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���-M BF� -�HO-1 ��?�*$���N� �� �N����N����N%�*�����)MSC �N� (� 0* ���O:N�* �N��� =:N? N���$
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� ���� 3�� �"

/$��QE �I&�J R� ���'&* ��C� ���HO-1 &��� ��� /$ "�AS+ ����I	* �� B5��UV ��T �9*��+.
cDNA ��E�EHO-1 0��*+9��U 0* � +	����@ V�@*� W�L�TOPO ��N:@� ��pENTR TOPO/D -�N�@

��T�+.*���*�� -��@ ��Q���$@�E�� V�@*� /�.$LR ��&�* -��@ K�+X' ��:@� � �)pAd/CMV/V5-DEST (
�� Y�Q�* ���+.��@�E�� Z���&��� ��� �� [$���@��E�$A%E [����+	 (.MSC �� N� �N���� �� N� Z��

@�E���� [�-��+��@HO-1 ���&P 0���+�+	 .
1+��( �"
�:���@ �*� -�%� \HO-1 ��?�*$@�E���'D� �� [�B1) � �+	 -��@ B�1N) [N&�F �� -M K:D�T �*�F�]

� ��:@� -��� ����IE ����&*�E K$DNA �E��+	 +.��-�HO-1 ��MSC ���������&��P��RT-PCR -�:�� �
�E S^�����T +�+.*��:� K�@�, \$* 0*�� �@ ��� K�-�HO-1 B�* BF�.

&�4 15�+�!
��-M BF� -�HO-1 ��?�*$��MSC ��� 0* ���O:�* ���=:? ����$����P����$/B�* KA� N� �E*�:N�* _�

�M ��':�*$+P��@ �:�*� ����'E�*����� ����$��� =�*�D�+.
���!���� 6�:���� ��� ��%�*� ������=� /�� 0����?6*!�Z�������P /R�:�M $�+�2 /��

������ ����	:�//��
����� ����	 :�/�/��

������ ���������� �����  ���!	  ��� "�#$%� &' ()*+,� + (�-�./ (0�1 2345.  ��� "�#$%� 6�#7#8	 9��.  (4��� 
:����. �7;�	 <�=)%��  >?�0��@	�7; >��$�� >�A)%�� �����  ���!	  
���� >��$�� >�A)%�� � "�#$%� &' ()*+,� + (�-�./ (0�1 2345.  ��� "�#$%� 6�#7#8	 9��.  (4��������  ���!	  �� 
�������  ���!	  ��� "�#$%� &' ()*+,� + (�-�./ (0�1 2345.  ��� "�#$%� 6�#7#8	 9��.  B7$%? >��$�� >�A)%�� 
C�D+�@7. ���� ������� E3��+ + F�4 (	�#7#8	 �$7$3%�  (�70�; (4��� >-�4 >-�� G�� �����  
H���� >��$�� >�A)%��  (4���(;�. )%��  ��$4�0 (@�9� F�I1 <�=F��  ��;/����� 
��PhD �����  ���!	  ��� "�#$%� &' ()*+,� + (�-�./ (0�1 2345.  ��� "�#$%� 6�#7#8	 9��. �����$4�  (�+��� (J7� 
K�PhD B%�; + >?�0�	�J* "�#$%� &' ()*+,� + (�-�./ (0�1 2345.  ��� "�#$%� 6�#7#8	 9��. �����$4�  ��� �����  ���!	  ��� 
��"+53. L05. :PhD M+��N  �����  ���!	  ��� "�#$%� &' ()*+,� + (�-�./ (0�1 2345.  ��� "�#$%� 6�#7#8	 9��. ��7)%��  (@�9� >?�0��@	�7;
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���	� 
"�I4 -� <��S$4� �*>�; 7��>P �+�(� %��� .�� �� E

  3;7��>; -�7��  J>�  *>��  ;7+ ��'�  4 T��  %� �  �%�. U
;7��J>�*>$%?7V(��-���. +>; P�4� 2��'><-+�.� 2W
�7"�I4 �%� �*>�;7��>P�$!;�9X E���; 2�> YZ[ �� .��(

3;7��>; -�7��J>�*> . D� 38. <��)W(��� X):P�.(
?�0��V	>� *>�? "� #$%�P� �_. � ; �̀ 4�4�>� *��$W+>

+�4+�(.(-�	 2; + ����; X(.- ��7� 2 �70�I 4 � %�(��
���Y	>Y0�Z. -�2>�* 0�;7�(+� � ;>#��. � ; �� 3%�  7 �

=J)a7�><��; <��J* �%�)C�.(
"�I 4 � *>�; 7��> )%�9.7"�J)Mesenchymal Stem 

Cells ("�I4 <+�X -� �*>�.+�$4�(�b7��� � 9 c. -� 4
�%��	 2W <��; ���d$4��(�J	�<�� 2; 9�*>0�I 4 LI$d.(

"�I  4 �  �%�J* �  *>%��d$  4�(  ;�a P(+ e+�  fb P
"�I4 �*>%gf1(�.-/ �� �� &I[� 8. + <�= )7�� ; h
. ����(�� ��;)�PH.(+� X,(� *(�_[ -�  7i-� 4��j>+

kV	7�� ��4/ �in vitro I;�[ +7�Y	 ��4 i7� U$ 3� �J(+
%  7�  Jl m  #% 9�$(-�  3%�� ��>"�I  4 P�  *>�;  7��>

)%�9.7J(����1 2; ���0�I 4 n_�. o(� �<�.- �� "/72 �
%�.�� "�I4(%�.�� �? +(��Y.(�4� <��J%)���K.(

0�; <��S$4�7�(-�MSC P�*%7 4�$4� ��.-�(��� Y	 2 ;
-  ���>"�I  4 -� �  *>lg  N7��  ; ��  VIJ1 �  p% -� ���

	���7	�%? + q7�� q����.(� ��; � %+� �� 2%�S 4�$. � .� P
-�4��j>0�I4 �)W + �-���� P(P4/7&�*>%�+���(2;

��"�I4 E�*. ���+(/�. �/ & j�. 2 ; 2 W � 7� #; ��9 +
��VIJ1MSC �* ��� -� r�7�%�P 3;7� � ��7�E-� � 	 � l
. ��p$%�(�%�)W)��.(��' 2;>-� � $JW 2 W  � � N�� o
"�I4 �*>�7�%�>' ��(�� -� r� -+�72I f1 2 ; � %�

_I[("� . + �� 3%� � *>l 7%��(P����>� #;>D� IZ.
<��; �%�)����:.(� -���+� �X� P+� E(�� � 2$��X ��W 2;

"�I4 �p��8. 2W �*-+� ��J* �� �� �*>��$;�(�-� r �
�7�%�  . P���X &j�.(�� p$%� ��� 	 � N�� 2 W � ���

#��.  7� �7;�  IZ. �  l �  	 �  %�(�9  ���m��  ;� .�  V(-�
�+� �*>.5��;��W + �s>�9�� ���m�#; % + 7� .+�#. 9
"�I4 �*>�;7��>�4� P-�+>$%?7V (�� "�I4 E* � ; �
.��1 p��8. i �0�I4 <���W(.(���;)�CP��.(

3W� Ut*7-�%,��)HO-1(P�9%/ o��#0� U�(��h  ���� 
0�I4 ��$4�(.(���; .��9 %/ E� 3W� "� V0�. U7<���W�

"t*U) "Heme (9A	 ���<��J% 2+_%� j 6v� w8.(U * 
��a3W���.7E;�W �)CO(; P7I(��+  � + EFe2+ 0�	 ��  7 �

.(�J%��.��. 6v�w8. E(��%��	 <�� J* 2;HO-1 ����>
�*��VIJ1>0�I4 �p��8.(����;)�K��H.(
U!. -� �	�� *��VIJ1 E>47U$ 3 HO-1  .(2 ; ��� 	

0�Y�7��*>$%/(3W�7$%/ P���(	�$���/  7 ;� !$0� � x + o(
<������J%; P2%�X 2�>2W3; ��7��>Y0�Z. -�2�*P�9���m

;7��HO-1 �' -��4��!. y($%?  7 o �+��� i .��1 �( � P
%v�  ' + ��  VIJ1 + ��$��  4 z  Sl(�  #; ��  �>�  ��;

�7�  %�>  � �� ��(�  4� 2$  ���):���K.(47; U$  3  7%�(
+�%�/��+��9.��>%�+���(2W ���� 2IJj �/ -�  .(��� 	

����. 2;>��%�J* ;7v� ; + � [�. ��>"� #$%� Pe� * �?
  . + ���  W5�� e�  * �? �s�.-/�  8. + <�=  )7��  ; hP

<��0/ -�4>��4/ "�I4 �*>.7��;9_Z	 P7� � y��>� ; v� ;
 6�YZ[DNA j���(% M�80� P7. F�%? 2; E$��7� P��;9��J(

-�$3($% �� v�;70�	 2A7+�%�/ ���+� �*>lgN �[��7�
kV	7�>0�	 +7{�$4� ��*>+�%�/�4+�(	 �;7+ v�; �$ % 79

�̀$_3% ��.- �� <���� <�	�W��J%):�:�.(� 2 ; 2j�	 �;  � E
2W ;7�� ���e�* �? U"�I4 �� �*>.7��;9 � 4� E VJ.

 |���1 ;�IZ.� %(_[ -�  7im !j �� V.� �-( � � +��� A
; ��.�	 2+ F�%? M�80� 2Z4�+�. F�%? 2; �+�7�� �� �� ;9

�(P� ��; 2$���� -�  �+� E>�� ;>6� . <� 	�W �� .��
); ��.��7��J>���}d). ��.- 6�. o(�%�.�� �? �(

  �$_.(; T�  % �  ;7��  J>)Diagnostic Therapy ( P��  �J(
-�$3(�	v�;>. ��w	(�� �):�.(e� * F� A%� -�� �E

m*+,  �P;  7 �  [�. ��HO-1 %�  3%�(��MSC >�  *
-�4��j><�� 4 -� <��S$4� �; ��3%� ���d$4� 9c. -�7U$3

;7%�(+�%�/��+� �;?� 0��V	 �� 4�>Gateway <�� ; +
�$4�� ��>W ��_!;7S7/��W + �(�4%� .�� "�I(6�� N

����4� 2$��.


 ����
� ��
J4g�7�4 + ���$W�; 2>:

Y0�Z. A%� 2 � F� ;�A	 T�% -� <�(��;.J4g�7  �
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HO-1 "�I4 �� "�J7)%�9. >��7�; >�* ����@J* + iN� >�.�l ��.,� 

��� 

pENTR TOPO/D   ;   �1 2 0+� ��  $W+ ���  7 2��  ; +>
%�IW7�� $;� ~�(�+J 4g�7�pAd/CMV/V5-DEST 2 ;

����1 �w#. ��$W+�; �7%�(��;>%�IW7� !% ~ �(�; + 7��
�? �[�.HO-1 ��MSC �*�%�� D�d$%� .�� $W+ +� �*
"�w8. �@��./)�?+�$�����(�%��; �4 +��$W� ; 2>E.coli 

TOP10 )�?+�$��  ��� (. ���  �1 2  ;7��  W+�� ��  ;9�	�(��
%�IW L  I$d. i  l��.7~  �2  $��X �  p% �� �  � .��  $W+

pENTR TOPO/D ����>�.�%�W 2  ; �  .+�#. �?�  37E
.(���; ��; 2W>�=0�;�b>��IW �*>F��S 3%��	 �� <� �
.7��W+�� ��;9�	�(<��S$4� .(���X .�� $W+pAd / CMV / 

V5-DEST ����>�   [ �	�   .+��>�   4�+�0�=.�$��+� 
)CMV (.(; 2W ���;  7 v� ; ��(�-�e� * �? & j�. ��
.(% + ���7���� 9>�./ 2; �.+�#. �?(47I7. E(2W ���;

�=0�;�b ��p�. 2;>��IW �*>F��S3%��	 . �� <� �7�� ;9
��W+���	�(.(��J% <��S$4� �/ -� ���	.

0�I4 �)W(:
0�I4 <��(� ��'�4  � �� 3%� 2)C��A()0�I 4 o %�;(

$3%�7� ��$ 4�� �$  ���� (0�I 4 <�� +(IW 7 �j 27�� 3%� E
)A�OQ)(�?+�$�����(	�	 2;7& 8. ��70�I 4 � )W h(

RPMI-1640 )P��J0/ EX� E7$�� �@_7j +(8. +7� )W h
0�I 4(DMEM-High Glucose )�?+�$��  ��� (�  ; +� � *

R� %FBS PR%��(47I7+ ER%�.�$��$4��37� .� �� E>
Q� 2j��$%�4(+ ���XC%CO2�%�� <��� �)W .

"�I4 �*>�;7��>)%�9.7"�J �4/ 2%�J% -�74��79 c. ��
 U0� 4 & I'+�� 24 ���d$4�)� x� & 3W � ;��(y _'�;

I_[ iJY0���$4�(-�4��j>�%��):C(.
"�I4 �*>o 	 2$ 3* �>9 c. ���d$ 4� -� <��S$ 4� � ;

�  ��"�V)g/mL ���/�P�  @��./ �F�  ��./(+  ; 2  4+72I
�$%�4�S7� ?�7� pIb &-� 4��j> 8. 2 ; +7� )W h
0�I4( N�w$��(DMEM-Low Glucose � ;��%FBS 

�%�� <��� "�#$%� .�Y	�8. �70�I 4 �)W h(2I N�� � ;
%�.-(-+�P&j�. "�I4 e�l �*>b7� � <��_ 3a �.

�!% ����MSC �* -���; F��!a ?�4��>�.-/�m>�* �!%(�
�� U*����%.�	 �!j7��* ��0�I4 �(PMSC >�*kV	  7 �

��� 2$��in vitro P?� 0���. �p% -�>��� .  4��;(��� [

 �   �$��X�   *�W��. +>8Z   4("�I   4 �   * h   4�	 
  4�I�7�$.�$>)�  ; iJY0���$  4� y  _'   I_[((Y	7  7E

��X��):C(.

-�4��j>%�IW +7~�HO-1 0+� ��$W+ 2;72:
0�I4 <��(C��A�#0� �!j>;7��HO-1 6� . 2 ;�

�1�4|�Y. �� 2Y �� UV � ��X ��� [.r� 4RNA 
"�I4 �*>� 2Y���<�iJY0���$4� y_'�; ��X G��d$4�  � �

; +24+7+� �; -���+�$V0� + �����%�% <�=$4� 2I>"?�%
-��X/ PJW7W + �7S7�RNA <� � G��d$4� �	 ��� .  7� �

���X ���[ .r��/ -� cDNA "� 	�	 <��S$ 4� � ; -�RNA 
)ng/µL�:C�(P�X-�  b/ F+�  %�� �.�9=*9  %/ +��  	 U�r%

�W�-�  $�ІІІ )P�?+�$��  ���cDNA synthesis kit ( 2$��  4
�� .�Y; 2Il�. ��P�X-�b/�*>N�w$��(�?� *>HO-1 
�$; +�$W�7El��'(���%P+�?HO-1 %�3%�( ;2 4+72I

PCR +�  ;9  %/ -� <��S$  4��Upfu DNA I�7-��  J )P�+��
��J0/ (-�4��j>kV	 + 7��X � ��)"+� j�(.�� p�. 2 ;

"�  .�% -�  4>;  7�? �� �  $; �? P�  *�  $W�7�? ���  �1 2  ; E
�� D�d$%� ����%�$4� .6v�w8.PCR "? ��:%-�� X/

-�� r�4 + -���+�$V0��;�(�%��.

��+9�:�T0�aP��� ���* B29��IJF ��Q <8< 0�N� BO9�0*
?@* =� -M�� 0��� �T0�aP ���
�":@* �:��* B29 K��NIJF ��NQ

��  0�� BO9�:@*�:� -M 0*�K

b���Y���T0�aP$&*�E
�Forward

HO-1
5´-CAC CAT GGA GCG TCC 

GCA ACC CGA C-3´
:Reverse HO-1 5'- CAT GGC ATA AAG CCC 

TAC AGC AAC TG-3'
Forward β-

actin
5'-TTC TAC AAT GAG CTG 

CGT GTG G-3'
�Reverse β-

actin
5'-GTG TTG AAG GTC TCA 

AAC ATG AT-3' 

� ��p�. 2;�� !$%� �� A>�? �� <��_ 3aHO-1 � !j
%�IW m�W�+ F�A%�7~�TOPOP0��	(	��IW�%  7�>CACC 

)0��	(��-�� (��$;� ��>�X-�b/ #$3.7U)Forward ( ��80
��X��."�w8.PCR ;24+7%�IW m� W�+ 2I7~ �TOPO 
�; iJY0���$4� y_')�?+�$����� (0+� �� $W+ 2; 72pENTR 
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TOPO/D ��IW��.m� W�+ ��Id.)J 4g�7�pENTR 

TOPO/D-HO-1 ( . 2 ;7�� W+�� �� ;9�	�(E.coli TOP10 
�	�S3%�F��$W�; + ��>� *>S 3%��	�<� � F�  8. ��7h

��X/ �)WLB +�l>$%/(;7	�7�.�%�W o�37� )W E<���
�%�� .��p�. 2; 9X�4��; + m�(%� IW(� *>� _k.P��

  ; �  Y; 2  Il�. 2���  w	 ��  '(-��%�  IW(y  _'�;
iJY0���$  4�PJ  4g� G��d$  4�7�)�+��PHigh pure 

plasmid isolation Kit ( F� A%� � ; + � ./ iJ1 2;PCR ��
��fl�X-�b/�*>N�w$��(P�? �� j+HO-1  4��;(

�� .�; PF�A%��4 � !j 2 %�J% "�4�� 0�� 	( �;�(DNA P
�? �8NHO-1 +8N &0�[ �� �/ E$��X ���[7�+�� �

0+� ��$W+ ��$��472���.�	7�����X ���[.

��+�%�/ ��  $W+ ��  A�  4+�(W�	�%  7+�  l &>HO-1 
%�3%�(:

W�	�% m�W�+7_(LR �? "�#$%� �!jHO-1 %� 3%�(-�
0+� ��$W+72)pENTR TOPO/D-HO-1 ( � w#. �� $W+ 2 ;

)pAd/CMV/V5-DEST (9%/ -� <��S$4� �;�ULR -� %�IWІІ
���X 6��N .. 2 ; m� W�+ �� Id.7�� W+�� �� ;9�	�(
E.coli TOP10 �	�S3%���X F���.�� ���; �� 2���w	 ��'(

-�H%�IW(8. �� <��W ���7+�l �)W h>$%/(;7	� 7o
�./(47I7EPJ4g� G��d$4�7 4+ 2 ; + � ./ i J1 2; �72I

PCR ��fl ���X-�b/�*>N�w$��(�? �� j+ PHO-1 
���.4��;(���X ���[ .�	 -� r�7��$% ��� _k. �� IW P�

Y	 �!j770��	 E(DNA ��X "�4����.

0�	7{�$4� ��*>+�4+�(<��0/ +-�4>MSC�*:
; ��IW7%�(+� l>�?HO-1 %� 3%�()pAd/CMV/V5-

HO-1 ( J  4g� G��d$  4� -� r  �7  ; �2  4+79  %/ 2I�U
<���W�+�8.PacІ)�@��./ PNew England Biolabs ( ��;

 6��N 2; + <�� <���Z�(�./��.��Z� F�%? E(P<� �
.(�;��30�I 4 <�� 2;(+� %�/ i .�W <�� <�%-� 4��+�

Cells A:� ���X �VS3%��	.!	 ��p�. 2;72!; �_3%72�
<��PµL� e�Y. -�7�?� �H2 ; µg:-�DNA �� $W+

'(<� �)�_ 3%::(+ � � 2�� x� 0�I 4 <�� 2 ;(A

Cells :� �;iJY0���$4� y_')��J0/ �+�� P(�@S3%��	 

��X��.+�%�/ 6����4+�(W�	�%7"�I4 �� &�*>A:�
)�?+�$����� (��-� r� + ��A�-+�P07+ 6�9�4+�(0+�72

' ��(; D+� + ��JA%� 2Il�. +� 2�./ �4�.�� p�. 2 ;
�9���	 m7+ {�$4� �$  ��+� P"�I 4 � *>A:� h 4�	

070+� 6�97+ 2�4+�(<��0/ -�4>��A.%�� �+��� %+� E
X ���  V	 2  _	�.+ 2$  ) �!% ��  � {�$  4� ��+�  4+�(

��X iN�l��.r�4MSC �* � [� �; � *>� 4�"�!	 72
-� <�   � {�$   4��+�%�/�   4+�(<��   0/ -�   4>+

�4�3W�	�$737$(+��.-/ �; �+��mMTT assay )P�@��./
�J=74(4��;(��.b �pIb7+ {�$4� -� <��)W�� 4+�(

��;>�.-/�m>�* �!%(�Y	77�� E.

0�%/7; 97��HO-1 ;24+72IRT-PCR 6g; ��$4+ +:
�  !j-��  �;�(;  7 �? ��HO-1 %�  3%�(PRNA "�  	�	 

)ng/µLC�� (-�MSC>�* +� %�/ � ; <� � <�� 0/��+�
W�	�%7�*-+� �� &>��X G��d$ 4� L I$d.  � P�cDNA 

��; �=0� ����1 2; + �� 2$��4 "�	�	>PCR � � <��S$4� .
��;>4��;(.7; ��9  7 �? ��HO-1 � *-+� ��>PL I$d.

PCR �� F�A%� ��p�. 2; +"�.�% -�4>;7�? �� �$; �? P�*�
$W�7�� D�d$%� ����%�$4� �? ����1 2; E.�� �����µL�-�

6v�w8.PCR ;2 4+7"? �� -�� �+�$V0� 2I:%-�� X/
4��;(��X��.�.-/� 4��; �� p�. 2 ; 6g ; ��$4+ m(

.7; ��97��HO-1 �	+� � �Z 4 ��7�� ; E.� ��  � P�$ 4�� E
�	+��7; "�	�	 E24+7e�Y. 2ILysis M )�+�� P��J0/ (�;

-� iJY0���$4� y_'MSC >�* +� %�/ � ; <�� <��0/��+�
W�	�%7�*-+� �� &>��X G��d$4� LI$d.�<��S$4� �; + �

�+� -�SDS-PAGE Pj��d$  4� 2  %�J%(  ' -� r  �(
�; F-v il��. +�>I� "?(�W/�.g7+ � � -���+�$V0� �

�' -��� )b 2 ; 6g ; ��$ 4+ �+� y>PVDF )P�� J0/
�+��("�  #$%���  ��.�� ��  �  $%/ -� <��S$  4� �  ; ��(��  ;>

"�%�IW��.HO-1 %�3%�()P���%��Stressgen(P;7�	+� � ��7E
HO-1 �*-+� ��>0�%/ LI$d.7��X 9��.

����� ��
>-�4��jHO-1 �? >+� l 270+� ��IW ��A�� + (%�3%� 

)pENTR TOPO/D-HO-1(:
�#0� ��p�. 2;>;7��HO-1"�I4 P�*>C��A6�. 2;
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HO-1 "�I4 �� "�J7)%�9. >��7�; >�* ����@J* + iN� >�.�l ��.,� 

��� 

(A	�:V��0P 0* $�@ ���� �M�&��AE Z��* �� L�����@ ���Gateway .$&��� ���A549 -M �0��*+9 �*�� $I.� -*��5 ��HO-1 $��?�*
+	 ���O:�* .��X1PCR L�����@ V�@*� W��U 0* �+�.?c ��2:�* ��TOPO ��&�* ��:@� ��pENTR TOPO/D +N���T -�N�@ .��:d�N� KN�*

$ �+��� ��&�* -��@ ��	 .$.�@�E�� V�@*� /$���� -��@ ��Q�* B29 ef�LR �N�&�* -�N�@ K�N�pENTR TOPO/D-HO-1 +NX' ��N:@� �
pAd/CMV/V5-DEST BD��g� S��) .-��@ �Q�:� �� $����pAD/CMV/V5-HO-1 +	 ��Q�* .-M ���, $���� -��@HO-1 =��N�P ���N�� �N�

 �+��@ ��+1PacІ$&��� ��� �� � +���T $Jd293A +	 BAO?�*�E [�@�E�� $��������P S*�h �:�E V�*�D* � Bd�� B29 .

�o2Y�� �; �1�4UV �%�� 2j��. .��;>-� 4��j>�?
HO-1 PcDNA ; "�	�	 24+72IRT-PCR 2$��4 -� + � �

�'  � y>�  *�X-�b/   N�w$��(  l��'(P<�  � HO-1 
-�  4��j>kV	 +  7��X �  ��)iV  ��(.m*�  W �  !j

�*�Z�>0�J$l�(��%(-�4��%�J* -�> ' ��(PCR -� P
DNA I�7v� ; �8 N �; -��J)pfu DNA polymerase ( � ;

I;�[7+ �����)(<��S$4���.�;"�w8. -���+�$V0�PCR 
+� �;>�? �� fl P-�� X/ "?HO-1 %� 3%�( ;2 4+72I

�%�; <�*�).bp KHK%? 2YZ[ "�' �; y;�Z.(�� �� j�.
%? o%�;()NCBI (�	7��� �)iV�:.(
��  ;>�	  7���  � ��  IW ��?HO-1 0+� ��  $W+ 2  ;  7 2

pENTR TOPO/D   ; P2���  w	 ��  '(-��  IW�%(P
J  4g� G��d$ 4�7  ; + � ./ i  J1 2  ; �2  4+72IPCR �  ;

 >�*�X-�b/  N�w$��(HO-1  4��;(�%� �)iV �.(
��;>�	7��!% �(�W�	�% ��$W+ P70+� &7Y	 27 7 0�� 	 E(� �

$% 2W7�? �� fl �/ 2 AHO-1 J 4g� ��7W�	�% � 7+ &
[ $��X ��� 0�[ �� �/ E  8N &7�	 �� �7���W �.$% ��72A

0+� ��$W+7��; 2>W�	�% m�W�+7_(LR !.7��X ���.

�	7��? ��fl �HO-1 ; ��$W+ ��7%�(�;PCR :
W�	� % m�W�+ F�A%� -� r�7_(LR  ;70+� �� $W+ E 72

+�l>�?HO-1 ; ��$W+ +7%�(�	 ��p�. 2; P7��? ��fl �
HO-1 +�%�/ ��$W+ ��$��4 ���4+�(; P2��� w	 ��'(-�

H; ��  IW  7%�(  8. �� <��  W �  ��7+�  l �  )W h>
$%/(;7	�7�./ o(47I7J4g� G��d$4� E7� ��X 6��N �

��; �=0� ����1 2; 2W>PCR �%�� <��S$4� .
�$%��PCR � ; >� *�X-�b/  N�w$��(HO-1 �� fl
 �  %�;bp KHK �� ����  IW �  *>:PC+H��� ��  )% .��
��IW �*>�P+�W�	�% m�W�+7_(LR ;28 N �� '7�

��; <�)% F�A%� .
�� ���P�� ; ��IW  7%�(+� l>�?HO-1 )pAd/ CMV/ 

V5-HO-1 (Y	770��	 E($% �� P��7�8 N + �� fl 2A
0��  	(�? E$��  X ���  [ +HO-1 8  N &  0�[ ��7�+�� �

+�%�/ ��  $W+ ��$��  4�  4+�(�	  7��  � �)Gen Bank 

accession number JF323038.( <� � � 7��	 (%� 7; �� I�
 m��  .-/ >�  Y; i  l��. >��  ; ���  [ <��S$  4� ���  . �  *

���X)i@��.(
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<�+�O<��J� PQ��@. 97��� POR<,�+ P"�I4 2.�% >��7�; >�* 

��� 

( N�w$�� (0�I 4 �Z 4 >� *�W��. E77Y	MSC � *  ; 2
>�$.�$��4�I� 2I74+:

�*�). -� r�<>�* .7��V4+�V(�	 �!j P7��* � ��
MSC >�* <�� y$). � *�W��. P�� 3%� ���d$ 4�9c. -�>

0�I 4 �Z4( ;2 4+7 4�I� 2I7�$.�$>0� %/7� � 9.; 7��
�*�W��.>8Z4(CD73 PCD90 +CD105 ; F� 1 + 7��

�   *�W��.>CD34 PCD14 +CD45 	���   78Z   4 q(
MSC�* �� 2W ��7�4� <�� ���9X �̀� ;2$ 4��(�	 7� �

.(��W):C(.

(A	�:��NX1 0��ND��:A&*PCR 0* ���O:N�* �N� ��N��T0�aP
NN)�X:d*$HO-1 .A:�NN:��\RT-PCR NN?@* =NN� -M�0���!�:

_��c(M) &�A� �0*+�* id�	$bp �jj)BC�a  j�N� Y�T����
�&��A��:(_��c /�_��c �
)+���bp <8< -M(HO-1 k���
�� &��� ���$A549 �� �+	 �9*�UV N$+N	�� ._N��c����

&���$ -�%� *� ��:�@$+N��.B:�N:��\RT-PCR :@*�N:� -M�K:
_��c (M) �0*+�* id�	�&�A&$bp �jj)BC�a j�� Y�T����

�&��A��:(_��c ��+��� (�	bp ��  :@*�:� -M���:�@ ����� K
_��c ������
����� (�	 ����� �+	 �'&*UV $+	�� .�:��\
�*� -�%� 7E �@���� ���� -*��* -��� �� -M K������ K��N9� �N�

��*+�.

"�I4 E)VS3%��	 >�*A:� (4+��+ {�$4� �70�	 +:
W�	�% ��$W+7+�%�/ &�4+�( ;20� 72 YZ[ E$ ���% i

%?(E1 PlgN �[��7kV	 �7�>$% �� P� 4�7� 2 A��� A

+ i  .�W <��  ��9  �� + �+��	 m7+ �  $  �W�	�% �+�  7&P
�/ �+�+ F9I$  3. 2  ;0�I  4 <��(  N�w$��(<�%-�  4

+�  %�/��+�)293A (���� 2  W>  %? 2  YZ[(E1 P�  4�
  .(�  ��;.�  4 -�>���  =0��  	(�  *>ITRs +�  4+�(
.(�;��3�%+� �!j�3(�	+�� 2Jj�	 +7E�*>+�4+�(

�' -��9%/ ��; y� J(� ;PacІ� J%+�(���� X .� ��  � E
+�%�/ �� $W+ ��$��4 P�$4��� 4+�(W�	�%  7  ; &2 4+72I

9%/�<���W �+�8. UPacІ+ <�� <��� ��;Z�(��X��.

(�	
:��X1 0��D��:A&*PCR -��@ ���@�E�����N, [�-M
HO-1 �� �NN��0��NNTP �M /�.%_NN��c(M) �0*+NN�* id�NN	

�&�A&$bp �jj)BC�a j�� Y�T���� �&��A��:(_��c /��E"
��X1PCR  -��@ 0* �����,�@�E�� ��:@���� ���N@ +	� [

1�)�X:d* n$����@�?�K."+N��� �*�*� $���6bp <8< ���N�
+��� -�%� �6���o, -MHO-1 ���@��$ ��$+	��.

(A	":��NX1 0��D��:A&*PCR -�N�@ �N��pAD/CMV/V5 
@�E�����, [�-MHO-1 �� ���0��NTP �M /�.%_N��c(M) 

 �0*+�* id�	�&�A&$bp �jj)BC�a j �� Y�T�����&��A��:(/
_��c��E8��X1PCR  -��@ 0* �����,�@�E�� ��:@� N� [

1 �� ���@ +	��)�X:d* n$fP$����K.
+N��� �*�*� $��N�6 
bp <8< ���N� -�N%� �N6 +N������No, -MHO-1 ��N�@��$�NN�
$+	�� ._��c;O� ��:�@$PCR B�*.

�jj
<jj 
;jj 
8jj 
 jj

HO-1
bp<;j

bp<;j
HO-1 bp;jj

bp jj

:�M

�:�M

�HC�:�M

bp�� 
B.actin 

bp<;j
HO-1 
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HO-1 "�I4 �� "�J7)%�9. >��7�; >�* ����@J* + iN� >�.�l ��.,� 

��	 

0�I 4 <�� �� �VS 3%��	(AP�� #. � ;�  SI$d. �(-�
DNA Z� ��$W+(� E )VS3%��	 e� Y. + <��  7�?��H
F�A%���.

�$4�� ��>�9���*�-�; m("�I4 P�*>A:� �;UW��	
���H�  8. �� �  N��70�I  4 �  )W h(�+�  ;FBS ��

!; �_3%7<�� 2�::)µg:-�DNA Z� ��$W+(+ <� �
µL�7�?��H(' ��(H4�;�V%� �1�47��P�VS 3%��	
��X��%� .�$% r�4��9 �� + ��� 4 2 ; ��;�. ��	 m7� $

+�%�/ 6����4+�(W�	�%  7  ' �� &(� ; -+� 2 4+72I
.7� ��V4+�V� 4��; 6�� �(� �)iV �C.(�� ��  � ��
07+ 6�9�4+�(0+�72!	7�� 2�� ; �/ -� +><�� 0/ -� 4>

"�I4 �*>A:� �9�� ��p�. 2;�	 m7+�%�/ �$��+� � *>
W�	�%7�� <��S$4� &.' ��(<��0/ 2Il�. -�4>0��$.(P

{�$4��+�4+�(�.-/ �!j�m>�* �!%(��� U*���.

(A	 :NE (,*�NE � K%AO?�*�N&��& +�N� S*��N���$&�* N��.
:A -�%� �+����_���� K%AO?�*�E 0* +I� 0�� �N��A��
 �N� 

� ��:@��N���$p AD/CMV/V5-HO-1 .B:���N� �N��A��
 
0�� V	 �N� S*�Np* �+��N% 0�aP /K%AO?�*�E 0* e��E���:�_

�����$.:C ���� �N��A��
 KN%AO?�*�E 0* eN� 0�� B%�.
D:���� ���A��
 ����+N, /K%AO?�*�E 0* e� 0�� ����j%

���� �+	 ��& �� +�*.

;  7 �  [�. ��HO-1 ��MSC >�  * ��  $W+ �  ; <�  � <��  0/
+�%�/�4+�(W�	�%7&:

<��0/ 4 -�>"�I4 �*+ h4�	��+�; +7��&4��. �? 

HO-1 "�I4 �� � *><� � <�� 0/P%7� �.-�Y	7 7. E 7��9
$pIb(+ -���+� �4� � 1�; 2 W�$��4�	($7 373� � ;
+�>"�I4 + ��)% �*%79;7�? �� HO-1"�I4 �+�� �*��

&j�.���.
�;���p�. EP�7<��0/ -� m���J%(Infection) "�I4 � *

��;>�.-/ F�A%��m>� * � !%(�� pIb P� *> SI$d.(-�
  $4� {��+�  %�/��+�)µL���/µL����(+� �  ;>

MSC �* -� <��S$ 4� � ; + � � 2��x�MTT assay P� $%��
4��;(��.����E/�.-�mP�pIb �*>µL���/µL�C2;
v�;P� pIb � *(�"�I 4 �� . 2 ; � A�. 2 W � %��; � *
.(���%)"+�j:.(

(A	8:��X1 0��D��:A&*PCR �� ����M�%0��NTP .(AN	
 /q��)M(�@�� bp�jj )ng/µL j(/)-�:��(:���NQRT- PCR 

0* ()�,MSC�� &�Nd ��N:@� �N� �+	 ���&P$)��N:�@ (0* eN�
 B	gT"/0��)-�:��(��X1RT-PCR 0* (N)�, MSC �N�

����P ��:@� �� �+	 ���&P����$��,�-MHO-1 B	gT 0* e�
" -�%� *� 0��$+��.�� (�	�E�E �� K��K�N:6* �N:� [MSC �N� 

&�d ��:@� �� �+	 ���&P$��N, ��N:@� ��-MHO-1 @�E�� N� [
B	gT 0* e�" 0��$+	��.

Y	 -� r  �7  7 + {�$  4� D�  IZ. �  pIb E�  4+�(
)µL���/µL�C(-�� ��p�. 2; P�;�(. 7; ��9  7 ��HO-1 ��

�jj
<jj 
;jj 
8jj 
 jj 
"jj

V-HO-1VM

HO-1
bp <;j 

 jj
"jj 

jj 
�jj 
�jj

V-HO-1VM

B. actin
bp ��j 
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<�+�O<��J� PQ��@. 97��� POR<,�+ P"�I4 2.�% >��7�; >�* 

��� 

��+9�:���&P ���� �0�� BC�a �� ����%�*� ������ ��� $����� S��O: ��� .BC�a �� ���µL�jj/µL� !����� -��� �+�0 -*�� ��
0* V���j%BC�a 0* � ���µL�jj/µL�  q�� ��/�:��� S*�p*�E���� ��� �� $:�?�?6 	 �+��% ��+.

BC�a
)µL(

K�r��� 
��'� 
���� ��

)+)��(

�C���C:�:C�C��

V-HO-1
)��:6�(/H±�H �/�±:/��/�±�� K/±K� �/±�/HC�/:±: :±�: :/�±/���/�±�/:
V)��:6�(�/H±�C��/C±C/��/�±�/K��/±��/KC±/H::/:±�:±K/����/�±��/��/�±��/:

�%+� �Z4�3(�	+�� +7�� EMSC �* � 4� -�+>P<� �
	�	 2;7&RT-PCR +� � ; 6g ; ��$4+ +>2 %�J% � *>
0�I  4(�  *-+� ��>L  I$d.)-+��-+� P:-+� P�-+� PHP
-+�K-+� +��(<��0/ -� �Y; -�4>��X ��j���.�Z 4 ��
�%+��3(P;70+� ��72HO-1 <��0/ -� r� -�4>MSC�* � ;

+�%�/ ��$W+�4+�(+�l>�?HO-1 F+� -+� �� <�*�).
�� ; �*� � F�� !a -+� �� r�4 +7�$ )�. E 7; ��9  7 ��
��;�U)iV�H.(

(A	;:����$��sE��� -��KHO-1  ���� �����N����N%�*�����
�� �+	 ���&P µL�jj/µL�  � t�:�*����$�0P ���-�:N�� V

S^� .q�� (A	 :_��c�:O� ��:�@ �����$._��c�:���� ��
�T��&P 0* e� 0�� _$� t�:�* ������$.pAD/CMV/V5-HO-

1_��c
:���� � 0�� �� ��N&P 0* eN��T$�N� t�:�* �����$
.pAD/CMV/V5-HO-1 _��c":���N� 0* eN� 0�� ��N2c �N�

��&P T$� t�:N�* �N��N���$.pAD/CMV/V5-HO-1 _N��c :
���NN� ��NN&P 0* eNN� 0�� VNN	 �NN� NNT$� t�:NN�* �NN��NN���$

.pAD/CMV/V5-HO-1 ��NN&P 0* eNN� 0�� ��NN2c NNT$��NN���$
���:%� K�� -*��sE��� -��KHO-1 +	 �+��% .�N� (A	��K:�N:�

 K�:6*MSC�� ����P ��:@� �� �+	 ���&P����$@�E���[.

;7�[�. ��HO-1 �	+� � �Z4 ��7 ; E2 4+70� %/ 2I79
�	 6g; ��$4+7�; P�� �2��'>; 2W 70+� ��  7 �	+� � 27E

HO-1 -+� ��:-+� �� + �� <�*�).�4� �kW��l 2;7�
-+� -� r� 4 +H�  Y; 2 ;P; m*� W  7�	+�  � ��7EHO-1 

��X <�*�).��)iV��.(���$% E�W�l �(� -��E�2W �4
�9���; m7��HO-1 ��MSC >� * � 4� -�+><� �P ;2

�4� <��; �[�. 6��N.

��� 
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 + �� r�4 -+� -��P;7��HO-1 m*�W����).(

�  *��VIJ1 ��  j+ �  ;>0�I  4 �  p��8.(HO-1 P
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HO-1 ��MSC �*4 -� <��S$4� �;7; U$37%�(+�%�/� 4+�(
.(#Z�. �%��	(���;. Y0�Z. �� E7 ��J*2>� * P(!;� ).
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�*��$��4>+�%�/� 4+�(v� ; 2 j�� � ;(�+ �8 N -�
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��MSC P�*.(% �%��	7��.-�>�)W 2; �*>%v�'(6�.

� &j�. 2W ��7�>W m*� W +7S 70�I 4 �� VIJ1 + �(
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Abstract 
Background and Objectives 
Heme oxegenase1 (HO-1) is one of the potent cytoprotective factors. The goal of this study 
was to perform cloning and transient over expression of the human HO-1 gene in 
mesenchymal stem cells (MSCs) using the adenoviral expression system based on the gateway 
technology. 
 
Materials and Methods 
In order to induce expression of HO-1, A549 cell lines were exposed to UV for 1 hour. The 
full length cDNA of HO-1 was isolated and cloned into pENTR TOPO/D vector by TOPO 
cloning reaction. To construct the expression clone, a LR recombination reaction was carried 
out between the entry clone and destination vector, pAd/CMV/V5-DEST. The recombinant 
virus was produced in the appropriate mammalian cell line. MSCs were infected by the 
recombinant virus expressing HO-1. 
 
Results 
The results showed that human recombinant HO-1 was successfully cloned and the accuracy of 
the gene and its frame in the vector were confirmed by DNA sequencing. Expression of HO-1 
in MSCs was confirmed by RT-PCR and western blot analysis. The results indicated that the 
expression of HO-1 is transient. 
 
Conclusions   
Transient expression of human HO-1 gene in MSCs by using adenovirus expression system 
may be considered as an efficient gene transfer strategy into MSCs in order to promote stem 
cell therapy.   
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