
Oncotarget 2012; 3:  359-360359www.impactjournals.com/oncotarget

www.impactjournals.com/oncotarget/ Oncotarget, April, Vol.3, No 4

3UR�PDOLJQDQW�SURSHUWLHV��RI�67$7��GXULQJ�FKURQLF�LQÀDPPDWLRQ

Marco Demaria and Valeria Poli

Already in 1863 Rudolph Virchow hypothesized 
that some classes of irritants, together with tissue injury, 
enhance cell proliferation and that cancer arises from 
VLWHV�RI� FKURQLF� LQÀDPPDWLRQ��$OWKRXJK�QRZ�ZH�NQRZ�
that cell proliferation is not a cause of cancer on itself, 
IRU�WKH�¿UVW�WLPH�KLV�K\SRWKHVLV�VXJJHVWHG�D�OLQN�EHWZHHQ�
FHOO� WUDQVIRUPDWLRQ� DQG� LQÀDPPDWLRQ�� 0DQ\� WXPRUV�
FRQWDLQ�DFWLYDWHG�¿EUREODVWV�DQG�PDFURSKDJHV�GLVSOD\LQJ�
DQ� LQÀDPPDWRU\� JHQH� H[SUHVVLRQ� SUR¿OH�� ,QWHUHVWLQJO\��
TXDQWLWDWLYH�DVSHFWV�RI�ZRXQG�UHSDLU�RU�LQÀDPPDWRU\�JHQH�
H[SUHVVLRQ�RIWHQ�QHJDWLYHO\�FRUUHODWH�ZLWK�FDQFHU� VWDJH�
and prognosis: in a sense, tumors act as wounds that fail 
WR�KHDO�>�@�

&KURQLF� LQÀDPPDWRU\� VWDWHV� PD\� JHQHUDWH� D�
microenvironment favoring genomic lesions and fostering 
WXPRU� LQLWLDWLRQ��7KH�SUHVHQFH�RI� IUHH� UDGLFDOV�� VXFK�DV�
UHDFWLYH�R[\JHQ�LQWHUPHGLDWHV�DQG�QLWULF�R[LGH��OHDGV�WR�
R[LGDWLYH� GDPDJH� DQG� QLWUDWLRQ� RI� '1$� EDVHV�� ZKLFK�
LQ� WXUQ� LQFUHDVHV� WKH� ULVN� RI� PXWDWLRQV��0RUHRYHU�� WKH�
VROXEOH�PHGLDWRUV� VHFUHWHG� E\� LQÀDPPDWRU\� FHOOV� VXFK�
DV� F\WRNLQHV� DQG� JURZWK� IDFWRUV� SURYLGH� VXUYLYDO� DQG�
SUROLIHUDWLYH�VLJQDOV�WR�LQLWLDWHG�FHOOV��WKHUHE\�OHDGLQJ�WR�
WXPRU�SURPRWLRQ�SURJUHVVLRQ�

0RUH�GHWDLOHG�LQVLJKWV�LQWR�WKH�UROH�RI�LQÀDPPDWLRQ�
in tumor promotion come from several studies involving 
WKH� WUDQVFULSWLRQ� IDFWRU� 1)�ț%�� )RU� H[DPSOH�� 1)�ț%�
inactivation dramatically decreased tumor size of myeloid 
FHOOV� LQ� D� FROLWLV�DVVRFLDWHG�FDQFHU�PRGHO�� UHGXFLQJ� WKH�
H[SUHVVLRQ�RI�SUR�LQÀDPPDWRU\�F\WRNLQHV�WKDW�PD\�VHUYH�
DV�WXPRU�JURZWK�IDFWRUV�>�@�

1)�ț%� LV� D� XELTXLWRXV� WUDQVFULSWLRQ� IDFWRU� WKDW�
regulates genes involved in native and adaptive immune 
UHVSRQVHV�� ,PSRUWDQWO\�� 1)�ț%� LV� RIWHQ� DEHUUDQWO\�
DFWLYDWHG�LQ�KXPDQ�FDQFHUV��XS�UHJXODWLQJ�JHQHV�LQYROYHG�
in the control of survival and proliferation, and is thus 
FRQVLGHUHG�DQ�LPSRUWDQW�WDUJHW�IRU�GUXJ�WKHUDSLHV�>�@��$�
SURPLQHQW�1)�ț%�WDUJHW�LV�WKH�JHQH�HQFRGLQJ�IRU�WKH�SUR�
LQÀDPPDWRU\�F\WRNLQH�,/����ZKLFK�GLUHFWO\�DIIHFWV�FDQFHU�
cells growth and survival through the activation of another 
WUDQVFULSWLRQ�IDFWRU��WKH�6LJQDO�7UDQVGXFHU�DQG�$FWLYDWRU�
RI�7UDQVFULSWLRQ��67$7�����,QGHHG��FKURQLF�LQÀDPPDWLRQ�
LQLWLDWHV�D�SRVLWLYH�ORRS�EHWZHHQ�WKH�WUDQVFULSWLRQ�IDFWRU�
1)�ț%�� ,/��� DQG� 67$7�� WKDW� LV� D� KLJKO\� SUHGLVSRVLQJ�
condition for cancer, particularly in the colon, the liver 
DQG�WKH�EUHDVW�>�@�

67$7��LV�FRQVWLWXWLYHO\�DFWLYDWHG�E\�SKRVSKRU\ODWLRQ�
RQ�W\URVLQH�LQ�PDQ\�WXPRUV�WKDW�RIWHQ�EHFRPH�DGGLFWHG�
to its activity [5], and is accordingly often referred to 

as an oncogene, even though activating mutations are 
UDUH�� ,PSRUWDQWO\�� 67$7�� LV� SURPLQHQWO\� FRQVWLWXWLYHO\�
DFWLYDWHG� DW� VLWHV� RI� FKURQLF� LQÀDPPDWLRQ�� ZKHUH� ,/���
OHYHOV� DUH� LQYDULDEO\� KLJK�� ,Q� DQ� HIIRUW� WR� FKDUDFWHUL]H�
WKH�SUR�RQFRJHQLF�IXQFWLRQV�RI�FRQWLQXRXV��ZHDN�67$7��
DFWLYDWLRQ�� ZH� KDYH� UHFHQWO\� JHQHUDWHG� NQRFN�LQ� PLFH�
H[SUHVVLQJ� SK\VLRORJLFDO� OHYHOV� RI� WKH� FRQVWLWXWLYHO\�
DFWLYH� 67$7�&� PXWDQW� IRUP� >�@�� 3ULPDU\� PRXVH�
HPEU\RQLF�¿EUREODVWV��0()V��GHULYHG�IURP�WKH�67$7�C/C 
PLFH� VKRZ� SUH�PDOLJQDQW� IHDWXUHV�� VXFK� DV� LQFUHDVHG�
glycolysis, resistance to apoptosis and senescence and 
DFFHOHUDWHG� SUROLIHUDWLRQ� >�@�� :KHQ� FKDOOHQJHG� ZLWK�
D� VHFRQG� µUDQGRP¶� PXWDWLRQ� LQGXFHG� WKURXJK� WKH� �7��
VSRQWDQHRXV� LPPRUWDOL]DWLRQ�SURWRFRO��67$7�C/C�0()V�
EHFRPH�IXOO\�WUDQVIRUPHG�DQG�DUH�DEOH�WR�IRUP�WXPRUV�LQ�
LPPXQRFRPSURPLVHG�PLFH� >�@�� 67$7�C/C cells display 
an accelerated cell cycle, protection from apoptosis and 
HQKDQFHG�+,)��Į�GHSHQGHQW�DHURELF�JO\FRO\VLV��+,)��Į�
silencing normalizes their glycolysis levels, correlating 
ZLWK�GHFUHDVHG�FHOO�SUROLIHUDWLRQ�DQG�JURZWK��ERWK�in vitro 
and in vivo�

7KLV� ¿QGLQJ� LV� RI� SDUWLFXODU� UHOHYDQFH� IRU� WKH�
HPHUJLQJ� NH\� UROH� RI� 67$7�� LQ� LQÀDPPDWLRQ�GULYHQ�
FDQFHU��7KHUHIRUH��LQ�DGGLWLRQ�WR�WKH�WXPRU�SURPRWLRQ�UROH�
GHVFULEHG�DERYH�LQ�FRRUGLQDWLRQ�ZLWK�,/���DQG�1)�ț%��RXU�
GDWD�VXJJHVW��WKDW�FHOOV�H[SRVHG�WR�FKURQLF�,/���VLJQDOLQJ��
ZKLFK� OHDGV� WR� FRQWLQXRXV� 67$7�� DFWLYDWLRQ� OLNH� WKDW�
GLVSOD\HG�E\�WKH�67$7�C/C�0()V��FDQ�EHKDYH�OLNH�FHOOV�
WKDW�KDYH�XQGHUJRQH�D�¿UVW�RQFRJHQLF�PXWDWLRQ��7KLV�¿UVW�
KLW�SURYLGHV�VXUYLYDO�DQG�SUROLIHUDWLYH�VLJQDOV�E\�LQGXFLQJ�
SUR�SUROLIHUDWLYH�DQG�DQWL�DSRSWRWLF�JHQHV�DQG�VZLWFKLQJ�
FHOO� PHWDEROLVP� WRZDUGV� DHURELF� JO\FRO\VLV�� EHOLHYHG�
WR� VXVWDLQ� WKH� DQDEROLF� PHWDEROLVP� UHTXLUHG� E\� WXPRU�
FHOOV��$OO� WKHVH� IHDWXUHV� FRQWULEXWH� WR� D� SUH�PDOLJQDQW�
VWDWH� ZKHUH� D� VHFRQG�PXWDWLRQ� LV� VXI¿FLHQW� WR� SURYLGH�
IXOO�FHOO�WUDQVIRUPDWLRQ��,QWHUHVWLQJO\��D�VWDWH�RI�FKURQLF�
LQÀDPPDWLRQ�ZLWK�,/���DFFXPXODWLRQ�GHYHORSV�ZLWK�DJH�
LQ�PLFH��SULPDWHV�DQG�KXPDQV�>�@��7KLV�PD\�LQ�WXUQ�UHVXOW�
LQ�LQFUHDVLQJO\�KLJK�FKURQLF�67$7��DFWLYDWLRQ�DQG�WKXV�
WKH�GHYHORSPHQW�RI�67$7��GHSHQGHQW�WXPRUV��7KHUDSHXWLF�
VWUDWHJLHV�IRFXVLQJ�RQ�67$7��PRGXODWLRQ�FRXOG�WKHUHIRUH�
GUDPDWLFDOO\�GHFUHDVH�WKH�LQFLGHQFH�RI�DJH�UHODWHG�FDQFHUV��
ORZHULQJ�WKH�DFFXPXODWLRQ�RI�WKH�SUH�PDOLJQDQW�FHOOV�SRRO�
ZLWK�DJLQJ��
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