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�%�3�" �"���)TF(+4*) �!�1���5') ����6 �#--3,�76 8(9:) .���5') �<��& !$  �:�!� ()!�+�,)#=') (!=$>
� , 8$/ �!��!� ��� �<%� �� ?�� 81) �� �. 9:) ?�� 81!�2�TF �#=	 ��"!> ��. ��+�=@$�' �� ���'�=:%' 

�  �#1� A1� ,6 �%	 .B#� �� �5��C  81) ���:�$�����' �� 1@�D��)!E� �� 1!(�$!��+,)TF 3!�%' $F���G�:)
9:) �#	 .

� 	"�� #�� ��
�%� ��!@� H%' ,) �#	 I�@') �5��C  .cDNA �"�� �%�3�"��:J� �� $#pcDNA3.1�%43 �� �K%4: ��(CHO 

L��-  �!>1#.M��!�$8��(K%4: ��(CHO  �#=	 9EG')!� N)!O�=:) (,�=:)#< ,) P=� ��=� ?�� SDS-

PAGE�� ��'6 QJ� �!�:� $#'#	 R.K%4: ��(CHO�3 TF � )� $ ����%S=0 �� #='�!3�!4. �T$=4. �=� 
��:J�(:$��R") ��)!� �!> 9/U ��:J� �#	 ��O� �� , � #'#	 �1#.K�5" ,�=:(�%�3�=" VII �=� ��=:J� �� 
?��V)1:�!� ��%  )R�9"!> �)!W .
����� ��

��'6 ��$M��!� R$8��(�#	 )#< K%4=: ,) �#=	 9XG=')!� (�=� �=�?�� SDS-PAGE +#='��(��#=0 Y�
3$#	 �#���  �%��)�%4 �. �'6 ������(K�'%43%'%  TF ���'6 �$�� ��%  QJ� �!�:� R$19="!> �)!=W #.��= ,

 ��  �� ��:J� ���5')1K%4: �� � ��(CHO �#�' 9EG')!� ,,)�W�$�� ���±
�'�U $A��=3 �19="� .T=� 
-\$��!3 �"�]) 8��7()1K%4: 843 ��!43 �%S0 �� ��:J� �� ��$T+K�5" F<%  ,�:(�%�3�=" VII �=�
 $�)Rng/ml �^±��� #	.

��$ �%��� �
TF 3!�%' $� F$K%4: �� �#	 �� ��(CHO +��:J� ��!3 ��O� �� ���W(:$,�: K�5" � ��)!�(�%�3�=" VII 
�%�.
&��� ��� '�:K%4: ��(CHO , �%�3�"VII+8$/ �!��!� �� , 

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

��	��� ���� ������� � �!"!#	 $��% � &�' ()�* + ,-�.&���� � &��/	 � &�' 0�!1)� 23 45�+6� + 4�7�%8 4.�9 :;<=% � &�' 0�!1)� 
>�0+=;% ?.=% :PhD.�	��� �)�* + ,-��' (����1<� � &����%�!"!#	 $����� �!1)� 2�3 45��+6� + 4�7�%8 4.�9 :;<=% � &�' 0�!1)�  ���' 0���/	 � &��� &��
���&��� @+��A �41; :��B�C�D��B 
�CPhD � ,-�.��E	�"* ��"5)��&���� � &��/	 � &�' 0�!1)� 23 45�+6� + 4�7�%8 4.�9 :;<=% � &�' 0�!1)�  �!"!#	 $��% 
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�+� F�GF���� >G&�1;*�	 �H

��

���	� 
41����* ��1�����)TF GTissue Factor ( + 4��5��K 4���"L	+��

 % &7+ �* ,�<��<��+��M �� 4.�E.DBHHH ��<� &��1.�� 
�5K �� :�,4���<N� 0�O< �P�� 1��* ,��40�"O	+��)� ��7 

���� ��Q���M.&8 &- kbp D/�>F�����*G,���� �&+$���S� 
4% F�T��U �� 4)�;)� (� V+7�%+�� ,+� + ���*>>-p>�p

���� ���W .7� XE51% 41��* ��1���>��+ F���* :��"%8 �"�<� 
����,:<:"M�) .�O< Y��' 4,*"�5K [4�< +"��<N��14
4% ���*.TF &���9 :* ��1���� ,���* ��1�����VII ,���!\)� G

2"<8 2W�\1% 4W+�9 ,��45!) 4<�<� ���";% ]+�� ��
4% ,7�* ��!\)� 4U��' ���)�C�(.

PT)Prothrombin Time (45��%78 �<��* ���^�% :�* 4
;%"U��' �4% ��!\)� 4���* .4�% _� 41M��U 41W+ G����

 0�O< 7� 41��* ��1��� �' @+�9 0�"O	+�)� ,�� F��� ��78 4)
��1��� :* +VII 4% X`1% G���� .�";�% ]+��� ��)+� [���

 �<� ��!\)� 4U��' .�"� �'�< �� PT ["%��	 ��^�% :* G
Ca +TF G["1�<N��a%+�	 + b";�O� �+��O� 7� 2�"	�	 :* 
41��* 4% F��c1<� ��S�' $d% 7� F�� :"/	 ���)�G�.(

��"� :�* F���+  e�E��� :O�U 7� :�"/	 ,��� ��* F��� 
41���* ��1��� �"c"� + ���!% �� ]��	 G41��* ["1<N��a%+�	 

�5M� ���< �� $d% 7� F�� Y��f1<�,:� �<� &��"M g9�* 
&�%7 ��h�� 4% :1f. �".�	 �� 4	+�c1% ,�� ��� .

'�"i��1��* ��1j�� 7� F��c1<� 4j�	�) ".� :* 2"O*�W X".�	 �"�
+�0���,�!	 �i�a �j �^) 7� &�;k"c"��j +"1��* ��1j�� �4

��<� :�1��S ����W :�U�	 ���% .�$% 7� ���,L	+��� "[���,
j�	�)"% 24&��	 0�1�� :*�^OKG*"L	+�� &�"+ [b��l"[
%"0�O�< �5�j &�$ �#% �� ���"mF����� ����) .1) ��":�h

1<�"*�4�^OK :* ��,����)�1<� ,L	+��� 7� "&��k%� [�����
��* ����'+2a< ��!% ]��	 �� n��� ��1j��� �"c"� + �

1��*4�"� �� ,��PT 4%���.7� o�� :�\.�p% [��G&��"* 
0�O��< �� 2��"��	�) 41����* ��1����� ,����CHO )Chinise 

Hamster Ovary ( �� F��c1�<� ��/U &8 ��".�\� 4<��* +
�"�PT ��*.


 ����
� ��
	�	 :*"j 7� 2"���,RNX ( - plus ) Isolation of RNA 

`#%�0��������"< ��* &-��^�% :�f1<� ���Y��RNA ,  

Superscript III First-Strand Synthesis System for RT-
PCR0�`��#% &-+�1������� ����* ,RT-PCR , Takara Taq 

���* [��- 0�`#%,PCR ,High Pure Plasmid Isolation  
0�`��#%�+q�����* ,�"���<N� Y��f1��<� ,IMUBIND 

Factor VIIa ELISA)%���E��%8 �E"1��<��S��� 0�`��# (:��*
F7�����)� �����^�% ��1������ ����".�\� &�$���"% ,����"SVIIaG

Recombinant Tissue Factor)R&D ( 0���1�� &�����9 :��*
 + �����aP%TF monoclonal antibody)R&D ( ���+� 

��S F��c1<�  N* &�1<+��.
�'���< ,����* cDNA ����1*� GRNA0�O��< 7� ����,

�"� �<N*+�a�Y��f1<� :+7� F��c1<� �* �+�RT-PCR +
,���S7�K8����%�$T� V+�),cDNA +� 7� ,RNA :1'��< 

��.cDNA �* :OA�M �+� PCR �<+ :* ":O�K8�,���S7� 
`1'��A�4M��3 �4�%� �� F�� ,r�"O")8 ºC BB�34�H
<"Pk	 Xk"�� �.&���9 :*  �����+�� ��1�+ :"/	 ��^�% :*

7� s� G�^) ���% 4)- :\pW ,��* X%�M �1j�* �5j ,���,
E.coli Top10#% �� "mLB G�<N�"�pcDNA3.1&8 7� ��
��S Y��f1<���.:�* ��^) ����% 4�)- :�\pW 0�`�	� ,���*
+� �� G�"�<N� �/1)�,'�+'BDNA 1��* ��1j��4G�U�F��T

 $)8 �* ��*�b��,�� :1��S �^) �� F���j�+�#% ub�["�l
 �"�<N�pcDNA3.1 F�T��U ,���� $") ���* b�$�)8 �* ��* .

$)8 �* ��* �#	 +� �� ��.�b���,XhoI +BamH I ����W 
��1��S .� 0�`	� ��^�% :*���)- :�\pW +� [4)Ligation(G7�
$���)8�bT4 DNA Ligase  )�+q�(,����� F��c1���<� .7�
�1j�*,,��DH5α% &���9 :*"��j+�� &�*$���*  �,Pk	 �"�

F�� &�Oj :\pW ��S F��c1<� �^) ���% ��.�1j�*,7� s� ��
#% �� �5j"mLB (Luria-Bertani) ;�Oj 7� F��c1�<� �* "b

��Oj��� ��HH%"��O4+� &����j ����< + �e���% ,����G����* ,
����<N� ��"�)�� F��%8 �.�<N� 0�!1)�"+��M �,:�\pW 
)-4�1j�* :* �^) ���% ,�	���M v��� 7� F��c1<� �* ��4��

ºC D>���� V���h)� .����*,��<��* 4)���Oj 4����,7� X��A�M 
�1j��* &��j V��c;)��	,:�j 2�<��% &��Oj w��f1)� + ���

+�M,�<N� "j�	�) �"���* 2,7 ���\	 7����,)�Oj 7� 4���
�<N�"��+� ��*Cracking Buffer Y��f1�<� �����S .:�*

 �	 ��^�%"�� + �4:* &��* :�� [��� &��Oj ,��� F��� ���U
 G�����* ���^) �����% &- ,+���M $)8 bQ��� n���j�+ ����4
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�"*0�O< �� 2"��	�) 41��* ��1��� &,��CHO&���E�� + �� �"���' �)�% 

��

)Digestion ($)8 7� F��c1<� �*�b��,BamH I +XhoI +PCR 

 !1;%"+� �* b,)�Oj 4�� V�h)� ��.b��l"\	 ["".���	 [4
	�LOj�)"�,�<N� "j�	�) �"�	 ��/U 2�"� �cDNA &��Oj 
F�� ���S  ��A .0�O< 7� ��,CHO % &����9 :�* "&��*$
���j��	�"* �/U x"L	+�� &�"j�	�) ["��S F��c1�<� 2���.
��0�O< [�#% �� �"mRPMI-1640 �)�� F��� �5j +:�* 

�<N� 0�!1)� ��^�%"j�	�) �":* 2&8��� F���% 7� &-��"� �
)�+q�(�� F��c1<� .

�<N� 0�!1)� 7� s�"� :* ��0�O< [���* ��,7��<��U ,
&���Oj ����,j�	�) ��"V+���!% 2G��1)8 7� 4*"	���" xGeneticin 
F��c1<� +�* sy<�+� Freez-Thaw �1)��< +�c�+� ��* -�
e�*GL	+�� ".�O< [4��S Y��f1<� ��.���*,�	�"� L	+��� �"[

XA�M F��� 7��+� SDS-PAGE  N�* &�1�<+ ++:�* 
<��* ��^�%4.�\� "* �"-�.��1��* ��1j�� x4j�	�) �"2G7�
45��%78 ��<� �* n��%78 PT �� F��c1<� .���*,0�`�M 
�3�"� 7� &���[L	+�� :j"j�	�) ["��\� 2�U�% :O�A�M 20

< &��"�<� F�� ��!\)� b1;G%".�\� &�$ �" ��1j��� �VIIa 
����% 2�"��	�) ["L	+��� ��*  �+��h% 7� s�� ��<N� ��

 ���S ���W nh�< .n��%78 �5�� F+��S :�< ,+� ��* ��
 ��� V��h)� F+��S ��� ,��* ���E	 ��* :< �* 4.�O<.,���*

F+���S ["��* ����!\)� &���%7 :;����!% + 4.�O��< ?��O1f% ,����
�0�\ ��1��� &�� VII G,��%8 &�%78 7�Anova V�) +��$��� 
�� SPSS�� F��c1<� .

����� ��
cDNA �+� 7� F��c1<� �* F�%8 �<� :*PCR Pk	 �"+ �
0�`#% &8 +�,7��S8 0- �%��S 7���+�1k.� ���.1)":�h

���)�* ��hbp�HH ��!*�p% ��^) ����% &- F7��)� �* :j ��*
����)Xk��.(�<N�"�pcDNA3.1* 7� �1j�,��,E.coli 

Top 10 �� Y��f1<�)Xk�>.(X��9 Ligation +�,���[
���<N� + V���h)� :��\pW +�"+���M �,1����* ��1j���� &- 4

)pcDNA3.1/TF (���� :1'���<)Xk����.(Pk	 7� s�����" + �
Of	"{,�<N�"+�M �,bQ�� 7� F��c1�<� �* �^) ���% &- 
$)8��4+Sequencing �	 ���% "�+ ���S ���W �PCR +� ,
j)�O4��,+�M ,�<N� "�� V�h)� �)Xk�D.([5�kc;)��	

0�O< ���,CHO*�c1<� ��7� F��"���&-�����S  ��A 

)Xk�B.(

�>�

LX	�:cDNA ��"�� �%�.�" `��DNA !.��=  
���K%a=b 
PCR +cDNA >,�76 ,) ���G�=:) �� �. ��"�� �%�.�" �%�.�=" (�=�!

�#	 !$cX� ��"�� 

1

LE	
:#$�:J�pcDNA3.1`��C& #$�:J� �
�#$�:J� %�40(
��DNA!3��  

LX	�:#$�=:J� �� ��"�� �%�.�" �#	 �%4. �dpcDNA3.1 `��
DNA !3��==  
���pcDNA3.1=='d �==5CW ��#==� �!==e' ��%==  

Y�^�pcDNA3.1 �� �)!�� 'd �5CW�!e' ��%  

bp�HH

bpBHH

bBHHH
bpBDHH

�>�

3000 bp

bp �HHH 

bp �HHH 

BD�>�
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�+� F�GF���� >G&�1;*�	 �H

��

�^Y�
�
LX	Y:�@$�'PCR �%4. Kd (�� !e' ��%  �'d �5CW (��0 (��

 ,��>6 `��
�DNA!.��  ��+Y+^���!e' ��%  �'d �5CW 

LX	^:K%4: (��CHO�#	 ��)� 9�. 

LX==	�:f1�==�'SDS-PAGE ,) �#==	 N)!O�==:) ��"�==� �%�.�==" 
K%4: (��CHO `��K%4: (�=�CHO �#�=' 9XG=')!� )K!=�-.
�G-  (
�K%4: (�=�CHO �#=	 9XG=')!� ����"�=� �%�.�="

F$.!�%')9/c  K!�-. (Y�8$M��!� !.��  

L	+��"[��,F�� ��U 7��5K ,.�O< 4��* ,.�)8 "$SDS-

PAGE �% ����S ���W F��c1<� ��+��)�* ���U+ DBj"��O
)�1.��40�O�< :)��) :* |�*�% &�1< �� CHO �kc;�)��	 
F�� ,%=�Y��f1<� ��L	+�"��* �% �^) ���% [)XE��.(

1)8 7�  N* &�1<+ ��4���*,A�`�1'� 4��1j��� ��} 
1��*4��� F��c1�<� .� �� �� �<��* [4)�"7� $41���* ��1���� 

2"��	�))Recombinant TF(7� + ��aP% 0��1�j &����9 :�* 
0�O< ��,F�5) �kc;)��	 CHO �c�% 0��1�j &����9 :�*4

��S F��c1<���.0�O< ��,F��� �kc;)��	 CHO G��)�*,
b�	� �aP% 0�1�j �)�* �* 7�����)��j ��h :�j &�5�) F�����

 0�`�	���1)84���*,A�`��1'� 41����* ��1j��� 4L	+���� :�* "[
A�`1'�41��* ��1j�� 4�<�)XE��(.

LE	g:�"�=� �%�3�=" QJ=� �!�:� � ��K%4=: �=�(CHO؛�'�$@
�#�' 9EG')!�
�K%4: ��(CHO �#=	 9EG')!� ���%�3�=" 

�"���F$3!�%' )9/c  K!�-3(

�)�%�'�:K%4: �%S0 �� ��:J� �#	 ��O� �� , �=�(�=$���#=--3
�"�� �%�3�"�`)�=�'1'�= , f�Q�%=* �=� Mean ± SD�=$�#=	 ��

9:)(�=��:J�(:$��)!�+43 ��!43 $T
=��:J�(=:$��)!� +
43 ��!43$T+K%4: ��(CHO �#�' 9EG')!� �=��:J�(#W�" 

�%�3�"VII +  43 ��!43$TY=��:J�(:$��)!� +43 ��!43$T+
��YK%4: CHO �#	 9EG')!� ^=��:J�(=:$��)!� +��!=43
43$T+��Y×
K%4: CHO �#	 9EG')!� �=��:J�(=:$��)!�
 + 43 ��!43$T+��Y×^K%4: CHO �#	 9EG')!� g=��:J�(
:$�)!�=�+43 ��!43$=T+��^4: =K%CHO EG')!� ==	 9=�#
�=��:J�(:$��)!� +43 ��!43$T+��=7(��^K%4=: CHO 

�#	 9EG')!� 

bp ��� 
bpBHH

KDB

D�>�

�>�

T
im

e
(S

ec
.)

�����	
�

>BH
>HH 
�BH 
�HH 
BH 
H

�� 
,

)U
�$'�(
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�"*0�O< �� 2"��	�) 41��* ��1��� &,��CHO&���E�� + �� �"���' �)�% 

���

���<N� &�� :1f. &�%7,�<"	��1 �+��Oj ��Q�M �� :
;Oj"�5K &��j :��}� �* b,.�O< 4�±>�)�� ":,:���}� �*

 X%�j F�� �kc;)��	 0�O< &��j�±�H)�� ":���}� �* + :
0�O< &��j ��,�c�% 0��1�j &���9 :* F�5) �kc;)��	 4�

W�"��* :!:����%� [�T)�"* �15�"* 4���)��	 �5�K ,.�O�< 4
&���j :1f. �� X%�j 0�O< :* �a;) ���<N�,�<"�� :	��1

;Oj �+�Oj ��QM"b�<�)�����)�(.
�!%�* :;"��1) [��5�K ��� &�5�) �,0�O�< ���,CHO 

kc;)��	�0�O�< + F��� ����,CHO �� �kc;�)��	 �F�
X%�j ,a;)�* ��0�O< :��,CHO ��3 :* F�5) �kc;)��	 
�\%�����,�*�j g9�������%7 n��)��� ���<N� ���!\)� &� 

)H�/Hp<.( 
�1) �a3�F��%8 �<� :* �G%�"��1j��� &�$VII �� 0��\� 

0�O< ��QM ��,CHO X�%�j F�� �kc;)��	 ng/ml �H
±�DH�5K ��QM �� +,����� 0�O< [ng/ml �B±��H 

��� 0�O< :* �a;) :j ��*,F�5�) �kc;�)��	 CHO , ��
����<N� ���*  �+���h%,a3 F���� :1����a)� "��\4,����3 :��*

<�;#%4�$�� �&�� 0�\� �p< n��1j�� VII ��� &�5) ��
+�T)�"* ��1j��� &�� 0�\�VII ��1���* ��1j��� ��Q�M4
��*)H�/Hp< G�����)>.(

�)�%�'
:�%�3�" �#	 K�5" �)R$  �:�!�VII ��"�� �%�3�" �4$:� �� 
)Q�%* �� f1��'Mean ± SD9:) �#	 ��$� (����)!�$: (��:J� 
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Cloning and expression of recombinant tissue 
factor in CHO cells 

Khorshidfar M.1, Amirizadeh N.1, Habibi Roudkenar M.1

1Blood Transfusion Research Center,High Institute for Research and Education in Transfusion Medicine, 
 Tehran,Iran 
 

Abstract 
Background and Objectives 
Tissue factor (TF), a 45-kDa transmembrane glycoprotein, is the major cellular initiator of the 
coagulation cascade. Prothrombin Time (PT) is the test that evaluates extrinsic pathway of 
coagulation. Thromboplastin used in this test is mostly prepared of rabbit brain. Thus it causes 
variation in the PT results. There is an important advantage of using recombinant TF in PT test 
to get more reproducible results. 

Materials and Methods 
TF mRNA was isolated from human lung fibroblast cells. After preparation of cDNA it has 
cloned in pcDNA3 plasmid. CHO cells were transfected with recombinant plasmid. 
Transfected cells were grown in presence of Geneticin. Total proteins were extracted from 
CHO cells and separated with SDS/PAGE electrophoresis and analyzed by western blotting 
technique. CHO cells expressing TF were added to citrated plasma in presence of CaCl2 and 
clotting time was measured. In addition, factor VII activation by recombinant TF in the plasma 
was assessed by ELISA method. 

Results 
Extracted proteins from tarnsfected CHO cells separated on SDS/PAGE showed an 
approximately 40-kDa band that verified with a monoclonal antibody against TF on western 
blot analysis. Adding transfected cells (106cell/ml) to the citrated plasma in presence of CaCl2
could decrease clotting time from 3 minutes to 21 ± 3 seconds compared with untransfected 
CHO cells. The level of factor VIIa in citrated plasma was 810 ± 35 ng/ml in presence of  
transfected cells’  membrane. 
 
Conclusions 

 Recombinant TF expressed in CHO cells was able to clot citrated plasma and to activate factor VII. 
 
Key words: CHO cells, Factor VII, Prothrombin Time 
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