 6 :�e"� .

<$��"� ��I� $� <�� ��$0 ��� 9#��; F�'L �J:
��� 9#��; ��)'# TGF-βNFGF NEGF 6PDGF-AB 

��I� $� <�� ��$0 ��#$ �� �J $� <��X!*%� �*8 E*7!.# F�J
)�R� �6��'� 9Mp4���!%� �8 s8�V# 6 �)R&D system  N

�5��#0(<$��"� �� F�'L)�BN�?.(

%��8+#'i[	 ��)'��7% ��J��$0 �*�� 9*#��; ��lO �� 
���I� $� <� �J:

#'*��) i[	'*��7% ��J<��X!*%� �8 �6� $�MTT-assay 
	 6*<�=!%� m%�R���*�� �)*� (Labsystem Multiskan) ��

 **" u�**T*��F?Cn�!#�"�**" )R���**�� �)**�Labsystem 

Multiskan ( $�� ���#�8�+���L ���Q .��8F:�e"� MTT N
m'(#fJ�` 8 �J K4�� 9#�Z ��q+6f*J�` �J K8�{y

#'46�['(# �!'6 �>Z m�y#'46�['�!$���*7(# MTT 

mg/ml ?)12�N?�F!#*'9	*'�6$� �F��*'946$��!	**' :�
�#6�8��()�M='% M40 N��(�*� <�6)*�� .7�*'&�*# K*8 ��
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���

��	�8�["� �� �;�%ºC �n2)���'8 ��M40 N(�*� <��� ���Q .
(#'fJ�` $� m6 <�*� _��� �J�yy #'46�['�*!DMSO 

)z�# ��M40 N(8*J K**J�` �**�� f**� <�6)*�.8*** �*J K
fJ�`�?#'46�['IL Y3"��% ���8 �! *�3'YK��*w� )*'" 

��.

�� ����� 
�<$��" L'�F�� # �J��!Z�� �F!ZI� ��� +:

Z $� <��X!%� �8'��*JFR�*��)FR&D system ��)*'# N
��I� $� <�� ��$0 ��� F�J��!��� <�'e�*% �J u�*T 6

��"FK"�M" _�# ��q �� �J?Cn2?�n <�=!*%� �� �!#�"�" 
R��� �)��� ����Q ��.

<$��"� ��!Z�� ��)'# F�'LAB  2PDGF 6TGF-β:
��; ��)'# �*�� 9# Human TGF-β (R&D system)  6

Human/mouse PDGF-ABK"�M" $� 9H�O +*!�I� F�*J
 �6� �8 <�� K']	 F�*J�2�N�)*�R� �6� $� <��X!*%� �*8

<$��"� �*� F�*'L .<��� *8 F�*J K&��*H K*8 <�*#0 �*%�
Y'="�'# �����"�� K.�� �*�� 9*#�; 6� Y*�� ��lO ��)'#

 R�8 +!�I� �"�	�"���% 6 �M%I� :�L�"�" �6�O �� 6 <��8 
+7'# �J �� +# �!'4 ���8 .

����M" �� �N��*8�# �*` �M*% +��	6� ��!% ��]`
 K8PDGF-AB ��*8�# �%�� �M% +��	6� ��!% ��]` 6

��!��� K8TGF-β�%� .�p# &6�X	+���F8'��!*% Y�*JF
	'� K*Z ����*" ��*T6 �6� �*J �� Y�6� 6 <� *� Y�K*!��

��>" �)" <��J��f�J��!Z�� ��� # ���8F<�*� ��$0 ��� 
�**ZI� $� �**JF<$�**	 **# K**�]Z 6+�**��8 .Y'**8 ����6� 

<�� <��X!%�N�p# &6�X	+���F8'�J����M" YF:6� �6� 
� �6� K% �8��=+# <��� ��� 8 KZ '��# <�*��Z *' $ ��) *� ��

$�%��$0F�*J��!Z�� F:6� �6� �� �*�� )�;�*% h*�
 %�8�["� $� ��'!ZI� �A ��+(#+�*��8.��)*'# Y��	R�*8

PDGF-AB �%� +!�I� �A K']	 :6� �6� K8 ��8�# K*Z
#'�0 ��) �/�±�/�C# �� :�L�"�" '7+4'*# �*!+�*��86$�

��#0 �W"F8K+�p# ��q ���F�6� K*8 �P3" �*JF�*=�� 
�%� �!>'8)n?/np<  .( ����� ��!��� �8 KV8�� TGF-βN

8**'�!>�<�**� ��$0 �**�� ��!Z�**� �**W7g Y��/�±�/��

# �� :�L�"�"'7+4'�!):6� �6�(#+F��#0 �W" $� K� ���8
**8 K+**�p# ��**q K**8 �P3**" F��� �6� �!>**'8 �**=�� F�**J

�%�)n?/np <.( 

�(���" �:��+(� GCU-\ c�A��. ��C� AB�PDGF�TGF-β�(5V 
G8<� 5( �!	 �@ �!	 ��0# ���]�� ���0# ZC-.[� C����eC/ �

.c<��.�@ f�@*� g; G�: ��#�� +�.: ��0;��5�:�(5V +(��
��.c�A PDGF +��C" GC:(� G�C: ��#�� +�.: ��0; ��!C7��

��5�:�(5V +(����.c�A TGF-β�� ��0;]�� Z-.[���0# 3�(�/ 
.c<� !	��G:( .C7I� K<.D(��(��C@�$GCU-\��.c�A ��C� 

AB�PDGF�TGF-βGc<� 5( �!	 �(5V ����70c � �5�# ��CM�
��(!".��a�� ]��'@�*.�� $�5�:�(5V +(����C���.8�A AB�

PDGF �TGF-β� �!�������	)h2/h<p.( 

<$��"� ��!Z�� ��)'# F�'LEGF 6b-FGF:
$� <��X!*%��8 Z*'�Human EGF (R&D system)6b-

FGF N� oV%���!Z�� Y�J��#�M	+K"�M" <$��*"� �J L*'�F
��)F�J����M"�61(.R�*8 ��)*'# UI*� �*8F��!��*� 

PDGF-AB 6TGF��!��� Y�� ��)'# N�J����6�*O �� 6 Y'
 7'# �� :�L�5'�+�%� �!'4 .%R�"��L� $� �p8'��I� �� �J

�J��!��� ��� ��$0 6F����"��L �� ��T�# ��*JFN�*X40 
��!��***� ��)***'# EGF�***��� h��)***�� .<�6� ��***q ��

 �	 ��'%�8�5"�B8 ��!��� Y�� ��)'# �;�% Kh��)�� ����	
#+8 N�8�� KF��q �6� �� ��!��*� Y*�� ��)'# Y��!>'8 K�

:6�)B*%�8�["� �;�% '*!ZI� �A ��+(��)*'# K*8�/B±
��n �'�� :�L�[#'7+4'%� �!'�.�*�p# UI!�+���F*8'Y

��!% �JF	']	 $� �6� �J �� Y�6� 6 <� *' �*J��!Z�� KF
!ZI� ���+<�J�># �>" ��>" KZ�)" <�*�J��*[+���* # 

$�%��$0F�J��!Z�� F!ZI� ��� +�*ZI� $� �*JF6 <$�*	 
K�]Z��8 46+�p# UI!�� +K% �8 :6� �6� ����M" �� ���

y
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�y

��
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+!�I� ��� F�J��!���6��I� K!��L ����	 F�J ����5MJ 6 F�'(� +'(� 

���

� �6��8 K**Z �**� <�J�>**# �**=**'# <�**��Z ��**'$ ��)**� ��
$�%��$0F�J��!Z�� F!ZI� ��� +� �� *��6� Y��*8 .��

��)'# t�Me#EGF �� �� *P3" N�6� Y*** �6� K8 ��JF
��8 �= K�p# ��q+���F��8 �!>'8)n?/np<.( 

�(���" k:GU-\��.c�AEGF G8<� 5( �!	 �(5V �!C	 ��0# ���
 �@]�� �.c<� ���e/ ��0# Z-.[� ���.(�C7I� K<.D $�C@ ��(�

��.c�A EGF Gc<� 5( �!	 �(5V �C70c � �5�# ��� ��(!C" ��CM� '
�7I� K<.D( ]�� $�@ �(� ��CM� !	� �����.c�A �5�:�(5V ���

 $*.�CC�@ a�� ]�� �� �CCc ��(� GCCU-\��.c�CCA EGF �!���CC� 
�� ��	)h2/hp<.( 

�(���"
:��.c�A +(��� b-FGF ]�� �� 3�(�/ ��0# Z-.[� ���
 �.c<� !	� .�� +��" �(���" �8 !�� �7I� K<.D( +(��� $�@ ��(�

 Gc<� 5( �!	 �(5V ��.c�A �70c � �5�# ��� ��(!" ��M� .K<.CD(
�7I� ]�� $�@ �(� �.c<� !	� 3�(�/ ��0# ��� �� �!� ��	 �Cc 

��@ =�( ]�� �� ��.c�A �(!�� $*.b-FGF �!C	 �(5V O� � �� 
G:( .�� G-/ +(!@ $( � ���C@ )c ��.c�A $( *�/ ���" �c !	�@

�� )c +V �(!�� 5( +��5 G	XS ��*� �@ ��	)h2/hp<.( 

�8 KV8�� ��b-FGF N��!��*� �*�"�# )*'" ��!��*� Y�� ��)'#
EGF ����O �� 6 Y' �/�±�/�C+*7'# �� :�L�*5'� �*!'4

 �*%�)����**M"1(.��)**'#b-FGF�� :6� �6�)B�;�**% 
%�8�["�$� ��'*!ZI� �A ��+(# K*8 *' $ ��) *���FhJ�*Z 

#+��8� .� �7;��� �#� Y�'" ���8 Y'� �*M; K*M *� ��!Z�*� Y
#+���8)�.(K*8 �P3*" �6� Y�� �� ��!��� ��)'# &6�X	

+�p# F��#0 v�(4 $� �6� �6� ��8 ���)n?/np< (.

'i5	 ��)'# +%��8 ��7% ��*�� F�*J��!��� ��l*O �� �J
 +!�I�:

�6� $� <��X!%� �8MTT '|	 N'��7*% ��� &�� �� �*J
 �>� m'(#DMEM 6RPMI F6�O �n%F�*J��!��� $�

 �*�I� $� <�� �J� ��� �6� �� �*J ]	 E*7!.# F�*J *' K
!ZI� ��� 9#��;+N�*Pi# ��*!�Z 98� # �� )FBS �n%(6

X�# ��!�Z+)(#'�Q�� �>Z m�|# <��# F($� �*� �$6� 
�� Y''p	 .��7% �'i5	 ��)'# +%��8 ��>" �J h��)�� <��J�

 ��7% �'i5	 #�*M	 ��lO �� �J+�*�� F�*J��!��� ��*8 .
��7% ��� ��)'# Y��!>'8 F�*J��!��� F6�*O m'(# �� �J

 +q �� ��I� $� <�� ��$0B<�J�>*# ��'%�8�5"� �;�% 
�� .��7% ��� ��)'# �6� Y�� �� �J +*�p# ��q K8 F���

 �6� $� �!>'8 �)" 6 �=�� F�J��*Pi# ��*!�� K"�M" K8 f
�%� .<�� :�M	 �� �JF4�7*% +N*�p# UI!*�� +���F*8'Y

�ZI� �JF4�7% ��� v�(4 K8 <$�	 6 K�]Z +�*��>*" <� .
�� +4�7% <���'�%I86�PN*�p# UI!�� +���F�6� �� 
�6�� # �� ��8 K3FBS ���*� <� u�*T ��)*'# NF��*" 

��7% KMJ ��lO �� �JFBS �6�O �� �?/�±�/���8 .
�*�I� ��l*O �� <�*� <�"��� F��" u�T ��)'# F�*J

 �6� $� <�� K']	�6�/*'	�	 K8��/�±1/�6nC/�±
�+#�*8 K3*�� # �� K*� �*��8FBS  NK*!��� hJ�*� �*��

�****%�)n?/np< .(4�7****% <�� ��+CHONUI!****�� 
�p#+���F�6� �� �*JF�N16��*ZI� �*JF6 K*�]Z 

� # �� <$�	��8 K3FBS OI# W�� K.#*T ��)'*F��*" u�
�� <�� <�"��� ��I� ��lO �6� $� <�� K']	 F�J�N

16�/**'	�	 K**8 ��/n±1/�N��/n±��/�6�n/n±

�/���*8 )n?/np< .( ��7*% ���*# �� ��M'>*"�)# F��*'�8 N
+**�p# UI!**�� �6� �� F���16����**8 K3**�� # FBS 

�� <�J�>#)n?/np< .( ��7% �>� m'(# K8 Y'�` \J �J
F� %R**T �*'��*� <�*<�)? 'Q� *F�#� �� K�?KT�� 

G8<��5�#
�708 G8<�

���
��� 
��� 
��� 
��� 
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�(���" 1:+(��� =�-: !	� G:<@�*,�A ��� ���-: ��� � ����"(�� ����7@ =�-: 'CHO.+�.: �: !�B: lC�#*# �C@ g; G�: B=��.c�CA
 	�M !	��!�) .�(FBS =!`�A G�c O� �FBS ��h%FBS =���& G�8 O� �FBS �h%G:( .!C	� ��.c�CA *CT( �� ���-: !	� +(���

 !`�A G�c O� � � �!�	�MFBS G:( *B4 �@ o��" � ���@ +(��� o �@ .'GC:<@�*,�A ���-: ��� �@ f�@*� =�( ��#�� +�.: ��0; ��C0;
 ���-: ��� �@ f�@*� O:� ��#�� +�.:CHO 'GC:( ����C"(�� ���C�7@ ���-C: ��� �@ f�@*� G:(� G�: ��#�� +�.: ��0; .���C�# ��

��� ���-: ��� 'K<.D( �7I� !	� +(��� $�@ ��(� =�-: ��p& �� �� Gc<� 5( �!	 �(5V !	� �����.c�A !�" �!� �5�# � �70c ��� .�����C�
 +(��� G:<@�*,�A ���-: ��� !	�'�� !	� +(��� ��p& FBS �h%5( *.��@ a��0; � =�( ]�� ��@ Gc<� ��0# �� !C	� +(�C�� �c ���& ��

 *T( �� !	� +(��� �@ o��" �-�D a�� ]��FBS �h%��!	�@ .���-: ��� ��CHO 'K<.D(�7I� �(� a��C0; � a�: � =�( ]�� ��.+(�C��
 =�-: !	� � �� �� �@ �%�� *T( �� !	� +(���FBS �h%��@ *.�c *CT( �� !	� +(��� �@ o��" �-�D a�� ]�� �� !	� +(��� �c ���& ��FBS 

�h %��@ .=�-: =����"(�� ����7@ ���)G:(� G�: ��#�� +�.: ��0; (*T( �� !	� +(���FBS �h%5( *.��@ a��0; � a�: ]�� '��@ ���& ��
( ]�� �� !	� +(��� �c a�� � =����%@ *T( �� !	� +(��� �@ o��" FBS �h%��!	�@)h2/hp<.( 

+!"�% ���L (+*X�# ��*!�� �*8 �8��8 F��� K� ����L K��w�
 �**� <�**�� .��7**% ��l**O �� <�**� <��� �>**� F�**J

 ��>*" F�*''|	 FA�4����# �W" $� +!�I� ��� F�J��!���
�"���" .��7% ��� ��)'# K� �%� ��� K8 :$R 8 �J ��%� �
u�T F��" )OD ( ����L ��'8 .��7*% ���p	 ��Q �J F�*J

 @J�` �� ��T�# �*��8 �!>*'8 h��#$0 ���# F�JN��)*'# 
+# �!>'8 u�T ���L)����M"�(.

��� 
L�7T ��W�# K8'�F�*ZI� Y!*�� ��J $� �*JF��*	 ��
]8 <��X!%� 6 K!��L'�0 $� K��JN��:�*e"� Kp4�V# Y*��.��

�� (	 Y'��� s� �8���8 YK*� 4� K*8 *'���*8 ��*��% 9
�ZI� �JF��	 ��J��!Z�� $� K!��L �F�*�� N\*J ��*`
�ZI� �JF# <$�	 +�J��8��Z ��"��	F���=F����8 K!��� .
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Application of expired platelets in the preparation of platelet  
gel and study of proliferative effects of expired platelet  

derived growth factor on variety of cell lines  
 

Yahyavi Y.1, Teimuri H.1, Amani M.1, Halabian R.1, Edalati M.2, Mohammadipoor M.1, Hamedi Asl P.1,
Amirizadeh N.1, Habibi Roudkenar M.1

1Research Center of Iranian Blood Transfusion Organization, Tehran, Iran  
2Ardebil University of Medical Sciences, Ardebil, Iran 
 

Abstract 
Background and Objectives 
There is growing evidence indicating that growth factors derived from platelets can be used in 
wound healing. This study aimed to investigate whether old platelets can be used as the main 
material for preparation of platelet gel and as substitute for FBS and FCS in cell culture 
medium.  
 
Materials and Methods 
In this exprimental study, platelets were prepared from voluntary blood donors by 
centrifugation. To prove the hypothesis that the platelet gel and the growth factor derived from 
expired platelets are able to propagate different cells, platelet derived factors were prepared 
from both new and expired platelet-rich plasma. The concentration of platelet-derived growth 
factors was measured by ELISA and cell proliferation was measured by MTT assay. 
 
Results 
The results showed the high quality of platelet gel obtained from old platelets. Our results also 
revealed that old platelets released growth factors similar to those released by new platelets. 
The growth factors derived from old and new platelets had the same proliferation effects on 
MSC, CHO, and Fibroblast cell lines.  
 
Conclusions 
Old platelets released the same growth factors that new platelets did; this showed that old 
platelets as valuable constituents of blood are cost effective to be used.  
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