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Reactive oxygen species a double-edged sword for mesothelioma
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ABSTRACT

It is well known that oxidative stress can lead to chronic inflammation which, 
in turn, could mediate most chronic diseases including cancer. Oxidants have been 
implicated in the activity of crocidolite and amosite, the most powerful types of asbestos 
associated to the occurrence of mesothelioma. Currently rates of mesothelioma are 
rising and estimates indicate that the incidence of mesothelioma will peak within the 
next 10–15 years in the western world, while in Japan the peak is predicted not to 
occur until 40 years from now. Although the use of asbestos has been banned in many 
countries around the world, production of and the potentially hazardous exposure to 
asbestos is still present with locally high incidences of mesothelioma. Today a new 
man-made material, carbon nanotubes, has arisen as a concern; carbon nanotubes 
may display ‘asbestos-like’ pathogenicity with mesothelioma induction potential. 
Carbon nanotubes resulted in the greatest reactive oxygen species generation. How 
oxidative stress activates inflammatory pathways leading to the transformation of a 
normal cell to a tumor cell, to tumor cell survival, proliferation, invasion, angiogenesis, 
chemoresistance, and radioresistance, is the aim of this review.

INTRODUCTION

2[LGDWLYH�VWUHVV�LV�GH¿QHG�DV�DQ�LPEDODQFH�EHWZHHQ�
WKH�SURGXFWLRQ�RI�IUHH�UDGLFDOV�DQG�UHDFWLYH�PHWDEROLWHV��VR�
FDOOHG�R[LGDQWV�RU�UHDFWLYH�R[\JHQ�VSHFLHV��526���DQG�WKH�
DELOLW\�RI�D�ELRORJLFDO�V\VWHP��QDPHG�DQWLR[LGDQW��WR�UHDGLO\�
GHWR[LI\� UHDFWLYH� LQWHUPHGLDWHV� RU� UHSDLU� WKH� UHVXOWLQJ�
GDPDJH�>�@��526�DUH�FRQVWDQWO\�JHQHUDWHG�XQGHU�QRUPDO�
FRQGLWLRQV�DV�D�FRQVHTXHQFH�RI�DHURELF�PHWDEROLVP��7KH�
PRVW�FRPPRQ�526�W\SHV�VXFK�DV�VXSHUR[LGH�DQLRQV��2

2

í���
K\GURJHQ�SHUR[LGH��+

2
O
2
���DQG�K\GUR[\O�UDGLFDOV��+2���

DUH�SURGXFHG�E\�ELRORJLFDO�UHGXFWLRQ�RI�PROHFXODU�R[\JHQ�
>�@��7KH�HOHFWURQ�WUDQVIHU�WR�PROHFXODU�R[\JHQ�RFFXUV�DW�
WKH� OHYHO� RI� WKH�PLWRFKRQGULDO� UHVSLUDWRU\� FKDLQ� >��� �@��
8QGHU�K\SR[LF�FRQGLWLRQV��WKH�PLWRFKRQGULDO�UHVSLUDWRU\�
FKDLQ�DOVR�SURGXFHV�QLWULF�R[LGH��12���ZKLFK�FDQ�JHQHUDWH�
UHDFWLYH�QLWURJHQ�VSHFLHV��516��>�@�

526�FDQ�UHDFW�ZLWK�'1$��SURWHLQV��FDUERK\GUDWHV��
DQG� OLSLGV� LQ� D� GHVWUXFWLYH� PDQQHU� GXH� WR� WKHLU� KLJK�
OHYHOV�RI�FKHPLFDO�UHDFWLYLW\��7KXV��526�DUH�FRQVLGHUHG�
'1$�GDPDJLQJ�DJHQWV�WKDW�LQFUHDVH�PXWDWLRQ�UDWHV�DQG�
SURPRWH� RQFRJHQLF� WUDQVIRUPDWLRQ�� DQG� DFW� DV� FHOOXODU�

PHVVHQJHUV� LQ� UHGR[� VLJQDOLQJ� FDXVLQJ� GLVUXSWLRQV� LQ�
QRUPDO�PHFKDQLVPV�RI�FHOOXODU�VLJQDOLQJ�>����@��)LJXUH�����
(Q]\PDWLF� �L�H�� VXSHUR[LGH� GLVPXWDVH�� FDWDODVH�� DQG�
JOXWDWKLRQH� SHUR[LGDVH�� DQG� QRQHQ]\PDWLF� �L�H��
JOXWDWKLRQH��DQWLR[LGDQWV�QRUPDOO\�FRXQWHUDFW�GDPDJLQJ�
HIIHFWV� RI� LQWUDFHOOXODU� 526� E\� HLWKHU� UHSDLULQJ� WKH�
R[LGDWLYH�GDPDJH�RU�GLUHFWO\�VFDYHQJLQJ�R[\JHQ�UDGLFDOV�

,Q�KXPDQV��R[LGDWLYH�VWUHVV�LV�WKRXJKW�WR�EH�LQYROYHG�
LQ�WKH�GHYHORSPHQW�RI�FDQFHU�>�@��DQG�LQ�D�ZLGH�VSHFWUXP�
RI� GLVHDVHV�� LQFOXGLQJ� FKURQLF� LQÀDPPDWLRQ� >�±��@�
�)LJXUH�����,QÀDPPDWLRQ�LV�SDUW�RI�WKH�FRPSOH[�ELRORJLFDO�
UHVSRQVH�WR�KDUPIXO�VWLPXOL��VXFK�DV�SDWKRJHQV��DOOHUJHQV�
DQG� WR[LF�FKHPLFDOV��$Q�DFXWH� LQÀDPPDWRU\� UHVSRQVH� LV�
XVXDOO\�EHQH¿FLDO�� DQG�FDQ�DOVR�EH�DQWL�WXPRULJHQLF�DQG�
KDYH�D�UROH�LQ�WXPRU�VXSSUHVVLRQ�>��@��,Q�VRPH�GLVRUGHUV��
WKH�LQÀDPPDWRU\�SURFHVV��ZKLFK�XQGHU�QRUPDO�FRQGLWLRQV�
LV� VHOI�OLPLWLQJ�� EHFRPHV� FRQWLQXRXV�� DQG� FKURQLF�
LQÀDPPDWRU\�GLVHDVHV�PLJKW�GHYHORS�VXEVHTXHQWO\� >��@��
(SLGHPLRORJLFDO� HYLGHQFH� VXJJHVWV� WKDW� �� RXW� RI� �� RI�
DOO�FDQFHUV�DUH�GXH�WR�FKURQLF�LQIHFWLRQ�RU�RWKHU�W\SHV�RI�
FKURQLF� LQÀDPPDWLRQ� >��±��@�� &KURQLF� LQÀDPPDWLRQ�
SUHGLVSRVHV�FHOOV�WR�RQFRJHQLF�WUDQVIRUPDWLRQ�E\�D�YDULHW\�
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RI� PHFKDQLVPV�� LQFOXGLQJ� WKH� LQGXFWLRQ� RI� JHQRPLF�
LQVWDELOLW\�� LQFUHDVLQJ�DQJLRJHQHVLV��DOWHULQJ�WKH�JHQRPLF�
HSLJHQHWLF� VWDWH�� DQG� LQFUHDVLQJ� FHOO� SUROLIHUDWLRQ� >��@��
2YHUSURGXFWLRQ� RI� UHDFWLYH� R[\JHQ� DQG� 526�� DEHUUDQW�
LQÀDPPDWRU\� F\WRNLQH� DQG� FKHPRNLQH� H[SUHVVLRQ��
LQFUHDVHG� F\FORR[\JHQDVH��� �&2;����� DQG� QXFOHDU�
IDFWRU� NDSSD�%� �1)N%�� H[SUHVVLRQ� DUH� MXVW� VRPH�RI� WKH�
PROHFXODU�IDFWRUV�WKDW�FRQWULEXWH�WR�LQÀDPPDWLRQ�LQGXFHG�
FDUFLQRJHQHVLV� >��@��)RU� H[DPSOH�� FKURQLF� LQÀDPPDWRU\�
ERZHO� GLVHDVH� LV� D� SUHGLVSRVLQJ� IDFWRU� RI� FRORQ� FDQFHU��
FKURQLF� %� DQG� &� KHSDWLWLV� DUH� SUHGLVSRVLQJ� IDFWRUV� RI�
KHSDWRFHOOXODU� FDUFLQRPD�� DQG� FKURQLF� JDVWULWLV� LQGXFHG�
E\�Helicobacter pylori�LV�D�SUHGLVSRVLQJ�IDFWRU�RI�JDVWULF�
FDQFHU�>��±��@��6LPLODUO\��WKHUH�DUH�VWXGLHV�LQYHVWLJDWLQJ�
WKH� OLQN� EHWZHHQ� FKURQLF� LQÀDPPDWLRQ� DVVRFLDWHG� ZLWK�
ORQJ�WHUP�DVEHVWRV�H[SRVXUH�DQG�PHVRWKHOLRPD�>������@��
&KURQLF�LQÀDPPDWLRQ�WULJJHUHG�E\�DVEHVWRV�H[SRVXUH�OHDGV�
WR�LQFUHDVHG�SURGXFWLRQ�RI�526�IURP�LQÀDPPDWRU\�FHOOV��
RU�DOWHUDWLRQ�RI�LPPXQRFRPSHWHQW�FHOOV�DQG�ODWHU�UHGXFWLRQ�
RI�WXPRU�LPPXQLW\�>������@��)UHH�UDGLFDOV�JHQHUDWHG�IURP�
DVEHVWRV�¿EHUV�DQG�RU�GDPDJHV�E\�¿EHUV�FDQ�DOWHU�ELRORJLFDO�
PDFURPROHFXOHV�LQFOXGLQJ�SURWHLQV��FHOO�PHPEUDQH�OLSLGV��
GHR[\ULERQXFOHLF�DFLG��'1$���DQG�ULERQXFOHLF�DFLG��51$��
UHVXOWLQJ�LQ�WKH�LQLWLDWLRQ�RI�QXPHURXV�VLJQDO�WUDQVGXFWLRQ�
SDWKZD\V� WKDW� DUH� OLQNHG� WR� LQÀDPPDWLRQ�� PDOLJQDQW�
WUDQVIRUPDWLRQ��SUROLIHUDWLRQ��DQG�DSRSWRVLV��+RZ�R[LGDWLYH�
VWUHVV�PRGXODWHV�WKHVH�FHOOXODU�SURFHVVHV�LQ�PHVRWKHOLRPD�
LV�WKH�IRFXV�RI�WKLV�UHYLHZ��DIWHU�FRQVLGHULQJ�WKH�JHQHUDWLRQ�
RI�526�E\�DVEHVWRV�

Asbestos and oxidants in mesothelioma 

development

0DOLJQDQW�PHVRWKHOLRPD��00��LV�D�WXPRU�DULVLQJ�
IURP�PHVRWKHOLDO�FHOOV�DIWHU�DVEHVWRV�H[SRVXUH�

$VEHVWRV�¿EHUV�DUH�QDWXUDOO\�RFFXUULQJ�LQ�URFNV�DQG�
VRLOV��DQG�FRQVLVW�RI�VL[�GLVWLQFW�W\SHV��7KH�DPSKLEROH�W\SHV�
RI�DVEHVWRV��FURFLGROLWH��DPRVLWH��DQWKRSK\OOLWH��WUHPROLWH��
DQG�DFWLQROLWH��DUH�URG�OLNH�DQG�PRUH�GXUDEOH�LQ�WKH�ERG\�
WKDQ�WKH�RQO\�VHUSHQWLQH�DVEHVWRV�W\SH��FKU\VRWLOH�>��@��7KH�
KD]DUG�SRVHG�E\�¿EUHV�UHODWHV�WR�WKH�PHVRWKHOLDO�OLQLQJ�RI�
WKH�SOHXUDO�FDYLW\�DQG�WR�VRPH�H[WHQW�WKH�SHULWRQHDO�FDYLW\��
,QGLYLGXDOV�H[SRVHG�WR�DVEHVWRV�GHPRQVWUDWH�D�ZLGH�UDQJH�
RI�SOHXUDO�SDWKRORJLHV�LQFOXGLQJ�SOHXUDO�HIIXVLRQ��D�EXLOG�
XS�RI�ÀXLG�ZLWKLQ�WKH�SOHXUDO�VSDFH���SOHXUDO�¿EURVLV�DQG�
SOHXUDO� PHVRWKHOLRPD� >��@�� $� YDULDEOH�� XVXDOO\� VPDOO��
SURSRUWLRQ�RI�PHVRWKHOLRPDV�GHYHORSLQJ� LQ� LQGLYLGXDOV�
H[SRVHG�WR�DVEHVWRV�DULVH�LQ�WKH�SHULWRQHDO�FDYLW\��OLNHO\�
DV�D�UHVXOW�RI�¿EUH�WUDQVORFDWLRQ�IURP�WKH�SOHXUDO�FDYLW\�WR�
WKH�SHULWRQHDO�FDYLW\�>��@��,W�KDV�EHHQ�SRVWXODWHG�WKDW�WKH�
WR[LFLW\�RI�¿EUHV�LV�UHODWHG�WR�¿EUH�OHQJWK��ELR�SHUVLVWHQFH��
DQG�GRVH��D�K\SRWKHVLV�NQRZQ�DV�WKH�µ¿EUH�SDUDGLJP¶�>��@�

)LEUH� GLPHQVLRQ� LV� LPSRUWDQW� LQ� GHWHUPLQLQJ� WKH�
UHVSLUDELOLW\� RI� WKH� PDWHULDO� DQG� LWV� GHSRVLWLRQ� LQ� WKH�
UHVSLUDWRU\� WUDFW�� ,W� KDV� EHHQ� VKRZQ� WKDW� ¿EUH� OHQJWK�
LV� DOVR� D� FULWLFDO� SDUDPHWHU� GHWHUPLQLQJ� LWV� IDWH� in vivo 

>��@��,QGHHG��DERYH�D�FHUWDLQ�OHQJWK��D�¿EUH�PD\�QRW�EH�
UHDGLO\�HQJXOIHG�E\�FHOOV�IURP�WKH�LPPXQH�V\VWHP��7KH�
UHWHQWLRQ�RI� ORQJ�¿EUHV�DW� WKH�VWRPDWDO�RSHQLQJV�RQ�WKH�

Figure 1: Link between ROS/RNS generation and cancer. +LJK�FRQFHQWUDWLRQ�RI�526�DQG�516��OHDGLQJ�WR�R[LGDWLYH�VWUHVV�DQG�
FKURQLF�LQÀDPPDWLRQ��FDQ�FDXVH�PDFURPROHFXOH�GDPDJH�DQG�FHOO�LQMXU\�WKDW��LQ�WXUQ��DFWLYDWH�VLJQDO�WUDQVGXFWLRQ�SDWKZD\V�OLQNHG�WR�WKH�
SURJUHVVLYH�SKDVHV�RI�FDUFLQRJHQHVLV��FHOO�WUDQVIRUPDWLRQ��FHOO�SUROLIHUDWLRQ��FHOO�LQYDVLRQ�DQG�DQJLRJHQHVLV��
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SDULHWDO�SOHXUD��FRXSOHG�ZLWK�IUXVWUDWHG�SKDJRF\WRVLV�RI�
SOHXUDO� OHXNRF\WHV� WKDW�DWWHPSW� WR� LQJHVW� WKHP��SURGXFH�
DQ� R[LGDWLYH� VWUHVV� DQG� D� FKURQLF� SOHXUDO� PHVRWKHOLDO�
LQÀDPPDWRU\�UHVSRQVH�ZKLFK�PD\�UHVXOW�LQ�GLVHDVH�>��@��
0HVRWKHOLDO� FHOOV� LQWHUQDOL]H� WKH� ¿EHUV� YLD� LQWHJULQV� RU�
RWKHU�UHFHSWRUV��¿EUH�XSWDNH�ZDV�IRXQG�LQ�VRPH�VWXGLHV�WR�
EH�QHFHVVDU\�IRU�DGYHUVH�HIIHFWV�RI�WKH�¿EHUV�VXFK�DV�526�
JHQHUDWLRQ��'1$�GDPDJH��DQG�DSRSWRVLV�>��@��$VEHVWRV�
SURGXFHV� 526� E\� DW� OHDVW� WZR� SULQFLSDO� �)LJXUH� ��� 
7KH� ¿UVW� PHFKDQLVP� LQYROYHV� WKH� LURQ� FRQWHQW� RI� WKH�
¿EUH�DXJPHQWLQJ�+2��IRUPDWLRQ� WKURXJK�LURQ�FDWDO\VHG�
UHDFWLRQV��7KH�VHFRQG�PHFKDQLVP�LPSOLFDWHV�WKH�UHOHDVH�
RI�526�XSRQ�DFWLYDWLRQ�RI�LQÀDPPDWRU\�FHOOV��$VEHVWRV�
DOVR� JHQHUDWHV� 516� VXFK� DV� QLWULF� R[LGH� ��12�� DQG�
SHUR[\QLWULWH���2122��>��@��,W�KDV�EHHQ�GHPRQVWUDWHG�WKDW�
+
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�í� DQG�516�DUH� UHOHDVHG� IURP�VHYHUDO� W\SHV�RI�
DVEHVWRV�¿EHUV�LQ�FHOO�IUHH�VROXWLRQV�RU�LQ�FHOOV��HVSHFLDOO\�
DOYHRODU�RU�SHULWRQHDO�PDFURSKDJHV��DIWHU�SKDJRF\WRVLV�RI�
DVEHVWRV�¿EHUV�in vitro�RU�DIWHU�LQKDODWLRQ�>��@��8SWDNH�RI�
DVEHVWRV�¿EHUV��WKH�OHDGLQJ�FDXVH�RI�PHVRWKHOLRPD��UHVXOWV�
LQ�DFFXPXODWLRQ�RI�526�DQG�516�ZKLFK�DFW�DV�VHFRQG�
PHVVHQJHUV�RI�DVEHVWRV�PHGLDWHG�FDUFLQRJHQHVLV�

Generation of ROS by asbestos

$OO�W\SHV�RI�DVEHVWRV�KDYH�LURQ�FDWLRQV�DV�DQ�LQWHJUDO�
FRPSRQHQW� RI� WKH� FU\VWDOOLQH� VWUXFWXUH�� DV� D� VXEVWLWXWH�
FDWLRQ��RU�DV�D�VXUIDFH�LPSXULW\�>��@��7KH�KLJK�LURQ�FRQWHQW�
RI�DVEHVWRV�W\SHV�DSSHDUV�WR�EH�FULWLFDO�WR�WKH�JHQHVLV�RI�
526�� 7KH� LURQ� DVVRFLDWHG� ZLWK� DVEHVWRV� SURPRWHV� WKH�
IRUPDWLRQ� RI� WKH� KLJKO\� UHDFWLYH� +2�� IURP� +

2
O

2
� ZLWK�

R[LGDWLRQ�RI�IHUURXV�LURQ��)H2+��WR�IHUULF�LURQ��)H�����)HQWRQ�
UHDFWLRQ��>��@��,Q�DGGLWLRQ��DVEHVWRV�FDQ�DFW�DV�D�FDWDO\VW�

IRU� WKH�JHQHUDWLRQ�RI�526�E\�DQ� LURQ�PHGLDWHG�+DEHU�
:HLVV� UHDFWLRQ� >��@�� 7KHVH� KLJKO\� FKHPLFDOO\� UHDFWLYH�
PROHFXOHV� PRGLI\� '1$� �SDUWLFXODUO\� PLWRFKRQGULDO�
DQG� WHORPHULF� '1$��� SURWHLQV� �LQFOXGLQJ� '1$� UHSDLU�
HQ]\PHV��� DQG� OLSLGV�� $VEHVWRV�LQGXFHG� FHOO� GDPDJH�
E\� LURQ�FDWDO\]HG� IRUPDWLRQ�RI�526� >���� ��@�� LQYROYHV�
'1$� VWUDQG� EUHDNV� >��@� DQG� R[LGDQW�LQGXFHG� EDVH�
PRGL¿FDWLRQV����+\GUR[\��ƍ�GHR[\JXDQRVLQH���2+G*���
D�PDMRU�SURGXFW�RI�VXFK�R[LGDWLYH�GDPDJH�>��@��FDXVHV�
*ĺ7�DQG�$ĺ&�WUDQVYHUVLRQV�>��@��7KHVH�VXEVWLWXWLRQV�
KDYH�EHHQ�UHSRUWHG�DV�WKH�VLWHV�RI�VSRQWDQHRXV�RQFRJHQH�
H[SUHVVLRQ�DQG�PD\�EH�ODUJHO\�UHVSRQVLEOH�IRU�WKH�RQVHW�
RI�FDUFLQRJHQHVLV�DQG�FHOO�SUROLIHUDWLRQ��XOWLPDWHO\�OHDGLQJ�
WR�FDQFHU�PDQLIHVWDWLRQ�>��±��@��0RVW�RI�WKH�QHFHVVDU\�
PXWDWLRQV�RFFXU�HDUO\�GXULQJ�FDQFHU�GHYHORSPHQW�� DOVR�
UHVXOWLQJ� LQ� SURFHVVHV� VXFK� DV� FKURQLF� LQÀDPPDWLRQ��
WRJHWKHU�SURYLGLQJ�WKH�HQYLURQPHQW�WR�H[SDQG�DQG�VHOHFW�
PDOLJQDQW�FORQHV�

+LJK�OHYHOV�RI�*ĺ7�WUDQVYHUVLRQV�LQ�'1$�RI�WKH�
RPHQWD��D�SDUW�RI�SHULWRQHXP���D�UHOHYDQW�WDUJHW�WLVVXH�IRU�
PHVRWKHOLRPD�FDUFLQRJHQHVLV��ZHUH�IRXQG�LQ�UDWV�WUHDWHG�
ZLWK�DVEHVWRV�>��@���2+G*�OHYHOV�KDYH�EHHQ�DQDO\VHG�LQ�
WKH�SHULSKHUDO�EORRG�FHOOV�RI�DVEHVWRV�H[SRVHG�ZRUNHUV�DQG�
00�SDWLHQWV�DQG�FRPSDUHG�ZLWK� WKRVH�RI�DJH�PDWFKHG�
KHDOWK\� FRQWUROV� >��@�� +XPDQ� H[SRVXUH� WR� DVEHVWRV�
¿EHUV�ZDV�IRXQG�WR�LQFUHDVH�VLJQL¿FDQWO\�WKH�VWHDG\�VWDWH�
FRQWHQW� RI� �2+G*� LQ� O\PSKRF\WH� '1$� RI� DVEHVWRV�
H[SRVHG�ZRUNHUV�>��@��,Q�DGGLWLRQ��LQGLYLGXDOV�ZKR�KDG�
EHHQ�H[SRVHG�WR�DVEHVWRV�¿EUHV�VKRZHG�WZR�WR�IRXU�WLPHV�
PRUH� '1$� GRXEOH�VWUDQG� EUHDNV� LQ� ZKLWH� EORRG� FHOOV�
WKDQ�QRQ�H[SRVHG�SHUVRQV�>��@��'1$�UHSDLU�PHFKDQLVPV�
SOD\�D�NH\�UROH�LQ�OLPLWLQJ�WKH�H[WHQW�RI�'1$�GDPDJH�DQG�
WKH� DFFXPXODWLRQ� RI� GDPDJHG�'1$� EDVHV��$OWKRXJK� D�

Figure 2: Asbestos-induced cell injury leading to mesothelioma. 0HVRWKHOLDO�FHOOV�H[SRVHG�WR�LURQ��DQG�PDFURSKDJH�PHGLDWHG�
526�516�SURGXFWLRQ�DQG�LQÀDPPDWRU\�F\WRNLQHV�FDQ�FRSH�FHOO�LQMXU\�DQG�XQGHUJR�PDOLJQDQW�WUDQVIRUPDWLRQ�JLYLQJ�ULVH�WR�PHVRWKHOLRPD�
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VLJQL¿FDQW�GHOD\�LQ�'1$�UHSDLU�ZDV�IRXQG�LQ�00�SDWLHQWV��
QR�GLIIHUHQFH�LQ�'1$�UHSDLU�UDWH�ZDV�REVHUYHG�EHWZHHQ�
DVEHVWRV�H[SRVHG�VXEMHFWV�DQG�XQH[SRVHG�FRQWUROV�>��@�

526� PD\� DWWDFN� ELRORJLFDO� PDFURPROHFXOHV�
VXFK�DV�PHPEUDQH�OLSLGV�DQG�OHDG�WR�WKHLU�SHUR[LGDWLRQ��
*UHDW� GLYHUVLW\� RI� DOGHK\GHV� DUH� IRUPHG� ZKHQ� OLSLG�
K\GURSHUR[LGHV�EUHDN�GRZQ�LQ�ELRORJLFDO�V\VWHPV��6RPH�RI�
WKHVH�DOGHK\GHV�DUH�KLJKO\�UHDFWLYH�DQG�PD\�EH�FRQVLGHUHG�
DV� VHFRQG� WR[LF�PHVVHQJHUV�ZKLFK� GLVVHPLQDWH� LQ� FHOOV�
DQG� WLVVXHV� DQG� SURGXFH� DGGLWLRQDO� GDPDJH�� LQFOXGLQJ�
DGGLWLRQDO� OLSLG� SHUR[LGDWLRQ�� R[LGDWLYH� VWUHVV�� DQG�
R[LGDWLYH�DWWDFN�WR�'1$�>��±��@��3ODVPD�PDORQGLDOGHK\GH�
�0'$���DQ�LQGLFDWRU�RI�OLSLG�SHUR[LGDWLRQ��ZDV�GHWHUPLQHG�
LQ� ��� UDQGRPO\� VHOHFWHG� DVEHVWRV�H[SRVHG�ZRUNHUV� DQG�
LQ����KHDOWK\�PDOH�FRQWUROV��0'$� LQ�DVEHVWRV�H[SRVHG�
ZRUNHUV�ZDV�VLJQL¿FDQWO\�KLJKHU�WKDQ�LQ�FRQWUROV��1HLWKHU�
DJH� QRU� VPRNLQJ� ZDV� UHODWHG� WR� 0'$� OHYHOV� ERWK� LQ�
FRQWUROV�DQG�H[SRVHG�ZRUNHUV�>��@��

Generation of RNS by asbestos

$VEHVWRV�KDV�EHHQ�VKRZQ�WR�LQGXFH�WKH�H[SUHVVLRQ�
DQG�DFWLYLW\�RI�FRQVWLWXWLYH�RU�LQGXFLEOH�QLWULF�R[LGH�V\QWKDVH�
�L126��LQ�DOYHRODU�PDFURSKDJHV�DQG�PHVRWKHOLDO�FHOOV�>��@��
L126�SURGXFHV�HQ]\PDWLFDOO\�IURP�DUJLQLQH�QLWULF�R[LGH�
��12��ZKLFK�FDQ�LQWHUDFW�ZLWK�2

2
�� WR�IRUP�SHUR[\QLWULWH�

��2122���D�KLJKO\�UHDFWLYH�R[LGDQW�WKDW�DWWDFNV�D�YDULHW\�
RI�ELRORJLFDO� WDUJHWV�>������@�DQG�WKDW�PD\�IRUP��+2�DV�
IUHH�UDGLFDO�E\�DQ�LURQ�LQGHSHQGHQW�PHFKDQLVP�>������@��
,QWHUHVWLQJO\�� �12� DOVR� DWWHQXDWHV� +

2
O

2
�LQGXFHG� OLSLG�

SHUR[LGDWLRQ�DQG�SXOPRQDU\�DUWHU\�HQGRWKHOLDO�FHOO�LQMXU\��
VXJJHVWLQJ�WKDW�LW�KDV�DQWLR[LGDQW�IXQFWLRQV�>������@�

8VLQJ� DQ� in vitro� OXFLIHUDVH� PRGHO�� LW� ZDV�
GHPRQVWUDWHG�WKDW�FURFLGROLWH�DFWLYDWHV�WKH�L126�SURPRWHU��
0RUHRYHU�� LQFUHDVHG�VWHDG\�VWDWH� OHYHOV�RI� L126�P51$�
DQG�SURGXFWLRQ�RI��12��2122�E\�DOYHRODU�PDFURSKDJHV�
LVRODWHG�IURP�UDWV�ZHUH�VHHQ�DIWHU�LQKDODWLRQ�RI�DVEHVWRV��
7KLV� HIIHFW� ZDV� UHGXFHG� E\� WKH� 126� LQKLELWRU�� 1*�
PRQRPHWK\O�/�DUJLQLQH� >��@�� $GGLWLRQDOO\�� VWURQJ�
LPPXQRUHDFWLYLW\�IRU�QLWURW\URVLQH��D�PDUNHU�RI��2122�
IRUPDWLRQ��ZDV�GHWHFWHG�LQ�WKH�OXQJ�DQG�SOHXUDO�PHVRWKHOLXP�
IURP� FKU\VRWLOH�� DQG� FURFLGROLWH�H[SRVHG� UDWV� >��@�� 7KH�
PDMRULW\�RI�PDOLJQDQW�PHVRWKHOLRPDV�H[SUHVV�VWURQJ�L126�
LPPXQRUHDFWLYLW\��,Q�FRQWUDVW��LWV�H[SUHVVLRQ�LV�LQIUHTXHQWO\�
IRXQG�LQ�QRQ�QHRSODVWLF�KHDOWK\�PHVRWKHOLXP�>��@�

2[LGDWLYH�VWUHVV�DQG�PHVRWKHOLR�LQÀDPPDWLRQ

$VEHVWRV� H[SRVXUH� LV� NQRZQ� WR� LQFUHDVH� WKH� ULVN�
RI� SXOPRQDU\� SDWKRORJLHV� LQ� WKH� IRUP�RI� QRQ�PDOLJQDQW�
LQÀDPPDWRU\� GLVHDVHV�� VXFK� DV� SOHXUDO� SODTXHV�� SOHXUDO�
HIIXVLRQV�DQG�DVEHVWRVLV��DQG�PDOLJQDQW�GLVHDVHV��VXFK�DV�
PHVRWKHOLRPD�DQG�EURQFKRJHQLF�FDUFLQRPD��3OHXUDO�SODTXHV�
DUH�SURGXFHG�E\�WKH�HIIHFW�RI�UHFXUUHQW�LQÀDPPDWRU\�DQG�
UHSDLU�SURFHVVHV�RFFXUULQJ�IRU�ORQJ�WLPH�SHULRGV��&KURQLF�
LQÀDPPDWRU\� HSLVRGHV� PD\� SUHGLVSRVH� WR� PDOLJQDQW�

HYROXWLRQ��DV�LW�LV�NQRZQ�WKDW�WKH�PDMRULW\�RI�00�GHYHORSV�
RQ�SOHXUD�DIIHFWHG�E\�SOHXUDO�SODTXHV�DQG�QRW�RQ�WKH�QRUPDO�
SOHXUD�>��@��9DULRXV�PHFKDQLVPV�KDYH�EHHQ�DGYDQFHG�IRU�
WKH�SDWKRJHQHVLV�RI�DVEHVWRV�LQGXFHG�PHVRWKHOLRPD�>��@��
2QH�SURSRVHG�PHFKDQLVP�LV�WKH�R[LGDWLYH�VWUHVV�FRQFHSW�
WKDW�KLJKOLJKWV�KRZ�LURQ�ZLWKLQ�DVEHVWRV�¿EHUV�FDWDO\]HV�
IUHH�UDGLFDO�JHQHUDWLRQ�DQG�WKHUHE\�LQGXFHV�R[LGDWLYH�VWUHVV�
DQG� FDUFLQRJHQHVLV� >��@�� $QRWKHU� SURSRVHG� PHFKDQLVP�
LV� WKH� FKURQLF� LQÀDPPDWLRQ� E\� DVEHVWRV�� )LEUH�LQGXFHG�
LQÀDPPDWLRQ�LQ�WKH�SDUHQFK\PD�UHYHUVHV�ERWK�WKH�QRUPDO�
ÀRZ�RI�O\PSK�DQG�WKH�QRUPDO�WUDQVSOHXUDO�SUHVVXUH��UHVXOWLQJ�
LQ�D�QHW�ÀRZ�RI�ÀXLG�DQG�¿EHUV�GLUHFWO\� LQWR� WKH�SOHXUDO�
VSDFH�IURP�WKH�XQGHUO\LQJ�SDUHQFK\PD�>��@��7KLV�OHDGV�WR�
PHVRWKHOLDO�DQG�HQGRWKHOLDO�FHOO�GDPDJH��LQÀDPPDWLRQ�DQG�
DFFXPXODWLRQ�RI�SOHXUDO�PDFURSKDJHV��3OHXUDO�PDFURSKDJHV�
XQGHUJR�IUXVWUDWHG�SKDJRF\WRVLV�LQ�DQ�DWWHPSW�WR�HQFORVH�WKH�
ORQJ�¿EHUV��2YHU�WLPH��LQÀDPPDWLRQ�EHFRPHV�FKURQLF�DQG�
SOD\V�DQ�LPSRUWDQW�UROH�LQ�DVEHVWRV�LQGXFHG�FDUFLQRJHQHVLV�
WKDW�LV�FKDUDFWHUL]HG�E\�SHUVLVWHQW�UHOHDVH�RI�F\WRNLQHV�DQG�
R[LGDQWV�IURP�PDFURSKDJHV�WKDW�XOWLPDWHO\�OHDG�WR�IXUWKHU�
LQÀDPPDWLRQ�� ¿EURVLV� DQG� JHQRWR[LFLW\� LQ� E\VWDQGHU�
PHVRWKHOLDO�FHOOV��,QFUHDVHG�SDWKRJHQLFLW\�RI�ORQJ�DVEHVWRV�
¿EHUV�GHSHQGV�RQ�WKH�SHUVLVWHQW�SUHVHQFH�RI�¿EHUV��UHSHDWHG�
¿EUH�LQGXFHG�LQMXU\��WLVVXH�UHSDLU�DQG�ORFDO�LQÀDPPDWLRQ�
>��@�� 7KH� PRXVH� SHULWRQHDO� FDYLW\� KDV� EHHQ� XVHG� DV� D�
PRGHO�RI�GLUHFW�PHVRWKHOLDO� H[SRVXUH�� DQG�PXFK�JUHDWHU�
LQÀDPPDWRU\�UHVSRQVHV�ZHUH�HYLGHQFHG�LQ�PLFH�H[SRVHG�
WR�KLJK�GRVHV�RI�ORQJ�¿EUHV�WKDQ�LQ�WKRVH�H[SRVHG�WR�VKRUWHU�
¿EUHV��In vitro�V\VWHPV�KDYH�DOVR�GHPRQVWUDWHG�WKH�JUHDWHU�
SRWHQF\�RI�ORQJ�FRPSDUHG�WR�VKRUW�¿EUHV�LQ�DVVD\V�RI�SUR�
LQÀDPPDWRU\�DQG�JHQRWR[LF�DFWLYLW\�>��@��0DQ\�F\WRNLQHV�
DQG�JURZWK�IDFWRUV�DUH�VKRZQ�WR�EH�LPSOLFDWHG�LQ�DVEHVWRV�
LQGXFHG� 00� SDWKRJHQHVLV�� LQFOXGLQJ� 7XPRU� 1HFURVLV�
)DFWRU�DOSKD��71)�Į���7UDQVIRUPLQJ�*URZWK�)DFWRU�%HWD�
�7*)�ȕ���3ODWHOHW�'HULYHG�*URZWK�)DFWRU��3'*)���,QVXOLQ�
OLNH�*URZWK�)DFWRU��,*)���LQWHUOHXNLQ����,/�����LQWHUOHXNLQ���
�,/�����9DVFXODU�(QGRWKHOLDO�*URZWK�)DFWRU��9(*)���DQG�
+HSDWRF\WH�*URZWK�)DFWRU��+*)��>��@��71)�Į�LV�UHOHDVHG�LQ�
UHVSRQVH�WR�ODUJH�DFFXPXODWLRQV�RI�PDFURSKDJHV�XQGHUJRLQJ�
SKDJRF\WRVLV� RI� DVEHVWRV�� 7KH� ELQGLQJ� RI� WKH� UHOHDVHG�
71)�Į�WR�LWV�UHFHSWRU��71)�5���ZKLFK�LV�DOVR�H[SUHVVHG�E\�
PHVRWKHOLDO�FHOOV�DQG�DFWLYDWHG�E\�1)ț%�SDWKZD\��LQFUHDVHV�
WKH�SHUFHQWDJH�RI�KXPDQ�PHVRWKHOLDO�FHOOV�WKDW�VXUYLYH�WR�
DVEHVWRV� H[SRVXUH� >��@�� ,Q� DGGLWLRQ�� DVEHVWRV� H[SRVXUH�
FDXVHV�LQFUHDVHG�LQÀDPPDWRU\�UHVSRQVHV�WKDW�LQFOXGH�,/�
�ȕ��,/�����EDVLF�)LEUREODVW�*URZWK�)DFWRU��E)*)���9(*)��
DQG�JUDQXORF\WH�FRORQ\�VWLPXODWLQJ�IDFWRU��*�&6)��UHOHDVH��
ZKLFK�PD\�EH�UHVSRQVLEOH�IRU�PHVRWKHOLRPD�WUDQVIRUPDWLRQ�
RI�WKHVH�FHOOV�>��@�

ROS and mesothelioma cell transformation

&DQFHU�LV�D�PXOWLVWDJH�SURFHVV�GH¿QHG�E\�DW�OHDVW�WKUHH�
VWDJHV��LQLWLDWLRQ��SURPRWLRQ��DQG�SURJUHVVLRQ��,QLWLDWLRQ�LV�
GH¿QHG�DV�D�FKDQJH�LQ�JHQHWLF�PDWHULDO��PDQLIHVWHG�E\�'1$�
GDPDJH��PXWDWLRQV��RU�RWKHU�'1$�KHULWDEOH�FKDQJHV��7KHVH�
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JHQHWLF�DOWHUDWLRQV�PD\�EH�UHQGHUHG�E\�LQFUHDVHG�H[SUHVVLRQ�
RI�RQFRJHQHV�RU�GHFUHDVHG�H[SUHVVLRQ�RU�IXQFWLRQ�RI�WXPRU�
VXSSUHVVRU�JHQHV�� ,QLWLDWLRQ�DORQH�GRHV�QRW� UHQGHU�D�FHOO�
WXPRULJHQLF��$GGLWLRQDO�VLJQDOV�LQ�³WXPRU�SURPRWLRQ´�DUH�
UHTXLUHG�IRU�WKH�H[SDQVLRQ�RI�WKH�LQLWLDWHG�FHOO�SRSXODWLRQ�
DQG�VXEVHTXHQW�JHQHWLF�FKDQJHV��$�KDOOPDUN�RI�WKH�³WXPRU�
SURPRWLRQ´�LV�WKH�PRGXODWLRQ�RI�JHQH�H[SUHVVLRQ�UHVXOWLQJ�
LQ�LQFUHDVHG�FHOO�QXPEHU�HLWKHU�WKURXJK�FHOO�GLYLVLRQ�DQG�RU�
GHFUHDVH�LQ�DSRSWRWLF�FHOO�GHDWK�>��@��)ROORZLQJ�DGGLWLRQDO�
FKHPLFDO� LQVXOWV� RU� WKURXJK� PXOWLSOH� GLYLVLRQV� DQG�
DFTXLVLWLRQ�RI�PXWDWLRQV�LQ�WKH�SUHQHRSODVWLF�IRFDO�OHVLRQV��
WKH�IRUPDWLRQ�RI�EHQLJQ�DQG�RU�PDOLJQDQW�QHRSODVPV�FDQ�
RFFXU�GXULQJ�WKH�SURJUHVVLRQ�VWDJH��*HQHWLF�SUHGLVSRVLWLRQ�
PD\�SOD\�D�UROH�LQ�WKH�VXVFHSWLELOLW\�RI�LQGLYLGXDOV�WR�FHUWDLQ�
FDUFLQRJHQV�DV�VXJJHVWHG�IRU�PHVRWKHOLRPD�IRXQG�LQ�FHUWDLQ�
UHJLRQV�RI�7XUNH\�>��@�

$VEHVWRV�LQGXFHG� IUHH� UDGLFDO� SURGXFWLRQ� UHVXOWV�
IURP�ERWK�GLUHFW��H�J��¿EUH��DQG�LQGLUHFW��H�J��LQÀDPPDWRU\�
FHOO� UHFUXLWPHQW�� PHFKDQLVPV�� 526�516� HODERUDWHG� E\�
DVEHVWRV�PD\�DOVR�SOD\�D�UROH�LQ�WXPRU�SURPRWLRQ��HLWKHU�E\�
VWLPXODWLQJ�LQLWLDO�PHVRWKHOLDO�RU�HSLWKHOLDO�FHOO�GDPDJH�DQG�
VXEVHTXHQW�FRPSHQVDWRU\�K\SHUSODVLD��RU�E\�DOWHULQJ�WKH�FHOO�
F\FOH�NLQHWLFV�RI�LQLWLDWHG�PHVRWKHOLDO�RU�HSLWKHOLDO�FHOOV�>��@��
526�DUH�LQYROYHG�LQ�WKH�OLQN�EHWZHHQ�FKURQLF�LQÀDPPDWLRQ�
DQG� FDQFHU� >��@�� ,QGHHG�� DQ� LPSRUWDQW� FKDUDFWHULVWLF� RI�
WXPRU�SURPRWHUV�LV�WKHLU�DELOLW\�WR�UHFUXLW�LQÀDPPDWRU\�FHOOV�
DQG�WR�VWLPXODWH�WKHP�WR�JHQHUDWH�526�>��@��$VEHVWRV�DQG�
LWV� VHFRQG�PHVVHQJHUV��526�DQG�516�� FDXVH�PXWDWLRQV��
DOWHUHG�'1$�EDVHV��'1$�VLQJOH�VWUDQG��EUHDN�FKURPRVRPDO�
DOWHUDWLRQV�DQG�VLVWHU�FKURPDWLG�H[FKDQJH��$VEHVWRV�LQGXFHG�
'1$�EDVH�SDLU�DOWHUDWLRQV�DUH�SUREDEO\�FDXVHG�E\��+2�DQG�
�2122�VLQFH� WKHVH�R[LGDQWV�FRPPRQO\� UHDFW�ZLWK�'1$�
WR�SURGXFH�K\GUR[\ODWHG�EDVHV�RU�'1$�VLQJOH�VWUDQG�>����
��@��$V� UHYLHZHG�HOVHZKHUH��DVEHVWRV�SURPRWHV���2+G*�
IRUPDWLRQ� LQ� '1$� LQ� FHOO� IUHH� V\VWHPV� >���� ��@�� ,URQ�
FDWDO\VHG�IUHH�UDGLFDOV�GHULYHG�IURP�SHUR[LGHV�RU�RUJDQLF�
K\GURSHUR[LGHV�FDQ�DOVR�DXJPHQW�DVEHVWRV�LQGXFHG�'1$�

GDPDJH�LQ�FHOO�IUHH�V\VWHPV�>��@��$VEHVWRV�LQGXFHG�'1$�
GDPDJH�E\�LURQ�GHULYHG��+2�FDQ�DOVR�RFFXU�LQ�UHOHYDQW�WDUJHW�
FHOOV� >��@��$�FRPSOH[�SUR¿OH�RI�VRPDWLF�JHQHWLF�FKDQJHV�
KDV�EHHQ�UHYHDOHG�LQ�KXPDQ�00��7KHVH�FKDQJHV�LPSOLFDWH�
D�PXOWLVWHS� SURFHVV� RI� WXPRULJHQHVLV��7KH�RFFXUUHQFH�RI�
PXOWLSOH��UHFXUUHQW�F\WRJHQHWLF�GHOHWLRQV�VXJJHVWV�WKDW�ORVV�
RU�LQDFWLYDWLRQ�RI�WXPRU�VXSSUHVVRU�JHQHV�LV�FULWLFDO�WR�WKH�
GHYHORSPHQW�DQG�SURJUHVVLRQ�RI�PHVRWKHOLRPD��'HOHWLRQV�RI�
VSHFL¿F�UHJLRQV�LQ�WKH�VKRUW��S��DUPV�RI�FKURPRVRPHV�������
DQG���DQG�ORQJ��T��DUPV�RI������������DQG����DUH�UHSHDWHGO\�
REVHUYHG�� DQG� ORVV� RI� D� FRS\� RI� FKURPRVRPH� ��� LV� WKH�
VLQJOH�PRVW�FRQVLVWHQW�QXPHULFDO�FKDQJH�>��@��5HODWLYHO\�
OLWWOH� LV�NQRZQ�DERXW� WKH�HDUO\�FKDQJHV� LQ� WKH�JHQHVLV�RI�
PHVRWKHOLRPD�� $PRQJ� WKH� NQRZQ� F\WRJHQHWLF� FKDQJHV��
WKH�PRVW�IUHTXHQW�LV�WKH�ORVV�RI�S���&'.1�$�S��$5)�DW�
�S���E\� KRPR]\JRXV� GHOHWLRQ�� >��@�� DGYHUVHO\� DIIHFWLQJ�
ERWK�5E�DQG�S���SDWKZD\V��UHVSHFWLYHO\��1)���PHUOLQ���D�
WXPRU�VXSSUHVVRU�ORFDWHG�DW���T����LV�DOVR�IUHTXHQWO\�DOWHUHG�
LQ�PHVRWKHOLRPDV��E\�DQ�LQDFWLYDWLQJ�PXWDWLRQ�FRXSOHG�ZLWK�
DOOHOLF�ORVV��>��±��@�

ROS and mesothelioma cell survival

2QH�RI�WKH�NH\�FKDUDFWHULVWLFV�RI�WXPRU�FHOOV�LV�WKHLU�
LQFUHDVHG�DELOLW\�WR�VXUYLYH�FRPSDUHG�ZLWK�QRUPDO�FHOOV��
6XUYLYDO�SDWKZD\V�PD\�EH�DFWLYDWHG�E\�GLUHFW�LQWHUDFWLRQ�
RI�DVEHVWRV�¿EHUV�ZLWK�UHFHSWRUV�RQ�WKH�FHOO�VXUIDFH�DQG�E\�
LQWHUDFWLRQ�ZLWK�LQWHJULQV��RU�YLD�HODERUDWLRQ�RI�526��DQG�
DUH�RIWHQ�XS�UHJXODWHG�LQ�00V��LQ�ZKLFK�WKH\�FRQWULEXWH�
WR� WXPRU� GHYHORSPHQW�� KRPHRVWDVLV�� DQG� UHVLVWDQFH� WR�
FKHPRWKHUDS\�>��@��)LJXUH����

(SLGHUPDO� JURZWK� IDFWRU� UHFHSWRU� �(*)5��OLQNHG�
VXUYLYDO�SDWKZD\V� LQFOXGLQJ�H[WUDFHOOXODU� VLJQDO�UHJXODWHG�
NLQDVHV� �(5.V�� ���� >��±��@�� SKRVSKRLQRVLWRO���NLQDVH�
�3,�.��SURWHLQ� NLQDVH�%� �$.7�� VLJQDOLQJ� SDWKZD\V� >��@��
DQG� WKH� GRZQVWUHDP�P725� DUH� LQYROYHG� LQ� FHOO� JURZWK�
DQG� VXUYLYDO�� DQG� WKH\� DUH�RIWHQ� IRXQG� WR�EH� DFWLYDWHG� LQ�

Figure 3: Cell signaling activation by asbestos. ([SRVXUH�WR�DVEHVWRV�¿EHUV�OHDGV�WR�WKH�DFWLYDWLRQ�RI�GRZQVWUHDP�VLJQDOLQJ�FDVFDGHV�
FRQGXFLQJ�WR�FHOO�WUDQVIRUPDWLRQ��FDQFHU�FHOO�VXUYLYDO�DQG�SUROLIHUDWLRQ��DQJLRJHQHVLV�DQG�LQYDVLRQ�
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PHVRWKHOLRPD�>��@��7KH�DFWLYDWLRQ�RI�WKH�(*)5�E\�DVEHVWRV�
¿EHUV�DQG�LQVWLJDWLRQ�RI�WKHVH�VXUYLYDO�FDVFDGHV�PD\�DOORZ�D�
SRSXODWLRQ�RI�DVEHVWRV�DOWHUHG�PHVRWKHOLDO�FHOOV�WR�EH�VHOHFWHG�
DQG�RU�H[SDQGHG�LQ�D�SRWHQWLDOO\�DGYHUVH�HQYLURQPHQW��VXFK�
DV�WKDW�DVVRFLDWHG�ZLWK�R[LGDQW�JHQHUDWLQJ�DVEHVWRV�¿EHUV�

7KH� 3,�.�$NW� VLJQDOLQJ� SDWKZD\� LV� WKH� EHVW�
FKDUDFWHUL]HG�SDWKZD\�LQ�FHOO�VXUYLYDO�DQG�LWV�DFWLYLW\�FDQ�
EH�UHGR[�UHJXODWHG�>��@��%HLQJ�WKH�VLJQDO�WUDQVGXFHG�YLD�
SKRVSKRU\ODWLRQ�� SKRVSKDWDVHV� DUH� WKH� PRVW� LPSRUWDQW�
QHJDWLYH� UHJXODWRUV�� 2QH� VXFK� SKRVSKDWDVH� LV� WKH� OLSLG�
SKRVSKDWDVH�37(1��3KRVSKDWDVH�DQG�7HQVLQ�KRPRORJXH���
ZKLFK� FDQ� FDWDO\]H� WKH� RSSRVLWH� UHDFWLRQ� RI� 3,��NLQDVH��
37(1��OLNH�RWKHU�SKRVSKDWDVHV��UHTXLUHV�UHGXFHG�F\VWHLQHV�
LQ� LWV� DFWLYH� VLWH� IRU� DFWLYLW\�� +\GURJHQ� SHUR[LGH� FDQ�
UHYHUVLEO\�LQKLELW�37(1�E\�R[LGDWLRQ�RI�WKHVH�NH\�F\VWHLQHV��
UHVXOWLQJ�LQ�WKH�DFWLYDWLRQ�RI�WKH�3,��NLQDVH�$NW�SDWKZD\�
>��@��$FWLYDWLRQ� RI� WKH�PDPPDOLDQ� WDUJHW� RI� UDSDP\FLQ�
�P725�� VLJQDOOLQJ� FRQWULEXWHV� WR� WKH� SDWKRJHQHVLV� RI�
PDQ\�WXPRU� W\SHV�>��@��$NW�GLUHFWO\�SKRVSKRU\ODWHV�DQG�
DFWLYDWHV�P725�>��@��$NW�LV�DOVR�DQ�LQKLELWRU�RI�DSRSWRVLV�
EHFDXVH�RI�LWV�DELOLW\�WR�LQDFWLYDWH�SURDSRSWRWLF�PROHFXOHV��
LQFOXGLQJ� FDVSDVH��� DQG� WKH� %FO��� KRPRORJ\� GRPDLQ�
��RQO\� SURWHLQ� %FO�;/�%FO���DVVRFLDWHG� GHDWK� SURPRWHU��
DQG�E\�WULJJHULQJ�WKH�DFWLYLW\�RI�WKH�WUDQVFULSWLRQ�IDFWRU�1)�
ț%��$.7�LV�IUHTXHQWO\�DFWLYDWHG�LQ�00�FHOOV��0DOLJQDQW�
PHVRWKHOLRPD�WXPRU�VSHFLPHQV�GHPRQVWUDWH�KLJK�OHYHOV�RI�
SKRVSKRU\ODWHG�$NW�H[SUHVVLRQ��LQ�DGGLWLRQ��D�SRRU�VXUYLYDO�
RI�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��030��SDWLHQWV�ODFNLQJ�
PTEN�H[SUHVVLRQ�KDV�EHHQ�REVHUYHG�>������±��@��P725�
VLJQDOLQJ� SDWKZD\V� KDV� EHHQ� DVVRFLDWHG� ZLWK� VKRUWHQHG�
VXUYLYDO�LQ�SDWLHQWV�ZLWK�PDOLJQDQW�SHULWRQHDO�PHVRWKHOLRPD�
>��@��526�DUH�ERWK�XSVWUHDP�DQG�GRZQVWUHDP�RI�P725��
$FWLYDWLRQ�RI�WKH�3,�.�725�SDWKZD\�LQFUHDVHV�SURGXFWLRQ�
RI�526��ZKHUHDV�LQKLELWLRQ�RI�P725�GHFUHDVHV�526�OHYHOV�
>��@��526�KDYH�EHHQ�UHSRUWHG�WR�SOD\�D�UROH�LQ�FHOO�VXUYLYDO�
E\�PHGLDWLQJ�FHOOXODU�VLJQDO�WUDQVGXFWLRQ�SDWKZD\V��7KHVH�
VLJQDOLQJ�SDWKZD\V�DUH�LQYROYHG�LQ�WKH�WUDQVPLVVLRQ�RI�LQWHU��
RU�LQWUDFHOOXODU�LQIRUPDWLRQ��DQG�DUH�FULWLFDO�IRU�VXSSRUWLQJ�
WXPRU�FHOO�VXUYLYDO�DQG�HVWDEOLVKLQJ�FHOO�IDWH��7KH�UHGXFHG�
QLFRWLQDPPLGH� DGHQLQH� GLQXFOHRWLGH� SKRVSKDWH� R[LGDVH�
�12;�� IDPLO\� RI� HQ]\PHV�� RQH�RI� WKH� SRWHQWLDO� VRXUFHV�
RI�526�SURGXFWLRQ��KDV�EHHQ�UHSRUWHG�WR�SURPRWH�WXPRU�
FHOO� VXUYLYDO� DQG� JURZWK� >��@�� ,Q� PHVRWKHOLRPD� FHOOV��
KLJKHU�VXSHUR[LGH�SURGXFWLRQ�DQG�12;��H[SUHVVLRQ�ZHUH�
REVHUYHG�DV�FRPSDUHG�WR�PHVRWKHOLXP�>��@��&RQVHTXHQWO\��
526�SRWHQWLDWH�WKH�VXUYLYDO�SDWKZD\V�LQ�00�

ROS and mesothelioma cell proliferation

8QFRQWUROOHG� SUROLIHUDWLRQ� LV� D� KDOOPDUN� RI� FDQFHU�
FHOOV��526�DQG�516�LQKLELW�RU�SURPRWH�FHOO�SUROLIHUDWLRQ�
E\� PRGXODWLQJ� WKH� FHOO� VLJQDOLQJ� SDWKZD\V� WKDW� GLFWDWH�
GHFLVLRQV�EHWZHHQ�FHOO�VXUYLYDO��SUROLIHUDWLRQ��DQG�GHDWK��
,Q� WKH� JURZWK� IDFWRU�GHSHQGHQW� SDWKZD\V� WKDW� UHJXODWH�
PLWRJHQHVLV�� QXPHURXV� SRVLWLYH� DQG� QHJDWLYH� HIIHFWRUV�
RI� VLJQDOLQJ�DUH� LQÀXHQFHG�E\�SK\VLRORJLFDO�ÀXFWXDWLRQV�

RI� R[LGDQWV�� LQFOXGLQJ� UHFHSWRU� W\URVLQH� NLQDVHV�� VPDOO�
*73DVHV�� PLWRJHQ�DFWLYDWHG� SURWHLQ� NLQDVHV� �0$3.���
SURWHLQ�SKRVSKDWDVHV��DQG�WUDQVFULSWLRQ�IDFWRUV��7KH�VDPH�
PLWRJHQLF� SDWKZD\V� WKDW� DUH� VHQVLWLYH� WR� R[LGDQW� OHYHOV��
DOVR�GLUHFWO\�UHJXODWH�WKH�H[SUHVVLRQ�RI�F\FOLQ�'���D�ODELOH�
IDFWRU�UHTXLUHG�IRU�SURJUHVVLRQ�WKURXJK�WKH�*��SKDVH�RQ�WKH�
FHOO�F\FOH��%HFDXVH�WKH�WUDQVLWLRQ�IURP�*��WR�*��LV�WKH�RQO\�
SKDVH�RI�WKH�FHOO�F\FOH�WKDW�LV�UHJXODWHG�E\�UHGR[�GHSHQGHQW�
VLJQDOLQJ�SDWKZD\V��H[SUHVVLRQ�RI�F\FOLQ�'��UHSUHVHQWV�D�
SULPDU\�UHJXODWRU\�QRGH�IRU�WKH�GRVH�GHSHQGHQW�HIIHFWV�RI�
R[LGDQWV�RQ�WKH�LQGXFWLRQ�RI�FHOO�JURZWK�>��@�

,QGXFWLRQ� RI� 0$3.� VLJQDOLQJ� SDWKZD\V� RFFXUV�
LQ� UHVSRQVH� WR� H[SRVXUH� WR� DVEHVWRV� DQG� DSSHDUV� WR� EH�
UHODWHG�WR�526��7KH�0$3.�FDVFDGH�LV�FKDUDFWHUL]HG�E\�
D� VHTXHQWLDO� VHULHV�RI�SKRVSKRU\ODWLRQ�HYHQWV�FDWDO\]HG�
E\� (5.�� F�MXQ�1+��WHUPLQDO� NLQDVHV� �-1.�� RU� VWUHVV�
DFWLYDWHG� SURWHLQ� NLQDVHV� �6$3.��� DQG� S��� >��@�� WKDW�
SURPRWH�FHOOXODU�UHVSRQVHV��VXFK�DV�SUROLIHUDWLRQ��DSRSWRVLV�
RU�LQÀDPPDWLRQ�>��@��$VEHVWRV�¿EHUV�VHOHFWLYHO\�LQGXFH�
(5.�SKRVSKRU\ODWLRQ�DQG�DFWLYLW\� LQ�PHVRWKHOLDO� FHOOV��
OHDGLQJ�WR�DSRSWRVLV�DQG�RU�FHOO�SUROLIHUDWLRQ�>������±��@�

0$3.�VLJQDOLQJ�FDVFDGHV�SKRVSKRU\ODWH�DQG�DFWLYDWH�
WUDQVFULSWLRQ� IDFWRUV� VXFK� DV� DFWLYDWRU� SURWHLQ� �� �$3����
>��@��$3���LV�D�IDPLO\�RI�WUDQVFULSWLRQ�IDFWRUV�FRPSULVHG�RI�
KRPR��DQG�KHWHURGLPHUV�RI�WKH�-XQ�DQG�)RV�HDUO\�UHVSRQVH�
SURWR�RQFRJHQHV�� ,W� LV� D� UHGR[�VHQVLWLYH� WUDQVFULSWLRQ�
IDFWRU�FODVVLFDOO\�DVVRFLDWHG�ZLWK�WKH�GHYHORSPHQW�RI�FHOO�
SUROLIHUDWLRQ�DQG�WXPRU�SURPRWLRQ�>��@��$VEHVWRV�LV�DEOH�
WR�LQGXFH�$3���DFWLYDWLRQ�WKURXJK�WKH�DFWLYDWLRQ�RI�0$3.�
IDPLO\�PHPEHUV��(5.��DQG�(5.���LQ�in vitro�H[SHULPHQWV�
>��@��$VEHVWRV�DOVR�LQGXFHV�D�GRVH�GHSHQGHQW�DFWLYDWLRQ�RI�
1)�N%��D�UHGR[�VHQVLWLYH�WUDQVFULSWLRQ�IDFWRU�>������@��1)�
N%�WULJJHUV�WKH�DFWLYDWLRQ�RI�D�QXPEHU�RI�JHQHV�LQYROYHG�LQ�
FHOO�SUROLIHUDWLRQ�DQG�DSRSWRVLV��LQFOXGLQJ�F\WRNLQHV��JURZWK�
IDFWRUV��DQG�DGKHVLRQ�PROHFXOHV�DV�ZHOO�DV�SURWR�RQFRJHQHV�
VXFK�DV�F�P\F�>���@��'HWDLOHG�VWXGLHV� WR�GHWHUPLQH�KRZ�
DVEHVWRV�UHJXODWHV�WKH�WUDQVFULSWLRQ�IDFWRUV�1)�N%�DQG�$3�
���OHG�WR�WKH�HYLGHQFH�WKDW�DVEHVWRV�JHQHUDWHG�526�FRXOG�EH�
D�SRVVLEOH�PHFKDQLVP�>���@��.LQDVHV��VXFK�DV�SURWHLQ�NLQDVH�
&��3.&���FDQ�DOVR�EH�DFWLYDWHG�E\�+
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�DQG�UHGR[�F\FOLQJ�

TXLQRQHV�>���@��3.&�LV�LQYROYHG�LQ�DVEHVWRV�LQGXFHG�SURWR�
RQFRJHQH��)RV�-XQ��H[SUHVVLRQ�LQ�PHVRWKHOLDO�FHOOV��DQG�WKH�
GRZQ�UHJXODWLRQ�RU�LQKLELWLRQ�RI�3.&�SUHYHQWV�DVEHVWRV�
LQGXFHG�SURWR�RQFRJHQH�H[SUHVVLRQ�>���@��$VEHVWRV�¿EHUV��
HLWKHU�E\�HODERUDWLRQ�RI�R[LGDQWV�RU�LQWHUDFWLRQ�ZLWK�WKH�FHOO�
PHPEUDQH�LQGXFH�PLWRJHQHVLV�DQG�FHOO�SUROLIHUDWLRQ�

ROS and mesothelioma cell invasion

+XPDQ� SOHXUDO� PDOLJQDQW� PHVRWKHOLRPD� LV�
FKDUDFWHUL]HG�E\�DJJUHVVLYH�ORFDO�VSUHDGLQJ�LQWR�WKH�SOHXUD�
DQG�WKH�VXUURXQGLQJ�WLVVXHV��EXW�LW�KDV�D�ORZ�UDWH�RI�GLVWDQW�
PHWDVWDVLV� >���@��0DOLJQDQW� WXPRU� LQYDVLRQ� RI� QRUPDO�
WLVVXH�LQYROYHV�WKUHH�LQGHSHQGHQW�SURFHVVHV��GHJUDGDWLRQ�RI�
WKH�H[WUDFHOOXODU�PDWUL[��FHOO�PLJUDWLRQ��DQG�SUROLIHUDWLRQ��
0DWUL[�PHWDOORSURWHLQDVHV��003V��DUH�WKH�PDLQ�JURXSV�RI�
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HQ]\PHV�LQYROYHG�LQ�WKH�SURWHRO\VLV�RI�H[WUDFHOOXODU�PDWUL[�
SURWHLQV��VXFK�DV�FROODJHQ��SURWHRJO\FDQV��HODVWLQ��ODPLQLQ��
DQG�¿EURQHFWLQ��003���DQG�003����NH\�HQ]\PHV�LQ�WKH�
GHJUDGDWLRQ�RI� W\SH� ,9�FROODJHQ� �WKH�PDMRU� FRPSRQHQW�
RI�WKH�EDVHPHQW�PHPEUDQH��DUH�DEXQGDQWO\�H[SUHVVHG�LQ�
YDULRXV�PDOLJQDQW�WXPRUV�DQG�FRQWULEXWH�WR�LQYDVLRQ�DQG�
PHWDVWDVLV�>���@�

003V� KDYH� EHHQ� VKRZQ� WR� EH� HOHYDWHG� LQ�
PHVRWKHOLRPD�DQG�DUH�NQRZQ�WR�LQFUHDVH�WKH�LQYDVLYH�
SRWHQWLDO� LQ� PHVRWKHOLRPD� FHOOV� >���@�� 003��� DQG�
003��� H[SUHVVLRQ� ZDV� UHSRUWHG� DV� D� FKDUDFWHULVWLF�
IRU�SOHXUDO�PDOLJQDQW�PHVRWKHOLRPD�� DQG�SDUWLFXODUO\�
003��� ZDV� VXJJHVWHG� DV� D� SUHGLFWLYH� PDUNHU� IRU�
SRRU�SURJQRVLV�>��������@��([SRVXUH�RI�FHOOV�WR�+
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LQFUHDVHV� 003��� DFWLYDWLRQ� YLD� D� UHFHSWRU� W\URVLQH�
NLQDVHV�3,��NLQDVH�1)�ț%�DFWLYDWLRQ��2[LGDWLYH�VWUHVV�
PD\�DOVR�PRGXODWH�003�H[SUHVVLRQ�E\�DFWLYDWLRQ�RI�
5DV��RU�GLUHFW�DFWLYDWLRQ�RI�WKH�0$3.�IDPLO\�PHPEHUV�
(5.�����S����DQG�-1.��RU�LQDFWLYDWLRQ�RI�SKRVSKDWDVHV�
WKDW� UHJXODWH� WKHVH� SURWHLQV� >���@�� ,Q� DGGLWLRQ�� 526�
KDYH�EHHQ�LPSOLFDWHG�LQ�003�JHQH�H[SUHVVLRQ��%RWK�
K\GURJHQ� SHUR[LGH� DQG� QLWULF� R[LGH� GRQRUV�� DV� ZHOO�
DV� WKH� LQFUHDVHG� H[SUHVVLRQ� RI� L126�� VWLPXODWH� WKH�
H[SUHVVLRQ�RI�VHYHUDO�003V�>���@�

6HYHUDO� VWXGLHV� KDYH� UHSRUWHG� WKH� LQYROYHPHQW� RI�
FKHPRNLQHV� DQG� FKHPRNLQH� UHFHSWRUV� LQ� WKH� LQYDVLRQ�
DQG�PHWDVWDVLV�RI�YDULRXV�W\SHV�RI�WXPRUV��7KH�PHWDVWDWLF�
SRWHQWLDO� RI� FKHPRNLQHV� LV� DWWULEXWHG� WR� WKHLU� DELOLW\� WR�
LQGXFH� WKH� H[SUHVVLRQ� RI� 003V�� ZKLFK� IDFLOLWDWH� WXPRU�
LQYDVLRQ�>���@��&KHPRNLQH�V\QWKHVLV�LV�LQGXFHG�LQ�YDULRXV�
FHOOV� E\� LQÀDPPDWRU\� VWLPXOL�� 3OHXUDO� PHVRWKHOLDO� FHOOV�
ZHUH� REVHUYHG� WR� SURGXFH� FKHPRNLQHV� RQ� VWLPXODWLRQ� E\�
LQÀDPPDWRU\� PHGLDWRUV�� DVEHVWRV�� DQG� 526� >��@�� 7KH�
FKHPRNLQH�&;&/����VWURPDO�GHULYHG�IDFWRU����ELQGLQJ�WR�
LWV�UHFHSWRU�&;&5��PD\�PHGLDWH�FHOO�DGKHVLRQ��PLJUDWLRQ��
DQG�SUROLIHUDWLRQ�LQ�WXPRU�FHOOV��&;&/���DQG�&;&5��ZHUH�
RYHUH[SUHVVHG�LQ�PHVRWKHOLRPD��&;&5��ZDV�IRXQG�LQ�DOPRVW�
DOO� PHVRWKHOLRPDV� ������ DQG� &;&/��� LQ� ����� DQRWKHU�
UHFHSWRU��&;&5���ZDV�RQO\�ZHDNO\�H[SUHVVHG�>���@�
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�DOVR�LQÀXHQFHV�FHOO�FHOO�LQWHUDFWLRQ�>���@��7KH�

&'���K\DOXURQLF�DFLG�UHFHSWRU��D�FHOO�VXUIDFH�JO\FRSURWHLQ�
LQYROYHG�LQ�FHOO�FHOO�LQWHUDFWLRQV��LV�KLJKO\�H[SUHVVHG�LQ�
KXPDQ�PHVRWKHOLRPDV�DQG�PHGLDWHV�WKH�DVVRFLDWLRQ�ZLWK�
K\DOXURQDQ�� D�PDMRU� FRPSRQHQW� RI� SOHXUDO� ÀXLG� >���@��
0HVRWKHOLRPD�FHOO�OLQHV�ZLWK�WKH�KLJKHVW�DPRXQW�RI�&'���
UHFHSWRU�VKRZ�LQFUHDVHG�SUROLIHUDWLRQ�DQG�PLJUDWLRQ�ZKHQ�
VWLPXODWHG�ZLWK� ORZ�PROHFXODU�ZHLJKW� K\DOXURQLF� DFLG��
)XUWKHUPRUH�� WKH�XVH�RI�D�PRQRFORQDO�DQWLERG\�DJDLQVW�
&'���LQKLELWV�SUROLIHUDWLRQ�E\���±����DQG�PLJUDWLRQ�E\�
��±����LQ�PHVRWKHOLRPD�FHOO�OLQHV�>���@��([HPHVWDQH��D�
GUXJ�WKDW�DFWV�E\�UHGXFWLRQ�RI�&'����LQKLELWV�SUROLIHUDWLRQ�
DQG� PLJUDWLRQ� LQ� PHVRWKHOLRPD� FHOOV� >���@�� &'��� LV�
LQÀXHQFHG� E\� 526�� PHDVXUHG� E\� K\GURJHQ� SHUR[LGH�
WUHDWPHQWV�>���@��0LFURDUUD\��$II\PHWUL[��GDWD�FRPSDULQJ�
UDW�SOHXUDO�PHVRWKHOLDO�FHOOV��ZLWK�DQG�ZLWKRXW�H[SRVXUH�WR�
FURFLGROLWH�DVEHVWRV��DQG�UDW�PHVRWKHOLRPDV�LQGLFDWH�WKDW�

&'���ZDV�LQFUHDVHG�LQ�PHVRWKHOLRPDV�DQG�LQ�PHVRWKHOLDO�
FHOOV�DIWHU�DFXWH�H[SRVXUH�WR�DVEHVWRV�>���@�

ROS and mesothelioma cell angiogenesis

$QJLRJHQHVLV�LV�UHTXLUHG�IRU�WXPRUV�WR�JURZ�EH\RQG�
D�FHUWDLQ� VL]H�DQG� WR�PHWDVWDVL]H��7KH�GHYHORSPHQW�RI�D�
FOLQLFDOO\�REVHUYDEOH�WXPRU�UHTXLUHV�WKH�QHRIRUPDWLRQ�RI�D�
YDVFXODU�QHWZRUN�VXI¿FLHQW�WR�VXVWDLQ�WXPRU�JURZWK�>���@��$�
QXPEHU�RI�FHOOXODU�VWUHVV�IDFWRUV��LQFOXGLQJ�K\SR[LD��QXWULHQW�
GHSULYDWLRQ��DQG�526�DUH�LPSRUWDQW�VWLPXOL�RI�DQJLRJHQLF�
VLJQDOOLQJ�� $VEHVWRV� LQGXFHG� DQJLRJHQHVLV� VXUURXQGLQJ�
��±����RI�WKH�OHVLRQV�DIWHU�VL[�ZHHNO\�LQLHFWMRQV�LQ�PLFH�
>���@��7R�GHYHORS�D�VWDEOH�EORRG�VXSSO\�IRU�WXPRU�JURZWK��
PDQ\�FHOOV�LQ�WKH�WXPRU�PLFURHQYLURQPHQW��LQFOXGLQJ�WXPRU�
HSLWKHOLDO� FHOOV�� VWURPDO� FHOOV�� DQG� LPPXQH� FHOOV�� VHFUHWH�
YDULRXV�SURDQJLRJHQLF�IDFWRUV�WKDW�VWLPXODWH�HQGRWKHOLDO�FHOO�
UHFUXLWPHQW��SUROLIHUDWLRQ��PLJUDWLRQ��DQG�WXEXOH�IRUPDWLRQ�
>���@��7LJKW�UHJXODWLRQ�RI�WKH�G\QDPLF�HTXLOLEULXP�EHWZHHQ�
SURDQJLRJHQLF� DQG� DQWLDQJLRJHQLF� IDFWRUV� LV� FULWLFDO� WR�
KHDOWK��DV�DQ�LPEDODQFH�LQ�HLWKHU�GLUHFWLRQ�FRQWULEXWHV�WR�D�
ZLGH�UDQJH�RI�SDWKRORJLFDO�FRQGLWLRQV�IURP�DWKHURVFOHURVLV�
WR�FDQFHU�>���@�

$� ODUJH� QXPEHU� RI� SURDQJLRJHQLF� IDFWRUV� DQG� WKHLU�
FRJQDWH�UHFHSWRUV�KDYH�EHHQ�LGHQWL¿HG��LQFOXGLQJ�DPRQJ�WKH�
RWKHUV��9DVFXODU�(QGRWKHOLDO�*URZWK�)DFWRU��9(*)���3ODFHQWD�
*URZWK� )DFWRU� �3O*)��� 3ODWHOHW�'HULYHG� *URZWK� )DFWRU�
�3'*)�� DQG� DFLGLF� DQG� EDVLF� )LEUREODVW� *URZWK� )DFWRUV�
�)*)���DQG�����UHVSHFWLYHO\���&HQWUDO�WR�WKH�SK\VLRORJLFDO�
DQG�SDWKRORJLFDO� UHJXODWLRQ�RI� DQJLRJHQHVLV� LV� WKH�9(*)�
V\VWHP��LWV�OLJDQGV�DQG�UHFHSWRUV��9(*)5V���9(*)�LV�WKH�
PRVW�SRWHQW�GLUHFW�DFWLQJ�DQJLRJHQLF�SURWHLQ�NQRZQ��,W�HOLFLWV�
D�SURQRXQFHG�DQJLRJHQLF� UHVSRQVH� LQ�D�YDULHW\�RI� in vivo 

PRGHOV� >���@��9(*)�KDV�EHHQ� LGHQWL¿HG�DV�DQ� LPSRUWDQW�
PHGLDWRU�RI�DQJLRJHQHVLV�LQ�PDOLJQDQW�PHVRWKHOLRPD��7KH�
VLJQL¿FDQW� KLJKHU� OHYHOV� RI� 9(*)� IRXQG� LQ� WKH� SOHXUDO�
H[XGDWHV�RI�SDWLHQWV�ZLWK�PDOLJQDQW�PHVRWKHOLRPD�FRPSDUHG�
ZLWK� SDWLHQWV�ZLWK� QRQ�PDOLJQDQW� SOHXUDO� GLVHDVH� DQG� WKH�
GHWHFWLRQ�RI�D�VLJQL¿FDQW�LQYHUVH�FRUUHODWLRQ�EHWZHHQ�VHUXP�
9(*)�DQG�PDOLJQDQW�PHVRWKHOLRPD�SDWLHQW�VXUYLYDO�FRQ¿UP�
9(*)�DV�DQ�LPSRUWDQW�PHGLDWRU�RI�DQJLRJHQHVLV�>���@�

ROS and mesothelioma cell death

7KHUH�DUH�WKUHH�PDMRU�ZD\V�E\�ZKLFK�D�FDQFHU�FHOO�
FDQ�GLH��DSRSWRVLV��QHFURVLV��DQG�DXWRSKDJ\�>���±���@��
526�FDQ� LQGXFH� FHOO� GHDWK�E\� DSRSWRVLV�� QHFURVLV�� DQG�
DXWRSKDJ\�>���±���@�

ROS and apoptosis

5HVLVWDQFH�WR�DSRSWRVLV�PD\�EH�LPSRUWDQW�ERWK�IRU�
WKH�LQLWLDO�GHYHORSPHQW�DQG�IRU�WKH�VXEVHTXHQW�VXUYLYDO�RI�
WXPRUV��$Q�LQLWLDO�UHVLVWDQFH�WR�DSRSWRVLV�PD\�EH�QHFHVVDU\�
WR�DOORZ�WKH�DPSOL¿FDWLRQ�RI�DQ�DEQRUPDO�FHOO�SRSXODWLRQ�
>���@��$SRSWRVLV�LV�D�WLJKWO\�FRQWUROOHG�IRUP�RI�FHOO�GHDWK�
DQG�FDQ�EH�LQLWLDWHG�E\�GHDWK�UHFHSWRUV��H[WULQVLF�SDWKZD\��
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RU� E\�PLWRFKRQGULD� �LQWULQVLF� SDWKZD\��� %RWK� H[WULQVLF�
DQG� LQWULQVLF� SDWKZD\V� RI� DSRSWRVLV� GHSHQG� RQ� 526�
>���@�� 7KH� H[WULQVLF� SDWKZD\� RI� DSRSWRVLV� LV�PHGLDWHG�
E\� GHDWK� UHFHSWRUV� LQ� ZKLFK� OLJDQG�UHFHSWRU� ELQGLQJ�
LQLWLDWHV� SURWHLQ�SURWHLQ� LQWHUDFWLRQV� DW� FHOO�PHPEUDQHV�
WKDW��LQ�WXUQ��DFWLYDWH�WKH�LQLWLDWRU�FDVSDVHV��0DMRU�NQRZQ�
UHFHSWRUV�LQFOXGH�)DV��DOVR�FDOOHG�&'���RU�$32�����71)�
UHFHSWRU����71)5���DQG�71)�UHODWHG�DSRSWRVLV�LQGXFLQJ�
OLJDQG��75$,/��UHFHSWRU����75$,/�5���DOVR�FDOOHG�'5���
DQG� 75$,/� UHFHSWRU� �� �75$,/�5��� DOVR� FDOOHG� '5���
>��������@��526�DUH�UHTXLUHG�IRU�WKH�XELTXLWLQDWLRQ�DQG�
VXEVHTXHQW�GHJUDGDWLRQ�RI�WKH�)/,&(�LQKLELWRU\�SURWHLQ�
WR�IXUWKHU�HQKDQFH�)DV�DFWLYDWLRQ�>���@��7KH�LQWULQVLF�RU�
PLWRFKRQGULDO�DSRSWRWLF�SDWKZD\�LV�FKDUDFWHUL]HG�E\�WKH�
RSHQLQJ�RI�WKH�SHUPHDELOLW\�WUDQVLWLRQ�SRUH�FRPSOH[�RQ�
WKH�PLWRFKRQGULDO�PHPEUDQH��ZKLFK�UHVXOWV�LQ�F\WRFKURPH�
F�UHOHDVH��DSRSWRVRPH�IRUPDWLRQ��DQG�FDVSDVH�DFWLYDWLRQ��
2SSRVLQJ�HIIHFWV�RI�SUR�DSRSWRWLF�DQG�DQWL�DSRSWRWLF�%FO�
��IDPLO\�SURWHLQV�DUH�UHTXLUHG�WR�RSHQ�WKH�SHUPHDELOLW\�
WUDQVLWLRQ� SRUH�� ,Q� WKLV� FRQWH[W�� 526� RSHQ� WKH� SRUH�
E\� ERWK� DFWLYDWLQJ� SRUH�GHVWDELOL]LQJ� SURWHLQV� �%FO���
DVVRFLDWHG� ;� SURWHLQ�� %FO��� KRPRORJRXV� DQWDJRQLVW�
NLOOHU�� DQG� LQKLELWLQJ� SRUH�VWDELOL]LQJ� SURWHLQV� �%FO���
DQG�%FO�[/�� >���@��00�FHOO� OLQHV�KDYH�EHHQ� VKRZQ� WR�
EH� KLJKO\� UHVLVWDQW� WR� R[LGDQW� �DVEHVWRV� DQG�526�� DQG�
QRQ�R[LGDQW�LQGXFHG�DSRSWRVLV��DQG�WKLV�UHVLVWDQFH�LV�QRW�
H[SODLQHG�E\�%FO���>���@��7KH�H[SUHVVLRQ�RI�DSRSWRVLV�
UHJXODWLQJ�SURWHLQV� �%FO���%D[�DQG�)DV�)DV/��DQG� WKHLU�
SURJQRVWLF�VLJQL¿FDQFH�LQ�DVEHVWRV�LQGXFHG�030�ZHUH�
DQDO\]HG� LQ� SDWLHQWV� ZLWK�030��7KH� ¿QGLQJV� LQGLFDWH�
WKDW�%FO���PD\�QRW�EH�LQYROYHG�LQ�WKH�WXPRULJHQHVLV�RI�
030� >���@�� 2QH� H[SODQDWLRQ� IRU� ZK\� 00� FHOO� OLQHV�
DUH� PRUH� UHVLVWDQW� WKDQ� QRQ�WUDQVIRUPHG� FHOOV� LV� WKDW�
KXPDQ� 00� FHOO� OLQHV� KDYH� LQFUHDVHG� 0Q�62'� DQG�
FDWDODVH�P51$�OHYHOV�DQG�DFWLYLW\�WKDW�UHQGHU�FHOOV�PRUH�
UHVLVWDQW�WR�WKH�F\WRWR[LF�HIIHFWV�RI�DQ�R[LGDQW�VWUHVV�>���@��
1RWDEO\��FHOOV�WUDQVIHFWHG�ZLWK�0Q�62'�DUH�UHVLVWDQW�WR�
DSRSWRVLV�FDXVHG�E\�71)�Į��+
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��DQG�LUUDGLDWLRQ�>���@��

7KHVH� GDWD� VXJJHVW� WKDW� DVEHVWRV�LQGXFHG� 526� SOD\� D�
FULWLFDO� UROH� LQ� PHGLDWLQJ� DSRSWRVLV� DQG� WKDW� LQFUHDVHG�
DFWLYLW\�RI�DQWLR[LGDQW�GHIHQFHV��HVSHFLDOO\�0Q�62'�DQG�
FDWDODVH��DFFRXQWV�LQ�SDUW�IRU�WKH�UHVLVWDQFH�RI�00�FHOOV�WR�
DSRSWRVLV��3RO\�$'3�ULERVH�SRO\PHUDVH��3$53���D�QXFOHDU�
HQ]\PH�� LV�DFWLYDWHG�E\�'1$�VWUDQG�EUHDNV��3URORQJHG�
3$53� DFWLYDWLRQ� FDQ� GHSOHWH� FHOOXODU� 1$'� DQG� $73�
OHYHOV��DQG�WKHUHE\�DXJPHQW�FHOO�GHDWK�>���@��3$53�PD\�
EH�SDUWLFXODUO\�LPSRUWDQW�VLQFH�WKH�RQVHW�RI�526�LQGXFHG�
DSRSWRVLV� LV� FORVHO\� DVVRFLDWHG� ZLWK� WKH� SURGXFWLRQ� RI�
3$53�FOHDYDJH� SURGXFWV�� DQG� UHGXFHG� 3$53� DFWLYLW\�
PD\� LPSDLU� QRUPDO� FHOOXODU� '1$� UHSDLU� PHFKDQLVPV�
>���@��3$53�DFWLYDWLRQ� LV� DOVR� LPSOLFDWHG� LQ�PHGLDWLQJ�
DVEHVWRV�LQGXFHG� PHVRWKHOLDO� FHOO� DSRSWRVLV�� VLQFH� WKH�
3$53�LQKLELWRU���DPLQREHQ]DPLGH����$%$��LV�SURWHFWLYH��
$OO�WKLV��WRJHWKHU�ZLWK�RWKHU�HYLGHQFH�QRW�GLVFXVVHG�KHUH��
SURYHV� WKDW�DSRSWRVLV� LQGXFWLRQ� LQ�PHVRWKHOLDO�FHOOV�YLD�
526�UHSUHVHQWV�D�PHFKDQLVP�E\�ZKLFK�PHVRWKHOLDO�FHOOV�

ZLWK� DVEHVWRV�LQGXFHG�'1$�GDPDJH� DUH�GHOHWHG�� ,I� VR��
HVFDSH�IURP�WKH�QRUPDO�DSRSWRWLF�SDWKZD\�PD\�EH�RQH�
LPSRUWDQW� VWHS� LQ� WKH� PXOWLVWHS� SURFHVV� OHDGLQJ� WR� WKH�
GHYHORSPHQW�RI�DVEHVWRV�LQGXFHG�QHRSODVLD�>���@�

ROS and necrosis

1HFURWLF� FHOO� GHDWK� KDV� EHHQ� SURSRVHG� WR� LQYROYH�
526�DFFXPXODWLRQ�>���@��7KH�QHFURWLF�SDWKZD\V��DV�ZHOO�
DV�DSRSWRVLV��HQVXUH�WKDW�FHOOV�ZLWK�LUUHSDUDEOH�GDPDJH�DUH�
HOLPLQDWHG��1HFURVLV�LV�D�IRUP�RI�FHOO�LQMXU\�WKDW�UHVXOWV�LQ�WKH�
SUHPDWXUH�GHDWK�RI�FHOOV�LQ�OLYLQJ�WLVVXH��1HFURVLV�LV�FDXVHG�E\�
IDFWRUV�H[WHUQDO�WR�WKH�FHOO�RU�WLVVXH��VXFK�DV�LQIHFWLRQV��WR[LQV��
RU� WUDXPDV� WKDW� UHVXOW� LQ� WKH�XQUHJXODWHG�GLJHVWLRQ�RI�FHOO�
FRPSRQHQWV��'\LQJ�FHOOV�UHOHDVH�WKH�SURGXFWV�RI�FHOO�GHDWK�
LQWR�WKH�H[WUDFHOOXODU�VSDFH��OHDGLQJ�WR�DQ�DQWL�LQÀDPPDWRU\�
UHVSRQVH�LQ� WKH�VXUURXQGLQJ�WLVVXH�>���@��$VEHVWRV�FDXVHV�
PHVRWKHOLDO�QHFURWLF�FHOO�GHDWK�DQG�SURPRWHV�DQ�LQÀDPPDWRU\�
UHVSRQVH�� 0DFURSKDJHV� DQG� PHVRWKHOLDO� FHOOV� UHOHDVH�
526�� VXFK� DV� +

2
O

2
� DQG� VHFUHWH� 71)�Į�� DPSOLI\LQJ� WKH�

LQÀDPPDWRU\�SURFHVV��0RUHRYHU��526�FDXVH�'1$�GDPDJH�
DQG�DQHXSORLG\��71)�Į�DFWLYDWHV�1)�ț%��D�VXUYLYDO�SDWKZD\�
WKDW� DOORZV� VRPH� PHVRWKHOLDO� FHOOV� XQGHUJRLQJ� DVEHVWRV�
LQGXFHG�'1$�GDPDJH�WR�VXUYLYH�� WKHUHE\�FUHDWLQJ�D�SRRO�
RI�DQHXSORLG�PHVRWKHOLDO�FHOOV�ZLWK�WKH�SRWHQWLDO�WR�GHYHORS�
LQWR�FDQFHU�FHOOV��7KLV�PHFKDQLVWLF�UDWLRQDOH�OLQNV�DVEHVWRV�
LQGXFHG�PHVRWKHOLDO�FHOO�GHDWK�WR�WKH�FKURQLF�LQÀDPPDWRU\�
UHDFWLRQ�WKDW�LV�DVVRFLDWHG�ZLWK�DVEHVWRV�FDUFLQRJHQHVLV�>���@�

ROS and autophagy

$XWRSKDJ\�� D� SURFHVV� E\� ZKLFK� HXNDU\RWLF� FHOOV�
GHJUDGH�DQG�UHF\FOH�PDFURPROHFXOHV�DQG�RUJDQHOOHV��KDV�DQ�
LPSRUWDQW�UROH�LQ�WKH�FHOOXODU�UHVSRQVH�WR�R[LGDWLYH�VWUHVV��
$XWRSKDJ\�LV�WULJJHUHG�DQG�UHJXODWHG�E\�526��DV�UHYHDOHG�
E\� VHYHUDO� UHFHQW� VWXGLHV� >����� ���@�� 7KH� RXWFRPHV� RI�
DXWRSKDJ\�YDU\�IURP�VXUYLYDO��E\�SURPRWLQJ�WKH�UHPRYDO�
RI� SDWKRJHQV�� GDPDJHG� RUJDQHOOHV�� DQG� SURWHLQV�� WR�
SURJUDPPHG�FHOO�GHDWK��7KXV��526�PD\�DFW�DV�VLJQDOLQJ�
PROHFXOHV�LQ�DXWRSKDJLF�FHOO�GHDWK��GHVSLWH�WKH\�PD\�DOVR�
DFW� DV� VLJQDOLQJ� PROHFXOHV� LQ� VXUYLYDO�SURQH� DXWRSKDJ\�
>���@��&KU\VRWLOH�DVEHVWRV�LQGXFHG�DXWRSKDJ\�LV�PHGLDWHG�
E\�526�LQ�$����KXPDQ�OXQJ�HSLWKHOLDO�FHOOV�>���@��ZKLOH�
LW�GRHV�QRW�DSSHDU�WR�SOD\�D�UROH�LQ�PHVRWKHOLDO�FHOOV�>���@�

ROS and mesothelioma therapy

00�UHPDLQV�D�UDUH�DQG�OHWKDO�GLVHDVH��GLI¿FXOWLHV�LQ�
00�GLDJQRVLV�DQG�VWDJLQJ��HVSHFLDOO\�RI�HDUO\�GLVHDVH��KDYH�
WKZDUWHG�WKH�GHYHORSPHQW�RI�D�XQLYHUVDOO\�DFFHSWHG�WKHUDSHXWLF�
DSSURDFK��7KHUH�LV�QR�GH¿QLWH�VWDQGDUG�RI�FDUH��DQG�RQO\�D�
PLQRULW\�RI�SDWLHQWV�DUH�HOLJLEOH�IRU�DQ\�SRWHQWLDOO\�FXUDWLYH�
WKHUDS\�� 6LQJOH� PRGDOLW\� WKHUDSLHV� �VXUJHU\�� UDGLRWKHUDS\��
FKHPRWKHUDS\��KDYH�JHQHUDOO\�IDLOHG�WR�VLJQL¿FDQWO\�SURORQJ�
SDWLHQW�VXUYLYDO�>���@��6XUJLFDO�UHVHFWLRQ�LV�WKH�RQO\�FXUDWLYH�
WUHDWPHQW�RI�030�ZKLOH�RWKHU�WUHDWPHQWV�PLQLPDOO\�LPSURYH�
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WKH�UHVSRQVH�UDWH�DQG�RYHUDOO�VXUYLYDO��7KH�PDMRULW\�RI�SDWLHQWV�
GLDJQRVHG�ZLWK�030�DUH�XQDEOH�WR�XQGHUJR�VXUJLFDO�UHVHFWLRQ�
EHFDXVH�RI�DGYDQFHG�GLVHDVH�DW�WLPH�RI�SUHVHQWDWLRQ��7KH�RQO\�
¿UVW�OLQH�FKHPRWKHUDS\�UHJLPHQ�DSSURYHG�E\�WKH�)'$�IRU�WKHVH�
SDWLHQWV�LV�FLVSODWLQ�SOXV�DQ�DQWLIRODWH��VXFK�DV�SHPHWUH[HG�RU�
UDOWLWUH[HG��ZKLFK�LPSURYHV�RYHUDOO�VXUYLYDO�IURP���PRQWKV�WR�
���PRQWKV�>��������@��5DGLRWKHUDS\�PD\�EH�XVHG�IRU�SDOOLDWLYH�
FDUH��KRZHYHU��WKHUH�LV�QR�HYLGHQFH�IRU�URXWLQH�XVH�RI�UDGLDWLRQ�
DV�SULPDU\�WKHUDS\�IRU�030�>���@��)RU�SDWLHQWV�ZLWK�VXUJLFDOO\�
UHVHFWDEOH� 030�� VXUJLFDO� RSWLRQV� LQFOXGH� H[WUDSOHXUDO�
SQHXPRQHFWRP\� RU� SOHXUHFWRP\�ZLWK� GHFRUWLFDWLRQ�ZKLFK�
PD\� EH� FRPELQHG�ZLWK� LQWUDFDYLWDU\� FKHPRWKHUDS\� DW� WKH�
WLPH�RI�UHVHFWLRQ�RU�V\VWHPLF�FKHPRWKHUDS\�DQG�UDGLRWKHUDS\�
>��������@��8QIRUWXQDWHO\��RQO\�D�VPDOO�SHUFHQWDJH�RI�030�
SDWLHQWV�ZLOO�TXDOLI\�IRU�PXOWLPRGDOLW\�WUHDWPHQW�DQG�GHVSLWH�
WKLV�DJJUHVVLYH�WKHUDS\��00�UHFXUUHQFH�LV�IUHTXHQW��'LIIXVH�
PDOLJQDQW� SHULWRQHDO� PHVRWKHOLRPD� �'030�� PDNHV� XS 

��±���� RI� 00� GLDJQRVHV� DQG� OLNH� 030�� LV� W\SLFDOO\�
GLDJQRVHG� DW� ODWH� VWDJH� >���@�� '030� LV� XOWLPDWHO\� IDWDO�
DOWKRXJK�DGYDQFHV�KDYH�EHHQ�PDGH�LQ�WKHUDSHXWLF�VWUDWHJLHV�
IRU� VXUJLFDOO\� UHVHFWDEOH� GLVHDVHV�� 7KH� FRPELQDWLRQ� RI�
F\WRUHGXFWLYH� VXUJHU\� DQG� K\SHUWKHUPLF� LQWUDSHULWRQHDO�
FKHPRWKHUDS\�ZLWK�FLVSODWLQ�SOXV�GR[RUXELFLQ�RU�PLWRP\FLQ�&�
KDV�EHHQ�VKRZQ�WR�LPSURYH�RYHUDOO�VXUYLYDO�>���@��3DWLHQWV�
ZLWK�LQRSHUDEOH�'030�PD\�XQGHUJR�V\VWHPLF�FKHPRWKHUDS\�
ZLWK�FLVSODWLQ�DQG�SHPHWUH[HG�DQG�RU�SDOOLDWLRQ�VXUJHU\�

ROS-generating drugs and radiotherapy

526�SURGXFWLRQ�LV�D�PHFKDQLVP�VKDUHG�E\�DOO�QRQ�
VXUJLFDO� WKHUDSHXWLF� DSSURDFKHV� IRU� FDQFHUV�� LQFOXGLQJ�
FKHPRWKHUDS\�DQG�UDGLRWKHUDS\��GXH�WR�WKHLU�LPSOLFDWLRQ�
LQ�WULJJHULQJ�FHOO�GHDWK��WKHUHIRUH��526�DUH�DOVR�XVHG�WR�
NLOO�FDQFHU�FHOOV�>���@��%DVHG�RQ�HLWKHU�VLGH��D�QXPEHU�RI�
GUXJV��DJHQWV�DQG�DSSURDFKHV�KDYH�EHHQ�GHYHORSHG�RU�DUH�
XQGHU�GHYHORSPHQW��)LJXUH����

2QH�RI�WKH�¿UVW�526�JHQHUDWLQJ�GUXJV�WR�EH�GHYHORSHG�
ZDV�SURFDUED]LQH��,W�LV�R[LGLVHG�UHDGLO\�LQ�DQ�R[LF�HQYLURQPHQW�
WR� LWV� D]R� GHULYDWLYH�� JHQHUDWLQJ�526� >���@��$� V\QHUJLVWLF�
HIIHFW�LQ�'1$�GHJUDGDWLRQ�ZKHQ�SURFDUED]LQH�ZDV�FRPELQHG�
ZLWK�UDGLDWLRQ�ZDV�UHSRUWHG��,Q�D�VWXG\�LQYROYLQJ����SDWLHQWV�
ZLWK� PHVRWKHOLRPD� WUHDWHG� ZLWK� HLWKHU� UDGLDWLRQ� DORQH� RU�
UDGLDWLRQ� SOXV� SURFDUED]LQH�� QRQH� RI� WKH� �� SDWLHQWV� WUHDWHG�
ZLWK� UDGLRWKHUDS\� DORQH� UHVSRQGHG��ZKHUHDV� ��� RI� WKH� ���
SDWLHQWV� WUHDWHG�ZLWK�SURFDUED]LQH�DQG� UDGLDWLRQ� UHVSRQGHG�
VXEMHFWLYHO\�RU�REMHFWLYHO\��0RUHRYHU��WKH�WXPRXU�VKULQNDJH�
LQ� WKH� FRPELQHG�PRGDOLW\� DUP� ZDV� RQO\� REVHUYHG� ZLWKLQ�
WKH� UDGLDWLRQ�¿HOG��ZKHUHDV� SURFDUED]LQH�KDG�QR� HIIHFW� RQ�
WKH� GLVHDVH� RXWVLGH� RI� WKH� UDGLDWLRQ� SRUW� >���@��7KHUHIRUH��
526�JHQHUDWLQJ� GUXJV� FDQ� EH� XVHG� DV� D� FDQFHU� WUHDWPHQW��
DQG� SHUKDSV� WR� HQKDQFH� WKH� DQWLWXPRXU� HIIHFW� RI� UDGLDWLRQ�
WKHUDS\�� 5DGLDWLRQ� WKHUDS\� LQYROYHV� WKH� DGPLQLVWUDWLRQ� RI�
LRQL]LQJ�UDGLDWLRQ��:KHQ�FHOOV�DUH�LRQL]HG��IUHH�UDGLFDOV�DQG�
526�DUH�IRUPHG��7KHVH�DJHQWV��GXH�WR�WKHLU�KLJK�UHDFWLYLW\��
DUH� OLNHO\� WR� DWWDFN� WKH� FRYDOHQW� ERQGV�RI�'1$�DQG�RWKHU�
FHOOV� WKH\�HQFRXQWHU��DQG�WKHVH�UHDFWLRQV�W\SLFDOO\�RFFXU�LQ�
FKDLQV��(QRXJK�LQMXU\�LQ�WKH�FHOO�ZLOO�UHVXOW�LQ�DSRSWRVLV��RU�
SURJUDPPHG�FHOO�GHDWK��$W�WKH�VDPH�WLPH��LI�HQRXJK�'1$�LV�
GDPDJHG��WKH�FHOOV�ZLOO�EH�XQDEOH�WR�UHSOLFDWH��7KXV��ZKHQ�WKH�
UDGLDWLRQ�WDUJHWV�WKH�WXPRU�FHOOV��WKH�DIIHFWHG�FHOOV�ZLOO�GLH�RU�
EH�XQDEOH�WR�SUROLIHUDWH��HIIHFWLYHO\�UHGXFLQJ�RU�HOLPLQDWLQJ�
WKH�FDQFHU�>���@��7KRXJK�UDGLDWLRQ�WKHUDS\�KDV�RIWHQ�UHVXOWHG�
LQ�UHPLVVLRQ�RI�FDQFHU��UHFXUUHQFH�LV�IDLUO\�FRPPRQ��5HFHQW�
UHVHDUFK�KDV�IRXQG�WKDW�WKLV�PLJKW�EH�GXH�WR�FDQFHU�VWHP�FHOOV�
SURGXFLQJ� KLJKHU� OHYHOV� RI� DQWLR[LGDQW� SURWHLQV� WKDQ� RWKHU�
FDQFHU�FHOOV��7KH�DQWLR[LGDQWV�FDSWXUH�DQG�GLVDUP�526�EHIRUH�
WKH\�FDXVH�WRR�PXFK�GDPDJH��7KXV��HYHQ�WKRXJK�LW�VHHPV�WKDW�
PRVW�RI�WKH�FDQFHU�FHOOV�KDYH�EHHQ�NLOOHG��VRPH�FDQFHU�VWHP�
FHOOV�UHPDLQ�DQG�SUROLIHUDWH�RYHU�WLPH�GXH�WR�WKH�DQWLR[LGDQW�
GHIHQVH�DJDLQVW�LRQL]LQJ�UDGLDWLRQ�>���@��$V�FDQFHU�FHOOV�KDYH�
HOHYDWHG�526�JHQHUDWLRQ�DQG�DUH�XQGHU� LQFUHDVHG� LQWULQVLF�
R[LGDWLYH�VWUHVV��LW�LV�FRQFHLYDEOH�WKDW�WKHVH�PDOLJQDQW�FHOOV�

Figure 4: Non-surgical strategies for mesothelioma treatment. 'LIIHUHQW�W\SHV�RI�PHVRWKHOLRPD�WUHDWPHQW�HPSOR\�QRW�RQO\�WKH�
VWDQGDUG�SURWRFROV�RI�FKHPLRWKHUDS\�DQG�UDGLRWKHUDS\��EXW�DOVR�UHO\�RQ�SK\WRFKHPLFDOV�DQG�IRRG�VXSSOHPHQWV�WR�LQGXFH�FDQFHU�FHOO�GHDWK�
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ZRXOG�EH�PRUH�GHSHQGHQW�RQ�DQWLR[LGDQWV�IRU�FHOO�VXUYLYDO�DQG��
WKHUHIRUH��PRUH�YXOQHUDEOH�WR�IXUWKHU�R[LGDWLYH�LQVXOWV�LQGXFHG�
E\�526�JHQHUDWLQJ�DJHQWV�RU�E\�FRPSRXQGV� WKDW�DEURJDWH�
WKH�NH\�DQWLR[LGDQW�V\VWHPV�LQ�FHOOV��$V�VXFK��PDQLSXODWLQJ�
526�OHYHOV�E\�UHGR[�PRGXODWLRQ�VHHPV�WR�EH�D�IHDVLEOH�ZD\�
WR�VHOHFWLYHO\�NLOO�FDQFHU�FHOOV�ZLWK�OHVV�WR[LFLW\�WR�QRUPDO�FHOOV�
>���@��7KH�LGHD�RI�LQGXFLQJ�SUHIHUHQWLDO�FDQFHU�FHOO�GHDWK�E\�D�
526�PHGLDWHG�PHFKDQLVP�EDVHG�RQ�WKH�GLIIHUHQW�UHGR[�VWDWHV�
LQ�QRUPDO�DQG�PDOLJQDQW�FHOOV�ZDV�SURSRVHG�D�GHFDGH�DJR�>�����
���@��EXW�LWV�IHDVLELOLW\�KDV�RQO\�UHFHQWO\�JDLQHG�PRPHQWXP�
>���±���@��&LVSODWLQ�LV�RQH�RI�WKH�PRVW�HIIHFWLYH�DQG�ZLGHO\�
XVHG�DQWLFDQFHU�DJHQWV�IRU�WKH�WUHDWPHQW�RI�VHYHUDO�W\SHV�RI�
WXPRUV�� 7KH� F\WRWR[LF� HIIHFW� RI� FLVSODWLQ� LV� WKRXJKW� WR� EH�
PHGLDWHG�SULPDULO\�E\�WKH�JHQHUDWLRQ�RI�QXFOHDU�'1$�DGGXFWV��
ZKLFK��LI�QRW�UHSDLUHG��FDXVH�FHOO�GHDWK�DV�D�FRQVHTXHQFH�RI�
'1$� UHSOLFDWLRQ� DQG� WUDQVFULSWLRQ� EORFNDJH� >����� ���@��
&LVSODWLQ�H[SRVXUH�LQGXFHV�D�PLWRFKRQGULD�GHSHQGHQW�526�
UHVSRQVH� WKDW� VLJQL¿FDQWO\� FRQWULEXWHV� WR� FHOO� NLOOLQJ� E\�
HQKDQFLQJ�WKH�F\WRWR[LF�HIIHFW�H[HUWHG�WKURXJK�WKH�IRUPDWLRQ�RI�
'1$�GDPDJH�>���@��,Q�00�FHOOV��FLVSODWLQ�WUHDWPHQW�SURGXFHG�
KLJKHU�526�OHYHOV�LQ�0672����+�WKDQ�LQ�1&,�+�����FHOOV��
FRUUHVSRQGLQJ�WR�D�JUHDWHU�VHQVLWLYLW\�RI�0672����+�WR�WKH�
GUXJ��526�HOHYDWLRQ�E\�FLVSODWLQ�LV�PDUNHGO\�GHFUHDVHG�LQ�WKH�
SUHVHQFH�RI�1�$FHW\O�&\VWHLQH��D�526�VFDYHQJHU���VXJJHVWLQJ�
WKDW�LQ�00�WKH�SURGXFWLRQ�RI�526�LV�LPSOLFDWHG�LQ�WKH�DFWLRQ�
RI�FLVSODWLQ�>���@��3HPHWUH[HG�LV�D�¿UVW�OLQH�WKHUDS\�DJDLQVW�
PHVRWKHOLRPD�� 3HPHWUH[HG� WDUJHWV� WKH� IRODWH�GHSHQGHQW�
HQ]\PHV�WK\PLG\ODWH�V\QWKHWDVH��76���GLK\GURIRODWH�UHGXFWDVH�
�'+)5���DQG�JO\FLQDPLGH�ULERQXFOHRWLGH�IRUP\OWUDQVIHUDVH�
�*$5)7��� DOO� RI� ZKLFK� DUH� LQYROYHG� LQ� WKH� GH� QRYR�
ELRV\QWKHVLV� RI� SXULQHV� DQG� S\ULPLGLQHV�� WKHUHE\� LQGXFLQJ�
DQ� LPEDODQFH� LQ� WKH�QXFOHRWLGH�SRRO�DQG�FRQVHTXHQW�'1$�
GDPDJH�>���@��3HPHWUH[HG�LQGXFHV�FDVSDVH�GHSHQGHQW�DQG�
�LQGHSHQGHQW� DSRSWRVLV� LQ� KXPDQ�PHODQRPD� FHOOV� WKURXJK�
LQWUDFHOOXODU�526�DFFXPXODWLRQ��ZKLFK�LQ�WXUQ�SURPRWHV�'1$�
GDPDJH�>���@��,Q�00�FHOO�OLQHV��SHPHWUH[HG�LQGXFHG�526�
SURGXFWLRQ� DQG� FDVSDVH�GHSHQGHQW� DSRSWRVLV� >���@��7R� WKH�
EHVW�RI�RXU�NQRZOHGJH��QR�SUHYLRXV�VWXG\�KDV�LQYHVWLJDWHG�RQ�
526�SURGXFWLRQ�LQ�PHVRWOHOLRPD�FHOOV�XSRQ�SHPHWUH[HG�DQG�
FLVSODWLQ�FRPELQDWLRQ�WUHDWPHQW��6RPH�DXWKRUV�DGPLQLVWHUHG�D�
FRPELQDWLRQ�RI�FLVSODWLQ��SHPHWUH[HG��DQG�YDOSURDWH��KLVWRQH�
GHDFHW\ODVH�LQKLELWRU��WR�WKUHH�GLIIHUHQW�KLVWRORJLFDO�W\SHV�RI�
PHVRWKHOLRPD� �HSLWKHOLRLG�� VDUFRPDWRLG�� DQG� ELSKDVLF�� FHOO�
OLQHV��DQG�IRXQG�WKDW�WKH�QXPEHU�RI�DSRSWRWLF�FHOOV�LQFUHDVHG�
UHODWLYH�WR�WKH�¿UVW�OLQH�FKHPRWKHUDS\�UHJLPHQ�UHVXOWV��FLVSODWLQ�
��SHPHWUH[HG���7KH\�DOVR�VKRZHG�WKDW�LQGXFWLRQ�RI�DSRSWRVLV�
UHVXOWHG� IURP� WKH� SURGXFWLRQ� RI� 526� >���@��:H� UHFHQWO\�
GHPRQVWUDWHG�WKDW�H[HPHVWDQH��HIIHFWLYH�LQ�WKH�WUHDWPHQW�RI�
00�LQ�in vivo�DQG�in vitro�00�H[SHULPHQWDO�PRGHOV��DOVR�
DFWV�WKURXJK�526�SURGXFWLRQ�>�������������@�

ROS and natural compounds in mesothelioma 

treatment

$�ODUJH�QXPEHU�RI�GLHWDU\�SK\WRFKHPLFDOV�KDV�EHHQ�
GHPRQVWUDWHG�WR�H[KLELW�DQWLFDQFHU�DFWLYLWLHV�E\�LQWHUIHULQJ�

ZLWK�PXOWLSOH�VLJQDOLQJ�SDWKZD\V�� UHVXOWLQJ� LQ� LQKLELWLQJ�
VXUYLYDO�SURWHLQV�RU�DFWLYDWLQJ�SURDSRSWRWLF�PHGLDWRUV�>���@�
�)LJXUH�����,Q�DGGLWLRQ��D�QXPEHU�RI�GLHWDU\�SK\WRFKHPLFDOV�
H[KLELW�V\QHUJLVWLF�HIIHFWV�ZLWK�FRQYHQWLRQDO�FKHPRWKHUDS\�
DQG�UDGLRWKHUDS\��2I�WKRVH��UHVYHUDWURO��D�QDWXUDOO\�RFFXUULQJ�
SRO\SKHQROLF� SK\WRDOH[LQ� ZLWK� DQWLR[LGDQW� DQG� DQWL�
LQÀDPPDWRU\�HIIHFWV��KDV�EHHQ� LGHQWL¿HG�DV�DQ�HIIHFWLYH�
FDQGLGDWH�IRU�RYHUFRPLQJ�FKHPRUHVLVWDQFH�LQ�WXPRU�FHOOV��
0DQ\�PHFKDQLVPV�RI�DFWLRQ�KDYH�EHHQ�SRVWXODWHG�LQ�RUGHU�
WR� H[SODLQ� WKH� DQWLSUROLIHUDWLYH� DFWLYLW\� RI� UHVYHUDWURO�
LQFOXGLQJ� WKH� JHQHUDWLRQ� RI� 526� >���@�� ,Q� SDUWLFXODU�� D�
V\QHUJLVWLF�DQWL�SUROLIHUDWLYH�HIIHFW�RFFXUUHG�LQ�00�FHOOV�
�0672����+��ZKHQ� UHVYHUDWURO�ZDV�FRPELQHG�ZLWK� WKH�
FKHPRWKHUDSHXWLF� GUXJ� FORIDUDELQH�� 6XFK� D� V\QHUJLVP�
LQFOXGHG� VLPXOWDQHRXV� WDUJHWLQJ� RI� PXOWLSOH� ELRORJLFDO�
SDWKZD\V� LQYROYLQJ� DFWLYDWLRQ� RI� S��� >���@�� UHGXFWLRQ�
RI�1UI��DFWLYLW\� >���@��DQG�VXSSUHVVLRQ�RI�6S��DQG�3,��
NLQDVH�$NW�VXUYLYDO�SURWHLQV�>���@��+RZHYHU��GHVSLWH�WKH�
ODUJH�QXPEHU�RI�SUHFOLQLFDO�VWXGLHV�GHDOLQJ�ZLWK�GLIIHUHQW�
DVSHFWV�RI�WKH�ELRORJLFDO�HIIHFWV�RI�UHVYHUDWURO��LWV�WUDQVODWLRQ�
WR�FOLQLFV�LV�IDU�IURP�UHDOLW\�GXH�WR�D�YDULHW\�RI�FKDOOHQJHV�
>���@�� 4XHUFHWLQ� LV� DQ� LPSRUWDQW� GLHWDU\� ÀDYRQRLG�ZLWK�
GLYHUVH� ELRORJLFDO� DFWLYLWLHV�� LQFOXGLQJ� DQWLR[LGDQW�� DQWL�
LQÀDPPDWRU\� DQG� DQWLWXPRU� SURSHUWLHV�� &ROOHFWLYHO\� WKH�
SURDSRSWRWLF�HIIHFWV�RI�4XHUFHWLQ�PD\�UHVXOW�IURP�PXOWLSOH�
SDWKZD\V� DQG� 526� JHQHUDWLRQ� >���@�� ([SHULPHQWV� RQ�
63&����DQG�63&����PHVRWKHOLRPD�FHOO�OLQHV�VKRZHG�WKDW�
TXHUFHWLQ�VLJQL¿FDQWO\�UHGXFHG�FHOO�SUROLIHUDWLRQ��DOWHUHG�WKH�
FHOO�F\FOH�GLVWULEXWLRQ��DQG�LQFUHDVHG�WKH�OHYHO�RI�&DVSDVH���
DQG����>���@��,QWHUHVWLQJO\�� WKH�FRPELQDWLRQ�RI�TXHUFHWLQ�
ZLWK�FLVSODWLQ�ZDV�IRXQG�PRUH�HIIHFWLYH�ZKHQ�FRPSDUHG�
ZLWK�LQGLYLGXDO�WUHDWPHQW�RI�DJHQWV��2WKHU�H[SHULPHQWV�RQ�
0672����+�PHVRWKHOLRPD�FHOOV� UHYHDOHG� WKDW�TXHUFHWLQ�
LQWHUDFWHG�ZLWK�WKH�WUDQVFULSWLRQ�IDFWRU�6S��DQG�VLJQL¿FDQWO\�
VXSSUHVVHG�LWV�H[SUHVVLRQ�DW�WKH�SURWHLQ�DQG�P51$�OHYHOV��
)XUWKHUPRUH�� TXHUFHWLQ� PRGXODWHG� WKH� OHYHOV� RI� 6S��
UHJXODWRU\�JHQHV��VXFK�DV�F\FOLQ�'���P\HORLG�FHOO�OHXNHPLD�
�0FO���� DQG� VXUYLYLQJ� >���@�� (SLJDOORFDWHFKLQ���JDOODWH�
�(*&*���D�QDWXUDO�SRO\SKHQRO�FRPSRQHQW�RI�JUHHQ�WHD��KDV�
EHHQ�H[WHQVLYHO\�VWXGLHG�IRU�LWV�DQWLFDUFLQRJHQLF�HIIHFW�LQ�D�
ZLGH�YDULHW\�RI�FDQFHU�FHOOV��(YHQ�WKRXJK�(*&*�LV�JHQHUDOO\�
NQRZQ�DV�DQ�DQWLR[LGDQW��PRXQWLQJ�HYLGHQFH�SRLQWV�D�UROH�
LQ� HQKDQFLQJ�526� UHOHDVH��ZKLFK� LQ� WXUQ� LQKLELWV� WXPRU�
JURZWK�>���@��,Q�OLQH�ZLWK�WKHVH�¿QGLQJV��(*&*�ZDV�PRUH�
F\WRWR[LF�IRU�00�FHOOV�WKDQ�IRU�QRUPDO�PHVRWKHOLDO�FHOOV��
WKURXJK�D�PHFKDQLVP�RI�DFWLRQ�EDVHG�RQ�H[WUDFHOOXODU�+

2
O

2
 

SURGXFWLRQ��&D2+�KRPHRVWDVLV�ORVV��DQG�LQWUDFHOOXODU�526�
LQFUHDVH�>���@��$W�WKH�VDPH�WLPH��D�QHJDWLYH�PRGXODWLRQ�RI�
PLWRFKRQGULDO�R[LGDWLYH�SKRVSKRU\ODWLRQ�E\�(*&*�OHDGLQJ�
WR�JURZWK�DUUHVW�DQG�DSRSWRVLV�KDV�EHHQ�HYLGHQFHG�LQ�00�
FHOOV� >���@��$� VHULHV� RI� in vitro� WHVWV� RQ�00�FHOOV� KDYH�
UHYHDOHG�D�V\QHUJLVWLF�F\WRWR[LFLW\�RI�(*&*�LQ�FRPELQDWLRQ�
ZLWK� WKH�FRQYHQWLRQDO� WXPRU�GUXJ�JHPFLWDELQH�DQG�ZLWK�
DVFRUEDWH� �PL[WXUH� FDOOHG� $1'�� IRU� $FWLYH� 1XWULHQWV�
'UXJ�� WKURXJK� FHOO� F\FOH� GHUHJXODWLRQ� DQG� DSRSWRVLV�
LQGXFWLRQ� >����� ���@�� ,QWHUHVWLQJO\�� in vivo� H[SHULPHQWV�
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RQ�D�[HQRJUDIW�PRXVH�PRGHO�IRU�00��REWDLQHG�E\�5(1�
FHOOV�LQMHFWLRQ�LQ�LPPXQRFRPSURPLVHG�PLFH��VKRZHG�WKDW�
$1'�VWURQJO\�UHGXFHG�WKH�VL]H�RI�SULPDU\�WXPRU�DV�ZHOO�
DV�WKH�QXPEHU�DQG�VL]H�RI�PHWDVWDVHV�>���@��$W�WKH�FHOOXODU�
OHYHO��WKHUH�ZDV�D�VKLIW�IURP�FHOO�SUROLIHUDWLRQ�WR�DSRSWRVLV�
LQ� WKH� RXWHUPRVW� OD\HU� RI� WXPRU� PDVV�� FRQFRPLWDQWO\�
ZLWK� WKH� LQDFWLYDWLRQ�RI�NLQDVHV� LQYROYHG� LQ�FHOO�JURZWK��
+HQFH�� WKH�$1'� FRPELQDWLRQ� KDV� EHHQ� SURSRVHG� DV� D�
QHZ�WUHDWPHQW�IRU�00��&XUFXPLQ�LV�D�QDWXUDOO\�RFFXUULQJ�
SRO\SKHQRO�LQ�WKH�VSLFH�WXUPHULF��ZKLFK�FRPHV�IURP�WKH�
UKL]RPHV�RI�WKH�KHUE�Curcuma longa��3ULRU�UHVHDUFK�KDV�
LGHQWL¿HG�D�EURDG� UDQJH�RI� DQWLFDUFLQRJHQLF�SRWHQWLDO� RI�
FXUFXPLQ�LQ�YDULRXV�FDQFHU�W\SHV�WKURXJK�LWV�DQWLR[LGDQW��
DQWL�LQÀDPPDWLRQ�� DQWLSUROLIHUDWLYH�� DQWLDQJLRJHQLF��
SURDSRSWRWLF�� DQG� HQKDQFLQJ� FKHPRUDGLDWLRQ� SURSHUWLHV�
>���@��,Q�KXPDQ��+������+������+������DQG�+�����DQG�
PXULQH��$%����00�FHOOV��FXUFXPLQ�LQKLELWHG�FHOO�JURZWK�
LQ�D�GRVH��DQG�WLPH�GHSHQGHQW�PDQQHU��ZKLOH�SUH�WUHDWPHQW�
RI�00�FHOOV�ZLWK� FXUFXPLQ� HQKDQFHG� FLVSODWLQ� HI¿FDF\�
>���@�� ,Q� WKH� VDPH� VWXG\�� FXUFXPLQ� DFWLYDWHG� WKH� VWUHVV�
DFWLYDWHG�S���NLQDVH��FDVSDVHV���DQG�����FDXVHG�HOHYDWHG�
OHYHOV� RI� SURDSRSWRWLF� SURWHLQV� %D[�� VWLPXODWHG� 3$53�
FOHDYDJH�� DQG�DSRSWRVLV�� ,Q�DGGLWLRQ��RUDO� DGPLQLVWUDWLRQ�
RI�FXUFXPLQ�LQKLELWHG�JURZWK�RI�PXULQH�00�FHOO�GHULYHG�
WXPRUV�in vivo�LQ�SDUW�E\�VWLPXODWLQJ�DSRSWRVLV��+RZHYHU��
LQ� WKH�$&&�0(62��� KXPDQ�030� FHOO� OLQH�� FXUFXPLQ�
DGPLQLVWUDWLRQ�GRVH�GHSHQGHQWO\�UHGXFHG�FHOO�YLDELOLW\�E\�
LQGXFLQJ�DXWRSKDJ\�DQG�QRW�DSRSWRVLV�>���@��5HFHQWO\��LW�
KDV� EHHQ� GHPRQVWUDWHG� WKDW� FXUFXPLQ� LQGXFHV� F\WRWR[LF�
HIIHFWV�RQ�PDOLJQDQW�PHVRWKHOLRPD�FHOOV��+0(62��WKURXJK�
S\URSWRVLV�LQ�D�SURFHVV�LQYROYLQJ�526�SURGXFWLRQ�>���@��
,Q� DGGLWLRQ�� FXUFXPLQ� KDG� DQWL�LQÀDPPDWRU\� HIIHFWV� E\�
EORFNLQJ� F\WRNLQH� SURFHVVLQJ� RI� ,/��ȕ� DQG� ,/���� DQG�
JHQHV� LQYROYHG� LQ� WKH� 1)�N%� SDWKZD\�� 2YHUDOO�� WKHVH�
UHVXOWV� SURYLGH� HYLGHQFH� WKDW� FXUFXPLQ�ZDUUDQWV� IXUWKHU�
LQYHVWLJDWLRQ� DV� D� WKHUDSHXWLF� DJHQW� LQ� 00�� DOWKRXJK�
IXWXUH� VWXGLHV�PXVW� LQFOXGH� LPSURYHG� FXUFXPLQ� DQDORJV�
RU� HQKDQFHG�PRGHV�RI�GHOLYHU\� WR�RYHUFRPH�FXUFXPLQ¶V�
PRVW�FKDOOHQJLQJ�IHDWXUH��ZKLFK�LV�OLPLWHG�ELRDYDLODELOLW\��
2WKHU�WKDQ�SURWHFWLQJ�ELRPROHFXOHV�DQG�FHOOV�IURP�R[LGDWLYH�
GDPDJH� >���@�� HYLGHQFH� KDV� EHHQ� UHFHQWO\� VXSSOLHG� IRU�
DQ� DQWL�FDQFHU� DFWLYLW\� RI� &HOOIRRG�� �&)�� >����� ���@��
$SRSWRWLF�GHDWK�ZDV�REVHUYHG�LQ�&)�WUHDWHG�0672����+��
,QWHUHVWLQJO\��SUHOLPLQDU\�GDWD�LQGLFDWH�WKDW�&)��DW�WKH�GRVHV�
XVHG�WR�NLOO�00�FHOOV��LQGXFHV�DQ�LQFUHDVH�RI�526�

CONCLUSION

7KLV� UHYLHZ� LPSOLFDWHV� WKH� UROH� RI� 526� LQ� 00�
SDWKRJHQHVLV�� 526� DUH� XVXDOO\� LQFUHDVHG� LQ� 00� FHOOV�
GXH�WR�RQFRJHQH�DFWLYDWLRQ��DQG�DUH�LQYROYHG�LQ�LQLWLDWLRQ�
DQG� SURJUHVVLRQ� RI� 00�� ,URQLFDOO\�� 526� SURGXFWLRQ�
LV� D� PHFKDQLVP� VKDUHG� E\� DOO� QRQ�VXUJLFDO� WKHUDSHXWLF�
DSSURDFKHV� IRU� FDQFHUV�� LQFOXGLQJ� FKHPRWKHUDS\� DQG�
UDGLRWKHUDS\�� GXH� WR� WKHLU� LPSOLFDWLRQ� LQ� WULJJHULQJ� FHOO�
GHDWK�� WKHUHIRUH� 526� DUH� DOVR� XVHG� WR� NLOO� FDQFHU� FHOOV��

%HFDXVH�RI� WKH�GRXEOH�HGJHG�VZRUG�SURSHUW\�RI�526�LQ�
GHWHUPLQLQJ�FHOO�IDWH��ERWK�SUR��RU�DQWL�R[LGDQW�WKHUDSLHV�
KDYH�EHHQ�SURSRVHG�IRU�FDQFHU�WUHDWPHQW��%DVHG�RQ�HLWKHU�
VLGH��D�QXPEHU�RI�GUXJV��DJHQWV�DQG�DSSURDFKHV�KDYH�EHHQ�
GHYHORSHG�RU�DUH�XQGHU�GHYHORSPHQW��VRPH�RI�ZKLFK�KDYH�
VKRZQ�FOLQLFDO�SURPLVH��7KLV�UHYLHZ�VXPPDUL]HV�WKH�UROH�
RI�526�LQ�YDULRXV�SKDVHV�RI�WXPRULJHQHVLV�DQG�WKH�FXUUHQW�
XQGHUVWDQGLQJ� RQ� 526�PDQLSXODWLRQ� VWUDWHJLHV� LQ� 00�
WUHDWPHQW�
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PHVRWKHOLDO� FHOOV� in vitro�� (QYLURQ�0RO�0XWDJHQ�� ������
������±���

���� 7DNHXFKL�7��0RULPRWR�.��&URFLGROLWH�DVEHVWRV�LQFUHDVHG�
��K\GUR[\GHR[\JXDQRVLQH� OHYHOV� LQ� FHOOXODU� '1$� RI�
D� KXPDQ� SURP\HORF\WLF� OHXNDHPLD� FHOO� OLQH� +/����
&DUFLQRJHQHVLV��������������±���

���� 0RUL\D�0��6LQJOH�VWUDQGHG�VKXWWOH�SKDJHPLG�IRU�PXWDJHQ�
HVLV� VWXGLHV� LQ�PDPPDOLDQ� FHOOV�� ��R[RJXDQLQH� LQ�'1$�
LQGXFHG�WDUJHWHG�*&�ĺ�7$�WUDQVYHUVLRQV�LQ�VLPLDQ�NLGQH\�
FHOOV��3URF�1DWO�$FDG�6FL�8�6�$���������������±���

���� /RIW�6��3DXOVHQ�+(��&DQFHU�ULVN�DQG�R[LGDWLYH�'1$�GDP�
DJH�LQ�PDQ��-�0RO�0HG��������������±����

���� 8QIULHG�.��6FKXUNHV�&��$EHO�-��'LVWLQFW�VSHFWUXP�RI�PXWD�
WLRQV�LQGXFHG�E\�FURFLGROLWH�DVEHVWRV��FOXH�IRU���K\GUR[\�
GHR[\JXDQRVLQHGHSHQGHQW�PXWDJHQHVLV�in vivo��&DQFHU�5HV��
�����������±����

���� $PDWL�0��7RPDVHWWL�0��6FDUWR]]L�0��0DULRWWL�/��$OOHYD�5��
3LJQRWWL�(��%RUJKL�%��9DOHQWLQR�0��*RYHUQD�0��1HX]LO�-��
6DQWDUHOOL�/��3UR¿OLQJ� WXPRU�DVVRFLDWHG�PDUNHUV� IRU� HDUO\�
GHWHFWLRQ� RI� PDOLJQDQW� PHVRWKHOLRPD�� DQ� HSLGHPLRORJLF�
VWXG\��&DQFHU�(SLGHPLRO�%LRPDUNHUV�3UHY��������������±���

���� $PDWL� 0�� 7RPDVHWWL� 0�� 0DULRWWL� /�� 7DUTXLQL� /0��
9DOHQWLQR�0��6DQWDUHOOL�/��$VVHVVPHQW�RI�ELRPDUNHUV� LQ�
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DVEHVWRV�H[SRVHG� ZRUNHUV� DV� LQGLFDWRUV� RI� FDQFHU� ULVN��
0XWDW�5HV��������������±��

���� 0DUF]\QVNL�%��&]XSSRQ�$%��0DUHN�:��5HLFKHO�*��%DXU�
;��,QFUHDVHG�LQFLGHQFH�RI�'1$�GRXEOH�VWUDQG�EUHDNV�DQG�
DQWL�GV�'1$�DQWLERGLHV�LQ�EORRG�RI�ZRUNHUV�RFFXSDWLRQDOO\�
H[SRVHG�WR�DVEHVWRV��+XP�([S�7R[LFRO������������±��

���� 7RPDVHWWL�0��6DQWDUHOOL�/��%LRPDUNHUV�IRU�HDUO\�GHWHFWLRQ�RI�
PDOLJQDQW�PHVRWKHOLRPD��GLDJQRVWLF�DQG�WKHUDSHXWLF�DSSOL�
FDWLRQ��&DQFHUV��������������±���

���� 6ODWHU� 7)�� )UHH�UDGLFDO� PHFKDQLVPV� LQ� WLVVXH� LQMXU\��
%LRFKHP�-�������������±���

���� 6SLW]� '5�� 0DOFROP� 55�� 5REHUWV� 5-�� &\WRWR[LFLW\� DQG�
PHWDEROLVP�RI���K\GUR[\���QRQHQDO�DQG���QRQHQDO�LQ�+2��
UHVLVWHQW�FHOO�OLQHV�'R�DOGHK\GLF�E\�SURGXFWV�RI�OLSLG�SHU�
R[LGDWLRQ�FRQWULEXWH�WR�R[LGDWLYH�VWUHVV"�%LRFKHP�-��������
�������±���

���� (VWHUEDXHU�+��6FKDXU�5-��=ROOQHU�+��&KHPLVWU\�DQG�ELR�
FKHPLVWU\�RI���K\GUR[\�QRQHQDO�PDORQDOGHK\GH�DQG�UHODWHG�
DOGHK\GHV��)UHH�5DGLF�%LRO�0HG�������������±����

���� .DPDO�$$��.KD¿I�0��.RUDDK�6��0DVVRXG�$��&DLOODUG�-)��
%ORRG�VXSHUR[LGH�GLVPXWDVH�DQG�SODVPD�PDORQGLDOGHK\GH�
DPRQJ�ZRUNHUV�H[SRVHG�WR�DVEHVWRV��$P�-�,QG�0HG��������
������±���

���� &KRH�1��7DQDND�6��.DJDQ�(��$VEHVWRV�¿EHUV�DQG�LQWHUOHX�
NLQ���XSUHJXODWH�WKH�IRUPDWLRQ�RI�UHDFWLYH�QLWURJHQ�VSHFLHV�
LQ�UDW�SOHXUDO�PHVRWKHOLDO�FHOOV��$P�-�5HVSLU�&HOO�0RO�%LRO��
������������±���

���� 3U\RU�:$��6TXDGULWR�*/��7KH�FKHPLVWU\�RI�SHUR[\QLWULWH��
D�SURGXFW�IURP�WKH�UHDFWLRQ�RI�QLWULF�R[LGH�ZLWK�VXSHUR[LGH��
$P�-�3K\VLRO������������/���±����

���� &ODQF\�50��$EUDPVRQ�6%��1LWULF�R[LGH��D�QRYHO�PHGLDWRU�
RI�LQÀDPPDWLRQ��3URF�6RF�([S�%LRO�0HG�������������±����

���� /LX�*��&KHUHVK�3��.DPS�':��0ROHFXODU�EDVLV�RI�DVEHVWRV�
LQGXFHG�OXQJ�GLVHDVH��$QQX�5HY�3DWKRO���������������±���

���� 4XLQODQ�7��%HUX%H�.��+DFNHU�0��7DDWMHV�'��7LPEOLQ�&��
*ROGEHUJ�-��.LPEHUOH\�3��2¶6KDXJKQHVV\�3��+HPHQZD\�'��
7RULQR�-��-LPHQH]�/��0RVVPDQ�%��0HFKDQLVPV�RI�DVEHVWRV�
LQGXFHG�QLWULF�R[LGH�SURGXFWLRQ�E\�UDW�DOYHRODU�PDFURSKDJHV�
LQ� LQKDODWLRQ�DQG� in vitro�PRGHOV��)UHH�5DGLF�%LRO�0HG��
������������±���

���� 7DQDND� 6�� &KRH� 1�� +HPHQZD\� '�� =KX� 6�� 0DWDORQ� 6��
.DJDQ� (�� $VEHVWRV� LQKDODWLRQ� LQGXFHV� UHDFWLYH� QLWURJHQ�
�VSHFLHV�DQG�QLWURW\URVLQH�IRUPDWLRQ�LQ�WKH�OXQJV�DQG�SOHXUD�
RI�WKH�UDW��-�&OLQ�,QYHVW���������������±���

���� 6RLQL�<��.DKORV�.��3XKDNND�$��/DNDUL�(��6lLO\�0��3llNN|�
3��.LQQXOD�9��([SUHVVLRQ�RI�LQGXFLEOH�QLWULF�R[LGH�V\QWKDVH�
LQ� KHDOWK\� SOHXUD� DQG� LQ� PDOLJQDQW� PHVRWKHOLRPD�� %U� -�
&DQFHU��������������±���

���� 0LOOHU�-��6KXNOD�$��7KH�5ROH�RI�LQÀDPPDWLRQ�LQ�GHYHORS�
PHQW�DQG�WKHUDS\�RI�PDOLJQDQW�PHVRWKHOLRPD��$PHULFDQ�
0HGLFDO�-RXUQDO�������������±���

���� <DQJ�+��7HVWD�-5��&DUERQH�0��0HVRWKHOLRPD�HSLGHPLRORJ\�
FDUFLQRJHQHVLV�DQG�SDWKRJHQHVLV��&XUU�7UHDW�2SWLRQV�2QFRO��
�����������±���

���� 0LVHURFFKL�*��3K\VLRORJ\�DQG�SDWKRSK\VLRORJ\�RI�SOHXUDO�
ÀXLG�WXUQRYHU��(XU�5HVSLU�-��������������±���

���� 0RDOOL�3$��0DF'RQDOG�-/��*RRGJOLFN�/$��.DQH�$%��$FXWH�
LQMXU\�DQG�UHJHQHUDWLRQ�RI�WKH�PHVRWKHOLXP�LQ�UHVSRQVH�WR�
DVEHVWRV�¿EHUV��$P�-�3DWKRO���������������±���

���� 'RQDOGVRQ�.��*RO\DVQ\D�1��&\WRJHQHWLF�DQG�SDWKRJHQLF�
HIIHFWV� RI� ORQJ� DQG� VKRUW� DPRVLWH� DVEHVWRV�� -RXUQDO� 2I�
3DWKRORJ\���������������±���

���� <DQJ� +�� %RFFKHWWD� 0�� .URF]\QVND� %�� (OPLVKDG� $*��
&KHQ�<��/LX�=��%XELFL�&��0RVVPDQ�%7��3DVV�+,��7HVWD�
-5��)UDQ]RVR�*��&DUERQH�0��71)�DOSKD�LQKLELWV�DVEHVWRV�
LQGXFHG�F\WRWR[LFLW\�YLD�D�1)�NDSSD%�GHSHQGHQW�SDWKZD\�D�
SRVVLEOH�PHFKDQLVP�IRU�DVEHVWRV�LQGXFHG�RQFRJHQHVLV��3URF�
1DWO�$FDG�6FL�86$�����������������±����

���� 6KXNOD� $�� 0DF3KHUVRQ� 0%�� +LOOHJDVV� -�� 5DPRV�1LQR�
0(��$OH[HHYD�9��9DFHN�30��%RQG�-3��3DVV�+,��6WHHOH�&��
0RVVPDQ�%7��$OWHUDWLRQV� LQ� JHQH� H[SUHVVLRQ� LQ� KXPDQ�
PHVRWKHOLDO�FHOOV�FRUUHODWH�ZLWK�PLQHUDO�SDWKRJHQLFLW\��$P�
-�5HVSLU�&HOO�0RO�%LRO��������������±���

���� .ODXQLJ�-(��.DPHQGXOLV�/0��+RFHYDU�%$��2[LGDWLYH�VWUHVV�
DQG�R[LGDWLYH�GDPDJH�LQ�FDUFLQRJHQHVLV��7R[LFRO�3DWKRO��
�����������±����

���� 5RXVKG\�+DPPDG\�,��6LHJHO�-��(PUL�6��7HVWD�-5��&DUERQH�0��
*HQHWLF�VXVFHSWLELOLW\�IDFWRU�DQG�PDOLJQDQW�PHVRWKHOLRPD�LQ�
WKH�&DSSDGRFLDQ�UHJLRQ�RI�7XUNH\��/DQFHW���������������±���

���� +HLQW]�1+��0RVVPDQ�%7��0ROHFXODU� UHVSRQVHV� WR�DVEHV�
WRV�� LQGXFWLRQ� RI� FHOO� SUROLIHUDWLRQ� DQG� DSRSWRVLV� WKURXJK�
PRGXODWLRQRI�UHGR[�GHSHQGHQW�FHOO�VLJQDOLQJ�SDWKZD\V��,Q��
&UDLJKHDG�-(��*LEEV�$5��$VEHVWRV�DQG�LWV�GLVHDVHV�&KDSWHU����
1HZ�<RUN��2[IRUG�8QLYHUVLW\�3UHVV�����������±����

���� +DUG\�-$��$XVW�$(��,URQ�LQ�DVEHVWRV�FKHPLVWU\�DQG�FDUFLQR�
JHQLFLW\��&KHP�5HY�������������±����

���� &KDR�&&��3DUN�6+��$XVW�$(��3DUWLFLSDWLRQ�RI�QLWULF�R[LGH�
DQG� LURQ� LQ� WKH� R[LGDWLRQ� RI� '1$� LQ� DVEHVWRV�WUHDWHG�
KXPDQ�OXQJ�HSLWKHOLDO�FHOOV��$UFK�%LRFKHP�%LRSK\V��������
�������±���

���� 5DKPDQ�4��0DKPRRG�1��.KDQ�6*��$ULI� -0��$WKDU�0��
0HFKDQLVP� RI� DVEHVWRV�PHGLDWHG�'1$� GDPDJH�� UROH� RI�
KHPH�DQG�KHPH�SURWHLQV��(QYLURQ�+HDOWK�3HUVSHFW��������
��������±����

���� 7XUYHU�&-��%URZQ�5&��7KH�UROH�RI�FDWDO\WLF�LURQ�LQ�DVEHV�
WRV�LQGXFHG�OLSLG�SHUR[LGDWLRQ�DQG�'1$�VWUDQG�EUHDNDJH�LQ�
&�+��7�����FHOOV��%U�-�&DQFHU��������������±���

���� 0XUWK\�6��7HVWD�-��$VEHVWRV�FKURPRVRPDO�GHOHWLRQV�DQG�
WXPRU� VXSSUHVVRU� JHQH� DOWHUDWLRQV� LQ� KXPDQ� PDOLJQDQW�
PHVRWKHOLRPD��-�&HOO�3K\VLRO���������������±���

���� +LUDR�7��%XHQR�5��&KHQ�&��*RUGRQ�*��+HLOLJ�(��.HOVH\�
.��$OWHUDWLRQV�RI�WKH�S���,1.���ORFXV�LQ�KXPDQ�PDOLJQDQW�
PHVRWKHOLDO�WXPRUV��&DUFLQRJHQHVLV���������������±���

���� %LDQFKL�$��0LWVXQDJD�6��&KHQJ�-��.OHLQ�:0��-KDQZDU�6&��
6HL]LQJHU�%��.OH\�1��.OHLQ�6]DQWR�$-��7HVWD�-5��+LJK�IUH�
TXHQF\�RI�LQDFWLYDWLQJ�PXWDWLRQV�LQ�WKH�QHXUR¿EURPDWRVLV�
W\SH���JHQH��1)��� LQ�SULPDU\�PDOLJQDQW�PHVRWKHOLRPDV��
3URF�1DWO�$FDG�6FL�86$����������������±���
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���� /HFKQHU�-��7HVIDLJ]L�-��*HUZLQ�%��2QFRJHQHV�DQG�WXPRU�
VXSSUHVVRU� JHQHV� LQ� PHVRWKHOLRPD� D� V\QRSVLV�� (QYLURQ�
+HDOWK�3HUVSHFW����������������±���

���� +HLQW]� 1+�� -DQVVHQ�+HLQLQJHU� <0�� 0RVVPDQ� %7��
$VEHVWRV�OXQJ�FDQFHUV�DQG�PHVRWKHOLRPDV��IURP�PROHFX�
ODU�DSSURDFKHV�WR�WDUJHWLQJ�WXPRU�VXUYLYDO�SDWKZD\V��$P�-�
5HVSLU�&HOO�0RO�%LRO��������������±���

���� /HH�<-��-HRQJ�+<��.LP�<%��/HH�<-��:RQ�6<��6KLP�-+��
&KR�0.��1DP�+6��/HH�6+��5HDFWLYH�R[\JHQ�VSHFLHV�DQG�
3,�.�$NW�VLJQDOLQJ�SOD\�NH\�UROHV�LQ�WKH�LQGXFWLRQ�RI�1UI��
GULYHQ� KHPH� R[\JHQDVH��� H[SUHVVLRQ� LQ� VXOIRUDSKDQH�
WUHDWHG� KXPDQ� PHVRWKHOLRPD� 0672����+� FHOOV�� )RRG�
&KHP�7R[LFRO��������������±���

���� -LPHQH]�/$��=DQHOOD�&��)XQJ�+��-DQVVHQ�<0��9DFHN�3��
&KDUODQG�&��*ROGEHUJ�-��0RVVPDQ�%7��5ROH�RI�H[WUDFHOOX�
ODU�VLJQDO�UHJXODWHG�SURWHLQ�NLQDVHV�LQ�DSRSWRVLV�E\�DVEHVWRV�
DQG�+�2���$P�-�SK\VLRO������������/����±/�����

���� =DQHOOD�&/��7LPEOLQ�&5��&XPPLQV�$��-XQJ�0��*ROGEHUJ�-��
5DDEH�5��7ULWWRQ�75��0RVVPDQ�%7��$VEHVWRV�LQGXFHG�SKRV�
SKRU\ODWLRQ�RI�HSLGHUPDO�JURZWK�IDFWRU�UHFHSWRU�LV�OLQNHG�WR�
F�IRV�DQG�DSRSWRVLV��$P�-�3K\VLRO������������/���±���

���� &DFFLRWWL�3��%DUERQH�'��3RUWD�&��$OWRPDUH�'$��7HVWD�-5��
0XWWL�/��*DXGLQR�*��69���GHSHQGHQW�$.7�DFWLYLW\�GULYHV�
PHVRWKHOLDO� FHOO� WUDQVIRUPDWLRQ� DIWHU� DVEHVWRV� H[SRVXUH��
&DQFHU�5HV���������������±���

���� :LOVRQ�60��%DUERQH�'��<DQJ�70��-DEORQV�'0��%XHQR�5��
6XJDUEDNHU�'-��HW�DO��P725�PHGLDWHV�VXUYLYDO�VLJQDOV�LQ�
PDOLJQDQW�PHVRWKHOLRPD�JURZQ�DV�WXPRU�IUDJPHQW�VSKHU�
RLGV��$P�-�5HVSLU�&HOO�0RO�%LRO��������������±���

���� &OHUNLQ�-6��1DXJKWRQ�5��4XLQH\�&��&RWWHU�7*��0HFKDQLVPV�
RI� 526� PRGXODWHG� FHOO� VXUYLYDO� GXULQJ� FDUFLQRJHQHVLV��
&DQFHU�/HWW��������������±���

���� /HVOLH�15��%HQQHWW�'��/LQGVD\�<(��6WHZDUW�+��*UD\�$��
'RZQHV�&3��5HGR[�UHJXODWLRQ�RI�3,���NLQDVH�VLJQDOOLQJ�YLD�
LQDFWLYDWLRQ�RI�37(1��(PER�-���������������±���

���� *XHUWLQ�'$��6DEDWLQL�'0��'H¿QLQJ�WKH�UROH�RI�P725�LQ�
FDQFHU��&DQFHU�&HOO������������±���

���� 'D]HUW�(��+DOO�01��P725�VLJQDOLQJ�LQ�GLVHDVH��&XUU��2SLQ��
&HOO�%LRO��������������±���

���� $OWRPDUH�'$��<RX�+��;LDR�*+��5DPRV�1LQR�0(��6NHOH�
./��'H�5LHQ]R�$��-KDQZDU�6&��0RVVPDQ�%7��.DQH�$%��
7HVWD�-5��+XPDQ�DQG�PRXVH�PHVRWKHOLRPDV�H[KLELW�HOHYDWHG�
$.7�3.%�DFWLYLW\�ZKLFK�FDQ�EH�WDUJHWHG�SKDUPDFRORJLFDOO\�
WR�LQKLELW�WXPRU�FHOO�JURZWK��2QFRJHQH���������������±���

���� 2SLW]� ,�� 6ROWHUPDQQ� $�� $EDHFKHUOL� 0�� +LQWHUEHUJHU�0��
3UREVW�+HQVFK�1�� 6WDKHO� 5��0RFK�+��:HGHU�:�� 37(1�
H[SUHVVLRQ�LV�D�VWURQJ�SUHGLFWRU�RI�VXUYLYDO�LQ�PHVRWKHOLRPD�
SDWLHQWV��(XU�-�&DUGLRWKRUDF�6XUJ��������������±���

���� 9DUJKHVH�6��&KHQ�=��%DUWOHWW�'/��3LQJSDQN�-)��/LEXWWL�6.��
6WHLQEHUJ�60��:XQGHUOLFK�-��$OH[DQGHU�+5�-U��$FWLYDWLRQ�
RI�WKH�SKRVSKRLQRVLWLGH���NLQDVH�DQG�PDPPDOLDQ�WDUJHW�RI�
UDSDP\FLQ�VLJQDOLQJ�SDWKZD\V�DUH�DVVRFLDWHG�ZLWK�VKRUW�
HQHG�VXUYLYDO�LQ�SDWLHQWV�ZLWK�PDOLJQDQW�SHULWRQHDO�PHVR�
WKHOLRPD��&DQFHU���������������±���

���� %ODJRVNORQQ\� 09�� $JLQJ�� 526� RU� 725�� &HOO� &\FOH��
������������±���

���� .DPDWD�7��5ROHV�RI�1R[��DQG�RWKHU�1R[�LVRIRUPV�LQ�FDQ�
FHU�GHYHORSPHQW��&DQFHU�6FL����������������±���

���� 5DQ]DWR�(��%LIIR�6��%XUODQGR�%��6HOHFWLYH�DVFRUEDWH�WR[LF�
LW\�LQ�PDOLJQDQW�PHVRWKHOLRPD��D�UHGR[�7URMDQ�PHFKDQLVP��
$P�-�5HVSLU�&HOO�0RO�%LRO��������������±���

���� %XUFK� 30��+HLQW]�1+��5HGR[� UHJXODWLRQ� RI� FHOO�F\FOH�
UH�HQWU\��F\FOLQ�'��DV�D�SULPDU\�WDUJHW�IRU�WKH�PLWRJHQLF�
HIIHFWV�RI�UHDFWLYH�R[\JHQ�DQG�QLWURJHQ�VSHFLHV��$QWLR[LG�
5HGR[�6LJQDO�������������±���

���� .DULQ� 0�� 7KH� UHJXODWLRQ� RI� $3��� DFWLYLW\� E\� PLWR�
JHQ� DFWLYDWHG� SURWHLQ� NLQDVHV�� -� RI� %LRO� &KHP�� ������
���������±���

���� 5DPRV�1LQRV� 0�� +DHJHQV� $�� 6KXNOD� $�� 0RVVPDQ� %��
5ROH�RI�PLWRJHQ�DFWLYDWHG�SURWHLQ�NLQDVHV��0$3.��LQ�FHOO�
LQMXU\�DQG�SUROLIHUDWLRQ�E\�HQYLURQPHQWDO�SDUWLFXODWHV��0RO�
DQG�&HOO�%LRFK�����������±�������±���

���� =DQHOOD� &�� 3RVDGD� -�� 7ULWWRQ� 7��0RVVPDQ�%��$VEHVWRV�
FDXVHV�VWLPXODWLRQ�RI�WKH�(5.���PLWRJHQ�DFWLYDWHG�SUR�
WHLQ�NLQDVH�FDVFDGH�DIWHU�SKRVSKRU\ODWLRQ�RI�WKH�HSLGHUPDO�
JURZWK�IDFWRU�UHFHSWRU��&DQFHU�5HV���������������±���

���� *ROGEHUJ�-��=DQHOOD�&��-DQVVHQ�<��7LPEOLQ�&��-LPHQH]�/��
7DDWMHV�'��0RVVPDQ�%��1RYHO�FHOO�LPDJLQJ�DSSURDFKHV�VKRZ�
LQGXFWLRQ�RI�DSRSWRVLV�DQG�SUROLIHUDWLRQ�LQ�PHVRWKHOLDO�FHOOV�
E\�DVEHVWRV��$P�-�5HVSLU�&HOO�0RO�%LRO��������������±���

���� 6HJHU�5��.UHEV�(��7KH�0$3.�VLJQDOLQJ�FDVFDGH��)$6(%�
-�������������±���

���� 6X�%��.DULQ�0��0LWRJHQ�DFWLYDWHG�SURWHLQ�NLQDVH�FDVFDGHV�
DQG�UHJXODWLRQ�RI�JHQH�H[SUHVVLRQ��&XUU�2SLQ�,PP��������
�����±���

���� 'LQJ�0��'RQJ�=��&KHQ�)��3DFN�'��0D�:��<H�-��6KL�;��
&DVWUDQRYD�9��9DOO\DWKDQ�9��$VEHVWRV�LQGXFHV�DFWLYDWRU�
SURWHLQ���WUDQVDFWLYDWLRQ�LQ�WUDQVJHQLF�PLFH��&DQFHU�5HV��
�������������±���

���� -DQVVHQ� <�� %DUFKRZVN\� $�� 7UHDGZHOO� 0�� 'ULVFROO� .��
0RVVPDQ� %�� $VEHVWRV� LQGXFHV� QXFOHDU� IDFWRU� NDSSD�
%� �1)�NDSSD� %�� '1$�ELQGLQJ� DFWLYLW\� DQG� 1)�NDSSD�
%�GHSHQGHQW�JHQH�H[SUHVVLRQ�LQ�WUDFKHDO�HSLWKHOLDO�FHOOV��
3URF�1DWO�$FDG�6FL�8�6�$���������������±���

���� -DQVVHQ�<��'ULVFROO�.��+RZDUG�%��4XLQODQ�7��7UHDGZHOO�
0��%DUFKRZVN\�$��0RVVPDQ�%��$VEHVWRV�FDXVHV�WUDQV�
ORFDWLRQ�RI�S���SURWHLQ�DQG�LQFUHDVHV�1)�NDSSD�%�'1$�
ELQGLQJ�DFWLYLW\�LQ�UDW�OXQJ�HSLWKHOLDO�DQG�SOHXUDO�PHVRWKH�
OLDO�FHOOV��$P�-�3DWK���������������±����

����� -DQVVHQ�+HLQLQJHU� <�� 3R\QWHU� 0�� %DHXHUOH� 3�� 5HFHQW�
DGYDQFHV�WRZDUGV�XQGHUVWDQGLQJ�UHGR[�PHFKDQLVPV�LQ�WKH�
DFWLYDWLRQ�RI�QXFOHDU�IDFWRU�NDSSD%��)UHH�5DG�%LRO�DQG�
0HG���������������±���

����� )DX[� 6�� +RZGHQ� 3�� 3RVVLEOH� UROH� RI� OLSLG� SHUR[LGD�
WLRQ� LQ� WKH� LQGXFWLRQ� RI� 1)�B%� DQG� $3��� LQ� 5)/���
FHOOV�E\�FURFLGROLWH�DVEHVWRV��(YLGHQFH�IROORZLQJ�SUR�
WHFWLRQ�E\�9LWDPLQ�(��(QYLURQ�+HDOWK�3HUVSHFW��������
��������±���
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����� .DVV�*(��'XGG\�6.��2UUHQLXV�6��$FWLYDWLRQ�RI�KHSDWRF\WH�
SURWHLQ�NLQDVH�&�E\�UHGR[�F\FOLQJ�TXLQRQHV��%LRFKHP�-��
�������������±����

����� )XQJ�+��4XLQODQ�75��-DQVVHQ�<0��7LPEOLQ�&5��0DUVK�-3��
+HLQW]�1+��7DDWMHV�'-��9DFHN�3��-DNHQ�6��0RVVPDQ�%7��
,QKLELWLRQ�RI�SURWHLQ�NLQDVH�&�SUHYHQWV�DVEHVWRV�LQGXFHG�
F�IRV�DQG�F�MXQ�SURWR�RQFRJHQH�H[SUHVVLRQ�LQ�PHVRWKHOLDO�
FHOOV��&DQFHU�5HV���������������±����

����� +XJKHV�56��0DOLJQDQW�SOHXUDO�PHVRWKHOLRPD��$P�-�0HG�
6FL��������������±���

����� <RRQ� 62�� 3DUN� 6-�� <RRQ� 6<�� <XQ� &+�� &KXQJ� $6��
6XVWDLQHG� SURGXFWLRQ� RI� +���2���� DFWLYDWHV� SUR�PDWUL[�
PHWDOORSURWHLQDVH��� WKURXJK� UHFHSWRU� W\URVLQH� NLQDVHV�
SKRVSKDWLG\OLQRVLWRO���NLQDVH�1)�NDSSD�%�SDWKZD\��-�%LRO�
&KHP�����������������±���

����� 'RL� 7�� 0DQLZD� <�� 7DQDND� <�� 7DQH� 6�� +DVKLPRWR� 6��
2KQR�<��1LVKLR�:��1LVKLPXUD�<��2KED\DVKL�&��2NLWD�<��
+D\DVKL�<��<RVKLPXUD�0��07��003�SOD\V�DQ�LPSRUWDQW�
UROH�LQ�DQ�LQYDVLYH�DFWLYLW\�RI�PDOLJQDQW�SOHXUDO�PHVRWKH�
OLRPD�FHOO��([S�0RO�3DWKRO�������������±���

����� (GZDUGV�-*��0F/DUHQ�-��-RQHV�-/��:DOOHU�'$��2¶%\UQH�
.-��0DWUL[�PHWDOORSURWHLQDVHV���DQG����JHODWLQDVHV�$�DQG�
%�� H[SUHVVLRQ� LQ� PDOLJQDQW� PHVRWKHOLRPD� DQG� EHQLJQ�
SOHXUD��%U�-�&DQFHU���������������±���

����� /LX�=��,YDQRII�$��.ORPLQHN�-��([SUHVVLRQ�DQG�DFWLYLW\�RI�
PDWUL[� PHWDOORSURWHDVHV� LQ� KXPDQ� PDOLJQDQW� PHVRWKH�
OLRPD�FHOO�OLQHV��,QW�-�&DQFHU��������������±���

����� 1HOVRQ�..��0HOHQGH]�-$��0LWRFKRQGULDO�UHGR[�FRQWURO�
RI�PDWUL[�PHWDOORSURWHLQDVHV��)UHH�5DGLF�%LRO�0HG��������
������±���

����� 6WRU]�3��5HDFWLYH�R[\JHQ�VSHFLHV�LQ�WXPRU�SURJUHVVLRQ��
)URQW�%LRVFL���������������±���

����� <XHFKHQJ�<��;LDR\DQ�;��6WURPDO�FHOO�GHULYHG� IDFWRU���
UHJXODWHV�HSLWKHOLDO�RYDULDQ�FDQFHU�FHOO�LQYDVLRQ�E\�DFWL�
YDWLQJ�PDWUL[�PHWDOORSURWHLQDVH���DQG�PDWUL[�PHWDOORSUR�
WHLQDVH����(XU�-�&DQFHU�3UHY��������������±���

����� /L�7��/L�+��:DQJ�<��+DUYDUG�&��7DQ�-/��$X�$��;X�=��
-DEORQV�'0��<RX�/��7KH�H[SUHVVLRQ�RI�&;&5��&;&/���
DQG�&;&5��LQ�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��-�3DWKRO��
�������������±���

����� 3HQQR�0%��$VNLQ�)%��0D�+��&DUERQH�0��9DUJDV�03��
3DVV�+,��+LJK�&'���H[SUHVVLRQ�RQ�KXPDQ�PHVRWKHOLRPDV�
PHGLDWHV�DVVRFLDWLRQ�ZLWK�K\DOXURQDQ��&DQFHU�-�6FL�$P��
�����������±����

����� 5DPRV�1LQR�0(�� %OXPHQ� 65�� 3DVV� +��0RVVPDQ� %7��
)UD��� JRYHUQV� FHOO� PLJUDWLRQ� YLD� PRGXODWLRQ� RI� &'���
H[SUHVVLRQ�LQ�KXPDQ�PHVRWKHOLRPDV��0RO�&DQFHU��������
�����

����� 1XYROL�%��*HUPRQL�6��0RURVHWWL�&��6DQWRUR�5��&RUWHVH�*��
0DVL�6��&RUGRQH�,��*DODWL�5��([HPHVWDQH�EORFNV�PHVR�
WKHOLRPD�JURZWK�WKURXJK�GRZQUHJXODWLRQ�RI�F$03S&5(%�

DQG�&'���LPSOLFDWLQJ�QHZ�WUHDWPHQW�RSWLRQ�LQ�SDWLHQWV�
DIIHFWHG�E\�WKLV�GLVHDVH��0RO�&DQFHU��������������

����� (FKLEXU~�&KDX�&��5R\�'��&DODI�*0��0HWDVWDWLF�VXSSUHV�
VRU�&'���LV�UHODWHG�ZLWK�R[LGDWLYH�VWUHVV�LQ�EUHDVW�FDQFHU�
FHOO�OLQHV��,QW�-�2QFRO���������������±���

����� 5DPRV�1LQR� 0(�� 6FDSROL� /�� 0DUWLQHOOL� 0�� /DQG� 6��
0RVVPDQ�%7��0LFURDUUD\� DQDO\VLV� DQG�51$� VLOHQFLQJ�
OLQN�IUD���WR�FG���DQG�F�PHW�H[SUHVVLRQ��&DQFHU�5HV��������
�������±���

����� 5LEDWWL�'��1LFR�%��&ULYHOODWR�(��5RFFDUR�$0��9DFFD�$��
7KH�KLVWRU\�RI�WKH�DQJLRJHQLF�VZLWFK�FRQFHSW��/HXNHPLD��
�����������±���

����� %UDQFKDXG�50��0DF'RQDOG�-/��.DQH�$%��,QGXFWLRQ�RI�
DQJLRJHQHVLV�E\�LQWUDSHULWRQHDO�LQMHFWLRQ�RI�DVEHVWRV�¿EHUV��
)$6(%�-��������������±���

����� )RONPDQ�-��$QJLRJHQHVLV�LQ�FDQFHU�YDVFXODU�UKHXPDWRLG�
DQG�RWKHU�GLVHDVH��1DW�0HG������������±���

����� 3ODWH� .+�� %UHLHU� *�� :HLFK� +$�� 5LVDX� :�� 9DVFXODU�
HQGRWKHOLDO� JURZWK� IDFWRU� LV� D� SRWHQWLDO� WXPRXU� DQJLR�
JHQHVLV� IDFWRU� LQ�KXPDQ�JOLRPDV� in vivo��1DWXUH��������
�������±���

����� .XPDU�6LQJK�6��:H\OHU�-��0DUWLQ�0-��9HUPHXOHQ�3%��9DQ�
0DUFN�(��$QJLRJHQLF�F\WRNLQHV�LQ�PHVRWKHOLRPD��D�VWXG\�
RI�9(*)�)*)���DQG����DQG�7*)�EHWD�H[SUHVVLRQ��-�3DWKRO��
�����������±��

����� 6LPRQ�+8��+DM�<HKLD�$��/HYL�6FKDIIHU�)��5ROH�RI�UHDFWLYH�
R[\JHQ�VSHFLHV��526��LQ�DSRSWRVLV�LQGXFWLRQ��$SRSWRVLV��
�����������±���

����� 6WHOOHU� +�� 0HFKDQLVPV� DQG� JHQHV� RI� FHOOXODU� VXLFLGH��
6FLHQFH����������������±���

����� :RFKQD�$��1LHPF]\N�(��.XURQR�&��0DVDRND�0��.HG]LRU�
-��6ORPLQVND�(��/LSLQVNL�0��:DNDED\DVKL�7$��3RVVLEOH�
UROH�RI�R[LGDWLYH�VWUHVV�LQ�WKH�VZLWFK�PHFKDQLVP�RI�WKH�FHOO�
GHDWK�PRGH�IURP�DSRSWRVLV�WR�QHFURVLV²VWXGLHV�RQ�UKR��
FHOOV��0LWRFKRQGULRQ�������������±���

����� 2]EHQ�7��2[LGDWLYH�VWUHVV�DQG�DSRSWRVLV��LPSDFW�RQ�FDQFHU�
WKHUDS\��-�3KDUP�6FL���������������±���

����� 6KULYDVWDYD�$��.X]RQWNRVNL�30��*URRSPDQ�-(��3UDVDG�$��
&DQQDELGLRO�LQGXFHV�SURJUDPPHG�FHOO�GHDWK�LQ�EUHDVW�FDQ�
FHU�FHOOV�E\�FRRUGLQDWLQJ�WKH�FURVV�WDON�EHWZHHQ�DSRSWRVLV�
DQG�DXWRSKDJ\��0RO�&DQFHU�7KHU���������������±���

����� 7KRPSVRQ�&%��$SRSWRVLV�LQ�WKH�SDWKRJHQHVLV�DQG�WUHDW�
PHQW�RI�GLVHDVH��6FLHQFH����������������±���

����� $VKNHQD]L�$��'L[LW�90��$SRSWRVLV�FRQWURO�E\�GHDWK�DQG�
GHFR\�UHFHSWRUV��&XUU�2SLQ�&HOO�%LRO��������������±���

����� (OPRUH�6��$SRSWRVLV��D�UHYLHZ�RI�SURJUDPPHG�FHOO�GHDWK��
7R[LFRO�3DWKRO��������������±����

����� :DQJ�;��=KDQJ�-��;X�7��&\FORSKRVSKDPLGH�DV�D�SRWHQW�
LQKLELWRU�RI�WXPRU�WKLRUHGR[LQ�UHGXFWDVH�in vivo��7R[LFRO�
$SSO�3KDUPDFRO��������������±���
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����� 0DUWLQGDOH� -/��+ROEURRN�1-��&HOOXODU� UHVSRQVH� WR� R[L�
GDWLYH� VWUHVV�� VLJQDOLQJ� IRU� VXLFLGH� DQG� VXUYLYDO�� -�&HOO�
3K\VLRO�������������±���

����� 1DUDVLPKDQ� 65�� <DQJ� /�� *HUZLQ� %,�� %URDGGXV� 9&��
5HVLVWDQFH�RI�SOHXUDO�PHVRWKHOLRPD�FHOO�OLQHV�WR�DSRSWR�
VLV��UHODWLRQ�WR�H[SUHVVLRQ�RI�%FO���DQG�%D[��$P�-�3K\VLRO��
����������/���±���

����� 6RLQL� <�� .LQQXOD� 9�� .DDUWHHQDKR�:LLN� 5�� .XUWWLOD� (��
/LQQDLQPDD� .�� 3llNN|� 3�� $SRSWRVLV� DQG� H[SUHVVLRQ� RI�
DSRSWRVLV� UHJXODWLQJ� SURWHLQV� EFO��� PFO��� EFO�;DQG� ED[�
LQ� PDOLJQDQW� PHVRWKHOLRPD�� &OLQ� &DQFHU� 5HV�� ������
������±���

����� .DKORV�.��$QWWLOD�6��$VLNDLQHQ�7��.LQQXOD�.��5DLYLR�.2��
0DWWVRQ�.��/LQQDLQPDD�.��.LQQXOD�9/��0DQJDQHVH�VXSHU�
R[LGH�GLVPXWDVH�LQ�KHDOWK\�KXPDQ�SOHXUDO�PHVRWKHOLXP�
DQG�LQ�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��$P�-�5HVSLU�&HOO�
0RO�%LRO��������������±���

����� 0DQQD�6.��=KDQJ�+-��<DQ�7��2EHUOH\�/:��$JJDUZDO�%%��
2YHUH[SUHVVLRQ�RI�PDQJDQHVH�VXSHUR[LGH�GLVPXWDVH�VXS�
SUHVVHV�WXPRU�QHFURVLV�IDFWRU�LQGXFHG�DSRSWRVLV�DQG�DFWL�
YDWLRQ�RI�QXFOHDU�WUDQVFULSWLRQ�IDFWRU�NDSSD%�DQG�DFWLYDWHG�
SURWHLQ����-�%LRO�&KHP�����������������±���

����� 6FKUDXIVWDWWHU�,8��+LQVKDZ�'%��+\VORS�3$��6SUDJJ�5*��
&RFKUDQH�&*��2[LGDQW�LQMXU\�RI�FHOOV�'1$�VWUDQG�EUHDNV�
DFWLYDWH�SRO\DGHQRVLQH�GLSKRVSKDWH�ULERVH�SRO\PHUDVH�DQG�
OHDG�WR�GHSOHWLRQ�RI�QLFRWLQDPLGH�DGHQLQH�GLQXFOHRWLGH��-�
&OLQ�,QYHVW���������������±���

����� 0F*RZDQ�$-��5XL]�5XL]�0&��*RUPDQ�$0��/RSH]�5LYDV�$��
&RWWHU�7*��5HDFWLYH�R[\JHQ�LQWHUPHGLDWH�V���52,���FRPPRQ�
PHGLDWRU�V��RI�SRO\�$'3�ULERVH�SRO\PHUDVH��3$53�FOHDYDJH�
DQG�DSRSWRVLV��)(%6�/HWW���������±����������

����� %URDGGXV�9&��<DQJ�/��6FDYR�/0��(UQVW�-'��%R\ODQ�$0��
$VEHVWRV� LQGXFHV� DSRSWRVLV� RI� KXPDQ� DQG� UDEELW� SOHX�
UDO�PHVRWKHOLDO�FHOOV�YLD�UHDFWLYH�R[\JHQ�VSHFLHV��-�&OLQ�
,QYHVW���������������±���

����� :DQJ�-��<L� -��&DQFHU�FHOO�NLOOLQJ�YLD�526�� WR� LQFUHDVH�
RU�GHFUHDVH�WKDW�LV�WKH�TXHVWLRQ��&DQFHU�%LRO�7KHU��������
������±���

����� 3URVNXU\DNRY� 6<�� .RQRSO\DQQLNRY� $*�� *DEDL� 9/��
1HFURVLV��D�VSHFL¿F�IRUP�RI�SURJUDPPHG�FHOO�GHDWK"�([S�
&HOO�5HV�������������±���

����� <DQJ�+��5LYHUD�=��-XEH�6��1DVX�0��%HUWLQR�3��*RSDUDMX�&��
)UDQ]RVR�*��/RW]H�07��.UDXV]�7��3DVV�+,��%LDQFKL�0(��
&DUERQH�0��3URJUDPPHG�QHFURVLV�LQGXFHG�E\�DVEHVWRV�LQ�
KXPDQ�PHVRWKHOLDO�FHOOV�FDXVHV�KLJK�PRELOLW\�JURXS�ER[���
SURWHLQ�UHOHDVH�DQG�UHVXOWDQW�LQÀDPPDWLRQ��3URF�1DWO�$FDG�
6FL�8�6�$�����������������±���

����� 6FKHU]�6KRXYDO�5�� 6KYHWV�(�� )DVV�(�� 6KRUHU�+��*LO�/��
(OD]DU�=��5HDFWLYH�R[\JHQ�VSHFLHV�DUH�HVVHQWLDO�IRU�DXWRSK�
DJ\�DQG�VSHFL¿FDOO\�UHJXODWH�WKH�DFWLYLW\�RI�$WJ���(0%2�
-���������������±���

����� 6FKHU]�6KRXYDO� 5�� (OD]DU� =�� 526� PLWRFKRQGULD� DQG�
WKH� UHJXODWLRQ� RI� DXWRSKDJ\�� 7UHQGV� &HOO� %LRO�� ������
������±���

����� /LQ�=��/LX�7��.DPS�':��:DQJ�<��+H�+��=KRX�;��/L�'��
<DQJ�/��=KDR�%��/LX�*��$.7�P725�DQG�F�-XQ�1�WHUPLQDO�
NLQDVH�VLJQDOLQJ�SDWKZD\V�DUH�UHTXLUHG�IRU�FKU\VRWLOH�DVEHVWRV�
LQGXFHG�DXWRSKDJ\��)UHH�5DGLF�%LRO�0HG��������������±����

����� &HUHVROL� */�� *ULGHOOL� &�� 6DQWRUR� $�� 0XOWLGLVFLSOLQDU\�
WUHDWPHQW�RI�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��2QFRORJLVW��
������������±���

����� 9RJHO]DQJ�1-�� 5XVWKRYHQ� --�� 6\PDQRZVNL� -�� 'HQKDP�
&��.DXNHO�(��5XI¿H�3��*DW]HPHLHU�8��%R\HU�0��(PUL�6��
0DQHJROG�&��1L\LNL]D�&��3DROHWWL�3��3KDVH�,,,�VWXG\�RI�
SHPHWUH[HG�LQ�FRPELQDWLRQ�ZLWK�FLVSODWLQ�YHUVXV�FLVSODWLQ�
DORQH�LQ�SDWLHQWV�ZLWK�PDOLJQDQW�SOHXUDO�PHVRWKHOLRPD��-�
&OLQ�2QFRO���������������±���

����� .HOO\�5-��6KDURQ�(��+DVVDQ�5��&KHPRWKHUDS\�DQG�WDUJHWHG�
WKHUDSLHV�IRU�XQUHVHFWDEOH�PDOLJQDQW�PHVRWKHOLRPD��/XQJ�
&DQFHU��������������±���

����� 3ULFH�$��:KDW� LV� WKH� UROH�RI� UDGLRWKHUDS\� LQ�PDOLJQDQW�
SOHXUDO�PHVRWKHOLRPD��2QFRORJLVW��������������±���

����� 5LFKDUGV�:*��=HOORV�/��%XHQR�5��-DNOLWVFK�07��-lQQH�3$��
&KLULHDF�/5��<HDS�%<��'HNNHUV�5-��+DUWLJDQ�30��&DSDOER�/��
6XJDUEDNHU�'-��3KDVH�,�WR�,,�VWXG\�RI�SOHXUHFWRP\�GHFRUWLFD�
WLRQ�DQG�LQWUDRSHUDWLYH�LQWUDFDYLWDU\�K\SHUWKHUPLF�FLVSODWLQ�
ODYDJH�IRU�PHVRWKHOLRPD��-�&OLQ�2QFRO���������������±���

����� 7DNLJDZD�1��.LXUD�.��.LVKLPRWR�7��0HGLFDO�WUHDWPHQW�
RI�PHVRWKHOLRPD��DQ\WKLQJ�QHZ"�&XUU�2QFRO�5HS��������
������±���

����� 7XUQHU�.��9DUJKHVH�6��$OH[DQGHU�+5�-U��&XUUHQW�FRQFHSWV�
LQ� WKH�HYDOXDWLRQ�DQG� WUHDWPHQW�RI�SDWLHQWV�ZLWK�GLIIXVH�
PDOLJQDQW�SHULWRQHDO�PHVRWKHOLRPD��-�1DWO�&RPSU�&DQF�
1HWZ�������������±���

����� %DUDWWL� '�� .XVDPXUD� 6�� 'HUDFR�0�� 'LIIXVH� PDOLJQDQW�
SHULWRQHDO�PHVRWKHOLRPD�� V\VWHPDWLF� UHYLHZ� RI� FOLQLFDO�
PDQDJHPHQW�DQG�ELRORJLFDO�UHVHDUFK��-�6XUJ�2QFRO��������
�������±���

����� 5HQVFKOHU�0)��7KH�HPHUJLQJ�UROH�RI�UHDFWLYH�R[\JHQ�VSH�
FLHV�LQ�FDQFHU�WKHUDS\��(XU�-�&DQFHU���������������±���

����� )DONVRQ�*��)DONVRQ�+&��)LFKDUGW�7��5DGLRVHQVLWL]DWLRQ�E\�
SURFDUED]LQH�LQ�WKH�WUHDWPHQW�RI�PDOLJQDQW�PHVRWKHOLRPD��
0RURVRQ�+/��4XLQWLOLDQL�0��3URWHFWLRQ�DQG�6HQVLWL]DWLRQ��
1HZ�<RUN��%DUQHV�DQG�1REOH����������±����

����� �³5DGLDWLRQ�7KHUDS\�3ULQFLSOHV´�$PHULFDQ�&DQFHU�6RFLHW\�
6HSWHPEHU����������

����� 'LHKQ�0��&KR�5:��/RER�1$��.DOLVN\�7��'RULH�0-��.XOS�
$1�� 4LDQ� '�� /DP� -6�� $LOOHV� /(��:RQJ�0�� -RVKXD� %��
.DSODQ�0-��:DSQLU�,��'LUEDV�)0��6RPOR�*��*DUEHURJOLR�&��
3D]�%��6KHQ�-��/DX�6.��4XDNH�65��%URZQ�-0��:HLVVPDQ�
,/��&ODUNH�0)��$VVRFLDWLRQ�RI�UHDFWLYH�R[\JHQ�VSHFLHV�OHY�
HOV�DQG�UDGLRUHVLVWDQFH�LQ�FDQFHU�VWHP�FHOOV��1DWXUH��������
�������±���

����� 6FKXPDFNHU�37��5HDFWLYH�R[\JHQ�VSHFLHV�LQ�FDQFHU�FHOOV��
OLYH�E\�WKH�VZRUG��GLH�E\�WKH�VZRUG��&DQFHU�&HOO��������
������±���

����� .RQJ�4��/LOOHKHL�.2��$QWLR[LGDQW�LQKLELWRUV�IRU�FDQFHU�
WKHUDS\��0HG�+\SRWKHVHV��������������±���
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����� .RQJ�4��%HHO�-$��/LOOHKHL�.2��$�WKUHVKROG�FRQFHSW�IRU�
FDQFHU�WKHUDS\��0HG�+\SRWKHVHV�������������±���

����� 3HOLFDQR�+��&DUQH\�'��+XDQJ�3��526�VWUHVV�LQ�FDQFHU�FHOOV�
DQG� WKHUDSHXWLF� LPSOLFDWLRQV��'UXJ�5HVLVW�8SGDW��������
����±����
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