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ABSTRACT: Arsenic trioxide(As2O3, ATO) is one of the most effective therapeutic agents for patient with acute promyelocytic 

leukemia(APL), common but irreplaceable. Depending on its potential values, it has also been developed for treatment of other 

forms of tumors (e.g. liver and lungs cancer). Although As2O3 has been studied in vivo and in vitro for many years, there are some 

controversies regarding the usage of ATO for its multi-targeted action. In this review, we focused on the current state of 

knowledge with respect to the effect of arsenic trioxide in vivo and in vitro. 
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1  �����(ATO)���	
��� ����������	
������������������������� !"#�$�%�&'() 20*��+,-./0���123456789:;(arsenic trioxide�
As2O3�ATO)<=>��?@A4BCDEF�GH�GHIJKL�ATO MN4OPQRSTUV%$4UWV�XYZ?[\]>%�^=>_��`a�<=>34(b�c�O�def
2000*�ghijklmn�op�qrs ATOtu�vw.�v[1](x!y)z{|�� 19 }~? 20}~ 30*z����� � ATO&'TUV��������(ATO MTUV�&'t ��!�����(20}~ 70*z������E-���%�� ATO&'TUV�t �MyCBD���GH�� (���}��/+�
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2  ATO������
���� 

2.1  ÷ÂRSøù RSøù¢Þ^úûüýþ��å��¥ïÞß�¢�Æ�·�v�RS·����å���RSü�	ù�
�(à�RSøù�Þ^�	������Ð��RS�lÙúûüý�þ���(��RSøù�Þß��Æ���Q^���+]������Íù�^��%(Z¡��¥��� !"åþ��#��è�÷ÂRSøù��tuy&'$%¬( &'()*+(),T-./(Caspases)¢0ç�!RS]���h1I2�,T/Ò3(y4¢564789,T*+():�c�;<�lÙ��RSøù(�=Æ5ò��Caspase-2�
-8�-9�-10�-11uøù�>.�Caspase-3�-6�
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-7uøù?Ã.(�@ARS��CaspaseB!C39�/DÁ��g^+�ÆåEßøù6��FG p53�CrmA�Bcl-2Ò3�úûyþ�(à�M"h6��º�wH�t ���I�JK
Caspase34�Ô����RS�L�Møù�NO&'t ( 
2.1.1  ATOM Bcl-2Ò3�PQ  Bcl-2,TÒ3�=Æ5ò�� Mcl-1�NR-B�A1�Bcl-w�Bcl-xL�
Bax�Bak�Bad�Bim%(RSy4��6u 20TBcl-2�Bcl-xL�Bcl-w%EßRSøùUBax�
Bak�Noxa%÷ÂRSøù( O� 1996 *�V�a%[2]i���WMXYKI Bcl-2�Bax�p53�c-myc %øùÀx�·�
NB4RS�� 1 µmol·L−1� ATOÂÃBï�Bcl-2�·Z[�\J�12 h ���]KI(^_ÂÃ�,T`abc�dIJ�ceIfg�hBï 48 h��Bcl-2,TiA	#(GHjKL�ATO�LkM Bax�Bcl-x�c-myc? p53�KI�¥PQ(� ATO Bï� APL RS� PML-RARα,Ts�l.�M!�Þß�GHk��¶ÂÃ�^6Ý(2004* Karlsson%[3]m SK-N-BE(2)RSë� LA-N-1RSëÂÃD ATOt Þß�no�" 2 åRSë®!�·Ð�my p53 �·�KI��PQ(�dIJKL�Bax KIcJ��]
p53���pq\���DRS�øù(rsE-
Zhao%[4]tL�ATO��à�\J Bcl-xl mRNA�KI�lÙÚa Caspase-3�KI�÷ÂRSøù(Ï!�duvwxM�dIJ�PQ�Baysan%! 2007*[5]y gh BRS(] Bcl-2,TKI)ÂÃD^hGH�IJ���ATO à��¥348(ROS)z3�Q^àá�̂ _cJ Bax� Bim�KI�÷ÂDRS�øù�{�9��à�|�,� GSH-�|}( )Ê�Park %[6] gh~�úRS(HPF)ÂÃDÀx�d���� 30~40 µmol·L

−1
(IC50 ��) 

ATO Bï HPF�4�÷Â p53 KIÚÜ��\J
Bcl-2KI(à��� Caspase-8w.Eß Bcl-2��ÚÜRSøù�¥�^���t�M! p53 ?
Caspase-3�L�t (�dIf¢�HPFtuå ATOL��RS��E�F���¥�Eß�øù����ATO ¢à�JK Bcl-2 � Caspase-8���t �( 
2.1.2  ATO MRS+������J.  +]�

MRS+�������J��¢39 Caspase�ª2��¬( 
2007* Florea%[7]ij�����¢ ATO&'Þß�ª2���6�(�ÂGH[8]KL�ATO��m+]��z��Ùm����ç���lÙ��RSøù(h1�GHIJ[9-10]�t�D"If��y�����`Î( ���%[11]GH���ATO���S+ ROSÚÜ��¼ÎS+��������"mO�)+7/�39� 5 DNAL�M���lÙ��øù(à�m ROS Eß� NAC w���¡¢� BAPTA_����ßøù��¥(^*�£�¤%[12]�YGH��� L^��� ATOBï¥¦H]�RS(BMSCs)����S+ Caspase-334ÚÜÙmRSøù�à�� Caspase-3Eß�

Ac-DEVD-CHO��MZ ATO���"�9(Â§�nH���L^�� ATO¨©� BMSCs+ª�����_�¼Î�«¬���àMRSøù®�Eßt �Ù� RS+���¡¢� BAPTA-AM��¯°Eß ATO���øù( 
2.1.3  y±øùÞß  ATO ¢êÆt âã�v�)*��,T��·-�c�²O�D�`ô³�GH�"´ÞßFGTµà�z3 c-SrcJ� NADPH 34[13] ?ÚÜ DNA ��¶¤v 8-·�¸8¹º(8-OHdG) [14-15]�l»RS+¼'½;
(GSH)�F�lÙ��RS+ ROS ¥5�ROS ¥5�Â§�� cytochrome C®�Q^¾¿ÈSÀ�Á� CaspaseÂÃÄ��ÅÆ�gRSøùUÇ® ROS���M p38 MAPKX JNK�39�mO BaxÈÉÈ�Q^�Bcl-2�Ê)9ËÌ�lÙ��øù(Kang%[16-17]GH���M p28 MAPK�Eß��mOBax�ÈÉ�Bcl-2�Ê)9ËÌ^_ÍÎ�M JNK �EßÏPQ Bcl-2 �ËÌÙLM Bax�¥PQ��J«Ð ROS��¥��ce�9_Ls�(pÑ���-.[18]Òu ATO12à�PQ JNK1/2�34�÷Âøù�pÓÔ�Eß_�ERK1/2�k��ª6÷øù�t UÕÁ�=>RS�¥ ROS�89Z[·� SP1 

(specificity protein 1)
[19](SP1�µåRS�KI�J��Æª2��·��)zÖÀx�·[20](SP1�=>RS��t 12�÷ÂU×¥5�JKRSøù(SP1JKRSøù�t XyØÙ�OÊ SP1EßRSøù[21]�ÉÊ��÷ÂRSø
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ù[22](GHtL�ATOÁ� NB4RS�¥ ROS�
ROS89Z[·� SP1�SP189�� DNA�I¢Ú�ÛÜ�EßÝÞ� hTERT�C17�C-Myc���RSøùUßEß NF-κB�39�z3 JNKàá�º�Á�RSøù[23]Uàz3 ATR(ataxia 

telangiectasia mutated and Rad3-related)z/�ATRz/�Yz3 Chk2�Â§z3 P53àá�Á�
APL øù[24]UácJ Fas ,TKI�÷Â Fas ���RSøù[25](��d�GHgò���MMP-7�L4iA«Ð Fas���øù���tL{��â�y±��6���UãPQRSäÊ(Qu%[26]�GH ATO M!gh~ZRSt _���ATO��ÓRS«¬� G2/M Ê�à�\J¥ç¸
(survivin)Â§Á�øù�h{t M!å8?�8pq\�ZRS²¢¯°�U2010 * Zhou%[27]GH���ATO ��à�\J DNMT3A �
DNMT3B �KI�ÂÙPQ p16 �·�æ�9Á��yIJ¢Ó$4çè> CA46 «¬� G0/G1Ê(é)�GH[28]���RSäÊx<�J��· p21� p27� ATO&'ghêëZ���ìª2t �GHgòà�íîÀx mRNA �,TKI-��ÓÔÕï�� p21 � p27 c�Myð��ATO ���øù�RSäÊ«¬ñ®�iA	#��¢ò¯°ÍÎ("óL�ATO ¢à�cJ p21� p27ÓghêëZRS«¬� G1�G2/MÊ����øùUô\JõQ/34(õQ¢�Á´ö^÷õ� DNAªØ�ø��@ARS�ù6úöÇÚÜÙ��ûü�lÙ�ßRS�¥çÊ(õQ/¢åÄZ[/�4�ËØý�õQ�myL�6ú�PQ(õQ/�34��©þJ��y34Ï� U�RS�¥�RS%LÐ6ú�RS��4íî�(ÔfGH���õQ/�34�=>��¥�C��Ãë(�ZRS��õQ/34Î.RSøù��Ù34l»��RSøùÚÜ(à� ATO&'���MõQ/�¥��Eß�J [29]U�ü�t (ü
Isakson % [30]�� NB4 RS��à�ü�t l. PML-RARα�¢,T���x!��¶�GHóÜô³(Pucer % [31]m ü�Eß�ÍÎD ATO M\]>RS��4�GHÒu�ATO��¯°l»�/^,T CatB KI-���¢M! CatL �]PQ���J^_Eß�.�i�Úa ATO RS�4("If���	Í�

�� ��F�lÙ
` ATO �L�Ä�(
Smith� Raffoul[32-33]6�tLD ATO��à�JK�ZRS SnoN/Skil �KI���
Beclin-1 C���ü�t (Chiu % [34]GH���¥ç¸M!�k\]>�ü��øù²�Eßt �ATO ��Eß PI3K/Akt ��¥�z3 MAPK ��àá�\J¥ç¸�����(ÅéGH�� [35]�ATO 4�cJ=>RS�
Beclin-1� LC3�·�KI�z�ü�t �l»<øù,T Bcl-2 �F�lÙ��<=>t ( 
2.2  Á�RS69 =>RS�69���yVï%Â�7Àx(69��ÑÎ���ìÑ�)À��@A��0��¥���&'�L�Ø�UÙ69��Ì�=>RS¥�����ZÉ(��vÁ�=>RS69�M!�.¿.¡Á�ìª2�&'��( 
2.2.1  ATOM PML-RARα,T�l.t   PML,T¢�^(PML oncogenic domain�POD)�05ª6�¢RS¥�?Z9�Eß,T(��)�^ RAR ¢^+úæ)�^(� NB4 RS��15�´ö^ PML �·? 17 �´ö^ RARα�^�·6â
5��¢,T PML-RARα�y�JuTµÛÜ@A6��RS�����^�I2�
PML �@AEßÚ�?÷øù4�¥ !�gRSÚ��øùÍ�UÇ�¢,T�"#�EßOPQRS695$(%M!{,T�l.��	!��^&Ø4�÷ÂRS69( V'%[36]�Å)�GH����ATO º��
PML ? PML-RARα� PML � RBCC I2(�
C3H4 )*,TI¢�{t �g PML 2+�9?Æ,9�ÂÙ SUMO ?�¸ËÌ��,T/^l.(�Ggòj*s�ATO-4M564��
PML-RARα�¢,T�¿.��J�y±h.TUVRS� HL-60 X APL ��6. PLZF- 

RARα�¢�·]t �óL�¢,T PML- 

RARα¢ ATO &'N4OPQRS4TUV�º��v9ã(  
2.2.2  ATO M0,Tæ�9�PQ  0,T�æ�9ËÌM�·�KI�ìª2�PQ�Ó��6´ö]
5��·b/�X ´ö^#3?Z[J�%Æå12¥ï4(ä0%[37]GH���Ógh~ZRS(human lung carcinoma A549)��
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!ATO���ÚÜ H3K9�:æ�9� H3K27�7æ�9�̂ _l» H3K4�7æ�9(ÀxGHtL�H3K9� H3K27u�·12¶/v�H3K4u�·39¶/v(à�±Ô��d��t��
ATOÁ��Z¡��X ATO���Z¡&'t _�wx4I¢Àx0,T�x�yóô�t Þßj�3Â§GH( 
2.3  EßU×4¥ =>0�¢Þ^+¥�Åu56�ª6�Ó�7é¥U×úûüý�869�(Eß=>U×�¥5���:E��cI�;<Í=>=�Ô�( U×+>¥�·� VEGF ¢U×+>RS564�Y¸I¢¥�·����^+Á�U×é¥(b�c�� 2000* Roboz%[38]ijqs ATOM!VEGF�Eßt ��ÂGH[39-43]?@DATOM!MMP-2�9�Pgp,T�VEGFÀx�^� Flt-1�
KDR�PQ( 
2.4  l»A�4 =>0�¥�56�hBùìÐ�(&'�ÊÆ�A�4��¥�¢ÆÇ¿.Íù�ª2D·(M"CD�.E��¢ý�¿.¥çÊ�ª2FG( 

P-gp�Bcl-2�Topo-2 ? GST-π¢AH�A�,T�íîyIF�9M!6ÝA�4�ª2���(Zhao%[44]M ATOl»JK¸A�4�ÞßÂÃD6Ý��� ATOà�wx4Eß GST-π��J� Bcl-2 � Topo-2 �KI�¯°|}D=>RSM!JK¸�A�4( 
3  ATO������	
����� Lcèe�ATO tuå�� ���ÑL4�MNO�yt Þß("åÆàá�Æ9ã�t ��uPE��� Q��ÆR�(jk���ST�4�U�4�Y�4%CD��mOy� ��©þ�Vß(à�WX�`�����ATO &'t ���YY¢ÆÞßæç��h� L^�GHuvèO���dIJLiAg("�¶¢®!L^RSKI�vL^�Z�¶� ATOüý4]�x�ÓMRS�I[��,T_�`a�\?]�4��¬I¢�^y#3(RS¥ï4�J�¢êÆàáI¢�_�¬H`ÀaÃë���("mOGH ATOt Þß�OóÜØÙ( 

Å)�Ghaffari %[45]�GHM!.B ATO Æt ���Þßq9Dêbá(GHgòíîD 88å=>Àx� miRNA�IJ���&'��u 2 µmol·L−1� ATOBï�� NB4RS��� 51å miRNA �¥DL^���cd("´ miRNA�RSäÊ�J��øù��¥�XU×�¥5�7Àx(@¢®! ATO�y�¥�Àat ���Dy�ÊÀx�&'�J( �e�Â§�GH��D2f@.E
ATO�t Þß,�j�{ÓÔÕï�� ATO�gàá�hiy�ï5j�kl¢5 ATO�t ����v6���ÊNOóÆ���� mn�é�( 
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