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of the cells ( �+1� �� �9� 0=:M�(�$ ;�C3�
 U����J 
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jf! K�(�)  o�6 e+,) M6PBS M��b� Z��#�8( .M�1H�) ��
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 M
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 ;��< ������� 

CHO �#'��� "4 ;0�H VII ;0��H 3�!O� �� CN+��
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RPMI CFBS �
0 ���� K��� �9��� U+���+'�D 0 ���A�� 

�+� 0 �9� e+,) �� K��Y'!� �6 jf!PT)Prothrombin 

Time assay)(U+
#+6#c((�� i�d(� ��&E(� I��)�X C.

�� ����� 
"4 B�+(#1� 0 ;��!��DFVII�#'�0 "0�� 

4 M�Eho T� �#'���� "FVII �� cDNA ��G�  .#1�! K�� 

 (��(�HepG2  H��W  A�a'$� ;�<�`��qX �� K��Y'!� �6 

�#����) "4 ;����6 K����C�� K��Y'��!� ���6 PCR ;����!��D 

��)T/��(. ��F( %#a,)PCR MEho C%#�W M�6 ;�bp 
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 �)X �!� M6)T/��(."4 jf!FVII ���6 �� j� 

Z�-��(X ���6  A�a��'$� �zP��0���,) ;���< �#��'�0 "0�� M��6 

pcDNA3.1 (+) �#�'�0 0 ���0 pcDNA3.1-FVII �#�'�0 0

"4 "0��6)%��'�� (;�'���6 "0�� M�6E.coli DH5α%���&'(� 

������."#��1� ;���<����� ���6  ������'��6 ��;0���H e+��,) 

 '(X  f)X 3+
#+6 r��\'�!� �� j�� 0 �� ;�].�6�q U+1+!

 "4 ;0��H N�+��
#( ;�<�#'�0 C�+8!O�FVII ���6 ��6 

X 8�-( U+�J Z< 0PCR �\'(� 0 ;���!��D �0 �����` n�

����F( �����,A ����D0 ��"4 �#C��.�#
 �0 "X  .�o ���� N

��+,A�;����+`���o g .�#��
 �0� ���6 �<����+
#c1�#(  6����
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�0� K:CK��8��C��F6��

�

><	!:PCR �P FVII ���kK'D� ��KI��"�/# �� FVII . �+'K�

 ����	
��P �AG- FVII �� �� bp 
!,c �% ��?� .I� .��+� ���I

 �% �.I�?% ><	 �� �( �+	 �+'(�K6 �K� l+K��% �K�P �AG- VII 

+�K� ��� "� ���$�� �FHepG2 �(��K% >K��@% �� bp 
!,c ���K- 

B�� �'6�� .

><	&�mF� (:A:� L�(�;+� �+'(� "�+6��'<F�pcDNA�F�D .

����	 �+'�
�% ��?� �� �F�D �+'(� _K( �"� B�� �� �( .I�

 ���� "�+6��'<F� �� ��'?�� B(�� .����	 �+'�!���K� �+'(� 

�PFVII B�� +� ���� B�� �� �( �P ��FVII9�d*� �� � ��+� �;

 ���� ��'�( B(�� "�+6��'<F� .B:_bIpcDNA �+'(� � �F�D 

_4[�# �� L�(�;+� ��IEcoRI �Not I UP ��� �K� "�+K6��'<F� �

"���#
.%����	 �+'� 
�P ���K� �+'(� FVII ���+KD Y�K� 

_4[�# Z�+; �% ��?� �� �+(o% ��I �+'(� �( 94� B�� �� �( .I�

��� �P �FVII B�� ���'$4� �;\�� � �'	�� ��'�( B(�� B�� .

����	 �+'�!�% ��?� �� �F�D �+'(� =�K� BK�� �K� �( .I�

���� ��'?�� B(�� "�+6��'<F� �� ��+� .

"�+6FVII  .#1! K�� �� N+��
#( CHO 

"���+6 �#��p�) M��6FVII  .#1��! K�� CCHO�#��'�0 ���6 

pcDNA3.1-FVII Z�-�(X e�!#
 M� K����� �0��,) PvuI 

6�6 K��#$ ����#
 C�/Y�(�������` �.'Y< 0� �� j��M

><	&�p(:U+k3%PCR �+�( �� l+��% �K� �K'6�4 .K	� ��I

 �T%# ���� ���# Z�3% ��� ���k'D� ��"�/# "� ���V'�� �� 9����

M.FVII �(��KK% bp 
cc .����KK	 �+'KK�
�!��?KK� �.KK*I�

�+�( (� ���� ��I �F�KD �+' .����K	 �+'K�&�)�,�+K�( 

�P ����� �+'(� ����FVII �% .	��..��� 
!,c .���  �"�� BV2 

�+'(�6 �P �� l+��% ���k'D�VII =KI�^ � BK�� 
�!�K� 

�K% �V*% �q� ��+% .��� �+b� O.� >�F� .*K	�� .9�4�K8 ��I.K���

��?� ><	 B�� ���k'D� ��/ ��I.��� �.*I� .

%#1! �9� �#x�H ��  �'(X 3�+
#+6G418 "#�1� C;��<

�� ��d�� ������ .

r��\'!�RNA %#1! �� ;�<CHO �#'���� "4 ;0��H VII 

N+��
#( 

%#1��! �� "4 "���+6  ��!��6 �#��p�) M��6 �������� ;���<

 CK�� �/Y�(��
RNA  .#1�! K�� CHO �#'���� "4 M�� 

VII  .��$ �#�'�0 ;0��H  .#1! K�� 0 N+��
#( )%��'�� (


 "X "0�� "#1� jf! 0 �/Y�(�� K��� ��d�� ������ ;�<

C�#6 �� r��\'!� .�+8� 0 �+Y+�RNA K��� r��\'�!� 

���`X %4 e!#
����  !��6 �A�� )T/��52?�.� .(

�#��D0 ���(�6 M��!  A�a��'$� M��6 u#��6�) )sRNA ��

 )0�#����G��(C)sRNA �� )0�#����G�� (0)sRNA �/7

 )0�#��G�� (���+q ;�<���(�6 �#��x��H i���L ��  ����H

a'$� T$��
 0  A�DNA �� RNA �#�6 K��� r��\'!� .

�#'��� "4 �#D0VII I��)�X �6 ��+��
 ;��]�� ��E') ;�<

"X M6 M)��� �� M� �!� K�� �� �<�#$ K���� �< .

-'�!cDNA �#'���� "4 "��+6  �!��6 0VII ��6 N�+��
#( 

�� K��Y'!�RT-PCR 

M(#8( �� ;�<RNAK�� r��\'!� CcDNA �6 0 M'$�! 



�#'��� "4 "�+6 0 B�+(#1� C;��!��DVII;��&E(� F) �'�� "���/8< 0 �����0�  G+GH ���� 

�

�#'���  A�a'$� ;�<�`��qXVII CU+'���'6 0  (��(� PCR 

�� i�d(� .�#'��� "4 "�+6 "�-+) M���&) 0  !��6 �#p�) M6 

VII C (��(� ;0� �� K�� ;�<  .#1�! CHO ;0��H K���! 

 (4 �o�� 0 N+��
#( CN+��
#(  (4 K��! RT-PCR i��d(� 

�� .

><	)�mF� (:"�+6��'<F�RNA r��`'�� "���# UP ��� �� �.	


.%����	 =I�^
 �� l+��% RNA �F+�� ��� "� �.	 r��`'�� 

CHO ����	 =I�^ �!�F�KD �+'(� ���� �F+�� ��� )U�K'*((

�% .	��.

><	)p K(:U+kK3% "�+6��'<F�PCR "��K�# UP ��� �K� !

���K..M:�(��%bp 
cc)µl/ng ,c(=KI�^  
��?K� �.K*I�

RT-PCR �F+�KK� ��� CHO �+'(�KK6 �P .KK-�6 VII � LKK�(�;+� 

=I�^!U+k3% RT-PCR �+'(�6 �P VII �F+�� ��� �� ���$�� 

CHO B�� .�F+�K� ��� 9�'(��K'� 9�4�K8 ><K	CHO �P .K-�6 

�+'(�6VII �+'(�6 �P ���� �F+�� ��� � L�(�;+� VII ���$K�� 

�% .	�� .

�#'����� "4 ;����6 K����  ��H��W �`����qX VII (����(� C

MEho -'�!  ��(�#
 %#W M6 ;���7
 ����� �� ���6 �YD .

i��d(� �6 "�)� Z<PCR �#'���� "4 ;���6 VII C (���(� ��

U+'���'6 "4 ;�<�`��qX)��  )#�8L *�#�A M�6 M��  (4

 %#1! i�8
 "4 0-D 0 ���� �#D0 �< M(�$ ;�<  ) ��� ���6 (

-+( MEho M� %#W M6 ;���7  �) -'�! �� ��6 �YD ��(���C

�� K��Y'!�)T/�52n.(M�+H�( �� ��(�6 �#�D0��7


 .#1�! K�� �� ;��6 �YDCHO �#'���� "4 ;0��H VII 

 .#1! K�� �� �(�6 U�� �#xH i�L 0 N+��
#(CHO �o�� 

�#'��� "4VII "�9( CN+��
#( �#'���� "4 "��+6 K��<�VII 

 .#1! K�� �� "4 gh! ��CHO "4 ��6 K��� �/Y�(��
 

�#'��� VII )  (��(� ���6 .

"�+6  !��6FVII U+c
0�� gh! �� 

�#'��� "�+6  !��6VII �9�� e+,) �� �#D#) N+��
#( 

 .#1! K��CHO�-�P� �� K��Y'!� �6 

�#'��� U+c
0�� VII +��
#( CN;�x�� M�6 "��+6 �� ��E6 

 �) g���
 %#1! r��$ �#�� .U��� "��+6 "�-�+) U���6���6

 �9� e+,) �� U+c
0�� K���(� T6�o  ) ;�+` ���6 .U��� M6

 .#1�! K�� �9� e+,) ;0� �-�P� �#p�)CHO ;0��H 

�#'��� "4VII ��� i��d(� %��'�� 0 N+��
#( .���!� ��6

 �+� T8E.��#'!�C���&) OD M�6 u#�6�) FVII ����(�'�!� 

%����E)  ��'p1q �](���+6 "���� s��+o� "0���6ng/ml 7

0

ng/ml �
7 ) �+.�E� �A�� ���6 ."�-�+) ���!� U��� �6

 �#'����� U+c
0���� "���+6VII �������� "#��1� �� ��0���H �� 

ng/ml ��±5�
0:
������� "#�1� �� 0 �+.�E� �A�� 

��0�H �� ng/ml ��±5=
0=
��!� �+.�E� �A�� 

)%0�D�(.

�#'����� U+c
0���� "���+6  ��!��6VII �� �#��D#) N��+��
#( 

�9� e+,)  .#1! K��CHO �� K��Y'!� �6 SDS PAGE 

p�) M6�"�+6 �+��
 �#FVII  .#1! K�� �� CHO ;0�H 

"4FVII U+c
0�� ��'6� CFVII K�� �9� e+,) �� �#D#) 

 .#1!CHO ��6 C"#+�!�'+f+!��#�8�� ��6 K��� �/Y�(��
 

 '(X  A�a'$� ;��6FVII [+1\
 ��6 M(#8( jf! 0 �� 

/.� %4 ;0� ��#�0�'SDS����` )T/�7(.

��(�6 �#xH i�L KD7
  .#1�! K�� M�(#8( �� CHO 

��(�6 �#x�H 0  .�$ �#'�0 ;0�HKD 7
%#1�! CHO 

�#'��� "4 ;0�HFVII"�9( C�#'��� U+c
0�� �#D0 K��<� 



�0� K:CK��8��C��F6��

�

%#1! �9� e+,) �� �Y< �#6 K�� �/Y�(��
 ;�< .

U�.2!:�+'(�6 �[4\� a4�'�FVII L�(�;+� 

OD )5! ��+�� 

���/
±�7�/�FVII a*
�:7/
±:��/
FVII a*, 1.4 dilution 
��:/
±�=�/
FVIIa*, 1.8 dilution 

=5/
±�
7/
FVIIa*, 1.10 dilution 
���/
±
��/�CHO-pcDNA3.1/ FVII (clone 

1)  
���/
±:7�/�CHO-pcDNA3.1/ FVII (clone 

2) 

��/
±
5�/
CHO (negative control) 

��/
±
77/
CHO- pcDNA3.1 

*a:�p1q �#'���� "4 ����(�'�!� ;��<FVII ��+� N�+��
#( 
�-�P� 

><KK	,:M�(��KK% .�+'KK�
�F+�KK� ��� B?KK( Z�KK3% CHO 

�+'� � �F�D �+'(� �� �.	 B<V$���;!�F+�� ��� B?( Z�3% 

CHO�6 �P ���� �+'(� �� �.	 B<V$���; �+'(VIIB�� .

�#'����� U+c
0���� "���+6  ��!��6VII �� �#��D#) N��+��
#( 

 .#1! K�� �9� e+,)CHO�� K��Y'!� �6 *O6 "�'!0 

U+c
0�� �#D0 �+��
 ;��6 �]�� �0� FVII e+�,) �� 

�9�C '(X �6 U+c
0�� ;��!��/�X u#6�)  A�a'$� ;��6

 �#'��� U+c
0�� M6VII "�'!0 I��)�X i�d(� �6 �#6 *O6 .

'6� �+,) ���9� e���6 K�� �/Y�(��
 %#1! ;0�H �

FVII ��6 K��� �/Y��(��
 %#1�! ;0��H �9� e+,) 0

 .�$ �#'�0CSDS PAGE �9�q ;0� ��6 jf�! 0 ��� ;

PVDF  ��'(X �+z���
 ���,
 �9��q 0 ������` T��&'�) ;����6

  A�a'$�FVII C����` ���o .��(�6 �#x�HKD 7
K�� 

 .#1!CHO '���� "4 ;0�H �#(FVII) VIIC"�9�( K���<�

 �#'���� U+c
0�� �#xH(FVII) VII  A�a�'$� I����0 0

�#'��� U+6VII  �'(X 0�#�6 "X  A�a�'$� ;���6 .�#�D0

 0 ����` ����o K��Y'�!� ��#) �-�P� �0� �� �G|) %�'��

 M�6 u#6�) Md+'( �+��
 C*O6 "�'!0 i�d(� �� ^�<SDS-

PAGE �#6 .�#'���� �#�D0 i�L �1L M6VII M�� ;���d
 

C�#8( K��Y'!� �G|) %�'�� "�#�L M6 *O6 "�'!0 �� "�#'6

 T/� ��:����( �#D0 �G|) %�'�� .�� �!� ��} M6 i�P

 �b�H %�HFVII  ) �#D#) ����6 �� "X ;�<��(�6 M� ���6

 �#'��� �(�6 �6VII�!� *0�Y') .

><KK	�:�F+�KK� ��� ]7KK� ��'KK�� "� >KK��� �KKM�'�CHO 

�+'(�6 �P ���� �+'(� �� �.	 B<V$���;VII .  .K��� �+2�KD 

,c ��?� 9�:;��8 �+2� �.*I�FVII �'�# ���k'D� E*(�� �����

 �+'(�6FVII�% �+(o% 9�:;��8 �� .	�� .

�  ��!��6E�#'�����  /�4#��.#+6 ���+.�FVII ���6 N��+��
#( 

I��)�X �� K��Y'!�PT 

I��)�X �� PT CM(#8( �� ;0�H ;�< �#'��FVII "��)� 

K�
#� ��&E(� M�(#8( M6 �G�( ;�
 �#'���� ��o�� ;��<FVII 

�(��� .%0�D �����p1q �#'���� ��+� ����(�'�!� ;��<

FVII �!� K�� K��� "�9( �o� N+
�
 M6.5��o� ;��! 

�!� K�� K��� "�9( �+� ����(�'!� �� .��!�� �8�! ��

 "�)� %0�D �!� K�� M���� ��&E(� ;�< .�&E(� "�)� K�� �� �

 .#1��!CHO �#'����� "4 ;0����H VII �� 0 N���+��
#( 

"#1� �0�,) �� ������ ;�<K�p1q ����(�'�!� ;��<�/�0

5/��+� PT  �) ����6 .�� ���&E(� "��)�CHO "4 ��o�� 

�#'���VII I���)�X  �Y�) %�'�� �H �� N+��
#( ��!� .

"�9( {��'( �#'��� �#xH K��<�VII  .#1�! K�� �� CHO 

 ) ���6 .



�#'��� "4 "�+6 0 B�+(#1� C;��!��DVII;��&E(� F) �'�� "���/8< 0 �����0�  G+GH ���� 

�

2U�.&:E4�%"# a4�'�PT 

��%" ��+�� 

sec. �:FVIIa

sec. �
 FVIIa , 1.2 dilution 

sec. �:FVIIa , 1.4 dilution 

sec. ��FVIIa , 1.8 dilution 

sec. �
CHO- pc DNA3.1/ FVII 
(clone 1) 

sec. �=CHO- pc DNA3.1/ FVII 
(clone 2) 

min �CHO (negative control) 
sec. :
more than CHO – pcDNA3.1 

��� 
M1+��!0 M��6 ;����E') ;����&E(� ;���<�#'��� K�'(������ 

�0�  ) �+.#
  G+��
#( ;�< �(#�� ."X ��  �$�6 Z�< ��<

 ;��8+6  (�)�� K��Y'!� �FD "#��� K���<� ;-��(#$ ;�<

 "X ��  xE6 0 ��'�< ��'!� �� ME.�h) M1H�) �� �< ;�<

���(��� �����o  �+.���6 .������ �#'����� K�'(VIII �� N��+��
#(

 "X �� l#�( 3�� 0 �!� M��+��
 ;���� �<�#9� �� ;��+�6

 U�)0� M�B���� K��� ^��HC��FD 3���-( K����X �� 

����` �<�#$ ���o ��'!� ��  (�)�� K��Y'!� .K�'(�����

 �#'���VIIa I���)�X i��d(�  ��F( M1H�) �� N+��
#( ��<

 �  1+�#�8< "����8+6 ;���6 K��Y'!� �FD  �'(X ;��� ;���6

 ���� �����o K���(�����6 .�#'�����IX �#��W M��6 N��+��
#( 

�+&�#) "�-�+) M6 0 �!� K�� I��)�X *�(�#+H �� ;-+)X

�!� M'��` ���o K��Y'!� ��#) -+( "��(� ��  ��(�)7.(

t�
 "�6 %�! ���==��#'���� i0� T��(  ���E) M�6 

VIII M+H�( �o�� N+��
#( B+!� "X �� M� �$���� M��+)X �

U��!�5� U+)��
#1` M6�:�� M�6 0 ��!� K��� Ta�') 

���1L U+��8<rVIII SQ M��6 M��D#
 ���6 �� "X 0 ���� i���( 

 !��6 ����  ��E) N!��) "�)�� ;��6 ?1'\) ;�< .U���

 �� �#'���%#1! ;�< CHO [.��$ �� j� 0 �+.#
 ;���!

  ���`#
��)0�� �� K��Y'�!� ��6C�0� ��6 0  �'+�+�� #�(#8�� 

D�
� � %OH��)"#�'��
 0 *�Y��� T+
#6 � "� � ;�
X

�

 (�0��0 ����`  ���� .;���6 -�+(  ���F( %#a,) ��

 0 U+)#G.X ;�D M6 "X ;������VWFC�� 1� *�6�#�!�


�6 K��8<L-histidine 0Sugar 0 Z���! ����1� K���8< M�6 

�� K��Y'!� Z+�1�):.(ME.�h) �� M� ;� i���'+! "���/8< 0

K��� i�d(� �(�Cr��\'�!� 0 %#1! �� K��Y'!� ;�D M6RNA 

�$���! jf��! 0cDNA M��(�\6�'� �� CcDNA ���G� Rat 

�(��� K��Y'!�)�.(e�!#
 K��� i�d(� ME.�h) �� U+�J Z<

-+�0� "���/8< 0CcDNA �#'���� K���� �� VII �#�`�$ 

��G)P 4�� �� ��gtl1 [+1\
�(��� )�.("4 M�E.�h) U�� ��

 �#'���VII ) �� TA�H 0�0 �#�p�) M�6 �� @#�� M1H��M�6 

 
#�����#� �#'�0pcDNA Z�-�(X e�!#
 C�0��,) ;��<

 K�������NotI0EcoRIN���!��) ;����)� �� ��M���D�� 

 '(�! ���`Overnight ;�'�!�� �� 0 K��� ��6 �#�'�0 "X 

pcDNA Z�-�(X "��8< �6 Z< ��� K��� ���6 ��< .�#�'�0

pcDNA ��FD M�� ��!� U+����)#c( M6 i0�&) "4 ;0�H 

"#1� ;�].�6�q %#1! ;�< ����o K��Y'�!� ��#) ������ ;�<

 ) ��+`)�
C=.(

ME.�h) �� e!#
 K�� i�d(� ;�< i���'+! C"���/8< 0��

Z�-(X K���� �0�,) ;�<NheI0BamhI0 �����` K��Y'!� 

�#'���� B��+(#1� ��FD U+��J Z�<VII Rat �#�'�0 �� 

pIRES2-Neo )"40�'�#��� (�(��6 K�F6)�.(

0��-+Id��! ��FD C;��]�� ME.�h) �� "���/8< 0

 ��(�#
cDNA K��� ;���!��D ���#'���� VII N�+��
#( 

�#'����� N��+��
#( U+c
0���� -'���! "����� ���� ;����6VII 

C�#`�$cDNA �#'��� VII �#`�$ ��Z+&'��) �#W M6

T,) �� Z�-(X ��6  A�a'$� ;�< �z� �0�,) ;�<Hind 

III 0Sal I+6 �#'�0  (�p CMV s C�(�#8( "#1� n�!)�.(

�< �� e�!#
 K��� i�d(� ME.�h) 0� i���'+�! 00�-�+� 

M���+F6 ���FD U9��/Y�(��
 e������ ;����!C^���E) �� 

U9/�#f+.)���(�� � #/G+D(�(��� K��Y'!� )�C�.(

ME.�h) �� M6�9�) ;�< i���'+�! 00��+�-%#1�! �� �/�

HEK)Human Embryonic Kidney ( ��FD �#'���� "��+6 

VII
#( �Y'!� N+������� K�� . `��G�J ;���� %#1! U�� 

~��'G�(n#$ ) N!��)  G+��
#( �FD 0 K�#6 ���6)��.(

���� Novoseven �#'���� �+.#
 ;�0��� ~�OE� M�VII 

%���E� N��+��
#()rFVIIa ( �#'����� C���� ���!� �� ��VII 

 .#1���! K�� �� �� N���+��
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Abstract 
Background and Objectives 
Factor VII is a plasma glycoprotein that participates in the coagulation process leading to the 
generation of fibrin. Factor VII plays an important role in the cascade of coagulation. The aim 
of this study was to clone and express human recombinant factor VII in CHO cell line as an 
eukaryotic host cell.   
 
Materials and Methods 
In this descriptive study, FVII cDNA was isolated from HepG2 cell line and cloned to pcDNA 
30.1(+) vector. The constructs were transfected to CHO cell line. A cell line that permanently 
expressed recombinant factor VII was established. The expression of recombinant FVII was 
determined by RT-PCR, ELISA, SDS-PAGE and western blot analysis. Biological activity of 
recombinant factor VII was determined by prothrombin time assay in factor FVII-depleted 
plasma. 
 
Results 
The results showed that FVII was successfully cloned and expressed. After 3 weeks stable cell 
lines were generated in the culture of the CHO cell line in the presence of geneticin. RT-PCR, 
ELISA, SDS-PAGE and western blot analysis results indicate the expression of FVII in the 
stable clones. A three- to four-fold decrease of the specific coagulant activity of rFVII was 
observed that indicates of  rFVII being biologically active. 
 
Conclusions 
Four thousands to Six thousands vials of rFVII were imported to our country having high cost 
for the government. Therefore, production of rFVII through recombinant DNA technology 
within lab scale is the first step to overcome the problems.  
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