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0��- +� 12 1���  �!� 3���" )�" 45 6�����7�!( ex vivo�!� 68�� 9�:7�!8� 4��'���  #���;�  .�8�

 6�����7�!( �-�='>� �?!'�( !-��& +'@, 95� +� +��7 �;�+8�5AB +C8��� �8� 12 1�8��  �!8� �D8���"  �8;

6�����7�!( ��'�; �; .!8$�� E;�F� �� 9�:7�!8� �-�=8'>� 1�8��  �!8� ��8'G� H85 �� 38�G!7�,  �8;

6�����7�!G I�����  �; #� ���J'�� �� !7�"�!� 29�7�!8( 188
/�85�!B �8��!K �,��8,� .�8,��75���8�*� �

+'>�� � ��	+1��� +%���cDNA  ��LM,� ��'G�. IX,��,� 6�����7�!( �� ����� 1�N, �,��,� +�?��  �; �	.

�� %��� &��! 
��� ��!O7 P�, #� ��	 I�O,� +M?�C" . ��� +MCQ 45 9'.!B ��!Q ��!7�"�!� 9�7�!( 12 8
/� �,��,�  �8� +

!7�"�!� R�!5��?�S"�'�� )CMV(����*� �� pcDNA3 ��,��� ����*�phPK14H �8	 +'>�� .+8%�!" ��

 �M�cDNA��'(�. IX +,�T��'( #� +( �,��,� cDNA ���8�*� � �	 �,��� ����*� ���� ���� ��	 ���  �D( 

pK14hFIX 6�����7�!( 9N@J�,�!7  �!� � �	 +'>�� �!Q ���J'�� ���" �; 6.!B �.6�����7�!( �,��8,�  �;

 6�����7�!( U�=T" I!� #�  ��& 6N( V�W" #� ���J'�� �� � ��� 1���#�, +�'> 6��� #� ���� 6N8( �8;

�	�,.)�%� ��8	 +'>�8� �85�� 38�(!7�, ����*� �� ���A"  �;)pK14hFIX(9���8�. #� ���J'8�� �8� �X

�,�	 6@J�,�!7 .������9N@J�,�!7 #� Y� 6&�� �"� 6N( V�W+)�%8� #� ��"Z 6�� 6@J�8,�!7  �8;

 ��'(�. 1��� ���!�  �!� ��	IX )�%� �  ��Z [�� �,�	 \L'�" 9���'���  ��� ���T',� 6N( V�W" +� �; .

)�%� 6N( +"��� 1�	 ���5�� +� !O�" ���T',� V�W" �� ���A"  �;]0��- +� 45 !; +"��� �� +( �	 ��%( 

" � ��	 ���� 6N( +,�B��� ��'.!B ��!Q +M?�C" ��� .1���cDNA ��'(�. IX #� ���J'�� �� 1�"#Z 485  ��LM,� 

+%�!" V�W"  �� !�  � ^; � 6N(  �; I�O,� 9��_RT-PCR)�%�  �� !� ���" 6@J�,�!7 6�����7�!(  �;

6.!B ��!Q +M?�C" .

 ���' ��
1�"# V�W" #� ��"Z 6�� +� ��LM,�  �;  !� 6N(  �; !7 `%'T"  �;)!'�( �� 9N@J�,� �	 +�5�L" �J�"  �; .

��'(�.  ��LM,� 6�?�M.IX 6�����7�!( 6N( V�W" �� 3�(!7�, 9��8�'��� ����7 #� \DQ ��	 6@J�,�!7  �;

 ��%( a�T',� #� Y�� �	 ���� 1�N, 9���'��� �� �; .1���cDNA ��'(�. IX )�%8� �� ��8	 6@J�8,�!7  �8;

^; I�O,� �� 9��_RT-PCR�7 5	 ���.

(
�� ��
) 
+5!b, �" +�?�� c5�', 6�����7�!( +(  � ��'(�8. �8�?�7 +8� ���Q �,��,�  �;IX )!8'�( 68W7 )�8M. !7�8"�!� 

9�7�!( 8
/�" ��5�7 �� ��'�; ��( . �!8� �D8���" ��A�� d�LW7 95� #� \-�� ��	 +'>�� ����*� 95� !� ��*&

���!� 9�:7�!� 1��� �,�"�� 6��;� #� +( �5�; 6�8����7�!( �� �� �8,�����>!� `8%'T" 0�8M?�C"  �!8� �8;

6�� +'>�� ^;�!. �?�%� � �5����	��� .

��
*+ ,�-*+:��'(�.IX �6�����7�!G9�7�!( �8
/�,�"�� 12 �H�7�"�� 
������ ����	:�/�/��
����	 
���
:��/�/��

��
�� �������� 
������ � 
���� ���� ��� !� ��"�#������$� �%�& � '( #) 
�*$+� ���#���, �&�� ����#�� ���� �*-�#�� �
.�/�0%� 1�0� :PhD 
 %� 2�*$3 4 ����$� �%�& � 5( #) 6*$+� 
�� �������� 
��-��� 5( #) ���7 ����� �� 4 
��-��� �)���(8 9:;:��;�<< 
:�PhD ��$� �%�& � 5( #) 
�*$+� 
�� �������� ����� �� 4 
=(>�(8��
;�PhD
=(>�(8 ���� �*-�#�� ����� �� 4����#��*+�� 
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3�@ A� 
#�(8 �� ,� ��*(�� ��� ����& � ,� B���-=� � ��� 

��

����	 
C�� D448 
#�44��� B)ex vivo ��44 !�� 544� *44$�&�(# 


 %�& � *(��	 ���8 E��F� /�4G #� 48 B) /�@4H�DB��� 

���8 ��� I*� ���);��(.���� B��# M(�(� N�O��F� *#�

 �(��$(	��, D,
� ��*(�� ��� D8 *$#��	 �� 54� B��4$� ��4 !

 M(P	��� *(��	 ���8 
 %�& ��8�B�A C��7 D8 ���� I*� 

���� ���Q �� *#�(7 ���R)<(.M���#��	��(��$(	��! 
�48 �4�

 M(P	��� S��#� T>�	 H� B�4A B���U D8 V(!�	�# ��� 
4F(

 ��� �*> ���� B��#)?W9W:W..(
�(��=� B���=(8 '� 

��&����! D8 D %8�� E��X�XYZ	�4� D4! �4�� �*4� �48

 �� !�4� �(��O� �*� �� ��U�IX ���4GO#� 
4� *4>�8 .M4��

 [��8 \�> D8�� !��W�48 
$(P	��� ��(�7 ;�<� D4$(�] *(4�� 


������ B&�<?D! ��� B� ��� ��(! �?%N�4Z(!�	 �� B]

 
� \(��	 �*$R *�� .�� !��IX N��4((X	 \4=H � 
4=+�

 D=U�	 &� _��

��)���(8 �(��O� ���8 D! ���7 �&` B] 

��� ����a� .
���4	 Ib4c \��4> N��4((X	 M4�� ��4� 

B�(�d(%!�8�! ���7 W�=$����.�� *(�� '(��	��7  #� ��4+

 ���=> *(�� '(	��e�] \�*Z	 � 
$(�]9;
%!��*(� � 8 D8

� *(�� '(	��e�] &� /�@4	� �8 �*$R ���*c�� B*> D��a�

 S�#N�O��� )f.(��� ���� B��# M(�(� N�O��F� D4! 

�� !��IX 8 �*> T>�	 V(!�	�# D�(4��$(	��! D�(�� &� �4�

 g�44Z��G	 
��)�4��(8 �4h#�ii%�4�� /�4O�)j.(B�44(8cDNA 

�� !��IX �(��$(	��! �� �4H	 
#�%4#� �*4> ��4! ���

 
���	 /� $! ����	����� � 
����� �gdZ4R 
4�������	� 

��� �*> C��k7 )�iW:.(�� !�� B�(8 M($l=�IX �4H	 

� $! 
���	 /��� �	�4�����\�4> D48 6���������� (4�

B) 
�� $!�3�$� �8 *��Z(� M(	��! ��� 4<���M(	��, 4�;

��� �*> C��k7)�.W��(.
4�� $! �43�$� &� ���Q �� ���

�(��$(	��! �� !�� B�(8 I*� �8 ��IX �(��$(	��! �� ��4�

 �4�� �*�# C��k7 
#�%#� �*> ��! .�(4��$(	��, ��4�

�`�8 D/�&WM(P	��� M(	��, ��� 4<4 M(	��, �m;�� �� �


� B�(8 ����& TF� *$$, .M(P	��� �� M�� �G(Gc ��n<�	

op *3�� M(P	��4� 
4�, TF� &� ��*4c � �4�mp*43�� 

F�T�>�#�� \, 
4� \(-�4	 �� 
���4� ��� *4$��)�;W

�:.(M���8�$8 �	����� B) �� M�� ���WD4$�k7 
Z4��$� ��4� 

�8 �(��$(	��, DF��� �8 
#���� B) �� 8 ���B) B�4(8 I*4� 

*$ %� .
���8 D! *#� ���� B��# 
�ZR ���DOFR /�4q �8 �� 

nnpp &�8 �QU M(	��4, B) ���`�8 
���	 &�m;
#�%4#� W

D8 ���R B�%#��	 ��*(�� �(��$(	��, �� B) B�(8 �4�� );.(

��44 !� '44� �A�44� � 
44c��q �448 �44a�c D44O��F� ��

@ A� �(4��$(	��! �� �*4$$! B�4(8 
3� �4#��	 W�4��
��4�

�	����� M(	��! B) ��;�� !�� B�(8 ���8 
#�%#� IX 
#�%#� 

�(��$(	��! �� D4 ��7 ���4R 
4���8 ����W�*> ��! ��� 

��� .


�� � 
��� ��
 !'G�� e��6�����7�!( [D�"� �;����*� ��,��,�  �; 

�"	 S�# &� �*> ��"#� DO��F� 
48(experimental) ��48 .

C��DH5α�� ,�48 E.coli )�4-���] 4 B�	�� 4�� (���48

 ��, \c���r$(# > ���Q �� *.D#�s8� !cDNA ���48 �*4Z! 

�&�44��*UcDNA �!�44> &� 
#�%44#� MRC)B� %44��#� (

*���7 ���*��A .*(=�d�pcDNA3)�$�� �B)�� 44�4-���] (


c��q ���8 D��� �� !� B��$� D8 ���*(=�d�D A�� �*4>

 �4��7 ���4R ���Q 4�� ���4� t(GH	 M�� �� .D4$ A �4���

 �(��$(	��! uZ$� B��$� D8 B���&�# Y��	 
#�%#� ��� �4 ,� 

v���44� M44�� ��44( A� �� � D44(+	 ���&*44=H� �+w�44$�

���7���R.

^5A,Z �6NG V�W" ����	 ���" ��;56�G � ��;

��4, Y(H�LB (Luria-Bertani) Y(4H� B��4$� D48 

,�448 ��4, M(�(44� 
4e�] � *44> ���Q 4�� �� )/ml µg�ii 

��4! Y(H� (D48 &�4(# N��43 �� ��4, Y(4H� ��4U� 

*> ���Q �� 
8�s #� .x�k#] ��� BamHIWHind III WBglII 
�NotIWy�k48 N�OFR �(z�	 {�@s� �(!WT4 DNA 

Ligase M(%( ($U W(G-418)�(, W/�@4H� |(�s	 ���

PCR � *(=�d� WRNAW���4��	 \#%�-Q4MM(U�(� 449

6�44-O� ����448 �44>�#�� x�k44#] �M-MuLv ,�44> &� �

��C)B�=�] (*4���7 ���*4��A .���48 �,�4> &� _-$4�

B��44����+8)B��44�� (*44> D44(+	 .x�k44#]BamHI �*(=44�d�

PTZ57RT &�&� $��� ���*��A *>.�=�d���� ,�4� *R�� 

IX �,�4> &� 
#�%#� �-( 4��$7��� )D%4#���(x���4� *4> .

I*4� �48 B�%#� 
O(Zq ��=�d� x4�� ���*#� 4�� ����4=#
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���� :W���=> ���+8 W}<

��

�� ,�4� ���GO#� �%	IX �*4�� N��43 D48 �B��&�4� &� 


48 B��4�� B�4A /�G #�D�4�� *4�] .��4! Y(4H� K-SFM 

(Keratinocyte Serum-Free Medium)&� B)�� ��444$�� 

)�����] (*���7 ���*��A .�M4�� �� �*> ���Q �� ����=���

 �!�44> Y44��	 t44(GH	 
#�44=�] MWG*#*44> D A�44� 

)/�*U�(.

)���f:�?��7 E;�F� 95� �� ��	 ���J'��  �;!�5�!�  �; 

<'-GGAAGATCTGCTAGGGTTCTGGTGTTGG 

TGGG-:'
hk14-f1

<'-CGTCCAAGCTTGAGGAGGGAGGTGAGC 
GAGCGAG-:'

hk14-R1

<'-GGATCCGTTATGCAGCGCGTGAACATGA 

-:'
hIX-f1

<'- GCGGCCGCAGTGATTAGTTAGTGAGAG 

GCCC-:'
hIX-R1

<'-GCCATGGCCCCCTTTGGATTTGAAGGAA 
AGAACT-:'

hFIX-F2

<'-GAAGCTTTCTCCCTTTGTGGAAGACTCTT 

CCC-:'
hFIX-R2

 #�� 6��  �;DNA 

���, ��� \c��� D=� DNA C�� 6�4�� �48 ��4�

 *4> ��4"#� r4$(#��, ���*#� 4��)m<.(DNA 
��&�4���,

 #�s8� , � B�A &� �*> ~��s �� DcDNA D48 
#�%#� �*Z, 

�4(z-	 ���48 �4��� B��4$� D48 V(	�	 �	�4����M(	��, 4m;


#�%44#��cDNA �� !�44�IX*44$ ��7 ���44R ���Q 44�� ���44� .

*(=�d��*> D A�� ���t(GH	 M�� �� &�pcDNA3  t �� 

�*> D! W*#� #�(8 �� ,� 5�
��� B���*#� %� W\4��� ���c 

M(%( ($U D8 ����G�
�*>�8 &�U� �/��4� E�s #� ���4�

#��	 v$,�� ��(� �� V(,�	�#%
� M�-Q *�� .

����=����hK14-F1 �hk14-R1 ����� V4(	�	 D8 D,

�����U x�k#] 
>�8 ��� ��4�BglII �HindIII *4#��8 W�48 


���	 6��� �	�4���� M(	��4, B) �4�;
4c��q 
#�%4#� 

*#*���7 .

�(z-	 ���8cDNA �� !�4�IX �4=���� �� hIX-F1  �

hIX-R1��44���U ����� V44(	�	 D448 D44, ���448 
44>�8 ��44� 

x�k#] ���BamHI�NotI*#��8 W���	 6��� �84
mRNA 


44c��q*#*44>.WC�448 &� _44� /�@44H�PCR ���44c

�	�44���� 4 M(	��,m;�*(=44�d�pcDNA3�448 x�k44#] ��44� 

BglII �HindIII �D44OFRPHK14 ��44U D448 �	�44���� 

6���������� (44� (CMV) �� d�*(=44�pcDNA3 ���44R 


#�(8 *(=�d� � ���7phPK14H *4> D A�4� ./�@4H�

PCR ���c cDNA �� !��IXW�� �&�4� B�4�! &� _4�

 N`�@44H� {�@44s� ��44 !�PCR)PTZ57RT ( �448

x�k#] ���BamHI/NotI�� � �*4��8 *(=4�d� phPK14H 

���� *���7 .V4(!�	�# *(=4�d� D4! �4(A� B] �� cDNA 

�� !��IX ��� ����� M( �	����� M(	��! B) 4�;
#�%4#� 

���� ���RWpK14hFIX*> �*(��# .

�?��7 9��M7 

V4(,�	�# *(=�d� �� �*> B��, N�OFR pK14hFIX 

)\��>�	�����M(	��! B) 4m;
#�%#��hFIX-cDNA ( &�

 *> 
���	 M((O	 gd��, D >� �� ��*#.
���	 �48 ��,b4� ���

 ��� �� &� ���Q ��ABI 373  )B�=�]�MWG ( ���Q 4�� �8 �

�=���� &���44� *���7 M(44(O	 
3�@44 A� *44# �D%44��G� 


���	 D4��#�8 &� ���Q 4�� �48 D�3�c ���BLAST D4(�� �48 

*> ��"#� 
#) 5#�8)m9.(

6�����7�!G +�?�� 6NG �,��,�  �; 

(��$(	��,4����O(Zq4
(��4#�%#� ��*444
:(HNEK 

Human Normal Epidermal Keratinocyte) �44��� &�

 �� �*4> x���4� \=O���� 4�� �8 t8�F� � �*U B���&�# D$ A

 �(4��$(	��, {�@s� ��� *R�� ��, Y(H�(K-SFM) 

*> ���� *>�.WD3dA N��3 D8 /�G #� ��(� D4$ A ���� 

�� %> � �������&] D8��PBS Wx(%4�, *R���x�k4($� �

���cµg/mlnp M(%���� $U W, N�OFR D8� -w� x(%4G	 �

N*� D8m}�� ���� ;���47 
 #�� DU�� _-$����48 �� 

���cU/ml n<*4> ���� ���R &�e%�� x�k#] .D4�` _e4�

�� &� 
��*444(��444� �&�444��*U I*444� �4448 � �*444U ��*

�(��$(	��, ���4c /�4�H� �8 ��n</p*43�� � M(%4e��	

m/�44� 
44�(�EDTA N*44� D448 mp�� D44G(R� :?D44U�� 


 #�� �=� ���7 ��8 �� \R�*c �8 �� r4$( e(� *4���7 ��4=(	 .

�448 M(%44e��	FBS �i*443�� �44+# /�44�H� ���� 
44z$A 
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�(��$(	��, 
3�@ A� 
#�(8 �� ,� ��*(�� ��� ����& � ,� B���-=� � ��� 

��

/��� ������ �8mppp DG(R� �� ��� N*4� D8mpD4G(R� 

��;���447 
 #�44� D44U�� ��4444*#*44> ���� E�.E�44��

 �� 
���4�K-SFM)���4cEGF: Epidermal Growth 

Factor  ./i��/ing/ml �BPE: Bovin Pituitary 

Extract) µg/mlop�.<(t44�O�*44���7 .�(44��$(	��, ��44�

 \4��, ��, Y(H� �� D(���K-SFM ��*4O	 �48 .iiii �4	 

;iiii /��� �� ��&� D8
 #�� u48�� �4 � '4�d� ��4, 

���� *#*> ./��� �� �� ���	�8��# :?
 #�� DU�� ���7 ��48 

<*3�� .CO *#*> ���� *>� .�4� ��, Y(H�o�n&�� 

���O	 ��8 5� *>./��� *>� &� _� ��*c �	 �� �<�9p

*3�� � �*4> D 4>���8 ��4, Y(4H� W5�d� /��4� �4�

�8PBS�� %> x�k($� � x(%�, *R�� �*#*> ���� )���� .

9NhJ�,�!7 

�(44��$(	��, ���Q 44�� �448 �44�&�M(U�44(� �944F��t8

�*4$$! *4(��	 �!�4>�� ���44(�� �� D44#�A v4> ��4� ��

��Q%#��	 *> *#.�(��$(	��, ��h$� M�� ���8 ��*c ��n;

�� M�4-Q%#��	 v$4,�� &� \ZR ���� x!��4	m<p �4	 m}p 

*#*4> ���� ��4, D4#�A �� ��&� D8 /���.v$4,�� ���48

M�-Q%#��	Wµl:M(U�(��98�µl�� K-SFM D4��� )*4R��

BPE �EGF(��44�s� �N*44� D448 <D44U�� �� D44G(R� 

N���c2�	����R ���� *>.

2�� ���s� D8µgnV(!�	�# *(=�d� phPK14H )�� 

pK14hFIX (N*4� D48 B��4=# ��4�s� &� _4� � D��a�

 \R�*cop� ���� �� DG(R� 	*> ���� ���R 2� .�+# ���s��


/��� D8 g�=(G %� _e� �� �� n
�(� � (� D4��� ��4, Y(H�

 *���7 D��a�.N*4� ���48 M�4-Q%#��	 v$,�� \R�*4c9

�� D���� ������._e�K-SFM � ���] u4=U D4��� K-

SFM/��� D8 \��, *���7 D��a� �� .

��44� &��)��*44c?.���44� (M�44-Q�#��	 &� _44�W

D48 �&�4	 Y(4H� � ���] u4=U 
4���8 ���8 ��, Y(H�

/��� *> D��a� �� .$�,
�# ��4� ��4, Y(4H� �� V4(,�	

���copp�n<p��7��-(� �� ��&� D8 M(%( ($U �4 (� 
�(� 

��, Y(H� *#*> �(z-	 ����Q#� N��3 D8� E�s #� )�?(.

$�, M��
�4� ���4c Y(4H� �48 _e4�µg/ml 9ii 44<ii 

$U( (%(	 M(*#*> ��= .

��'G�.  ��LM,� 6�?�M.  !�B �#��,�IX�,��,� 

�� ,�4� 5�)���(8 �(��O� IX &� ���Q 4�� �48 �*4> B�4(8

 �� ,�� *R�� 
#�%#� ��=�d�IX �PTT t8�4F� �*4> /�O� 

�� �8 48 �*> x���� \=O���� D�,�4> D�(4�� �*4$$! *4(��	 

*���7 M((O	 .

�� !�� �(��O� B�k(� M(=s	 ���8IX �*4> B�(8 
#�%#� 

&� ���*#� �� ����=# D! *> ���Q �� �8�4(��O� &� ���Q 4�� �

���GO#�W<�R� 1� s� �*4> D#��( � ��=�d� &� 
4O(Zq 

B�%44#� )
160
1

W
80
1

W
40
1

W
20
1

W
10
1

(��44=	 b44��, ���

 
= ����� x(��	 ��GO#� B��& D(�� �8 *> ��8 �.��4"#� ���48 

B��&]���GO#� Wµlmpp &� ��D#�=# �R� �8 
10
1

�48 µlmpp 

� ,�� *R�� ��=�d� &��IX �µlmpp &� PTT �*4> /�O� 

g�44G(R� � ��44�s�oN���44c D44U�� �� D44G(R� :?D44U�� 


 #�� ���7 *4> ���� ���4R ._e4�µlmpp *4���, x(%4�, 

n< /�� 
�(� �� �*> ��7 \ZR &�:?
 #�4� DU�� ���47 D48 

*> ��(7 �&�*#� ��GO#� B��& � D��a� B] ����4GO#� �(��O� 

D#�=# ��� ����=# 6��� �8*���7 M((O	 ���*#� �.

E�G��RT-PCR 

RNA��	 � &� �/��*4> �-Q%#��	 ���)
4$�!F3-C2 


���� uZ$� B��$� D8(|(4�s	 �4(, &� ���Q 4�� �48 RNA 

*> ~��s �� ��8DNAase &� ���� RNAase � *> ��=(	

 6�444�O� ����4448 �444>�#�� x�k444#] Y444��	)6��444��

_#��44	 ��44 e��!M-Mulv (B��44$� D448�44��� ���448 M A�44� 

cDNA �4��7 ���R ���Q �� ���� .&�cDNA �*4> D A�4� 

D8 D4OFR �4(z-	 �4+U ���� B��$� &� ��cDNA �� ,�4� IX 

D8 /�q�o<&�8 �QU 
3�@4 A� ��4��=���� &� ���Q �� �8

hFIX-R2�hFIX-F2 v$,�� �� PCR*���7 ���Q �� .

����� ��
3�G!7�,  �;����*� 6>�� 

*(=�d� �A�� pK14hFIX 8D/�q}nno�4QU 48&�


3�@44 A� B�44(8 ���448cDNA �� ,�44� IX ���44GO#� ��

!�(��$(	�� ��*(�� ���
qn���7 ��"#� D�c�� )\->�(.

DOFR 5� /�� D�c�� ��nn;p �QU 8���c �&� �	�4���� 
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M(	��, B)�m;
#�%#� (PCR1) D!�����U *U�� ��� C�48


44=�k#]BglII �HindIII ��44A ��44+ #� �� ���44��W�448 

&� ���Q ��PCR )�PCR (�(z-	 /�@H�*���7 .

�/�@44H� x�44� ��44(�PCR *(=44�d� �pcDNA3 

8Dx�k#] D�(�� ���BglII/HindIII W	�����M(	��, B) ��m;

�U M(�#�	����� CMV ��,b� *(=�d� �� ��7�*.M4�� D48

 d� V(	�	*(=� �*> D A�� V(,�	�# phPK14H �*(��# *>.

*(=�d� �� A��phPK14HC�� &� ���4Q �� �48 C�8 ��� 


=�k#] 	��*���7 *( )\�>.�14��.(�&�*4#� ��4h #� ���4� 

9}�< *(=4�d� 
4FA \-4> �&�8 �QU phPK14H 48 4D

�(��4x�k4#] �8 D#�7�*U x�� DHindIII �BglII Y4G� D4, 

�����U 5� ����� *4#��8 2�� *(=�d� �� C�8 � �*���4�

> *(��	4*.84D��(7��! x�k4#] ���	 ��4�HindIII  �BglII 

��8k� *(=�d� C�8 ���8WD4OFR ��nn;p �;<�< �4QU 

�&�8 4"��44! ��4��4	���� �&�*4#� �48 V4(	�	 D48 D4, �B) �

M(	��,�m;DOFR � 
#�%#� pcDNA3
� �G8�F� ��=#$*.

\@	f:3�G!7�,  �;����*� 6>�� \��!" 
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3�@ A� 
#�(8 �� ,� ��*(�� ��� ����& � ,� B���-=� � ��� 

��

\@	�:����*� ��'>�� �?�@?�" ��5�7 ��5A,Z e!� e�� �� 3�(!7�,  �; 

a:����*� : pK14hFIX1��� �
��4���� �&�*#� ���*#� �� �!��� �

DNA.1��� ���.�:�*> 
FA ��� ���� �pK14hFIX V4(	�	 D48 

�8BamHI�NotI.1���;�*4> 
FA ����� �hPK14H �48 .HindIII 

1���<��� �����4A C�8 ��pK14hFIX �48 BamHI�NotI48 D��4q

B��k=� .1���9\��!���� ����� �pK14hFIX . 

`?�:����*� : phPK14H 1��� �
������ �&�*#� ���*#� �� �!��� �

DNA .1��� ���.�:����� ��*> 
FA ���phPK14H V4(	�	 D48 

�8BglII �HindIII.1���;�*> 
FA ����� �pcDNA3 �48 HindIII .

 1���<����A C�8 ����� �phPK14H �48 BglII �HindIII 48D��4q

x44� B�44�& .144���9����44A C�448 ��44��� �pcDNA3E�BglII �

HindIII 8DB�4�k=� ��4q .14���?\��!���4� ��4��� �phPK14H .

 1���f\��!���� ����� �pcDNA3.

��� D444�c�� ��cDNA�� ,�444� IX &� _444� �444(z-	 

).PCR(�D4(��� �&�� B��! �� *(=4�d� PTZ57RT �48 W

��+8 �����U &� ��(7 
>�8 ���BamHI  �NotI*(=�d� D8

phPK14H ���� *44> .*(=44�d� C�448pK14hFIX �448 

x�k#] ���BamHI  �NotI8Dx� ��q ��"�� D8 �"$� B��& ��

 DOFR���� ��;<j�&�8 �QU �&�*4#� �8 V(	�	 D8 D! *>

(=�d� *phPK14H �cDNA �� !�� IX 
� �G8�F� *��=# .

x� C�48 M($w *(=4�d� ��4�pK14hFIX &� '4� �4� �48 

x�k#] ���BamHI �� �NotI8 DOFR '� D/�qf..:�QU 

=# ��"�� �&�84! ��4�&�*#� �8 D�*$$, B�(8 V(,�	�# *(=�d� 

��4 ,��IX ���� �4G8�F� 
4#�%#�)\4->.E 4.(�� A�4�

�-��4� *(=�d4� 
�pK14hFIX x4� 
���	 M((O	 �8 M4($w 

	 *(	�P�,�#�*> *(�.

1��� ���!� ��'(�.IX�,��,� 

8����4GO#� �� ,�� B�(8 I*� IX �(4��$(	��, �� ��4�

 /��4� M4�� D4(��� ��, W
#�%#� �48 M�4-Q%#��	 ���48 �4�

 *(=�d�pK14hFIX *$ ��7 ���R ���Q �� ���� .��� *$w 

-Q%#��	 v$,�� M��8&� ���Q �� M(U�(� �9��"#� *4>.��

/��4� WM�44-Q%#��	 v$4,�� &� _44� ��4� &�� TF44� �44�

 *4#��8 ���4, �4� �� 5�d� .
��4= c� B�4(8 �� !�4�IX ��

&� ���Q �� �8 �*> ���] u=U ��, Y(H� B��&] ���4GO#�

 D44�c�� 54� �44��7 ���4R 
44���8 ���4� �� .��44GO#� B�4�&

D#�=# ���8D&� �*4�] �4����	 M�4-Q%# 14� s� ��4� ��

 �8 D%��G�D#�=# ��� /� $, 
4Q$�)D4#�=# �-Q%4#��	 ��4�

 �448 �*44>phPK14H/��44� ��*�44# �-Q%44#��	 ��44�(

DZ��H� *>.
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?
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44$O� v��44! ���44GO#� B�44�& ���Y(44H� ��44� ��44,

u=U /��� &� �*> ���] �48 �*> �-Q%#��	 ��� *(=4�d� 

pK14hFIX �8 D%��G� �� D#�=# 
Q$� /�4 $! ��4�W4#��#��

 T44>�	 �� !�44�IX/��44� Y44��	 V44(,�	�# ��44� ���44c 

pK14hFIX��8 ��! Y(H� D8 .

��GO#� �(��O� � ��GO#� B��& 48 ��4, Y(4H� �D�4��

 �� &� �*�]v���&] /�4 $, �48 D%4��G� �� M�-Q%#��	 ��4�


Q$� �� /�*U.\�> �:������� �*> D.

)����:��'(�.  ��LM,� 6�?�M. � ��LM,� 1�"#IXV�8W"�� �,��,�

6�����7�!( 6N( 9��8�'��� �� ����7 #� \DQ ���	 6@J�,�!7  �; 
)9N@J�,�!7#� Y� I�� #��(

D#�=# 8 1� s� ��� M��Q%#��	 &� D! v���&] ���� ��� D�*4�] ���

I��c �8 *#��8 AWBWC2WC3WD1WD2WF1WF2WF3 �F4 B��4# 

*#� �*> ���� ./��� &� ��! Y(H� ���8 �*�# ��Q%#��	 �NY(H� �

/��� &� ��! 	 ��� *(=4�d� �48 �*4> ��Q%4#��phRK14H �48 NC 

�*> ���� B��# ��� .

+,��, �;��LM,� 1�"#)+�,�i(
V��'"6�?�M. 

hFIX(%) 

N��� ��� ��� ��/�
NC ��� ��� ��� ��/�
A�� ������/��
B�� ������

C2 �� ������/��
C3 �� ������
D1 �� ������/��
D2 �� �����/��
F1 �� ������/��
F2 �� ������/��
F3 �� ������
F4 �� ������/��

D8 ��� # 6��� �8 �*�] ���W�(��$(	��! \43�c ��4�

 M��Q%#��	 &� ��� ���A�B�8 ��*c ?iB�4�& D4(#��

44(��O� � ��44GO#�444GO#� �4��� :j�44	 ;i*443��44� 4��=�d

#� ��4���*
#�%#� W	`�8 �����4F� M��4(8 TB��� !�� IX �

/��� ��� &� \3�c ��� M��Q%#��	F3 �8j:(#�� 4�& D4B�

� ��GO#� �8�8��8 ���GO#� �(��O��9*3�� ���*#� �� ��=�d� 


#�%#�W�� ����� �(M	B�(8 TF� M�� �� !��IX��8 .

\@	�:8� 6N8( V�W"  ��LM,� 6�?�M. ���!� +��8"Z 68����

9N@J�,�!7 #� �M� 6&��)1���, +.�$� #� \DQ9���'���)G418(.

� &� _� ��� &�� M�-Q%#��	 v$,�)��*c�n���� 

$,�� &� _�M�-Q%#��	 v(/��� WD48 �*> �-Q%#��	 ���

 �4	 � *#*4> \4G $� M(%4( ($U ���c 
8�s #� ��, Y(H�

 B��& B*> ��*�*�
$�, (O4a� M4�� �4���4>�� D4���� .�&

��� M�-Q%#��	, F1 F2�F3���="� �� �*4U 
4$�, 

*> ���� *>� D#�7�*U N��3 D8*#.
$�, ���F1-C1 WF1-

C2 WF1-C3�F1-C4 � &� ��F1 
$�, ���4�F2-C3 �

F2-C4 ��� &� F2 
4$�, ���4�F3-C1 WF3-C2 WF3-C3 

��44� &�F3 �&�44��*U ���44, Y(44H� D448 ���44c 

µg/ml9pp�<ppM(%( ($U *#*4> \G $� .B�4(8 �� !�4�IX 

Y(H� �� V(,�	�# 
$�, �� &� �*> ���] u=U ��, ���

 B] &� \44ZR ��> �� gd��, �(�� T44F� D, )}p��<*3�� 

�(�� TF� &� (&� ���Q �� �8B��&] ���4GO#� 
4���8 ���4�

 ���7 ���R)/�*U :\�> �;(.
4� B��4# ��� # �*4� D4! 

�� ,�� ���GO#� �(��O�IX ��! Y(H� D8 DH>� � B�(� ��


$�! �4�� �����A�8 
+U�	 \8�R S�$	 &� 1� s� ���.��


$�! M(8 �*>�*U ���W
4$�!F3-C2  �48 ��*4c ?iD4(#�� 

���GO#� �(��O� � ��GO#� B��& :j�	;i�! � *3�� 
$��4�

F2-C3 �F2-C4 ��*44c �448 �:; � ��44GO#� B�44�& D44(#�� <

*3�� ���GO#� �(��O� � �z!�*4c V4(	�	 D8B�4(8 \R�*4c

 �� !��IX *$ >�� �� ��! Y(H� D8 )/�*U:\�4> �;(.

���GO#� B��& Id A�Y(H� ��� u=U ��, ���] �*4>�&


$�! 8 ���D�*�] ��� �8 D%��G� ��#�=#D/� $! ��� 
4Q$�

 �� ,�4� T4>�	 � B�4(8 ���*4	 �4�#��#IX V(,�	�# Y��	 

/��� ���c ���pK14hFIX��8 ��! Y(H� D8.
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�fi

N NC F1-C1 F1-C2 F1-C3 F1-C4 F2-C3 F2-C4 F3-C1 F3-C2 F3-C3

+'
T
?1
�"
#

)
+�
,�i

(

)����:��'(�.  ��LM,� 6�?�M. � ��LM,� 1�"#IXV�W"�� �,��,� 

��%( 6N( ��'��� ��k� ��  #�� ��� #� �M� ��;�9)G418(


$�! S��#� 8 ��D��� �*> ���� B��# 
3�@ A� 
���� D�(�� .Y(H�

/��� &� ��! �8 �*�# ��Q%#��	 ���N/��� &� ��! Y(H� ����

 *(=�d� �8 �*> ��Q%#��	phPK14HW8�NC ��� �*> ���� B��# .

+,��, �;��LM,� 1�"#)+�,�i(

V��'"6�?�M. 
��'(�.IX  

��	 1��� �,��,�
(%) 

N��� ��� ��� �/�
NC ��� ��� ��� ��/�

F1-C1 ��� ��� ��� ��/��
F1-C2 ��� ��� ��� ��/��
F1-C3 ��� ���
F1-C4 ��� ���
F2-C3 ��� ��� ��� ��/�
F2-C4 ��� ��� ��� �/�
F3-C1 �� �����/��
F3-C2 �� ������
F3-C3 �� ������/��

B�(8 �� ,��IX /��� �� ��� 8D��� 
4$�! &� �*�] F3-C2 

�8 v���&]RT-PCR k(#���� ���7 ���R 
���8 .DU�	 �8

 
3�@4 A� �4=���� �� D�43�� D8hFIX-R2 �hFIX-F2 �� 

cDNA �� !�� IX �=� W
#�%#� B
4� ��4h #� D! ��q �4��

 � $� ��8k� v���&] ��h #� ���� DOFR *(��	 D8�o<�4QU

&�8 &� �cDNA �� !�� IX*���7 
#�%#� .

\@	/:6�����7�!( 6N( V�W"  ��LM,� 6�?�M. ���!� #� �8M� �;

��%(  #�� ��� ��k� �� �;9���'��� )G418.(


$�! 8 ���DI��4c �8 �*�] ���F1-C1 WF1-C2 WF1-C3 WF1-C4WF2-

C3 WF2-C4 WF3-C1 WF3-C2 �F3-C3 *#� �*> ���� B��# .��! Y(H� 

/��� &� �48 �*�4# ��Q%4#��	 ��4� N��4� /��4� &� ��4! Y(4H��

 �8 �*> ��Q%#��	phPK14H�8 NC �*> ���� B��# *#� .

	 �8 V(	�	 M�� D8�Ds%4# *(� &� �����48cDNA �� !�4� 

IX�(��$(	��! �� /�� ��4��� *��> W�*> ��Q%#��	 ���

 �� !�� B�(8 �H3 �8IX �(4��$(	��!�� 
#�%#� x���4� �4�

 *>)\�><(.

\@	�:E5�"#Z RT-PCR 

DOFR �(z�	?:< �&�48 �QU cDNA �� !�4� IX &� ���Q 4�� �48 
#�%4#� 

cDNA &� �*> D A�� RNA 8D
4$�! &� �*4�] ���F3-C2 � D48 B��4$

����.�4�!���<i�&�8 �QU .�RNA �8 �*> ��=(	 DNAase &� ���� 

RNAase ���� B��$� D8 :�
Q$� /� $!;�cDNA B��4$� D8 �*> D A�� 

���� 

��� 
�(��$(	��! E�b4U I*4� '4� B��4$� D8 ��*(�� ���

 � 
#���� B) ���8�*$ %� ��F� '(	�� )�f.(v���� ���

 � �*> ��"#� B�$!�	 D! ��*O � *$ %4� ��� M�� ��#��# ��

 D!�(��$(	��! 
� ���� ��� '4� B��$� D8 *$#��	���4 !�

 
 %�& M(P	��� *(��	 �+U �� B�4��� ���48 V(!�	�# ���

���=(8 *4#�(7 ���4R ���Q 4�� ���� 
�( #) ��� )�fW.W�(.

'(= %4(� � '4(#)�#�� 
 4��� ��4� ���=(8 &� ���(%8 W

��� D$�k7 � ���Q �� �8 B���� �(��$(	��! &*$ %4� �4� ).iW

�j.(�#��	�2�� 
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Abstract 
 

Background and Objectives 
Keratinocyte is a suitable model for ex vivo gene expression strategies for systemic release of a 
protein. In this regard, keratincyte-specific regulatory elements are especially attractive 
candidates for keratinocyte–mediated gene expression. In the present study, a vector was 
designed for specific expression of recombinant protein in human epidermal keratinocytes 
using human keratin 14 gene promoter. The potential of the constructed plasmid was shown by 
the expression of human FIX-cDNA in human primary keratinocytes.  
 
Materials and Methods 
A fragment containing human keratin14 gene promoter was inserted in the pcDNA3 plasmid. 
The human FIX cDNA isolated from a human liver cDNA library was inserted into the 
recombinant plasmid (phPK 14 H). Human epidermal keratinocytes isolated from neonatal 
foreskin were cultivated in keratinocyte serum-free medium and transfected with the newly 
made recombinant plasmid (pK14hFIX) using fugene-6. About 72 hours after transfection, 
cultured media were collected for expression analysis, and the cells were transferred into 
selective media containing geneticin. Incubation continued until the appearance of 9 colonies. 
The expression of human FIX-cDNA was examined by performing one-stage clotting assay as 
well as RT-PCR. 
 
Results 
The clotting times obtained from the cultured media of different transfection lines were 
compared to of the negative controls. Indeed the coagulation activity of the expressed rhFIX in 
the cultured media was detectable both before and after geniticin selection of the transfected 
keratinocytes. The expression of hFIX-cDNA in the transfected cells was also confirmed by 
performing RT-PCR. 
 
Conclusion 
Our preliminary results support the idea that human keratinocyte has potential for the 
production and secretion of biologically active FIX. The expression plasmid constructed in this 
study, has provided useful means for the expression of different proteins of medical importance 
in keratinocyte for further biochemical and cellular studies. 
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