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Abstract 
Cancer is the result of the overgrowth of malignant 
cells that have the ability to spread to other parts of 
the body. Dichloroacetate (DCA) has been 
considered as a new drug to control various 
cancers. The effects of stem cells or their 
conditioned media (CM) on the treatment or 
control of some cancers have also been shown. In 
this study, human adipose-derived mesenchymal 
stem cells (h-ADMSCs) and breast cancer cell line 
4T1 were first treated with different concentrations 
of DCA and their viability was assessed by MTT 
assay and 1mM were selected for CM collection. 
h-ADMSCs with four groups including groups 
with no FBS media, ± DCA (-FBS /±1mM DCA) 
and groups with 5% FBS ± DCA (+5%FBS/±1mM 
DCA) were treated to prepare CM. Then the 
viability, colony forming potential, cell cycle 
profile and apoptosis of CM-treated 4T1 cells were 
investigated. The results showed that CM in the -
FBS/+DCA group decreased the viability (P-Value 
<0.05) and increased the proliferation of 4T1 cells, 
compared to the -FBS/-DCA group, respectively. 
Compared to +5%FBS/-DCA group, CM of +5% 
FBS/+DCA were able to increase viability and 
proliferation of 4T1 cells. Also, CM of the four 
studied groups caused changes in the rate of 
apoptosis and cell cycle profile of 4T1 cells. It 
seems that, DCA can increase the viability and 
proliferation of 4T1 breast cancer cells by 
affecting on the composition of mesenchymal stem 
cells CM.  

 
Keywords: Adipose-derived Mesenchymal Stem 
Cells, Breast Cancer, Cell Cycle, Cell Proliferation, 
Conditional Medium, Dichloroacetate, Morphology. 
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3. Stem cells 

4. Mesenchymal stem cells 

5. Non hematopoetic stem cells 

6. Bone marrow 

7. Peripheral blood 
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 ��/? 8���e�1� 1'���  A�(.�� }(���8��*)ZEISS 

Primovert(-
 1�S8M )Franken, 2006.( �*�?� N
��  1� �����-
 c�2/� ��8.  

  

                                                                      
1. Colony Forming Assay 

 ����� ��� �7�8�2  	�-���&� #��� �� �4T1  

�('� ��9 
	� 4T1  >���� �	10  9������ �	� 3�'
6  1D �/�*� .-/-
 
	�	 34D 1/�<70  8� -F�	

 b�(� Q����('� �� � ���� b�)* �-
 
-�
�
�('� ��  �=z� � 
-
 q��<�('� ��  ��CM  9��

�8M ��) J'�&* 9-FBS/-DCA �-FBS/+ 1mM 

DCA �+5% FBS/-DCA  �+5% FBS/+1mM 

DCA.-/-
 ����� (  �� -I�24  �37���('� ��   9�8�
����� c�2/� a�/ � �C('� 1<8� ���?��(��  
�X4��*�? 1�

��8��) �*�? 3S�� - �� ������� ;�� .-/-
 �B�.* (��8��
.-/-
 c�2/� ����� ��8�� ��� Q� ��  

  
����- 9+ ��-  


	�	 a�C�/? 9��1� 3�	  �	 
-*?9 Prism8M c�2/�3S .

	�	 �	(� ��*8/ 3�Ih� ���8� �� =��  �	 ����B* �	

 1/(�/ t-test  ��� 
�8M 1� �� N�� ���8� �	One 

way ANOVA 1� 9����	(�/ .-
 
	�_��� a�/ 1�S� ��D
 b�(�9 Prism��� -
. 9��*? q��.��� �8* )05/0P< (

-
 1�S8M 8p/ �	.  �	 N��*�? 8� ����� ��8�� 	�-I�
.3�� 
-
 Z&4* �1@(�8* N&�  

  

@"� �  
�:� �;��� ����� #��� �� �4T1 	 ADMSCs  

�('� ��9 ADMSCs  b�)* �	 a�/DMEM  9��]
10  -F�	FBS  ;�� .-/-
 34D�('� ��  c��� �	 a�/

 � -/-
 8�^�� � -
� 
-.V�� A�(e� 34D A-*
9>(C(S�(* �D�	 � 
-�4D  -/	8D �_] �� 	(< ��


) ��
A-1 ;�.t�� .(W�� ��('� �� 94T1  ;�� �	
b�)* �	 1IC�U* DMEM  9��]10  -F�	FBS 

 ;�� .-/-
 34D'��( ��J'�&* 9��>���� �	 9 
�1  � �I�V@ 9>(C(S�(* � 
	8D -
� 
-.V�� A�(F

 ��
) -/	8D �_] �� 	(< �C��'����A-1 .(;���� �  
 

  
  

                                                                      
2. Cell Cycle Assay 
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-
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 56�1. ���.M�a� �� A�(.�� �(���8��* 8�(e� �10 A. �� hAD-MSCs �('� � (W��)  9��4T1 � (;����)B 3�� ����/ .

MTT   9�� 8�ADMSCs  �C  3�� ����/ .MTT �('� 9�� 8� 9��  4T1  
  

 ���&��� ������'#��� �� �4T1 	 ADMSCs  �>

�(�)  ��� ?�&%�DCA   

 3�� ����/MTT 
-/� ��a�* 1D 	�	 ��4/  �/�*
ADMSCs �8�.D 
�8M �	 3p'l � 1 �'�*  �W(*

DCA  �� N��70  3p'l �	 1D �C�]�	 3�� -F�	
3  �4 �'�* �W(*DCA 
-/� �/�*  �� 8��D70  -F�	

 ��
) 3��B -1 3�� �� �F�] ����/ .(MTT 

�('� �� 94T1 
-/� ��a�* 1D 	�	 ��4/ a�/  �/�*
�('� �� 94T1 3p'l �	9�� 1 �2  �3 �'�* �W(*

DCA  �� N�� �8�.D 
�8M �70  �C�] �	 3�� -F�	
3p'l �	 1D 9��4  �5 �'�* �W(*
-/� �/�*  �� 8��D

70 3�� -F�	   ��
)C-1 ����/ nV@ (1� 3�	 
-*? 
3'7 1� ;��  1D3p'l 9��1 �2  �3  �R�<�

�.I* ��	 
�8M �	 8� �	 ;��8��.� �-.�
�-/ �� �� 9
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3p'l �C('� ��) ;��1 �'�* �]�8* c�2/� 9�8� (�W(*
 .-
 }�&�/� N��*�? 9-I� 

  
 ����� 	 �6�:� �;�� @'�++A� ���&���#��� �� �

4T1  �� 34� ��
+�CM 

 ���8� ���>(C(S(* A�8��m�4T1  �� -I�24  37��
 �� �����CM 1D 	�	 ��4/ J'�&* 9���('� ��9 

4T1  
�8M �	 -FBS/-DCA 1� 34D �8� �	
�* -.'� �C('� -���� 9���	 � �/('D A�(F �	 � -.
��

3��d �KI� ���('� �� 
-
 �-: 34D �8� �� � -/�
�* �D �C('� �D�8� ��
) -
��A-2�]�	 .(�C  �	 1D

 
�8M-FBS/+1mM DCA  1D -
 
-��4*�('� �� 
1� �� �/('D A�(F  �D�8� �C('�W���� �*  .-.
��

�	 ;�.t��  
�8M+5% FBS/-DCA  -
 
-��4*
 1D�('� �� �� �/('D A�(F 1�  �D�8� �C('�W���� 
�* 
�8M �	 1D �C�] �	 .-.
��+5% FBS/+1mM 

DCA �('� ��  �C('� �D�8� 9���	�� -���� � ;��
3��d �KI� �	 � -/	(� -.'� �C('�  34D �8� 9��

 ��
) -4/ 
-��4* �C('� ���A-2 �F�] ����/ .(
 3�� ��MTT  9�� 8��('� ��94T1  	�	 ��4/


�8M FBS/+ 1mM DCA 
-/� -F�	 �� 8��D �/�* 
 
�8M-FBS/-DCA 3�� � �	 ;�� ;�� �R�<� �
 
�8M�.I* ��	 ) 3��05/0P-Value <) ( �	
B-2 �

 
�8M �	 .(W��+5% FBS/+1mM DCA  -F�	

-/� �/�*  �� 8�4�� 
�8M+5% FBS/-DCA  � 3��

 N��aS� ;���.I* ��	  ��
) 3��/B-2.(;���� �  
  

����" 5+���&� ������'  ��'�#���  ���4T1 

 �� 34���
+�CM  

 ���8��/('D 9>(C(S�(*���4� 9�� �('� �-
  9��
4T1  �	 1D 	�	 ��4/
�8M �� 9��] 9DCA  
��-/�

�/('D 1� 3V�/ ��
�8M �� -d�S 9DCA E�a�  8�
�*  ��
) -
��A-3 	�-I� ���8� ;�.t�� .(

�/('D �('� 9��  9��4T1  
�8M �	 1D 	�	 ��4/
FBS/+ 1mM DCA �/('D 	�-I� 
�8M �� 8�4�� ��

-FBS/-DCA �.I* N��aS� ;�� �*� �3��  ��	
��/  -
 Z&4* ;�.t�� .-
���/('D 	�-I� 1D  9��

�('�  9��4T1   
�8M �	+5% FBS/+1mM 

DCA  
�8M �� 8�4��+5% FBS/-DCA  �3��
�.I* N��aS� ;�� -.�8�  ��
) 	(V/ ��	B -3.(   

  

  
 56�2. A�('� 9>(C(S�(* A�8��m� (  9��4T1 ����� 
-
 �� 
�8M ��9  J'�&*CM �B ( ��
 �� ���� �����MTT 9�� 8� 

���� ���4T1  ��
 �� !
�� 
�8M ��9  J'�&*CM ��a�* �
-/� �/�*  
�8M–FBS/-DCA 
�8M �� 8�4�� –FBS/+1mM DCA 

)05/0P-Value < ( ��a�* � (W��)
-/� �/�*  
�8M+5% FBS/-DCA 
�8M �� 8��D+5% FBS/+1mM DCA )"!��#.(  
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 56�3 .A ( 9>(C(S(*�/('D���4� 9��  
-
�('�  9��4T1 �����
-
 �� 
�8M ��9  J'�&*CM �B ( �/('D 	�-I� ��	(�/�('�  9��

4T1 �� 
-
����� 
�8M ��9  J'�&*CM 

  
������' -�'����  	� ��� �7�8 #��� �� �4T1 

�� 34���
+� CM  

�('� �(����? ��a�* ���8�  9��4T1  �� 
-
�����
CM 1D 	�	 ��4/ J'�&* 9���('� -F�	  
-/� 9��

 
�8M �	-FBS/+1mM DCA  
�8M �� 8��D
FBS/-DCA �* ��
) -
��A, B -4 ;�.t�� .(

�('� �(����? ��a�*  9��4T1 �	  
�8M+5% 

FBS/+1mM DCA 
�8M �� 8�4�� +5% FBS/-

DCA �* .-
��-F�	 �('�  ��S �	 ��8�<f�? 9��� �(�
? ���� 
�8M�	 1�C�� �(�-FBS/+ 1mM DCA  8�4��
��  1�B�
�8M �� �* ��
) -
��A, B-4.(  

 ���S�8� ���8�C('� 1<8��('� �  9��4T1 
 �� 
-
�����CM J'�&* 9�� 1D 	�	 ��4/ -F�	

�('� 1']8* �	 ��  G1 �	 
�8M 
�8M-FBS/+ 1mM 

DCA  
�8M �� -FBS/-DCA ��
) 3�� 8��DC, 

D -4�('� -F�	 ;�.t��  .(  1']8* �	 ��G1  
�8M �	
+5% FBS/+1mM  
�8M ��+5% FBS/-DCA 

�* 8��D 	�	 ��4/ �C('� 1<8� ���S�8� ���8� .-
��
�('� -F�	 1D 1']8* �	 �� S  �	
�8M �� 9-FBS/+ 

1mM DCA  
�8M ��-FBS/-DCA  �	 � 
	(� 8�4��

�8M+5% FBS/+1mM   
�8M ��+5% FBS/-

DCA ��('� -F�	 ;�.t�� .3�� 8�4�  9��4T1  �	
1']8* G2/M 
�8M �	 FBS/+1mM DCA  3V�/

 
�8M 1�-FBS/-DCA 
�8M �	 � 
	(� 8�4��+5% 

FBS/+1mM  
�8M 1� 3V�/+5% FBS/-DCA 
�* 8�4�� ��
) -
��C, D -4.(  
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 56�4. A �B �('� �(����? ��a�* ���8� ����/ (  9��4T1  �� 
-
�����
�8M ��J'�&* 9  CM 1�  A-*24  .37��C  �D ����/ (

 ���S�8� ���8�C('� 1<8��('� �  9��4T1  �� 
-
�����
�8M �� J'�&* 9CM 1�  A-*24 .37��  

  

 A��0B� � = ���) 

1�  �M��� 1D 
-
 
-��4*� �<�-��; ��a )*�b  �(*(�
 ��('� ��9  3D��4* 1� 82.* �(*(��� � ���*�3S84 

* �(*(�� .	(
MSCs ��('� ��9 ��*� -.���  �
��	8�'�79 	�K�* ����_�* � C�IS 1��3 MSCs  �	

 a��)*�b �? .3�� 
-
 
	�	 3V�/ �(*(�* ��� -./�(�
�/�����  ���(*(���  �� �(*(� -h�	 �('� ��9  �(*(�
��BC� � �� .-..D�;  �	(:�MSCs  ���Q �/����g� -I��� 
-..D� ��a )*�b �(*(�� 8� G_/ 1�}(D �('� ��9 

/�@8��  
�8��
	(� ��/ ��� *�����-
-..D�9  ��
� A�IC�U*�N C���.� .t�� ��; C���.�  
-
 L��aM

.3�� ��-I� ���/��� ��.D �	  �M-..DMSCs 
	�_��� �

 �� �����	 -./�(� �* a�/�-�M�89  -*?��D�('� ��9 
�(*(� 9 ��-.D 3�(B� )Aravindhan, 2021(. 

MSCs ���� ;�8��('� �� 9��	8���D �	 9	��.� 9
 3�� 
	�	 ��4/ 8�<� A�IC�U* �� �<8� .-.��� �.�C��

 ���>(C(�� A�8[� 1DMSCs �? A�)
8� 1� �X���
	��	 ��.  �;�� 8� 
�R7 9���(�D�S�)
8�  
-
 n�4*

 ��MSCs �*����� A�8[� -./�(�  9�� �_'�&*
�('� ���-� J'�&* 9 -.
�� 1�
�	 )Bhang, 

2014 .( �� 
	�_���CM �('� ��9	��.� 9  9��] 1D
 ;�� �)
8� 9���(�D�S Y�(/��('� �� �* 
���- 

�* -./�(�  -/(�� 9�8� �V��.* ;�aX��:�('� �� 9
-
�� 9	��.�.  �� 
	�_���CM � ;��('� �� �� 
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 �C���]� �����(*(��* 98�M(': -.D �*� ���a�* 
E� -
� 9���(�D�S�	 �� CM 3�� �D ����� )Li, 

2020 .(���8� 1�VC�u��� J'�&* 9��  �� ����_�* 9��
 J'�&* Y�(/� �	�('� �� �*�I� c�X.� �/�@8� 9

��CM  �� n�4* ADMSCs 
	�	 ��4/ ;��* 1D �-/�
;�� ;�� �R�<� 3�� 4.* �� �
�/ A�IC�U*f9�� 

ADMSCs -
�� A��_�* 34D b��8
 � A��_�* 
)Schweizer, 2015�C�]�	 .( 1D CM 1� 3�	 
-*? 

 ��ADMSCs  8�^�� ���('� �� 9EJ  �T24 
�* 98�M(': ���/� 1/�^* �/�@8�-..D )Yu, 2015(. 

 1IC�U* ;�� �	 ���/��� �������� ��a�*
�/('D �(����? ��a�* �����  � �C('� 1<8� ���S�8�
�('� �� 94T1  
-
����� ��CM �('� ��9  

ADMSCs  ���8� J'�&* b��8
 �	 
-
 34D
 ���8� �� �F�] ����/ .-

-/� �/�*  �/('D ���/��� �

 1D 	�	 ��4/ ����CM 
�8M –FBS/+DCA  3V�/
 
�8M 1�–FBS/-DCAw7�� �  N��D
-/� /�* � �
 N��aS�8�^�� �('� �� 94T1 �*(
.-/  ;�.t��

CM  
�8M+5% FBS/+DCA  
�8M 1� 3V�/
+5% FBS/-DCA 1� �	�d �N��aS� 
-/�/�*�  �

8�^�� �('� �� 94T1 �*-.
��. �* 8p/ 1� 1D -��
DCA  �� 3�� ;��*8�[f�  1D �����(�D�S 9�� 8�
 b�(�MSCs �* T
8��? 3�C�IS -/(
 3)� �� ��

8�[f� -.�	 ��8d.  �'Vd A�IC�U*8�[f� A��� ����_�* 
MSCs  ���S� 8��('� ��
	�	 ��4/ �/�@8� 9  .-/�

 1D 3�� 
-
 L��aM ��^* 9�8�MSCs �*  �	 -/�(�
 8�^�� w7�� �-� ���	 b��8
�('� �� �/�@8� 9

 1D A�(F ;�� 1� 	(
�('� �� 9	�-I� �/�@8� 9

	�(/�< �*�
 ;�D(�D cxcl � ccl �* T
8� �� -..D

 1DMSCs  3�� 1� ���('� �� }O: �/�@8� 9
�*;�D(���� T
8� �� ;�.t�� � .-/(
 �� ����

1'�:NT-3 �PDGF-B �HGF   �VEGF  �'*�(7 �
 -./�*LL-37  ;�'�S('��� �B  8�MSCs 8�[f� 

�*  12��/ �	 .-/��OMMSCs  
	�(/�< 9���(�D�Scxcl 
(C��* �� 1��� N.���8� ;�� 1D 
	8D T
8� ����.�,��8

1']8* � �(*(� Y(/ 1�9�  ��8d �? �	 �/�@8� �('� 1D
�* �? c�.D � 	��	 w7�� -/�(��	(
 9����� 3S84� 

)Gwendal, 2016 .(-F�	 �('� ��  ��S �	8�<f� 9
?���? � �(����
�8M�	 1�C�� �(� FBS/+ 1mM DCA 

 8�4����  1�B�
�8M �� �* 9�� 8� �'Vd A�IC�U* � -
��
�('� �� 93p'l 1D 
	�	 ��4/ �/�@8� 9��9W�� 

DCA 3�� ���/	�(* �(��(�? 9�BC� 9�8� 
)Stockwin, 2010 .(1�S�� ;�.t�� -/� 
	�	 ��4/ ��

 1DDCA �?�C('� 1<8� Jd(� � �(���  �	 ��
�('� ��9 /�@8�� * �BC� E�a� 
	���D-.�8� �-.  ;��
 
	�*8�[f� �	 9 -
� N��D�('� ��9 l�8/�@8�� 

��.� � 1�
�-/ ^���8 �('� ��9 /�@8��  ��1� �(@ 
���d �:(�� �* N��D -�	 )Madhok, 2010 .(

 ����/1� 3�	 
-*?  �	�	 ��4/ �C('� 1<8� ���8� ��
 -F�	�('� �� 94T1 1']8* �	 G2/M �	 
�8M -

FBS/+1mM DCA 
�8M 1� 3V�/ FBS/-DCA 
 �	 � 
	(� 8�4��
�8M+5% FBS/+1mM  1� 3V�/

 
�8M+5% FBS/-DCA �* 8�4��-
��.  A�IC�U*
c�2/� ) �*(�'X/�M���� �('� 9�� 8� 
-
PGL 	��.4�� (

�*  1D -.D $� ���DCA 8@ ���n ca�/��*  ���� 1D
 ���* �*�
PDK *� w7�� �	(
 N��D
-/�  �-/�*

�('� �� 9PGL *��/ �	 � 	(
�12 
����	  17(�2*
PDH * ��IS ����B��� 1� 82.* 1D -.D9 C(���*��� 

�D����-�( N��D �C(��- �aS� � A��DW�N C(��-  �<�	
C('�� ROS *�	(
 1D ��/ �	�3  1<8� Jd(� w7��
C('�� �? �� �	 �(���('� ��9 PGL *�	(
 

)Florio, 2018 .(1� �* 8p/  3�� ;��* 1D -��
���/��* 1�<�.
�/ 9��  �� 1D -
�� 1�
�	 	(:� 9�

�('� ���/�@8� 94T1   8��8� �	 CM �� n�4* 
ADMSCs  �� 
-
�����DCA �* 3pS�)*  .-.D

A�8[� 9�� 1�
OM A�B�B)� P���8� FBS  b�)* �	
;�.t�� � 34D  ����/1� 3�	 
-*?  ;�� �	N��5� 

 ��a�*8�^�� �('� �� 94T1  �	
�8M �� 9+5% 

FBS  �� 1���B* �	
�8M �� 9–FBS  .3�� 8�4��
 ��a�*M�
-/8��9 ���(��8����; )EPORs �	 ��.� 1/ (
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��N �����9  �	 1�'� a*8d �(V'M�('� ��9 l�8 
�(< ���  1'�: ���('� ��9 /�@8�� /�a -/��	 	(:�  �

1IC�U* �	 9�8�[f� FBS )* �	�b � 8� 34D��� 
EPOR 
-/� �  �-/�*�('� ��9  ����� ��@8�
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