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�� ��Oct4 �Nanog �Sox2 �Nucleostemin �Bmi �
Zfx �
� �
 ����� �����	 ����	 ��)CaCo2�HT-29 (��� �)HepG2(���	��� �

)LNCaP( ��!" �)HT-1376 ( ��#� �
 ����	��� �  ��!" ������ ���$�% ��"�& �� 
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AB ���@�C@�4�.D E"& F�� �F?E.:C ��? 4���?71�!� G�1 �&C� A!. H �47=7?��"F��� @!?�.I�.��
A�J"C 71! �7	 �'"<� .��!�%L (�M)4N�AB A� �N�?Oct4 )Sox2  )Nanog )Nucleostemin )Zfx�Bmi-1 
��� �� ��?�.:C�A.�.F A�J"C)�1�O� � 7#- )P�&C�"�+� Q��1.�1 �� (��?1�R1!�!A�J"C (��.N� �N�

C�"4�5'"S �!"T.

� 
%�" )�� �
)�4"8L �<��U� V ��4N�AB A� �N�?@�NC@�4�.D?Oct4 )Nanog )Sox2 )Nucleostemin )Bmi )Zfx  �N4

 @! ���;&C!W�� RT-PCR ���1.�1 ��?1�R1! �.�.L�X��	��)�1�O� �.�.L �1.�1�)P�&C�"� �.�.L �1.�1
�� A.�.F �.�.L �1.�1���� �� � A.�.F E��"1 �1.�1 ��?�.:C�1�J"C�@�!4��7	.+�  Q�4 (�AB A� ��?

Oct4 �Nucleostemin YL�"� ZUC ���@! ���;&C! �4 (W��!C.1.��	.&���5'"S �!"T �<��U� ��.�.
 �*�+ �

�&1�1.�1 �� �F �!� A��1 [��?AB )�<��U� ��.� ��?@�NC@�4 �.ND?Oct4 )Nanog )Sox2 )Nucleostemin )
Bmi �Zfx4�� A��71.	AB �4 \.4"� ?��71�4 �@!71! �?.]�! �4 M4�U� �<��U� ��.� ?��"S@�^_ �7	 �6!"J
�.4.+� Q�4 (�C A���C`�.&��&R� �!?Oct4 4 ��I&NR� A��C ���NC`�.&�Nucleostemin @�! �N4 N4��

!C.1.��	.&����L�7	 7.
��,  -����
<�= ���E.:C 5��?1�J"C��<��U� ��.� �!7<L )�.Fa�?E.:C @! � ��S��E.:C ��? 4���?1�J"C�!�

@ E��&6! �4 � 71�!�OIL �� ���E.:C "��?1�J"C�:$! G�1�71�!� �73H "4 !��-L �4��"b1 7�cancer 

stem cell � c�F�� � 7 F�� ��3 ��! �F 7 FAB (� �.���4 P�.$ �4 ���A!. H �4 7 1!.L�.�.L "-���?
G�� � � d�/�L 53= 71.	 ���;&C! A�J"C �3S_.

#������� ��:�1�R1! (�YL�"�Sox2 �1�R1! (�YL�"� )Nanog �1�R1! (�YL�"� )Zfx A�J"C )A.�.- A�J"C )
A�J"C )P�&C�"��1�O� 

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

������ ������ ��� ! �"#$� %&  � &'�( �)*�� ���+ ,�-./�� 0��� 1#$2 ,&3./�� �������� 4 �"#3"#) (5���� 4
��6(7�) 8"7) :PhD %&  � 4 5������ �3!9� 1#$2 ,�-./�� �"#3"#) ( �"#$� 1#$2 :�;<;=	 9��) ��<./�� 4 �)#	�/+ 45���� 4���� >(& ? :�@��A�AA��� 
@����� ������ �"#3"#) ( �"#$� ��� ! :�;<;=	 ( 1#$2 &'�( 4 5��B	 �)*�� ���+ ,�-./�� 0��� 1#$2 ,&3./�� ����� 45���� 4 5��B	 4
��C<�+ DEF�) 5������ �3!9� 1#$2 ,�-./�� �3!9� ,&3./�� �������� 4 ��� ! 5���� 4 %&  � 4
G�5������ �3!9� 1#$2 ,�-./�� �3!9� ,&3./�� ��<./�� 4 �H#"(�(� DEF�) %&  � 45���� 4
A�5������ �3!9� 1#$2 ,�-./�� �3!9� ,&3./�� �������� 4 �'��I DEF�) 5���� 4 %&  � 4
��,�.' ������ ,&3./�� �������� 4 ��� !4 5������ �3!9� 1#$2 ,�-./�� �3!9� 5���� 4 %&  �
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���	� 
�#L &M	�&�6#$4� ,&./ 6�� N L� J�4O 4<P��5�#4 2 04Q

/�R)<KB) S���� ���+���#)#	 & ����� ,&! 0�L� ! .��
�#)#	 ,�#	 �O�JN&/� ��&U	�6#$� �� 6#$4� 04Q �4O �4O�

 Q<���� 0N &/��� �O�V!�UKI W<"#$� X&/� ��4�)76(
( & ��O �#)#	 ����Y ( Z['�/�#	���4Q��Q �� �4)(�;)

�44;"� \44)�#2 ,&44  N �#44��#�+�44! ( ]<K�/�44)������� ��
)�& !�Q)@��.(6��N�#"#N 5�`�� �� 6#$� �O�,&  N ��a+

�#)#	J�/+�5H�4O�=b4��CD166 JCD133 JCD44 (
ESA Q �� 4<5�4)��#4) �� 04N &4  NNOD/SCID  (Non 

obese diabetic / sever immuno deficiency) 44�'���
�c$a �O�4�Q<���4�<�JW"#	 4<&�#4)#	 �4) &4 ��K/ (�4�W

�O�#)#	 �Q#d/S�*� "(�<� �O�V! 0����&/��� .5�`�4� ��
 6#$4� &4VN �4O� Q4<���5�`�4�(cancer stem cell) JQ4<5�

�O�N��)�=b� �CD90+JCD45-  JCD117+ (CD133+  
/�)� ( &/��� 5�./ ����#) 0Q 0N�O�SCID �9	�&/&! eJ

�O�#)#	��� ��R) �#` 0Q ���&/��N ��M .� ���6#$4� W�4O
Q<5H 5� �O�6#$� �O��<f��� / Q<���c/4<�B-CateninJ

BMI JNOTCH (OCT3/4 �4O�N��) �� 04N &! ,&O�.)�
6#$� �O� Q<��� I< �)�& !�Q)GJ�.(U"�b)0��O 1�4M/�

5�`�� �� ,&! �O��</#L S����O�N��) 0N &/��� 5�./�
=b��WQ�0�L� �O��<K�#"/�(��� �BQ�.) J��O�N��) �Q�
=b��W4Q�04�L� �4O��g#�#	�KO 4< &4/��� h)A(.5H�4O�
Oct4 JNanog  JSox2JNucleosteminJBmi  (Zfx 5H �O�

KB)���Q����/�#	 ��M�������Q �#L�Q ,�#Q 0�#` �04N
6#$� �O� Q<���5H ( 6�U� �� �O��4K	 ,&4  N i(�!��� 9

44) ��44B)�&44Q ( &44  N�	�	 W44<$Q�j C44<&M	 �#44L �44�&�
6#$� �O� Q<���4) Z[' ���&4  N .Oct4 JNanog (Sox2 

:�#? 0Q4�94N�) 0RV4! h�kR	 �� 4<&M	�#L ( �4�&�
6#$� �O� Q<��� I< ����� f;/ J���4) �[�&4  N)��A.(

Q<� 5� 4� ��&4U	 �� 5H 04� W�5�4)�(� ( �4O�#)#	 �� �4O�
"#$44��/�`�44��/44<�44�� ,&44! ,��� 5�44./ 9)����.(5H
#d$N#/W<K�� � �N��)��-�&I 0N �����N��) 5�# 2 0Q P�&

WQ�0�L� �O� I< ���� !��Q ( ��� ,&! 4</ 5+ 5� 4< �� 9
��&U	�5�`�� �� ��� ,&! ���9Y �O)�@.(

O(�Y4�;;=) ��<4Q W<4� 5��4�� �� 5H W`��45�O4��

���$	<"��c/<6#$� ��O�6#$4� ( ,&U) 5�`�� �4O�Hela 
&/��� 5�./)�GJ��.(����Q ,��� 5�4./ ,&4! 1�4M/� ��4O 

��� 5�<Q 0NZfx (Bmi/<96#$� ������Q �#L ���Q ��4O
���< Q � < IVE2 J�5#L (��4� �4) 1�l 4!�Q &)�A.(��

6������W<4� Q 5���4RKO (4<5H 5�Bmi 5�`�4� �� ��
&/��� 5�./ 0/�k))��.(5H�O����4���Q�#L 6�4� N �� 0N�

6#$� �O� Q<���&I 0�4�� 5�#4 2 0Q J&/��� f;/ 4�&���
�O�N��)�"#R"#)���U) 5�`���,&! Q 0N &/� 4< 6�4� N 5�
5+ ,&./ KB) f;/ �O�+�� ���5�`�� &  ����) �����& !�Q .

� �� m&O�;=	 W<eJQ4<5H 5� �4O�Oct4 JSox2  JNanog  J
Nucleostemin JZfx(Bmi-1 ,�� �� �O�"#$4��5�`�4�

 5#"#NHT-29 (CaCo2"#$4� ,�� J�/�`�4��:��4�(�� 
LNCaP"#$� ,�� J�&VN 5�`�� HepG2 "#$4� ,�� �� (�

0/�k) 5�`�� HT-1376SO 4 n<04/#K/ �� W�4O��#4)#	�
�#Q .Q<� 5��5H W5+ �Q ,(*2 �O ) 0N��N��) 5�# 2 0Q & /�#	

/�`���5+ S4B) f4;/ 04Q 04I#	 �4Q J&/#! ,��[��� �� �4O
6#$� �O� Q<���4)�	 &4 /�#	�4<�� &��4-���4Q�4o��<0

Cancer stem cell 44?#EL ( ,�#44Q<W44Q :��044�L� �44O�
/�`����&  N #Y��Q �� �#)#	 h.


 ����
� ��
6#$� �.N �(� �O�/�`���0U"�b) ��#):

�#4Q �Q�M	 i#/ �� ,&! 1�M/� 0U"�b) .,�� �4O�"#$4��
CaCo2(HT-29 44���N #44/�+ �� e�44.)<�)# �6�44�N�#"#N

,�� ( 5�4444�/� �4444O�"#$4444��U87-MG )"#$4444� ,���
*Y��)#�44�*Q#(JHT1376 )44���N<�)# �044/�k)(JHepG2 

)���N<�)# �&4VN ((LNCaP )4���N<�)# �:��4�(��(��
"#$� h/�Q���/�<#�� �#���� 4�5�� 04<B	 &/&4! .,��U87-

MG 5H �Vk) 6�� N 5�# 2 0Q �O�Nucleostemin  (Sox2 (
"#$44� ,���NT2 5H �44Vk) 6�44� N 5�#44 2 044Q �44O�Oct4  

(Nanog &! ,��[��� .6#$4� W4�� �.N ���Q p<4=) �� �4O
 �44.N �444O�DMEM )Dulbeccos Modified Eagles 

Medium ( (RPMI-1640 )Roswell Park Memorial 

Institute( I 1��<W(�Y�FBS )Fetal bovin serum ( J0Q
5�9<)�G%0 <)+ &<�� J��(�4o �4<a ��O)Non essential 

amino acids:NEAA(r4� 5�94<) 0QW<$<4� �4 � J&4?�� 
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5H 5�<Q ,�� ( ������Q�#L ��O ��3KO ( � <)� 0��V? �/�`�� �"#$� ��O5�

��� 

E�7=�:AB ���C! ?��"S@�^_ �4 \.4"� ��!.L � ��5C�f�4)F((��� �5C�)R(

AB "S@�^_ g�!"L ?���
h �:�1_ 

�<UT E.J
X$�6 

)bp(

h Oct4 
(NM-203289) 

FGAGAATTTGTTCCTGCAGTGC A���� 
RGTTCCCAATTCCTTCCTTAGTG A�

h Nanog 
(NM-024865) 

FACCTATGCCTGTGATTTGTGG G���� 
RAAGAGTAGAGGCTGGGGTAGG G�

h Sox2 
(NM-003106) 

FATGGGTTCGGTGGTCAAGTC A���� 
RGTGGATGGGATTGGTGTTCTC A�

h Nucleostemin 
(NM-206826) 

FCAGAGATCCTCTTGGTTGCAG A���� 
RAATGAGGCACCTGTCTCCTC A�

h GAPDH 
(NM-0020463) 

FCCAGGTGGTCTCCTCTGACTTCAACA G���� 
RAGGGTCTCTCTCTTCCTCTTGTGCTC G�

Zfx 
(NM-003410) 

FTGATTCCAGGCAGTACCAAAC @/A��AG 
RTGACGAAAACCCTTACCACAC �/A�

Bmi-1(NM-005180)FTACTCCAGTGCAGTCTCCTC A���@

ml/u ���(W<444���)#������ml/µgG� &444! ,��[�444�� .
6#$� h�*� �� �O �O�T25 �4)� �Q �#	�Q#R/� ��( �ºC@� 
�9<) (5G%CO2&/&! ,��� �.N.

0/#K/ 5��/� �� ��<Y:
0/#K/ Q �� e<;=	 W�� ��</ ��#) ��O<5��4���K ��4O 1�4)�

KL< �'#	 J5��B	<( &%&  4� �kUQ 5���4K<Q ���4o� �4Q 
sKI &/&! ��(+ .0/#K/ ��&U	 \)�4! �4O���#4)#	 04/#K/

 J0/�k)G�#)#	 0/#K/ J:���(��G( 5#4"#N �#)#	 0/#K/G
&4/�#Q 5#"#N 6�)�/ 0/#K/ .04/#K/ �4=	 J�4c/ ��#4) ��4O

 � <"�Q S�*2 0Q 0I#	 �Q ( DEF�) r!9� S<;��) :��c/
0���� (�O�-.��)�+ ��O ��� 0Q&/&)+.0/#K/ ���#<Q ��O

�� ���2 ( \����� t#<	(�3<) �� RNase(��r4/�	 :�� 

���j ,��� %��F��� 0$'�) �	 ( ,&!RNA ��&B-/�&/&!.

�Q����� RT-PCR :
�� RT-PCR �	 �44BI44<�&Q44<5�5H�44O�044U"�b) ��#44)

&! ,��[���)6(&I�(.��Q���W�� ,��[�4�� �4Q �&�Q� J�#c )

%��F��� 6#$=))5H� <4� JRNX Plus(JRNA \4N)Total 

RNA (6#$44� �� �44O�/�`�44���� ]44� ( &44! %��F�44��
K`�<5�  4�W��� N ��<[4<�RNA 1�4M/� �4Q ,&4! %��F�4��

H ��#44�(��R"�6��)#��(��Ru44�� ( ���44Y+�JB	 \44'��)44<0
cDNA �� 1�M/� 0Q 5+ ��<&.(� �Q�RNA ,&4! %��F���

 �� ,��[�44�� �44Q�Y��44a+)44)�9-O�1(&44/��(N (44<�)�</#44<Q(J
0F�/ ����Q�v#RU)Q ���Y 1�M/� 0�#4`�04N f 4N�(

RT �B/ SM' ����G�)<"(�R<��:�#4? �4��Y.�� ]4�
B	<0cDNA f N�( JPCR kR	 �BI<��� �4c/ ��#) 0Ubj

�B/ SM'����)<"(�R<��&4! 1�4M/�JB	 �4BI 4<0S4M'
 �Q ,(*2 �#N�)DNA #-"�)f N�( 6#E=)RT (N �� 4<�

)�</#444<Q(PCR ��444�� �444b;) t+ J�\(��444O�Y��a+ 
�444��l�Q)Forward ( (�444�<�W�444��)Reverse(�444Q J

6(&I �� ,��!� ��#) :�EF.)�h&4! ,��[��� .�� ]4�
�)+,�f N�( 1�M/� �BI �c/ ��#) SM' W�L��JPCR �4Q

��!�p5#<���#	�/� �G/�w<0�)� ������/�� 0I������Y J
x <$</+ �G/�w<0�)� ���G��	A���/�4� 04I�� ���4Y)�4Q

 i#/ v����Y��a+ ((����W.  �j�<0;�)� �����04I�� 
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��� 

��/�� ���Y �4��Y 1�M/� .��&4U	@G4�<\R(4�h4�<\R
W. ���� �B/��:&) 0Q��j�<0;�����/�4� 0I������4Y

&! 0���Y �c/ �� .f N�( (� �O 1�M/� �BIRT (PCR ��
,�-���6�)�	 ����$R)m�(& �� (&4! ,��[��� .5HGAPDH 

$L�� 6�� N 5�# 2 0Q��4��Y ���4j ,��[�4�� ��#) .�� &4UQ
f N�( 1�K	�J�)<"(�R<��f N�( 6#E=) ��PCR p4�#	

 ���Y+ 6H ��#�(��R"��4���Q &4?���&4! .��4O�Y��a+ 
� �� ,��[��� ��#)�W1�4/ h4KN �Q 0U"�b) �4O��9���Gene 

runner (Primer3 '��`�&/&!.�)�+ ��#) �O ���f�4O@
&! ���R	 ��Q .

����Q�����#/#K<!#�<K�:
��44Q�44���Q�Q44<5�5H�44O���44���Q �#44L�Oct4 (

Nucleostemin d	(�� yb� ��<W���(� ���#/#K<!#�<K�
&! ,��[��� .� 0Q�W6#$� �#c ) :&4) 04Q �O��j�<04; ��

�)��g&"�)������ �� ,��[��� �Q >�	�<&�&/&4! �Q�w &?�� .
4�/+���44Q��4O�"(�44<0,��[�4�� ��#44))human Goat anti J

(����/���(NS (Oct4 �4c$a �Q �04Q���:&4) 04Q (�
�)� �� �2���@�0I�� ��/�� ���Y 6#$4� 04Q 6�4K2� �4O

&/&! .�/+���Q�#/�w�00Q \E�) Texaz red )Donkey-anti 

Goat J(����/�44�(J44�/+���44Q�#/�w44�0044Q \44E�)FITC  
)Donkey-anti Goat J(����/��(6�E	� �BI �/+ 0Q���4Q�

$2 �Q<0Oct4 (Nucleostemin �c$a �Q �0Q���:&) 0Q 

��)� �� �2���@�0I�� ��/�� ���Y 6#$� 0Q 6�4K2� �4O
&/&! .��Q�K`�<5�  �/+ ��R$K2 �=? �����4Q��4O�04Q

J0��� ��N 	�	 0Q<C6#$� �4O�NT2 (U87MG 5�#4 2 04Q
 &4 ���Y ���4j ,��[��� ��#) �Vk) 6�� N.��4Q�04/#K/ �4O�

[ ) 6�� N�$N<0��!�p0/#K/ \k) �O�� �4Q J�#Q 5#)�+ 4�W
(�[	:�/+ 0N���Q�"(�<0��-/ 0��o��&�B/ (�P�� 6#$� 0Q �O

) hKN<z#R�(�R � 4��#$� v#RU))Nikon TE-300 (
����V�R2 ( 0U"�b)�&/&!.

����� ��
�-/�4./ 0<$2 �Q �K<!#�<�#/#K�� f ��( 0M<�/Oct4 (

Nucleostemin 444Q 0,&444! 0�L� 444! ��O�-/�444./ 5�#444 2
6#$�  Q ��O<���J�#Q �Vk) .�Q����� W�� �� ���M/+ �� �O 0�

0Q 0Y({/#� ,��[��� ��#) 0�#/�w �-/�./FITC (Texaz Red 
��O�-/�./ 6�K2� �� &UQ �#Q 0/#K/ 0Q 0�#/�w ( 0<"(� 4OJ���

0/#K/ � �� ,��[�4�� �Q f��)�+ ��O<�4O��$�FITC (Texaz 

Red 	�	 0Q<C6#$� �O��x4/� �4Q �4O�04N 94)�j ( 9V4�
Q<�-/� 5+ �Vk) f N�( ��� 0Q �O�Q��J�#4Q �K<!#�<�#/#K��

&/&! ,&O�.) ."�' ���0N�4O �� 0� �[ ) 6�� � 0/#K/ ��
��! �c/�p� f N�( 1�M/���#/#K<4!#�<K�(� �4Q�5+�4O

 �-/�4./ �� p4;� ( �#4Q �Vk) 6�� N 0Q�.) 5+ �� 04<"(� �4O
�#Q ,&./ ,��[���J|<O 5�#4Q �4Vk) �4Q 6�� 0N �-/� 0/#Y

�/<0M&./ ,&O�.) &!�Q f N�()\R! �O��(�(.

XI	 i:C�"4�!C.1.��	.&���4�AB A�Nucleostemin L"L �4�jE.:C �� ��?a: U87 )c : HT-29  )e: HT1376 )i: LNCaP )g: HepG2 �
K: Negative control XI	 ��?b,d,f,h,j,l �4L"L��4 \.4"� j��kL�1.�1 5C!"& F @�' "��?k)I)g)e)c)a�� 7 	�4.U87-MG  A!. H �4

 �!"T ���;&C! ��.� 5#O� E"& F �1.�1S5'" .E.:C ��U87 C�&R� E� ]0�4�� "&�� �7��.	.�C �� ��!�1.�1 "4 ����&C.Y:F.1 AB A���� (
YL�"� ZUC�&R� P�.$ �4 +� (0��C +���C`�.&���7	�4 .; � E"& F �1.�1 ���� �F�lC �1.S��� ]�7�1 �7����)&1_���4?��!���.� �

5'"]1 �!"T ���;&C!.m��4 ��1��nnX.
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5H 5�<Q ,�� ( ������Q�#L ��O ��3KO ( � <)� 0��V? �/�`�� �"#$� ��O5�

��� 

XI	 o:C�"4�!C.1.��	.&���4�AB A� Oct4L"L �4�E.:C �� j��?a: NT2 )c: HT-29 )e: HT1376 )i: LNCaP )g: HepG2 �k: 

Negative control XI	 ��?l)j)h)f)d�bL"L �4���kL �4 \.4"� j�1.�1 5C!"& F @�' "��?k)I)g)e)c�a��7 	�4.NT2  �4
�!"T ���;&C! ��.� 5#O� E"& F �1.�1 A!. HS5'" .E.:C ��NT2 )C��&R� E� ] !?4�� "&�� �7��.	 .�C �� ��!�1.�1 "4 ���A AB A�Oct4 ��

YL�"� ZUC��&R� P�.$ �4 +� (!?C +����C`�.&���7	�4 .; � E"& F �1.�1 ���� �F�lC �1.S��� ]�7�1 �7����)&1_���4?��!���.� �
5'"]1 �!"T ���;&C! .m��4 ��1��nnX.

XI	 p:4�AB A� ��?@�C@�4�.D?Oct4)Nanog)Nucleostemin)Zfx)Bmi  �Sox2 @! ���;&C! �4W�� RT-PCR ��� �� ��?�.:C�HT-29 
�CaCo2C��F.1�_���. ?)E�&F�.�.FLNCaP C��F���. ?)P�&C�"�HepG2 C��F���. ?)7#F HT-1376 C��F���. ?�1�O� .�.:C A������

U87 4�AB 5#O� E"& F A!. H ��?Nucleostemin  )Sox2 �Zfx ��.:C A������NT2 4�AB 5#O� E"& F A!. H ��?Oct4)Nanog �Bmi ���;&C!
+� )717	  Q�AB (GAPDH 4�:D!� E"& F AB A!. H�5'"S �!"T ���;&C! ��.� .4�AB A� ��?Oct4)Nanog)Nucleostemin)Zfx�Bmi  ��

��� ��� ��?�.:C�7	 �7���� �<��U� ��.�.
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XI	 �:C�"4�4�AB A� ��?@�C@�4�.D?Oct4)Nanog)Nucleostemin)Zfx)Bmi  �Sox2 @! ���;&C! �4W�� RT-PCR �1.�1 �� ��?�.�.L?
�1�O� .GAPDH :D!� E"& F AB A!. H �4�5'"S �!"T ���;&C! ��.� .�1.�1 ��B5 4�AB A�Sox2 7�1 �7���� .+� Q�AB (Zfx �1.�1 �� ��?

B1)B2)B5)B6  )B7 )B8�B9 � �4�A!� q�=�4�7	 A� .�1.�1B2 �B9 1�4 ��AB A�Nanog  �NS 71�!71 A��1 !�.

XI	 �:4�AB A� ��?�.D @�C@�4?Oct4)Nanog)Nucleostemin)Zfx)Bmi  �Sox2 @! ���;&C! �4W�� RT-PCR �1.�1 �� ��?�.�.L?
P�&C�"� .GAPDH :D!� E"& F AB A!. H �4��!"T ���;&C! ��.�S5'" .�.�.L �1.�1 ��?P2 4 r�'�AB A�Oct4 �GAPDH 7	 �7����.
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5H 5�<Q ,�� ( ������Q�#L ��O ��3KO ( � <)� 0��V? �/�`�� �"#$� ��O5�

��� 

XI	 >:4�AB A� ��?@�C@�4�.D?Oct4)Nanog)Nucleostemin)Zfx)Bmi  �Sox2 @! ���;&C! �4W�� RT-PCR �1.�1 �� ��?�.�.L?
A.�.F .GAPDH :D!� E"& F AB A!. H �4�5'"S �!"T ���;&C! ��.� .�1.�1 �� ��?C2 �C4 4�AB A� ��?Oct4)Bmi  �GAPDH 7	 �7����
AB ��! ��?Nanog �NS � �4��= A!��4�717	 A� .�.�.L �1.�1 ��?C3 4�AB A� ��?Bmi �Sox2 7�1 �7����.

XI	s:C�"4�4�AB A�Oct4 �Nucleostemin �1.�1 �� ��?@! ���;&C! �4 )A.�.F E��"1 W��RT-PCR .� ���l�1.�1 @! 2!7F ��?E��"1
4 A.�.F�AB A�Nanog �Sox27�1 �7���� .�1.�1 �� ��?N1  �N3 4�AB A� Nucleostemin  �� �N1 �N2 4�A�ABOct4 � �4��= A!���7����

7	 .
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,(*442 5H 5�44<Q J�K<44!#�<�#/#K�� �Q�44���� �44Q ��44O
6#$� �?�E�L�  Q ��O<���6#$� �� 0Q J0U"�b) ��#) ��O

 �(�RT-PCR �4��Y ���4j �Q����� ��#) .5H 5�4<Q ��4O
Nucleostemin JOCT4 JNanog JZfx JBmi(Sox2 ��

6#$� /�`�4� ��O�HT-29 JHT1376 JLNCaP JHepG2  J
CaCo20/#K/ �� (�O��#)#	�&! ,&O�.))\R!��O ��

@(5H 0Q }#Q�) ��O&/�Q ,��&/� (eQ�4b) 04U"�b) ��#) ��O
 �#-"� �Q�Y��a+ �#Q ,&! �'��`)6(&I �(.

��� 
��/�~��W� 0Q fO({��W"�<\��Q 0N�4"(�<WQ ��4Q 4<5�

5H �44O�Nanog JNucleostemin JSox2 JZfx JBmi-1 (
Oct4 � �� �,�� �O�"#$��5#4"#N 5�`�4�CaCo2(HT-

29 0/�k) 5�`�� JHT-1376 &VN 5�`�� JHepG2 J5�`��
 :���(��LNCaP 0/#K/ �� (�O�/�4�/��J5#4"#N �#4)#	

:���(�� ( 0/�k) ��� 5�./J�'�KO� 9<���� .5H�O��04N
�����Q�#L 6�� N ���6#$� �O� Q<���&4/��� f4;/J04Q

&I 0��� 5�# 2�&��O�N��) ���"#R"#)�4��U) 5�`���
,&! Q 0N &/�<5�5+ ,&4./ 6�4� N �4OJKO� �� 4<��4������

���+& /�`������ ����#L�Q 5&!)��J��J�.(Q4<5H 5�
Oct4 5�`�� �� �O�	�)#�<L� 6�4� &4 n �� h4<Q �<��4.

��� 0���Y ���j 0I#	 ��#).5�)�(� �O�"#$4���#4)#	�
4KO J5���� ( &VN Jv��R/��<5�4)�(� �#4` W�4O�"#$4��

�*N<c/ Jh<�Hela (Mcf7 JQ 04KO 4< 5�Oct4 ��R4!+ ��
&44/��N)��.(6�44� ������ �44�$`� Q 5���44RKO (44< 5H 5�

Oct4 0/#K/ �� �� �O��#)#	�4���Q ��#) 0/�k) 6�)�/ (�
�� ( &/��� ���j�) 0N & ���<Q 5�9 4< 5�Oct4 4Q<,(�4Y W�4O�

 U) :(�[	 0U"�b) ��#) 8$�F)������#4` 0Q �����04N
Q<��.�Q W<�#)#	 ,(�Y �� 5����KN (�) W<,(�Y �� 5+ 5�9

�#Q 6�)�/)��.(W<I 6�4� �� 5���4RKO (���� (,94�� (
6�� �� 5���RKO ���G�#4)#	 0/#K/ & n 0U"�b) �Q P*Vj�

p�#	 5���� 6�)�/ (�(� RT-PCR Q m*�L� J4<5�Oct4 
Q ��<0/#K/ W&/�#Q ,��N ���9Y �O)��J��.(��/���� 0Q ~

;=	 �� ,&)+<Q J�o�' e<5H 5�Oct4 ,�� �� �� �O�"#$4��
/�`�44��CaCo2JHT-29 JLN-LNCaP JHepG2 JHT-

1376 SO n<0/#K/ �� W�O��#)#	�/��/��0N ��� 5�./ J

44U"�b) �44Q0��44O 9"�44O Wg#44! )� ��<Q 044 44<� 5�44� �� 5H W
6#$� �O�/�`�4��)�4K	 ( ���� �4;Q�b)��� l�4Q ���#4)

	�<�) &�& N)��.(��Q� Q�) W� n 5�#	<�/ W<04N �4��Y 0M
Oct4 )�4?�E�L� �N��4) 5�#4 2 04Q &4/�#	��#4)#	���

�Q<���5�`�� �� Y ���4j 0I#	 ��#) �O 4<��.Nanog ��4B)
0F44�/ ,&44  N ����44Q�5H �� �44O��44��(��GATA4  (

GATA6 �K	 �� 0N ����"#$� 9�&/��� f;/.S4O 4 n<W
5H �O���Q 1�l�"�U�<�#4L �&M	 4�&�&4 /�)REX1 ��

) 6�U��&4 N)�.(Q4<5�Nanog �4O�#)#	 ���l4��� 0�,&4 
���N ( 5��/�<�O�)# � I< �/<� 9�) ,&��#!)�J�(.Q4<5�

�<K�*�#��Nanog / 5��4�� 5�`�� �� 4< ,&4! ���94Y 9
���)�.(BI#4	 �#L�� ���9Y 5# N�	 �)��Q �� 4< �� 5+ 5�
6#$� �O��#)#	���� ,&./ ,��� 5�./ .�4w� 04Q 04I#	 �Q

(�� ,{�/�#4	�� Z['�� 5H W�6#$4� 4c 	 ( �4O<5H S�4O�
Y��<�) �� �<�#L �&M	�&��K	 ��B) (�"#$� 9�J� �� 4� W
/ 5H<5�# 2 0Q 9�"#R"#) �N��) h�&I�F4.	 �� &<( D

�<fBY+��#)#	 ������) ,��[�����#! .� �� 4�;=	 W4<Je
Q<5H 5�Nanog ,�� �� �O�"#$��/�`�4��04/#K/ (�4O�

���Q J0U"�b) ��#) �#)#	�&!.��/�� ~�Q 04$'�) W4<5H 5�
Nanog ��Q ���"(�<5+ �� ��4Q W�4�/ �4Q 04N��� 5�4./ �4O�~

;=	 �� \?�'<e,9�� ( 5���RKO (\����� �� 5���4RKO (
Q ��#)<� 5���O�#)#	 �� 5H W�/��/������ �4;Q�b))��J

�.(0���� 5H 04� ��� 5�./ �o�' e<;=	 ��O �4O�Oct4 04Q
)<04/#K/ �� �K� ��<�Q 5�9 �4O�/ 5#4"#N 6�4)�/ 4< 5�4<Q J9

�) &/#! .6�� ������ ��$`� Q 5���4RKO (4<5H 5�Oct4 
) 0Q ��<9I 5�9��&4/��� 5�./ 0/�k) 6�)�/ ���Q ��)��.(��

� m�`��-��	 / 5���RKO (<Q 04N &/��� 5�./ 94<5�Oct4 
WQ �� P��E= )�0�L� �O��� ���Q h�4) ,&��4� ( �#4!��

6#$� �4O����4Q��4�Q W4<4K/ 5�4./ �� 5��&4 O�)��.(��
�Q<������Q �� 4�� �4��Q 0$KI �� �O�$	4<� J5#4"#N 6� 4� J0

0/�k) ( ��#�J6#$� �O�=b���K	 ��n���� ( 9�B/ 4� �
"#$� ��)�� ( ,&!�) �9�&4  N .� �� 4� �4��Q WW4Q �4O

�0�L� �O����Q�)Tissue stem cells(�;	 �Q<,(*2 J5&! S
�#44L Z44[' �44Q]��44���Q�#L�)Self renewal([P�44V	�)

6#$44� �44O�&I44�&�44) �#44I( 044Q ������( 044N &44/�(+
�)<�O�4444��K	�9��I J,&!�9-�6#$4� W�4O�=b4��
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5H 5�<Q ,�� ( ������Q�#L ��O ��3KO ( � <)� 0��V? �/�`�� �"#$� ��O5�

��	 

)�J&/#! �������Q W) �O 4< 6#$4� 5�9 �4O� Q4<����"�4Q
���Q�Q J<1�&4/� �� ��4. �4O��$N &4 /�) 4< 04N �4�� &4VN ( 0
�;	<"#$� :�K�N&/��&/���)��.(��Q� Q��) �c/ 0Q W&��

5H 5�<Q 0� �O�Oct4 ���Q �� J�O�}#4Q�) 5#4"#N 6�)�/
0�L�� WQ 0Q &!�Q 5#"#N ���Q ��O .Sox2 c 	 ��<9/H(�#/ S

� ��<VE2 S��� I<#R	 6�' �� W�$N f;/ W<&�( ����
kR	 ��<( �6#$� Z[' �O� Q<���VE2��4K	 ��B) (��� 9

��6#$� W��� �w7) �O)��.(�9���Q f<5�Sox2 Q ��<5���4K
���N �Q<�)# �,&4! ,&O�4.) �4)#/*) 5�`�4� ( 5�&4KF	

���)��.(Sox2 & n ������Q �� i#/ W�O��#)#	�Q4<5�
)��#!)��.(6�� ������ Wg#! 9"�OQ 5���RKO (<5H 5�

Sox2 ��&4U	 �� ���5�`�44� �� }�44V	�� ( &44/��� 5�44./ �44O
44 U)�����44Q<L&44Q 044I�� W<K�Q ( �#44)#	44< 5�Sox2 ��

5�`�� �O�&VN ( 9�) J0/�k)&/��� �&<�)��.(��/�\4?�' ~
;=	 ��<e�o�' Q<5H 5�Sox2 ,�� ���� �O�/�`�� 6#$��

0/#K/ �� (�O��#)#	�� �� 0U"�b) ��#)�5�./ fO({� W
;=	 0N ���<p�#	 ,&! 1�M/� :�; Wg#! 9"�4O ( 5���4RKO( 

:��#��	 J�� 5���RKO (<�) &�& N)��J��.(W<K�4�#d$�#/
r� 0Q �"�E	� W<d	(��p53 �43� 04� �4��&I �� 4��	&�W

��2��d	(�� ,��#/�L<W�O�"�E	��0QGTP )�&!�Q (04Q
)44<6#$44� �� l�44Q 5�9 �44O� Q44<����44��Q (�44O�44 a���

6#$� �O� Q<����) �����#!.K�4�#d$N#/<�� W��&4U	�
5�)�(� �� �O�/�`�� 6#$��Q 5��/�<4) 5���#4!.m�4'

NS kR	 J44<"#$44� ��6#$44� �� �� �44O� Q44<���/�`�44� (�
) 8j#�)�5�./ 0N & N KO� ,& O�<Z4[' �� 5+ ��R$K2 �

�<���. "#$� 0L�n�� ���6#$� W�4�� �4O .��Q�4 Q��� W
K��#d$N#/<6#$� �N��) 5�# 2 0Q W�4O� Q4<���,��4Q 1�4/

)��#!)��J�@.(#<" W<I 6�4� �� 5���RKO (���� Q4<5�
K��#d$N#/ 5H<5�)�(� �� �� W�O�"#$4��,&4U) 5�`�4�

&/��� 5�./)�G.(6�� ������ #" 5��#<" Q 5���4RKO (4<5�
5HK�44�#d$N#/<5�44)�(� �� �� W�44O�"#$44��5�`�44�

 �44��Q �� ( :��44�(�� �44O��#44)#	�5�44./ J:��44�(��
&44/���)��.(�44�/�;=	 �� \44?�' ~44<Q J�44o�' e44< 5H 5�

K�44�#d$N#/<5�44)�(� �� �� W�44O�"#$44��(044/#K/ �44O�
�#)#	�4U"�b) �4Q 04N ��� 5�./ J0U"�b) ��#)0��4O 1�4M/�

�44� p44�#	 044���Y�44;;=) �<#44) �� WQ ��44<� 5�44� �� 5H W

0/#K/ �O��#)#	����� �;Q�b) 8$�F) .�4�/��� \4?�' ~
��;=	 W<Q Je<5H 5� W<K��#d$�#/ 04/#K/ �� �� �4O����4Q�

) 044Q 5#44"#N 6�4)�/44<44�Q 5�9<9I ��44����� 5�44./.W44n (
6�� �� 5���RKO���@�(� �� ,��[��� �QRT-PCR JQ<5�

K��#d$N#/ 5H<) 0Q �� W<9I 5�9�����Q �� �O�O�)<0���
� 0N &/��� 5�./ 6�)�/�"� 0Q J�)� W4<��&4U	 �#4�' \���

6#$� �4O�)<( �4Q �4�*Q#�4Y{�6#$4� �4O� Q4<�����
���Q �O�O�)<0������)�A.(5��/ 5���RKO (<Q 9<5H 5�

K��#d$N#/<���Q �� SO �� W�O��4O�#)#	�� SO ( 6�)�/�
$N<#�&/��� 5�./)�@.(�c/ 0Q)�Q 0N &�� 4<9I 5� 4��5H

K��#d$N#/<���Q �� W�O�"� 04Q 5#4"#N 6�)�/ 4< �#4�' \
6#$� �O� Q<���;=	 0N &!�Q 5#"#N ���Q<$Vj :�;��4�W

�	 �� ��#44)44<�44) &�&44 N .5HBmi d	(�44� ,(�44Y ��<W�44O�
Polycomb )�#R	 �� 0N &!�Q��K	 ( W�"#$� 9�6�� N �� J

6#$� 6�)�/ &!� (kR	 ��<( ��#L ��4���Q�6#$4� �4O�
 Q<��� I< ����� f;/���) �[�&  N)��.(�dQ 5���RKO (

6�� ������ Bmi-1 5�# 2 0Q ���/�`�4� 5H#R/� h���
& n�/��/� 5�`�� W�J6�4�N�#"#N 5�`�4� J�4)#[K" &4 /�)

 5�`�� ( &VN 5�`��0�� &/��� 5�./)��.(��/�\4?�' ~��
;=	</ �) e4<Q 94<5H 5�Bmi-1 ,�� �� �� 04/#K/ ( �4O �4O�

�#)#	�0/�k) J:���(�� J5#"#N ��/ �Q 0N ��� 5�./ &VN (�~
;=	 �� \?�'<:�; �dQ ���� �4;Q�b) 5���RKO (.5�4<QZfx 

6#$� ������Q �#L ���Q W���< Q ��O 5#4L ( �4 < I ��4�
�) 1�l &!�Q)��.(��/�Q ~0;=	 �� ,&4)+ �4�� 4< �4o�' e

Q<� 5��,�� �� �� 5H W�O�"#$��/�`���0/#K/ �� (�4O�
�#)#	���� 5�4./ 0U"�b) ��#) .� �� 4� �#	 JfO({4� W4�s
d	(��<W�O�K��#d$N#/<( WOct4 /<,�� �� J9 �4O�"#$4��

/�`���5#4"#NHT-29 &4VN 5�`�4� JHepG2 5�`�4� J
0/�k)HT1376 (:��4�(�� 5�`��LNCaP 4���Q ��#4)�

���Y ���j .� �(� �� ,��[��� �Q��#/#K<!#�<K�Q<5�Oct4 
� ���6#$4� W4���Q �4O�&4!.� �� 4� 6#$4� W�#	 J�4O 4� s

d	(��<0��O i#/ �� W��� (<K�*�#���#	 �4Q 04N �#4Q 4� s
��Q ,&! ���9Y���Q �4)� �4!�� �;Q�b) 6#$� i#/ W4<5�

0��O ��Q<�#Q ��. .���Q�#4-"��Q4<d	(�4� 5�<WOct4 �4Q
� �(� �� ,��[�����#/#K<!#�<K�6#$� �� �4O�/�`�4��J

�#	�� s<K�*�#��(0��O ����� 5�./ �� (� �O J.�4�$`�
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Evaluation of the expression of self renewal genes 
(Oct-4, Nanog, Sox2, Nucleostemin, Bmi and Zfx) in bladder,  
colon and prostate cancers and in cancer cell lines (LNCaP, 

HepG2, HT-29, CaCo2, HT-1376) 
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Abstract 
Background and Objectives 
Uncontrolled self renewal plays a direct function in different types of carcinoma progression. 
Here we examined the expression of self renewal regulatory factors such as Oct4, Nanog, 
Sox2, Nucleostemin, Zfx, Bmi-1 in colon, prostate, bladder and liver cancers in human 
samples and cancer cell lines.  
 
Materials and Methods 
We used RT-PCR to examine the expression of these genes in 10 tumors of bladder, 5 tumors 
of prostate, 5 tumors of colon , 5 normal tissues of colon, and cancer cell lines. The expression 
of Oct-4 and Nucleostemin at protein level was further determined by immunocytochemical 
(ICC) analysis in cancer cell lines.  
 
Results 
We designed specific primers to amplify a segment of Oct4, Nanog, Sox2, Nucleostemin, Bmi 
and Zfx. As expected DNA fragment of these genes based on designated primer was amplified 
in the PCR reaction. We detected the expression of these genes in almost all of the examined 
tumor samples and cancer cell lines that we used.  Oct4 and Nucleostemin proteins were 
expressed in both nuclear and cytoplasmic in cancer cell lines. No immunoreactivity was 
observed in negative controls, which were incubated in the absence of primary antibody. 
 
Conclusions 
Collectively, our  results  indicated  that in a tumor  population a rare subpopulation of cells 
within the tumor cell mass has the potential of self renewal, and  suggested that their 
expression can be used as potential tumor markers in diagnosis and/or prognosis of tumors. 
These results confirm the potential value of the cancer stem-cell theory in cancer therapy.  
 
Key words: Sox2 protein� human, , NANOG protein� human, Zfx protein� human, Colonic 
Neoplasms, Prostatic Neoplasms, Urinary Bladder Neoplasms 
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