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������ ���������� ����� �����StxA1-GM-CSF 
��� �� ���� ��� ! "#� �	���$ "���� ��#%�� "#�GM-CSF 

������� ����� ������
���������� � ��!������"#$�%	 ���&�'��������(�)�	 ��� !�
�&�	�� *&�'� +��, -����� "��)"��� �.�%�	���������/�����0 ��� ��1

����� 
&	� � '(�#� 

+�� �� �)��%��� 2�" ." �%� � ���� 2�33'� �4 &� 5�6�7 5���� *"�� *&�&8 *�)���7 �"�� �"� 9&) :��'/ 

;��7 +� �� � �6�7 *�) &	�� .2�=��/� ���" �� 2�=��/ >�=��/���7 ?�=@ ." �) )>���A�/�� 2���� (*�����

 " ?�=@ 9#� � ���$ �� ��BC��8 � �&�)� ;�D/����E�F7" �A��F7 �& ��$ >� *"�� �G�D�(" & �C�A >� �� 5, 

�� ��	 .F 2�=��/�C�	 �&�&8 2�=��/� ���" >� ���@ +HA�I� �� CSF FGM ��������� J�=�7 �� � ��"�6 �

&	 5��� >�� K �7&��� L��6 ." .���7 ?�A�H0 �M�� L�3'/ ���/F 2�=��/�C�	 >�=�CSF FGM  ����� )*�

;��7 N��O� P�'� �����0 �& ��$ +� � �6�7 *�) ��� K�F0����� F ?�F7�A� "�$ �)CSF FFGM(5�F�� "� 

�� ?0�$ �"�@ +HA�I� ���� &��� .�� , �Q" ��R� +� �& ��$ &M *���GM-CSF >�=F��/���7 ?F�A�H0 ��F�� �� 

F 2�=��/�C�	 CSF FGM �� ���;��7 N��O� *�) "�"� � �6�7 *�)����.�" ���#� �& ��$ *&	.

)�� � ���! #�
��� ���S/ T�  ." �&	 U�S " +HA�I� .��� ;��7 N��O� *�) � � �( � �6�7 *�)&��8 P�'� �����0 �& ��$ +� 

 �FF��?�FF7�A� "�$ �FFF K�FF0�����(GM-CSF) �FF� 5�FF�� "� &FF ����?VFF� W�FF'� �� RPMI ��"� ?VFF�

& &	.=�=��/�F��7�." ���E�7" �� �� X�� 5�FY��/ �S�7 Z � *�) � �F��MTT &F	 ���F�.�" .�FQ" [&F� ."��

 F� >� K� ��� \S�7 ." ���E�7" �� ���=�=��/���7F��� *"� F)F*�F�7F;�F)F*�7FFF� �6� &F��8 FS "FU�

	F&.�& ��$ GM-CSF ." ���E�7" �� �� , *��� �� ,CSF FGM  ����&	.

'�*#
 #�
��� 2�� �� �)����/ �A��7 *�) *�.�7 5�( K562 ��� 2�� �� �&��8 *�)����/ �A��7 *�)�LS174T 2���V��

 ?4�] �� "� ���=�=��/���7ng/ml-^�� �!-& �"� 5�V  ?��7 .

PC-3�MCF-7 �DU145 5�F�. �� "� ���=F�=��/ 2���V�� _!?F4�] �� � ?��F7 ng/ml
1^ &F �"� 5�VF  .

�`�( *.�7StxAl-GM-CSF(Neutralization)  , ��*��� ��GM-CSF ." +� �S�� &	 ���=�=��/ �Q" 2�0� 2�� .

"��$ '+��� 
F 2�=��/�C�	 �&�&8 &����) a���/�  2�b/��c CSFFGM ��� �� � ����  dE� "� ��( >�K�A��� ?�A�H0 �*�)

;��7 N��O� P�F'� �����F0 �& ��$ +� � �6�7 *�)  �F�� K�F0����� F ?�F7�A� "�$ �(GM-CSF) 5�F�� "� 

�� ��� ���7 �Q" �G�D�(" ��6 +� & �/�� ;���" "� ���=�=� �� � &�� *"�F� &F�&8 ��%��� >� 5"��� +� & "�/

��	 +�0�$ �4  �� 5�6�7 5����.

"	��� �#,��:C�	 P�'� �2�=��/� ���;��7 ����=�=��/���7 �K�0����� �?�7�A� "�$ �� �6�7 *�) 

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

������� ���� :� !"#$�PhD%���&�� '$��$ � ()��  (*(�#$ +�, � *- ��.�/0� 1 � ()�� '�-�*2�34(��56 1:�7��� 
��PhD%���&�� '$��$ � ()��  (*(�#$ 84� 9� � �, � *- %��: �����()$ 1 +�, � *- ��. 
7�PhD%���&�� 8 '$��$ 4� ;) +#�- �����()$ 1 +�, � *- ��.'$��$ � ()��  (*(�#$ 
��� !"#$� PhD4� 
�#& 8'$�<
 49=>� ? ;@ %�A"#$� 
B�PhD �, � 
�� 1C�$,  6 . 
 %�A"#$� �����()$ 
��PhD �, � 
�� 1C�$,  6 . 
 %�A"#$� ��()$ 
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5��D*. C*E
��� +*�6 
 (*) F$�G$ '$��9H. � ��I6��� 4D*DJ ����<� 

�

����	 
'�K�) '���� 4��<# L5.8� ;) L�J �1- �� � 
 ��.

 � ;1) M- N*)& C��(H6 �1)$ 41O*DK ��1. .9��� ��1.��

 C*1- Q$ 8�� 1� 
 %� 1
 4J$�R S��= �� � C�$ �� � R �

 MO1=$ T) 
 � � 
 '��- �1- +*
�H(�1*) '�1��� MM;*1)�

 41� 4#�1��� 4H*1= 5I1=�- .U�1D��V
 '�K�1) Q$ 41H*# �11- �1.

��� 4H# '���� W � ��. � 5# =%�0@ C1�$ �1- �1���V� 

X<� Q$ 4���$� � C��
F09" 41� '�K�1) '���� �� 51=�- .

-�I- �Y
$�()$ C�$� �Z#51� '�K�1) '���� �$�- �5�5R ��.

 �$� L51. S1� [
 �1.��9��� C1�$ Q$ 49� � %� - C*VV[�

 � ;) M- 4H) �$ � 4#�K�) ��.�)$)�8�(.� ;1) ��1.

 %5#�*: 4#�K�) � �� 4[^) ��. � 9� ��A�� %Y�� ��.$�

4� Q��- '& M6 5#�$� � ;) Q$ $� �. >��1H(� � 2 L$�K$ ��.

4� Q�)�.C1�$ Q$ 419���� 51�5R ��1.8'��11- C11*- Q$ 

� ;) 4_�`(2$ X) Q$ %��a()$ �- 4#�K�) ��. 4.�1*: ��.

 �)$ 4����(6�- �)�.(

C*�6 
 # H�$ 1��= �.1
 S1C*�16  41(#& � �1. 1-1��� �1.

4� '& M1*��$ ? 1<a� C�$ M(D�$ M6 5I=�- �1)$ %� 1- �1. .�1�$

 1)� ��*�1- ? <a� S��= C*�6 
 # H�$ %Q���$ � �1)$ 4O*

 5=� � (6�� 8C*6 (*) M;HR Q$ �A�� ��.5#�A*��' 1�� . 

4� S`(� C*�6 
 M- M6 $� 5# 1=��41� �1- 51#�*:)7.(��

C*�6 
 # H�$ C*�6 
 +*�6 
 (*) �H�b Q$ �.)C*1���

+*(*��
�6 (%�*: �� ��(6�-8� %51I.� ��`1
$ �H�1b L�J 

I�>A��R41#�*: +1� �$�1- 4_�`1(2$ 5#�A*� +� �- '& %5

4� %��a()$ 4� ;) � = .C*�6 
 � C*�6 
�A*= M-�"1� ��.

 C*E
��1� %��1: Q$ 41:�>- %�$ #�12 M1- c;O(� '& ��1.AB 

)+*(*��
�6 C*��� +� �$�$�A?�1# M1- 4��`
$ C*��� �B

5I(�. (� ;1) M6 5I(�. 4����(6�- � 4.�*: ? H) Q$ ��1.

 %5#�*: T) 
 � ;) d^) M- ��`
$ c��K Q$ $� L5. ��1.

 �� � %51= ��Q (*1) ��$� ef1) 8%��6 Q (*)�5#$ 4_�2

 C*1- Q$ $� '& 4� ;1) g�1� � C*E
��1� >(I) ��<� �- ���<#

4� 5#�-)7.(

(6��111111[� � 1�/11# ;61�111*) � #$�: 4�,����6�111� 

(GM-CSF) >��11H
 � �11*h9
 X11<� %511II6 X*11ZI
 +11� 

i*11� ��119;H@ i�$>11�$ ND11) � �11)$ 511*j ;*� ��.Q�11)

�*) � #$�: �.�*) :�� � k��- � I� ��.�E;6 # 41� � 1= .

%5#�*:GM-CSF %51= S*9"1
 �1(- � �a�& 5J$� ��Q �� Q$ 

�)$ .M1- �a�& 5J$� ��QGM-CSF �1- 41D*6�
 S1*� C*��1� 

)nmol/l ��
nmol/l ��(4� S`(� � = .M1- �1(- 5J$� ��Q

 M- 4��<I
GM-CSF 4H# S`(� �1�Q �1- ?l 1
 M19;- 8� 1=

 : S*9"
 �a�& 5J$�%5#�*8�-41D*6�
 S1*� 41� $� m�1- 51.�

)pmol/l�n �
 pmol/l�nn)(B8�.(

GM-CSF  *1)���) ;*� F$�1G$ �*Oo1
 �$�1- �1<I
 M1# 

'�K�11) �� 4#�11��� 4H*11= �� M119;- +11*(� � 
�H. ��11.

 41� %��a()$ X. 5��R ��.� � 
 � 1= .F�1O��^� C*1IpH.

 M16 �1)$ %�$� '�"#GM-CSF m 11HO� �+1��[
 q1@�- 

� ;) ��. 4H# 5��R 4#�K�) � 1= .8�1*H6 � r$ 1#$ 51I#�H.

 8�$ %��� 1 �$ %51O� ��� I*1)��6 S1h� 51��R ��1.� � 


 F�()��� � MI*) 8M�� 8M*;68%51#�*: GM-CSF Sb$51J �1� 

4� '�*- $� '& ��a�& 5J$� ��Q 5II6)�.(�"# �*2$ F�O��^� '

%51#�*: M16 �1)$ %�$�GM-CSF ��11.Q�*# i*1� �1h6$ �� 

� ;) �H. ��. 8s 1;- 41K �� M19;- ��$51# � R� +*(� � 


 '& '�*- 4� i�$>�$ �. 5-��)�.(M(��� �.W � �4��A#�*- 5#$ 


 %51#�*: M6 5=�- M(9# C�$GM-CSF N1)�I� L51. +1� 

�11)$ C*�116 
 # H�$ �$�11- .+11� �11� 411;Db M11O��^� ��

 85�5R C*�6 
 # H�$ 1 C*�6 
�A*= CSF1GM41J$�K 8

Q$ 4����(6�- X(�*) �� �51= '�1*- +1*(#, 4)5I<� c��K

)�.(%�� �1- '& 49�, 1� *- �1*��O� �t�J c*V[
 �� ��1.

� ;) �;(u� 5= MO��^� 4#�K�) ��..


�� � 
��� ��
� 1- 41-�!
 r # Q$ %5= ?�!#$ MO��^� .51��D*. C*E
��1�

 N*6�
 #StxA1-GM-CSF �� E.coli 51= 51*� 
)�.(M1-

 *�6 
�A*= +*(*��
�6 C*��� M_02 � K � CGM-CSF Q$ 

c��KPCR M1- 4#�1= � X1. S`1(� �A�519� � 1(6��� �

PBAD M- � ' ;6 �nTOPT 5= ?� a�#$�
 5#%��a()$ �- �

Q$ %��a(11)$ �11- ef11) � �11��: F� 11_ '�11*- Q 11I*-$�& Q$

 51= v*;u
 C�5*(�*. N�w�- .%�� ��1.U937 8HL60 8

LCL )' 2 Q$ c("� ('$�1�$ � ()��  (*(�#$ 4� ;) +#�- Q$

(NCBI)%�� �4� ;11) ��11.LS174T )6 ' 11� (8K562 

)' 2 (8PC38DU145)F�()��� (8HepG2)51D6 (Q$

K�)  (*(�#$1'�%�1A"#$� 5#5= M*<
 C�$,  6 . 
 .
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%��� 78%��H= ���<- 8xB

�

11*;61%�� M11.111;) ��111*[� �� 4� 1"116 T1�RPMI 

)�HA*1)8(Roswell Park Memorial Institute Medium 

�- %5= 4Iy�n�
�n5_�� (Gibco-BRL)FBS ����1��

7� 4(#�) MR�� ���J �- K� � �$�:B%�16 5*�6$ ��-C

5#5= %�$� �"6)�.(

�/���7 ����.�" ��� +��=�= ." ���E�7" X�� �S�7 Z � *�) 

��� 5�Y��/ F NA" 

�nB×7���1*;� �� � ;) ��1.3��"16 49.�1w

%�$� 5#5= .� ;) ��H*
 Q$ e� �Z;y �- �. �1;(u� ��.Al-

GM-CSF)ng/ml ��n�B('�111�Q �� ��111.��8��8��

�@�)  ;- '�f��
 8 M(a. +� �)�HA*) ('$>1*� M-ng/ml �

� ;) M-{ 91)��9*� Q$ %��a(1)$ �- ef) � 5= M��t$ �.

 5I(��: �$�b MO��^� �� � �)$�(I6 Q�� .� ;) M1- %��1� ��.

 � ;) � 4-& F� _ S1-�b |1#� 41- F� 1_ M- %5#Q ��.

 - ��Z(#$ 5#�)S9=��. ��
B)(3.(

:%	
:�A��7 ��� ��� 5�Y��/ *B��, Z � HL60 

NA" (�� �&	 ����/PBS);����(

f(�� �&	 ����/ng/ml
1^ ." &H� a���/�  &����) 2�b/��c -


?��7 

:%	 !:�A��7 ��� ��� 5�Y��/ *B��, Z � LS174T 

NA" (�� �&	 ����/ PBS);����(

f(�� �&	 ����/ng/ml-^ ." &H� &����) 2�b/��c !-?��7 

:%	�:�A��7 ��� ��� 5�Y��/ *B��, Z � PC3 

NA" (�� �&	 ����/ PBS);����(

f(�� �&	 ����/ng/ml
1^ ." &FH� aF���/�  &F����) 2�b/��c _!

?��7 

:%	-:�A��7 ��� ��� 5�Y��/ *B��, Z � HepG2 

NA" (�� �&	 ����/ PBS);����(

f(�� �&	 ����/ng/ml
1^ ." &FH� aF���/�  &F����) 2�b/��c -


?��7 

:%	�:�A��F7 ��� �F�� 5�FY��/ *B��, Z � MCF-7 ." :FG�� 

+�E) >� ." &H� � ��� \S�7 

NA" (MCF-7 �� �&	 ����/PBS );����(

f(�� �&	 ����/ng/ml
1^ ." &FH� a���/�  &����) 2�b/��c >F�

)+�E .;��7 � J�"��� �g�B� � ��� �."& " ;���� ���$ �� ��&F . �)

 �A�� �� � ��� �"&H/ 5��., ���$ �� +� � 2���Fc J�"�/ �>h�� �)

;��7 �� �&)�V� B�  ���� *�) ��	 .
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5��D*. C*E
��� +*�6 
 (*) F$�G$ '$��9H. � ��I6��� 4D*DJ ����<� 

�

f�MTT 

(Dimethyl Thiazol diphenyl tetrazolium bromide)  

� ZI� M-�}
 1*� 8 1;- '�1f��
 Q$ S_�J ~��(# 5* %51#Q '$>

 ' 1�Q& Q$ %��a()$ �- 4(*�*�6 
 (*) �� '5#��MTT �� 1� 

S11*;[
 � M11�>!
�11��: �$�11b .�n�11
 7nQ$ � ;11) �$>11. 

%�� T*[� �� �;(u� ��.RPMI 85#51= %�$� �"16 ��

O- �@�)1Z;y 51�.1��;(u�1�C*E
��� Q$ � ��. F��a( 

AL - GM-CSF , GM-CSF / AL - GM-CSF, AL, 
GM-CSF,  �Layset  � (6� 4����(6�- �� � 1;[� 4��12

PBS �Z;y �� 8� ��.F��a( '��Q ���.�;(u�'& M- �1.

511= M��11t$ .ef11)�nQ$ �11(*���9*� MTT )ng/mlB/n8

�HA*)(+.�w Q$ ?$56 �. M-F51� M1- � 51= M��1t$ �.�

���� �� �@�)7�5#51= M- 9#$ �$�A*(#�) MR�� .C1�$ ��

 ���J� ;) b %5#Q ��. S�51D
 M1- ���MTT '$Q�1�� � M1- 

4� � ;) M6 4��J �� 85# = C1�$ 5I(�1*# ���1b %��1� ��1.

 5II6 ��!�$ $� +*� -�(� �**�
)�n.(

�� �� 111# ��111R '$>111*�B�n OD Q$ %��a(111)$ �111-

�j$�b �*;���9*� %5II6(Lab system)51= ?�1!#$ .'$>1*�

 ��1(I6 M1- �D�1# ' �Q& %��: Q$ ?$56 �. 4(*�*�6 
 (*)

�V� 5= M�� .

\S�7 X�� ." ���E�7" �� ���=�=��/���7 ����

�nnn %�� Q$ � ;) i�� �� �;(u� ��.B4(#�) ��(�

 ' 1�Q& � ��1(I6 %��: �� ��8ng/ml ��n (Al-GM-CSF) 

��11�� �� M11(a. +11� F511� M11-7�4(#�11) M11R�� �$�11:�

�� C-�65*�6$B5#5= ��$5<A# 5_�� .�$51O
 '& Q$ 51O-

# ;64�.)*-Q$ �("�n� ;) (5#5= ���H=)��.(

�& ��$ ���� 

ng/ml ���1# ;6 I� ���- 4(#& Anti-Goat GM-CSF 

(R and D) �ng/ml �nn �� N11*6�
 # 511��D*. C*E
��11� 

���� �� N= � K�4(#�1) M1R�� �$�1:$� 5#51= M1- 9#

 4� ;1) %�� M1- ef)HL60 51= M��1t$ .��51O- �@�1) 

!I) c��K Q$ 4(*�*�6 
 (*) iMTT5= ?�!#$ .

����� ��
��5R�8LC50 '& �� M16 C*�16 
 Q$ 41(Z;y �1- Bn

� ;) 5_�� 4� �. 4� '�"# $� 51#�*� 5.� .%�� C1*- �� ��.

+*(� � 
�H. ��.� � 
 4� ;)8K562  %�� C*1- �� ���1.

 5��R ��.� � 
 4� ;)8LS174T 4(*�*�6 
 (*) C��("*-

 �Z;y �� $�ng/ml�n �� ����@�) 5#�$� '�"#.

7�MCF 83�PC �DU145  - 4� ;) %�� M) M16 5#�

 51#��6 Q$�1-$ $� 4D*6�
 S*� �- %5#�*: TV�.� ;1) C1�$ �1.

 '�1�Q �� $� 4(*�*�6 
 C��("*-���1Z;y �� � �@�1) 

ng/ml ��n5#�$� '�"# .

;�&8
:LC50 ��� ;��7 N��O� *�) � � �( � �6�7 *�)

&��8'� �����0 �& ��$ *��� P� ��� K�0����� F ?�7�A� "�$ �

(GM-CSF) 

LC50(ng/ml) ± SD ;��7 T�  �A��7 ��� 

�7/�±��/3�+*(��) ;*���� HL60 

B±�B�*) aI� 4^*[� ��. LCL

�n/�n±��/�7� �*) I� U937 

��/�±��+*(*j � 
�H. K562 

��/7±�n6 ' � LSL74T 

ng/ml ��n>F�()��� DU145 

ng/ml��n>F�()��� PC3 

��/�±ng/ml�Bn MI*) MCF-7 

4� ;) %��HepG2 '�"1# �*)��1J 51��D*. C*E
��1� M-

�$5#.%5#�*: 8 4� ;) %�� C�$ GM-CSF 41H# '�*- $� 51I6 .

M- C1�$ C**O
 � ZI� �6 
 (*) �1�& M16 4(*�1*StxAl-GM-

CSF Q$ � ;1) S2$� M- 5��D*. C*E
��� '5= ��$� ?>;(�� 

%5#�*: c��KGM-CSF ?�1!#$ �Q�1) 4hI2 ' �Q& 8 �)$ 

5= .�Q�1) 41hI2StxAl-GM-CSF (Neutralization) �1- 

4(#& ���-GM-CSF 4(*�1*�6 
 �1G$ C(�� C*- Q$ M- �!I� 

5=)S9=�.(
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%��� 78%��H= ���<- 8xB

�

:%	 1:& ��$ ���� ." :G�� i���  �GM-CSF ." ���E�7" �� 

\S�7MTT 

5_�� �Z;y �� 4(*�*�6 
 (*) ng/ml�n �$�- TLS174 

�ng/ml ��n �$�- MCF-7i!I1) �� M1(a. +1� Q$ 5O- 

+11*#, # ;68�� 4(*�11*�6 (*) '$>11*� Q$ �("11*- 46511#$ 

i!I)MTT � - ) .B/7±B�M-�±�7�$�- MCF-7 �

7/�±�7M-�/�±���$�- TLS174.( 

DU145 �PC-3' ;6 S*9"1
 41�$>!� � d1t$� ��1.

 i!I) �� $�� 5#�$5## ;65#5"# ��[� 4.

M1- �D�# ' �Q& %��: �� 4# ;6 �$5O
 i.�6 �- %�0@

  ;- '�f��
 �>*�& |#� 8 ��(I6 ' 1;6 ��1.MCF-7 Q$ 51O- 

��6 ��9=& $� ��A�� ~��(# M(a. +� .� ;) Q$ 42�- M1- �.

 4-& |#� � 1- 4� ;1) g�1� �A#�1*- M6 5#5�&�� .� %Q$51#$

' ;6 X6$�
 � - M(��� i.�6 >*# �. .

M6 �)$ C�$ �A#�*- � 6�� ~��(#MCF-7 +1� '$ I@ M-

41� Q$�-$ $� C*��� 4D*6�
 S*� �- %5#�*: M6 4� ;) %�� 51I6

 4(*�*�6 
 (*)StxA1-GM-CSF M- '& �� F5� Q$�� �� 

4� � R� 5�& .

��� 
C1�$ �� 5��D*. C*E
��1� 4(*�*�6 
 1(*) �1G$ c1*V[
 

*6�
 #1�- N�;) %��1#�K�) � 1%5#�*: M6 4GM-CSF 

4� '�*- $� �1��: �$�b MO��^� �� � 85#��6 .� ;1) C1�$ �1.

Q$ 511111#� - F��11111D@K562 8LCL8U9378HL60 )%��

 � ;1) +11*(� � 
�H. X(�1*) Q$ c("1� ��1. (�TLS174 

)6 ' � (8MCF-7)MI*1)(8DU145 �PC3)F�(1)��� (�

4� ;) %��HepG2 )51D6 (�$�1- 41aI� ��1(I6 '$ 1I@ M1-

 %511#�*:GM-CSF5#511= %��a(11)$ .K562 8LCL8U9378

HL60 8TLS174 #�*:11- %51�m�1- 41D*6�
 S1*� �GM-

CSF�MCF-78DU145 �PC-3 %511#�*: �11- 411D*6�
 S11*�

4� '�*- $� C*��� 5#��6)��8�.(

TLS174 �K562 C��("1*- M16 51#� - 4� ;) %�� �� 

M- �D�# $� �*)��JStxA1-GM-CSF5#�$� '�"# .

F�O��^� �� 4;Db C*E
��� ��(a��5��D*.(DT- GM-CSF) 

�11Z;y ��ng/ml ��±�nF511� �� ����@�11) 8Bn%

)LC50(�1�$ �$� Q��1- $� C*E
��� M(*�*�6 
 (*) �*_�2

 ;y �� �*2$ MO��^� �� 5��D*. C*E
��� �1Zng/ml �n�� �

F5����@�) Bn� 1- $�$� $� M(*�*�6 
 (*) 5_�� )�(.

DT-GM-CSF �- �$ MZJ0� S-�b �G$ K562 '�"# �1�$ �$51#

 5��D*. C*�6 
StxAl-GM-CSF �1Z;y �� ng/ml �n�

����M- +��># M(*�*�6 
 (*) �$�$� �@�) �nn5_�� 

� - .M(*�*�6 
 (*)StxAl-GM-CSF �1- M�1��V� �� DT-

GM-CSF%�� �11111- 4� ;11111) ��11111.HL60�DU937 

� -�(H6)�.(MO��^� �� 5Iw �. M6 �A�� �$DT-GM-CSF 

��� �- 8� - %5= '�*- �����  � 6�- X(�*) �� HL60 ��

�Z;yng/ml 7n�D��V
 ��nn51_�� �1G$ M(*�1*�6 
 (*) 

�1Z;y �� M1O��^� C1�$ �� ��$ �=$� � R�ng/ml ��n Q$ 


��� �D��V
 5��D*. C*E�� 1- 41;Db M1O��^� M-�"1� )�7.(��

���1��  � 6�- X(�*) Q$ 4;Db MO��^� %��a(1)$ '�1*- �$�1-

 C�$ ��J 85���: F ���16��� X(�1*) Q$ �*2$ MO��^� �� M6

 1*�6 
 (*) '$>*� �� F��a
 85= %��a()$(*� �1- %�01@ 8 4

41� 8�A*= � ��(a�� C*�6 
 4(*�*�6 
 F��a
 M1- 51#$ 
 

5=�- F��a(� X(�*) �� Q$ %��a()$ �K�2.

 (*) 
M(*�11*�6 HL60�11- M�11��V� �� U937 Xy�11*;@ 

C�$ %5#�*: M6GM-CSF 41� '�*- ��(H6 � 1- �("1*- 8��$� .

�$�- ��*�(� �*)��J C*IpH.DT-GM-CSF)C*�16 


��(a�� ('& �� M16 �)$ %5= ��$>: LC50 �$�1- U937 

�B��- M���V� �� �-$�- HL60 (H6� - �)�.(

�$�11- M116 �$� '�"11# >11*# �Q�11) 411hI2 F�11O��^�

 ��`
$ M- Q�*# 4(�*�6 
 (*)GM-CSF �� '& %51#�*: M1- 

� ;) d^) �)$ �. .C*1��� '& �� M16 M-�"1� M1O��^� ��

 M1- C*�6 
�A*= +*(*��
�6CD4 ��1<� 851= S`1(� CD4  

(Blocking) M- '& ��`
$ Q$ ��ngp %���& SH@ M- �O#�H�

��<# �� ���6 ��*: ;R 4(*�*�6 
 (*) Q$ �)��.(

�_
^

O
D

�/�

�/�

�

�/n

�/n

�/n

�/n

n

www.SID.ir



Arc
hi

ve
 o

f S
ID

5��D*. C*E
��� +*�6 
 (*) F$�G$ '$��9H. � ��I6��� 4D*DJ ����<� 

�

%�� 4� ;11) ��11. TLS174 8K5628U9378HL60 �

LCL %�� � m�1- 4D*6�
 S*� �- %5#�*: 4� ;1) ��1. 8PC3 

DU145 �MCF-7 C*��� 4D*6�
 S*� �- %5#�*: )51J$� ��Q

�a�& (4� '�*- $� 5#��6 .C1�$ �� M(*�*�6 
 (*) 4;6 � K M-

%�� �� 4� ;) ��. %�� �- M���V� �1- %51#�*: M6 4� ;) ��.

4� '�*- $� m�- 4D*6�
 S*� � - �(H6 5#��6 .

��� �1- C*�16 
 # H�$ +� �G$ MO��^� �� � C*��$ C�$

� ;) '�1*- $� C*��1� 41D*6�
 S1*� �1- %5#�*: M6 �)$ 4��.

4� 5II6 .'�H. �� K 0Db M6�%51#�*: 8�)$ %5= �6� GM-

CSF 5J$� ��Q �� Q$ α�β�1)$ %51= S*9"1
 .��`1
$

 �- %5#�*: 41D*6�
 S*� 8 � 12 51#�A*� M1- m�1- GM-CSF 8

e9;fH6 ���) '5= S2$� q@�-Al-GM-CSF S12$� M1- 

4� � ;) � =)�B.(

%5#�*: ��`
$-�m�1- 4D*6�
 S*�)pmol/lBn �1
�n=Kd(

%5#�*: �- M���V� �� �- C*��1� 41D*6�
 S*�)nmol��1
�/n=

Kd ( ��`11
$ F�511b Q$ �11)$ �$�� 112�- ��
m�11-)�8�.(

%�� C�$�-�11I- 11) ��11.;4�  PC3 8MCF-7 �DU145 �� 

%�� M- �D�# ��("*- '��Q �� � �("*- �Z;y 4� ;1) ��1.

 411� '�11*- $� m�11- 411D*6�
 S11*� �11- %511#�*: M116 �11G$ 511#�$�

�$� M(*�*�6 
 (*)#5.

��`
$GM-CSFS*� �- %5#�*: M- 51��D*. C*1E
��� �� 

� 4D*6�
 '51= S12$� q@�- C*��(Internalization) ���1) 

4H# m�H(J$ � � =�41K �� recycling e9;f1H6 8%51#�*: 

%511#�*: 1'& �� � %511= � ;11) ��$� 511#�A*� �11G$ �11R

 � 2 M(*�*�6 
 (*) 4� ��H@$ $� 5I6 .�� 1� �� %51�5� C�$

 %5#�*: ���) �1)$ %51= ��$>1: >*# �.)��.(�1A�� �1;@

C*��11� M(*�11*�6 
 (*)%�� 4� ;11) ��11. DU145 �PC38

d=�
GM-CSF � ;) C�$ T) 
 �1)$ �.)��.(�1Z# M1- 

4� %�� C�$ 5)� 1;6 51*� 
 �1� �1*h9
 �$�1- 4� ;) ��. 4#

M11-GM-CSF 511#�$� Q�11*# .M116 �11)$ %�$� '�"11# F�11O��^�

 '�11�Q X11. � o11JGM-CSF �DT-GM-CSF M11- �11!I� 

�� i.�6 %�� �- M(*�*�6 
 (*) �G$ '��6 M6 ;- .��4� ;)

 %5#�*: M6GM-CSF 41� '�*- $� 41� 851II6 � 1= .C�$�-�1I-

GM-CSF � ;1) C1�$ T1) 
 %5= 5*� 
 41� �1. �� 51#$ 


 �Z;yMI*<- 51=�- �$�1: �*G}1
 M(*�1*�6 
 (*) �$�- .%��

� ;) 47�MCF 8CSF1GM4H# 5*� 
 51I6)��.(C�$�-�1I-

 M- �D�# DU145 �PC3 ���J 41� �1
 51=�- .F�1O��^�

("*-�N1*6�
 # 51��D*. C*E
��� C�$ ��-��6 �
 �)$ Q�*# �

$� 4I*��- 4���Q&��6 M;J�� �� ��$ 5.� '�"# 8C1�$ � 1R� �- 

M- ~��(# �)� �)$ %5I�& �� '& ��-��6 %5I.� 5� # %5�&.

���� ����� 
411� r 11H!� �� 511��D*. M116 �11��: M11!*(# '$ 11


C*�6 
�A*= 1GM1CSF� M(=$� 4D)�I� +�, � *- �*��O� 

%511#�*: M11- ��`11
$ �11-GM-CSF%�� �11- �11;(u� ��11.

� ;) 4#�K�) ��.8M1- C*�6 
�A*= +*�6 
 (*) �*��O� 

4� ��H@$ 4_�`(2$ � K � = .� ;) ��D
�$ C*H. �� ��1.

 C*��1� 41D*6�
 S1*� �- %5#�*: �$�$� 4#�K�)84(*�1*�6 
 

4� Q��- $� ��
5�5= 5I.�.Q$ %��a()$ C*IpH. ���1- 41(#&

 5tGM-CSF � (f1)� M1- 51��D*. 4_�`1(2$ ��`1
$ Q$ 

511��D*. 4:5I"116 �11G$ Q$ � %��116 �11O#�H� 4_�`11(2$

C*�6 
�A*= 1CSF 11GM� ;1) �1- 4#�K�1) ��1. �$�$� 

4_�`(2$ %5#�*:GM-CSF : ;R*SH@ M- �� 4����&.

���
��� � ���  
'��$ �*�$ �(6� Q$ M;*)� C�$ M-i1u- ?�([� cV[� %�$Q

  (*(�#$ 4� ;) +#�- Q$ 412�- M1*<
 �� M16 '$�1�$ � (1)�� 

%��6 ���� $� �� MO��^� C�$ �� 4� ;) ����`
 4#$��51b 51#$

4� X��H# .
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Cytotoxic evaluation of stxA1-GM-CSF recombinant hybrid on 
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Abstract 
 
Background and Objectives 
Immunotoxins are comprised of cell targeting and cell killing moieties. Immunotoxins have 
been proposed as new strategy for cancer treatment. In this study, catalytic domain of Shiga-
toxin (A1) was fused to human Granulocyte Macrophage-Colony Stimulating Factor (h GM-
CSF) . The fused gene was already  expressed in E.coli and  the expressed protein was 
analysed for its cytotoxic activity on human cancer cell lines expressing GM-CSF receptor 
(GM-CSFR). Moreover, the impact of GM-CSF receptor on inhibition of cytotoxic effect of  
Shiga-toxin-GM-CSF recombinant hybrid  in cell lines expressing GM-CSF receptor (GM-
CSFR) was evaluated. 
 
Materials and Methods 
Cell lines were grown in RPMI-1640 medium supplemented  with 10-20% heat inactivated 
fetal bovine serum (Gibco-BRL). Cytotoxic activity was checked on the cell lines and was 
measured by trypan blue staininig and MTT assay. GM-CSF receptor was blocked by anti-
GM-CSF antibody. 
 
Results 
Cytotoxicity studies revealed that the chimeric protein induced cytotoxic effect on different 
cell lines. This effect was found to be specific due to the presence of killing moiety (A1) that 
exerts its effect through specific cell targeting domain i.e. GM-CSF, by binding to its receptor 
present on those cell lines. K562 and LS174T were the most sensitive.

Conclusions 
Our results revealed that the hybrid protein is toxic to the cancer cell lines  bearing GM-CSF 
receptor; this effect could be a potential factor for further consideration of hybrid protein as a 
therapeutic agent.  
 
Key words: Shiga-toxin , Granulocyte  macrophage - colony  stimulating  factor ( GM–CSF ) , 
Cytotoxicity, Cancer cells 
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