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��3� _�"} $���F �� �K     !	�� +L	���F�* �	
����

?��
 ,'�� G'��9 < - _�"}   �#�	B*��� �'��3� ��4

  <�	�* ��50 G"} �    (	� l��	��1    �#�	B*��� ?��	
  

)50  =MOI(  r
�F G$% G'�' E�% ��F��K S��7� �

 ,�"��#4 � �'$P�)17(   $	3�R�> "��	8 G'�1�
� '"�� .

?��
 $;"' +,���K "'   �� G'�1�	
� �� (� �#�B*��� ��4

  ,J +�		�F��K !		��GFP  ,J �mIL-27  <		R��"' �"

$�'�> !��6F ��������
��R )�3�F �� +$*'�� G'��.  

 �"���� ��#$	EAE %�� "� 
��� &�"�� � ��  ���

�'() 	*� ���� 	��  �� +
,mIL-27 

 �"�#�� ��I��EAE s�� "' G'�� ��4 � C57BL/6  ��

 !
8  �F10  (�14)   ,��	 F +"��	
�K ����	��*�(  S��	7� +

 G'�' E�% ��F��K     ,�"�	�#4 � �'$	P� r	
�F G$%

)17( <R�> _"�; .   �	�2� "�	 j �� �KEAE   (	�

 '�$k12   �	F14    �	�*9 S	�"�F �� �	K ��"  ,JMOG 

)Myelin Oligodendrocyte Glycoprotein (

) <��%Alexis (s�� +'��R� t�1F�  (� 2��� ��4EAE 

  ,�� ,�	��� $k �F � �"�#�� ��2� !�U*��� �C* �� (�

� ,����$*'� (*�>�$- G��> "� = "' +)   G��	> �	410 

s�� �
 ($3�R�> "��8 . <��* �' "' �

)  ��	4��"

15  �22  �"�		#�� ��		I�� [��		% ,�		�� ��EAE( (		� +
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����� ��	
 �
� ������ �������� �������� ��� �� IL-27 �� EAE ���� 
��� ����� ��	
 ����#�$ % 

s��  ��	4   G��	>1:      �#�	B*��� ?��	
 ,�	���� )	�

<�1�*��F  �� G$%mIL-27      +�	>" �	D�' _"�	; (	�

 G��		>2 : (		� �		6��W �#�		B*��� ?��		
 ,�		���� )		�

>" �D�' _"�; G��> +�3 :100  $�#
2K Z�>�����

p240-mIL27    G��	> � �*2	\� �D�' _"�; (�4 :

 !���
 _�1�R �R��)Phosphate buffered saline  	� �

PBS(  $	% S�"�F ����
� . s�	�      (�	B� ,�	�� �	F �	4

   �	� � �	
"�� �3���� ��2� _$% �C* �� (*���" +,$%

  G�	#* !�U*��� � �4' G�#* '"�$*��
� ��4"��6� l�
�

�4 ���� G��> �� Z�$�   $	% (�
�N� �4 G�	#*    �	� �	4'

 ���% ��2� l�
�G�#* � �1; :�4 $8�R   �	�2� (*�>

G�#* +�3���� � 1 : Z' ,'��R�)%Z' ,$% �( G�	#* + � 2 :

 G�	#* +��BK Z�$*� ���* v�R �� � ��k �� � 3 :  v	�R

G�#* +��BK Z�$*� ����  �4 :   � ��	BK Z�$	*� ���� v�R

G�#* � +����- � 5 :,���k m�� '�� +)17( . (�14 )�

(#4 +S�"�F !��D9 �� �K � s��   Z�	P*� "�C3� (� �4

H��		��9 ��		4  (�		B� �J���F�K��		��4 � �J�		��*�#��

$*$%.  

+�	
 	 -�.���� �*�/  ���IL-4 0IL-10  �IL-17  

KG��$*� "�C3� (� !�����
 $���F ,���� ���>  ��4IL-4 +

IL-10  �IL-17  s�	� �� Z�$	� �4 ?�NW �$��� +   ��	4

G��> "� = ��4    �$	- ����	
� r���% "' +(*�>  $	% �

?��
 ,���*�

�
  (� F ���NW ��4$% .  '�$	6F �



   ���		NW ?��		
 ,�		���� (		
) �� H�		�95 $		;"' 

?��
 G$*� ��4 (s�� �� Z�$� �4 ��   G��	> ��	4   ��	4

 _"��P� "' (*�> "� =50 ���� "' Z�>�����   �� �	���

 $			��
KMOG  r�			N� "'RPMI-1640 ) <��			%

GIBCO ( ���k10  $;"'FBS ) <��%GIBCO( +

)		4�= "' �  <		��K ��		424 (		*�D  _$		� (		� ��72 

$% G'�' <B� <��
 .     +"��|	� ,�	�� _$	� �� �	K

��$*�G  !�����	
 ���>   ��	4IL-4 +IL-10  �IL-17  "'

?��
 ���" <B� r�N�     <	�� �� G'�1�	
� �	� +�	4   ��	4

ELISA  !�����	
 �� Z�$� �4 �;���D�   �	4)  �� �	U#4

 <��		%eBioscience (  <��		% �		�F��K S		�W �		� �

<		R�> Z�		P*� +G$*��		
 .�		��K "' �� Z�$		� �		4 "�$		I� +,

!�����
 ���� "' Z�>���K L�k�� �4   �	
" ��" �� +����

$% (�
�N� !�����
 �4 (� n���� '"�$*��
� "�'�#*.  

�!�$���1��)�� 2������3  

 ,���� �
"�� "�C3� (� +"�#�F !��D9 �� �K (�14 )�

?��
 E�BF"�     � ��	��� ��	�� <	R�� (� �3#�� ��4

<�2		
 <�6		p� �		
"�� !�		3T#4  ���		#F +!�		���

s�� (�B� �4 (8�
 � G$% � ,9 �� Z�$� �4 �X�  �$- �4

 $%  !���	��R "' !�R�> "��8 �� �K �10    (	� +$	;"'

 $		% G'��		
�R �J���F�		K G�U		B����9 . G�U		B����9 "'

(			� F �� �			K �J���F�			K �  s�			� v3			K �8�$			k  

10  (			*�#* �			4 ���� (			� ��			������� �  +��			X�

�*" ����9  ��4H&E )Hematoxylin and eosin(  �

LFB )Luxol fast blue(  Z�	P*�  $	%  (	*�#* �    (	� �	4

 ?��	
 E�BF"� �C* �� L�F�F     <�6	p� � �	3#�� ��	4

    [�		* �� (		� ��		��J���F�K r		
�F !�		��� <�2		


_"�; ��4"�#�F  (�R�>���� "�W (�    +'�	� [2	W� ��

<R�> "��8 �
"�� '"�� .  

Zd "' �		*" ��		4 ��		��9  �		� G$		%H&E "�$		I� +

�		BF"�?��		
 E   �8�$		k "' �		3#�� ��		410  ,�		%

  m"�	� �	� � ��R�� s�� �4 ���� �K��
�����   ���	#*

400     ?��	
 !�U*�	�� _"�	; (	� � $% G'�#%   ��	4

E�BF"� �3#��  "' � (*�#* ,9 ���� x7
 $k�� "' (�R��

    $	% s"��	> G��	> �	4 !�U*��� _"�; (� ,���K . ��

Zd "' +�R�W �*" ��4   �	� G$% ����9LFB  ,��	�� + �

    (	*�#* �	� (	���I� "' !�	��� L��AF <6
� �   <	R��
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����� ��	
 ��
 ������ �������� �������� ��� �� IL-27  ��EAE ����� ��	
 ���� 
��� ����#�$ % 

 _"�; (� ���
 s�� ����� ����0  �F3 )0 :  Z$	�

 +!�		��� L		��AF1 : +!�		��� �		� L		��AF2 : L		��AF

 � !�		��� r		
���3 : !�		��� '�		�� L		��AF ( r		
�F

 G��		> �		4 ���		� !�U*�		�� _"�		; (		� <		��J���F�K

$% s"��>.  

4��5� � 6��7� �"��3  

'�' ���NF � (��PFG  (��	
� (� +�4 �  Z�	*   "��	R�SPSS 

 (A	�* � 16 )version 16, SPSS Inc., Chicago, IL( 

,���9 �� G'�1�
� �� �   �"�	�9 ��	4 Kruskal-Wallis +

Mann-Whitney U � One way ANOVA   _"�	;

<R�> . '"��� ���#F "'05/0 < P $% (�R�> �C* "'.   

  

���
	 	
  

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

�	����	 ��� �	 +
,	
� ���� 	��  

?��
 ���
�$- $*�"     	� �	F �#�	B*��� ��	4 (  <	
'

?��
 ,'"�9   ��	4 H���	#�    '�$	k +!	U#453  ��"

 $�B� ?�W)��% 1 .(  

  

  
 4',1 .
��� %�� �	����	 ��� �	 +
,	
� ���� 	�� ���  

  

?��		
  J�		
�K �� �		;�k �#�		B*��� ��		42 "' (		� +

r�N� ��6�   <	B� ��4    �	��= � �*��A�	
� ����	#F

),�� F +L���F�* <��� G$�� <��% (  +$	*'�� (�R�> "��8

r�N� !�� "' $3��*��F ?��
 ��F�3R (� L�F�F (� �4   ��	4

?��
 � �*��A�
�  $3��� ���#F ���= ��4)��% 2 .(  

  
 4',2 .
��� ����� �,�� ���� 	�� ��� .
���  ���

 ;*<� "� -�=*/ "	*> �	 ?1 ���� 	��@�5�  ������ ��. ���


��� 6� A��*� 6� �����B��3 � �����C��	 �D�E�F	  ���

 � 	����	)H$	 (
��� �  ��*J ���)K (
��=�� �����.  

  

?��
 �
�F�3R�*�#�� �
"��  )�3�F �� G'�1�
� �� �4

G'�' ����*9 � ��������
��R   Z�	* �	� �4   "��	R�WinMDI 

(A		�*  �9/2  ?��		
 !		�� (		� '�' ,�		B*  �		4 $		-��

@D�		% ?��		
 ��		4  �		36� �#�		B*��� ��		4CD24 +

CD29  �CD44 ��$			*' @D�			% �			C* �� �  ��			4

��*9 ?��
 @�A� �*J ,�D ��4 ��
+   �	36�CD45  �

CD11b + �13�*'��$ )��% 3.(  

Transfection 
��� +*L� �� ���� 	�� ���  �	 �*�/

���$ "��.� ���*��  

 !�		�6F "�		C3� (		� ��������		
��R ��		4����*9 $		;"'

?��
 <R��"' �#�B*��� ��4 G$33� � ,J   ��	4GFP  �

mIL-27 (		� '�' ,�		B* +14/93 ?��		
 $		;"'  ��		4

 ,J +�#�B*���GFP  ,J �mIL-27   $	3���R L8�6�� �"
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����� ��	
 �
� ������ �������� �������� ��� �� IL-27 �� EAE ���� 
��� ����� ��	
 ����#�$ % 

Transfection "'�<R� G'�� $*'�� )��% 4.(  

 �"���� ��<M�EAE  %��� "�   +�*�/ ����   ����

H����  

 '�$k12  �F14  S�"�F �� �K ��"��*9 ,J MOG   (	�

s��    �"�	#�� �	�2� +�4EAE ,9 "'    $	% �4�	j �	4 .

s�� "�#�F G��> "� = "' !�R�> "��8 �� �K �4  $*$%

  G�	#* � �	
"�� �3���� ��2� �C* �� (*���" �   �"�|	>

 $*$%) ��%5.(  

  !�U*�	�� ��" �� �"��9 ��4����*9 �� �;�k v���*

 �"�#�� _��#* ��EAE G��>  "' (*�>"� = ��4 ,���K

G"�' � ?��		
 (		� '�' ,�		B* +"�		#�F  �#�		B*��� ��		4

  �	� G$% <�1�*��FIL-27    �"�	#�� _$	% $3�	�*��F +

EAE s�			� "' �"  G��			> ��			41  $			34' H4�			�  

)002/0  =P    G��	> �	� (���I� "'4  <	R��"'  G$	33� � 

PBS .(    $�#	
2K S	�"�F +,�	�� !�� "'p240-mIL27 

) G��>3 (   ��	> ���	
 �	� (���I� "' <�*��FG    (	� +�	4

 (	Ck2� ���8 ,����     �"�	#�� _$	% �� ��	FEAE  "'

s��  $4��� �4)001/0 < P .(  

  

  
 4',3 .
��� O��B�����=� ���	 ��"*� �,�� ���� 	�� ��� .
���  
�	� �*���������= �����$� 3 "� ���� 	�� ���  

PF�, �� 3 ���  � !CD24 0CD29  �CD44 PF�, 
>�= � �� 3 ���  � !CD45  �CD11b 
 ���.  

  

  
 4',4 .
��� �'() 	*� ���� 	�� ��� ���$ �� +
,  �! ���R S�*��mIL-27 .
���  �T)  �� �,�� ���� 	�� ���  

50  6�1 +"W � ���$  �! ���R S�*��mIL-27  �! �GFP �'() 	*� ���� 	�� 
��� 6�   
,)��	" ��� *��E� ( +�X��� �� ?B� �

 -�C��*1 ��*� *Y  �	 �*���������=GFP  
, ��$� 3)ZJ ��� *��E� .( ��
R 6. �	� ���  �*���������= ��$� 3 [��� 93 
��� 
D"�  ���

 �! 0���� 	��GFP  � -�	*���� �!mIL-27  
 ��� +�*. �=��"� 	")6#]�� � Q2 ZJ ��� 4',.(  
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����� ��	
 ��
 ������ �������� �������� ��� �� IL-27  ��EAE ����� ��	
 ���� 
��� ����#�$ % 

  
 4',5 . �"���� 2
, 2	*�  6 	��" -�X ���EAE )Experimental autoimmune encephalomyelitis (  

%�� "� H���� ��L��*/ ���  

  

?��
 +�R�W ��     $3�	�*���* �	6��W �#�	B*��� ��4

s�� "' �" �"�#�� _$%  ��4EAE   G��	>2   H4�	�

  !�U*�	�� !�� �F��1F �"��9 �C* �� (� �"�W (� +$34'

G�#* �  G��> "' �"�#�� _$%2  G��> ��4    r	IR (	�

PBS    <			%�$* '�			-� +$			*'�� G'�			� <			R��"'  

)4/0 = P(.  

-�.���� ^7��  ���IL-4 0IL-10  �IL-17   

 <		�� �� G'�1�		
� �		� +S		�INF !		�� "'  ��		4ELISA 

 !�����	
 �� �D�� $���F ,���� +�;���D�    �	 � ��	4

 �		36�IL-4 )G$		3��#* �  ?��		
 M		
�K  ��		4Th2( +  

IL-17AF )G$3��#* � ?��
 M
�K   ���	 ��� ��4Th17 (

 �IL-10 )  ���		 ��� $		p ���		D �		� �3�����		
(+  ��

?��
 $% G$�P3
 ���NW ��4. ) ��%6.( 

G'�'   �"�		�9 ,�		��9 �� G'�1�		
� �		� �		;�k ��		4

ANOVA  ���I6F ,���9 �Tukey  �U�$�� �� � ����*9

$% (���I� . '�' ,�B* �"��9 ��4����*9 �� �;�k v���*

 !�����
 $���F ,���� (�IL-4  ?��	
 ��    ���	NW ��	4

s��  G��> ��43 (	Ck2� ���8 "�W (� +   �� ��	B�� ��

G��> ���
  '�� �4)05/0 < P .(  $	���F "�$I� +�R�W ��

�> "' !�����
 !�� G�1  G��> �� ��#�3  �� ��	B�� ��� +

G��>   ��	42  �4   '�	�)05/0 < P .(  '"�	� "'IL-10 +

 � '��� $���F �U*��� �"��9 ��4����*9 H���	#�   ,�	���

 ?��		
 �� !�����		
 !		��  s�		� ���		NW ��		4  ��		4

G��>  ��41  �3 G��	> �� (���I� "' +   ��	42  �4   '�	�

)05/0 < P .( $		���F +�		R�W ��IL-17 ?��		
 ��  ��		4

s�� ���NW  G��> ��41  G��> GQ�� (� �3  "�	W (� +

 (		Ck2� �		��8  G��		> �� �		�#� ��  ��		42  �4  '�		� 

)05/0 < P .(    H4�	� ,��	�� +�"�	�9 �C* �� !�3T#4

  G��	> "' !�����
 !�� $���F3  (	Ck2� �	��8 +   �� �	F

 G��>1  '��)05/0 < P.( 

^����3 ��� �!�$���1��)��  

�
"�� _"�; ��4  (�R�> ��" �� <��J���F�K r
�F

(*�#* �*" ��4 ����9  �� G$%H&E ) ��	% 7(  ,�	B* +

?��
 '�$6F (� '�' E�BF"� �3#�� ��4     <	R�� (	� (	�R��

s�� ����  G��	> ��4   ��	41 )10 ± 30   "' ?��	


 �	���   q	��� �	�� ( �3 )12 ± 50   �	��� "' ?��	
  �		��

q���(�36� _"�; (� + G��> ���
 �� ��#� �"�'  '�� �4

)05/0 < P G��> �� (���I� "'  ��44  �2(.  
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����� ��	
 �
� ������ �������� �������� ��� �� IL-27 �� EAE ���� 
��� ����� ��	
 ����#�$ % 

  
  

  
  

 
 4',6 .F*� ^7��� � �	�.���-��� $���
� �	 
��� ��� $�5`� 

%�� ��� +�*/��� H����.  +�*/1 :%�� ��� ��+
,"�� 
��� �� ��� 

� 	����� �'() 	*� �� +
,IL-27 )Interleukin 27( b 

 +�*/2 :%�� 
��� �� +
, ���� ���  b�<�T` ���� 	�� ���  

 +�*/3 :%�� ��� ��+
,"�� ��c1 ���
 p240-mIL-27 � b +�*/4 :

%�� ��� ��+
,"��  ��Phosphate buffered saline )PBS(  

  
 4',7 .
��� e���"	 ��<M�  ��.*� �TEf �=�� 6� ����	 ���

%��  ���EAE  

 )Experimental autoimmune encephalomyelitis( 

O "�3��� H&E )Hematoxylin and eosin.(  +�*/1 :

%�� ��� ��+
,"�� 
��� �� ��� � 	����� �'() 	*� �� +
,IL-27 

)Interleukin 27( +�*/ b2 :%�� ��� ��+
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Abstract 
Background: Mesenchymal stem cells (MSCs) by having immunomodulatory and neuroprotectivity 
properties could be a suitable candidate for the treatment of inflammatory and neurodegenerative 
diseases. Furthermore, by genetical manipulation, it is possible to potentiate the therapeutic 
characteristics of these cells. The aim of this study was to investigate the effect of IL-27-transfected 
MSCs in a mouse model of experimental autoimmune encephalomyelitis (EAE).  

Methods: MSCs were isolated from the bone marrow of C57BL/6 mice and were trnasfected with 
mouse IL-27 gene by using a lentiviral vector system. On days 15 and 22 post EAE induction, one 
million of these cells were injected to EAE-affected mice. Finally, all the mice were sacrificed; and 
histological and immunological assays were performed to investigate the myelin status and infiltration 
rate of immune cells into the central nervous system (CNS) tissues and measure certain cytokines, 
respectively. 

Findings: IL-27-transfected MSCs could ameliorate disease in the EAE-affected mice. Besides, they 
could diminish the infiltration rate of immune cells into the CNS, and inhibited the myelin destruction. 
Moreover, IL-27- transfected MSCs could enhance IL-4 and IL-10, and reduce IL-17 production from 
the EAE mice splenocytes. 

Conclusion: IL-27-transfected MSCs could be considered as a therapeutic tool for the treatment of 
inflammatory diseases including multiple sclerosis (MS). Changing dose and rout of administration, 
however, would be suggested to achieve better results. 

Keywords: Mesenchymal stem cells, IL-27, Experimental autoimmune encephalomyelitis, Lentiviral 
vector, Inflammation 
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