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Interactions between tumor cells and proteins of extacellular matrix strongly
influence tumor development, affecting cell proliferation and survival, as well as
the ability to migrate beyond the original location into other tissues to form
metastases. Many of these interactions are mediated by integrins, a ubiquitously
expressed family of adhesion receptors. By regulating the adhesive capacity of
tumor cells, integrins control the formation of metastatic tumors. Migration, growth
and development, susceptibility to an internal cell death program, and the forma-
tion of new blood vessels to provide nutrients for the growing tumor are all
influenced by integrins. Gene expression of integrins is controlled by a cytospla-
smic family of proteins known as protein kinase C. The latter consists of a family
of 12 different PKC isoforms which play essential role in many signal transduction
pathways controlling cell growth, transformation and differentiation. Additionally,
PKC is involved in cancer pathogenesis because elevated levels of PKC activity
were found in human breast tumors in comparison with normal breast tissue. In
this review updated literature is provided concerning the role of integrins and their
control by protein kinase C in breast cancer. More specifically, the various signaling
pathways which correlate integrins with protein kinase C are described and the
possible new therapeutic strategies aiming protein kinase C are underlined.
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ôïõ ìáóôïý óå áíôßèåóç ìå ôçí Ïëëáíäßá êáé
ôç Ãåñìáíßá, üðïõ ðáñáôçñåßôáé õøçëüôåñç
óõ÷íüôçôá åìöÜíéóçò5. Ùóôüóï, ï êáñêßíïò ôïõ
ìáóôïý ðñïóâÜëëåé ðåñßðïõ 4.500 Åëëçíßäåò
ôï ÷ñüíï êáé åõèýíåôáé ãéá ôïõò ðåñéóóüôå-
ñïõò èáíÜôïõò ìåôÜ ôïí êáñêßíï ôïõ ðíåýìï-
íá.

Ôá ôåëåõôáßá 40 ÷ñüíéá, Ý÷åé ðáñáôçñçèåß
äéåèíþò áýîçóç ôçò óõ÷íüôçôáò åìöÜíéóçò ôïõ
êáñêßíïõ ôïõ ìáóôïý ìå êïñýöùóç óôï ôÝëïò
ôçò äåêáåôßáò ôïõ ’80. Áðü ôüôå üìùò, ç óõ-
÷íüôçôá åìöÜíéóçò ôçò áóèÝíåéáò óôáèåñïðïéÞ-
èçêå. ÅðéðëÝïí, Ý÷åé ðáñáôçñçèåß ìåßùóç ôçò
èíçóéìüôçôáò ôá ôåëåõôáßá ÷ñüíéá êáé ôï ðï-
óïóôü ôçò åôÞóéáò ìåßùóçò åßíáé ðåñßðïõ
3,4%2,6. ÁõôÞ ç ìåßùóç ôçò èíçóéìüôçôáò åßíáé
ðéèáíüí íá ïöåßëåôáé: á) óôçí åõñåßá êáé óõ-
óôçìáôéêÞ ÷ñÞóç ôçò ìáóôïãñáößáò, ìå áðï-
ôÝëåóìá íá åíôïðßæïíôáé óõ÷íÜ üãêïé óå áñ÷é-
êü ó÷åôéêÜ óôÜäéï, â) óôç ÷ñÞóç ôçò ÷çìåéïèå-
ñáðåßáò ìå óõíäõáóìü äéáöüñùí öáñìÜêùí,
ùò óõìðëçñùìáôéêÞ ìÝèïäï èåñáðåßáò ìåôÜ
ôç ÷åéñïõñãéêÞ åðÝìâáóç, êáèþò êáé ã) óôç
÷ñÞóç óõìðëçñùìáôéêÞò ïñìïíïëïãéêÞò èå-
ñáðåßáò óôéò ðåñéðôþóåéò ôùí êáñêßíùí ðïõ
åêöñÜæïõí õðïäï÷åßò ïéóôñïãüíùí êáé ðñïãå-
óôåñüíçò7,8.

äéáìåóïëáâïýíôáé áðü ôéò éíôåãêñßíåò, ðïõ áðïôåëïýí ìéá åõñÝùò åêöñáæüìåíç
õðåñïéêïãÝíåéá äéáìåìâñáíéêþí ðñùôåúíþí ôçò êõôôáñéêÞò åðéöÜíåéáò. Ïé éíôåãêñß-
íåò äéáìÝóïõ ôçò ñýèìéóçò ôçò ðñïóêïëëçôéêÞò éêáíüôçôáò ôùí êáñêéíéêþí êõôôÜ-
ñùí åëÝã÷ïõí ôï ó÷çìáôéóìü ôùí ìåôáóôáôéêþí íåïðëáóìÜôùí. Ç ìåôáíÜóôåõóç,
áýîçóç, áíÜðôõîç, åõáéóèçóßá ùò ðñïò ôçí áðüðôùóç êáé ï ó÷çìáôéóìüò íÝùí
áããåßùí ãéá ôçí ðáñï÷Þ èñåðôéêþí ïõóéþí óôïí üãêï, áðïôåëïýí äéåñãáóßåò ðïõ
åðçñåÜæïíôáé Üìåóá áðü ôéò éíôåãêñßíåò. Ç ãïíéäéáêÞ Ýêöñáóç ôùí éíôåãêñéíþí
åëÝã÷åôáé áðü ìéá êõôôáñïðëáóìáôéêÞ ïéêïãÝíåéá ðñùôåúíþí ãíùóôþí ìå ôç óõëëï-
ãéêÞ ïíïìáóßá “ðñùôåúíéêÞ êéíÜóç C”. Ç ðñùôåúíéêÞ êéíÜóç C áðïôåëåßôáé áðü ìéá
ïéêïãÝíåéá 12 éóïìïñöþí ðïõ ðáßæïõí ïõóéáóôéêü ñüëï óå áñêåôÝò ïäïýò åðáãùãÞò
ôùí óçìÜôùí ðïõ ñõèìßæïõí ôçí êõôôáñéêÞ áýîçóç, ôï ìåôáó÷çìáôéóìü êáé ôç
äéáöïñïðïßçóç. Åðéðñüóèåôá, ç PKC åìðëÝêåôáé óôçí ðáèïãÝíåóç ôïõ êáñêßíïõ
ôïõ ìáóôïý ãéáôß ç óõíïëéêÞ ôçò äñáóôçñéüôçôá áõîÜíåé óå ìéá óåéñÜ áíèñþðéíùí
êáñêßíùí ôïõ ìáóôïý óå óýãêñéóç ìå öõóéïëïãéêü éóôü ìáæéêïý áäÝíá. Óôçí ðá-
ñïýóá áíáóêüðçóç áíáöÝñïíôáé óýã÷ñïíá âéâëéïãñáöéêÜ äåäïìÝíá ó÷åôéêÜ ìå ôï
ñüëï ôùí éíôåãêñéíþí êáé ôç ñýèìéóÞ ôïõò áðü ôçí ðñùôåúíéêÞ êéíÜóç C óôïí
êáñêßíï ôïõ ìáóôïý. Åéäéêüôåñá, ðåñéãñÜöïíôáé ïé äéÜöïñåò óçìáôïäïôéêÝò ïäïß
ðïõ óõó÷åôßæïõí ôéò éíôåãêñßíåò ìå ôçí ðñùôåúíéêÞ êéíÜóç C êáé áíáöÝñïíôáé ïé
èåñáðåõôéêÝò óôñáôçãéêÝò ðïõ Ý÷ïõí ùò óôü÷ï ôçí ðñùôåúíéêÞ êéíÜóç C.

ËÝîåéò-êëåéäéÜ: ÐñùôåúíéêÞ êéíÜóç C, éíôåãêñßíåò, êáñêßíïò ôïõ ìáóôïý.

ÅÉÓÁÃÙÃH

Óå ðáãêüóìéá êëßìáêá o êáñêßíïò ôïõ
ìáóôïý åßíáé ôñßôïò óå óõ÷íüôçôá êáé ôï ðï-
óïóôü èáíÜôùí áðü áõôÞ ôçí áéôßá áíÝñ÷åôáé
óå ðïóïóôü 60% åðß ôïõ óõíüëïõ ôùí ðåñé-
ðôþóåùí êáñêßíïõ. Óôéò ãõíáßêåò, ï êáñêßíïò
ôïõ ìáóôïý åßíáé ç óõ÷íüôåñç ìïñöÞ êáêïÞ-
èåéáò êáé ç óõ÷íüôåñç áéôßá èáíÜôïõ1. Óôéò
ÇíùìÝíåò Ðïëéôåßåò ôçò ÁìåñéêÞò (ÇÐÁ) êáé
óôïí ÊáíáäÜ, 1 óôéò 8 ãõíáßêåò ðåñßðïõ èá
åêäçëþóïõí êáñêßíï ôïõ ìáóôïý êáôÜ ôç äéÜñ-
êåéá ôçò æùÞò ôïõò, åíþ óôçí Åõñþðç ç áíá-
ëïãßá áõôÞ äéáìïñöþíåôáé óå 1 óôéò 11 ãõ-
íáßêåò. Åéäéêüôåñá, óôéò ÇÐÁ óôéò 100,000
ãõíáßêåò áíÜ ÷ñüíï, 111 íÝåò ðåñéðôþóåéò
êáñêßíïõ ôïõ ìáóôïý äéáãéãíþóêïíôáé êáé 24
áóèåíåßò ôåëéêÜ ðåèáßíïõí2. Ç óõ÷íüôçôá åì-
öÜíéóçò ôçò áóèÝíåéáò óôéò ÇÐÁ, óôïí Êáíá-
äÜ êáé óôçí Åõñþðç åßíáé 6 öïñÝò ìåãáëýôå-
ñç óå óýãêñéóç ìå ôéò ÷þñåò ôçò Áóßáò êáé
ôçò ÁöñéêÞò, êÜôé ðïõ ðéèáíþò ó÷åôßæåôáé ìå
ðåñéâáëëïíôéêïýò ðáñÜ ìå ãåíåôéêïýò ðáñÜ-
ãïíôåò3,4. Óôçí ÅëëÜäá, üðùò êáé óôéò Üëëåò
ìåóïãåéáêÝò ÷þñåò ôçò ÅõñùðáúêÞò ¸íùóçò
(Éôáëßá, Éóðáíßá, Ðïñôïãáëßá), ðáñáôçñåßôáé
ìéêñüôåñç óõ÷íüôçôá åìöÜíéóçò ôïõ êáñêßíïõ
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ÌÅÔAÓÔÁÓÇ ÊÁÉ ÅÎÙÊÕÔÔAÑÉÁ
ÈÅÌEËÉÁ ÏÕÓIÁ

Ç äçìéïõñãßá üãêùí ïöåßëåôáé óôç óõóóþ-
ñåõóç ãåíåôéêþí áëëïéþóåùí óå ñõèìéóôéêÜ
ãïíßäéá ðïõ áíÞêïõí óôï óýóôçìá åëÝã÷ïõ
ôïõ êõôôáñéêïý êýêëïõ. Áõôü Ý÷åé ùò áðïôÝëå-
óìá ôá åîáëëáãìÝíá íåïðëáóìáôéêÜ êýôôáñá
íá áðïêôïýí ôçí éêáíüôçôá íá ðïëëáðëáóéÜ-
æïíôáé ÷ùñßò ôïõò öõóéïëïãéêïýò ðåñéïñéóìïýò
êáé íá äéáéñïýíôáé ôá÷ýôåñá áðü ôá ðåñéâÜë-
ëïíôá öõóéïëïãéêÜ êýôôáñá. Ç áðïêüëëçóç
ôùí íåïðëáóìáôéêþí êõôôÜñùí áðü ôïí ðñù-
ôïðáèÞ üãêï êáé ç ìåôáíÜóôåõóÞ ôïõò óå áðï-
ìáêñõóìÝíåò èÝóåéò ôïõ ïñãáíéóìïý, üðïõ óôç
óõíÝ÷åéá äçìéïõñãïýí ôïõò äåõôåñïãåíåßò
üãêïõò, áíáöÝñåôáé ùò ìåôÜóôáóç. Ôá íåïðëá-
óìáôéêÜ êýôôáñá ìåôáíáóôåýïõí äéáìÝóïõ ôùí
ðñùôåúíþí ôçò åîùêõôôÜñéáò èåìÝëéáò ïõóßáò
(ÅÈÏ) ðïõ ðåñéâÜëëåé ôá êýôôáñá åíüò ðñù-
ôïðáèïýò üãêïõ êáé åéóÝñ÷ïíôáé óôçí áéìáôé-
êÞ êõêëïöïñßá Þ óôá ëåìöéêÜ áããåßá, ìÝóù
ôùí ïðïßùí ìåôáöÝñïíôáé óôá ðåñéöåñéêÜ üñ-
ãáíá.

Ç ðñïóêüëëçóç ôùí íåïðëáóìáôéêþí êõô-
ôÜñùí ìåôáîý ôïõò, óå åôåñüëïãá êýôôáñá Þ
óå ðñùôåÀíåò ôçò ÅÈÏ ïöåßëåôáé óôç äéáìåóï-
ëÜâçóç ìéáò õðåñïéêïãÝíåéáò äéáìåìâñáíéêþí
ðñùôåúíþí ôçò êõôôáñéêÞò åðéöÜíåéáò, ïé ïðïßåò
åßíáé ãíùóôÝò ùò éíôåãêñßíåò. Ïé éíôåãêñßíåò
äéáìÝóïõ ôçò ñýèìéóçò ôçò ðñïóêïëëçôéêÞò
éêáíüôçôáò ôùí êáñêéíéêþí êõôôÜñùí åëÝã÷ïõí
ôï ó÷çìáôéóìü ôùí ìåôáóôáôéêþí íåïðëáóìÜ-
ôùí. Ç ìåôáíÜóôåõóç, ç áýîçóç êáé ç áíÜðôõ-
îç, ç åõáéóèçóßá ùò ðñïò ôçí áðüðôùóç êáé ï
ó÷çìáôéóìüò íÝùí áããåßùí ãéá ôçí ðáñï÷Þ
èñåðôéêþí ïõóéþí óôïí üãêï áðïôåëïýí äéåñ-
ãáóßåò ðïõ åðçñåÜæïíôáé Üìåóá áðü ôéò éíôå-
ãêñßíåò. Áðü ôç ìåëÝôç ôçò âéâëéïãñáößáò
êáôáäåéêíýåôáé üôé ç ãïíéäéáêÞ Ýêöñáóç ôùí
éíôåãêñéíþí åëÝã÷åôáé áðü ìéá êõôôáñïðëá-
óìáôéêÞ ïéêïãÝíåéá ðñùôåúíþí ãíùóôþí ùò
ðñùôåúíéêÞ êéíÜóç C (PKC). Óýìöùíá ìå ôïõò
Rosfjord et al9 ç PKC äéáìïñöþíåé ôçí Ýêöñá-
óç ôùí ãïíéäßùí á2 êáé â1 ôùí éíôåãêñéíþí,
ìå áðïôÝëåóìá íá åðçñåÜæåôáé ç êõôôáñéêÞ
ðñïóêüëëçóç ôùí MCF-7 êõôôÜñùí, ôá ïðïßá
áðïôåëïýí ðñüôõðç óåéñÜ êáñêéíéêþí êõôôÜ-
ñùí ìáóôïý.

PKC êáé Ýëåã÷ïò ôçò êõôôáñéêÞò áýîçóçò

Ï üñïò PKC áíáöÝñåôáé óôçí ïéêïãÝíåéá
ôùí ðñùôåúíéêþí êéíáóþí óåñßíçò/èñåïíßíçò

áðïôåëïýìåíçò áðü ôéò ðáñáêÜôù 12 éóïìïñ-
öÝò ðïõ óõìâïëßæïíôáé ìå åëëçíéêÜ ãñÜììá-
ôá: á, âÉ, âÉÉ, ã, ä, å, æ, ç, è, é, ë êáé ì. Ïé PKC
éóïìïñöÝò êùäéêïðïéïýíôáé áðü 11 ãïíßäéá10

êáé ðáßæïõí ïõóéùäÝóôáôï ñüëï óå áñêåôÝò
ïäïýò åðáãùãÞò ôùí óçìÜôùí ðïõ ñõèìßæïõí
ôçí êõôôáñéêÞ áýîçóç, ôï ìåôáó÷çìáôéóìü êáé
ôç äéáöïñïðïßçóç11,12. ÓõãêåêñéìÝíåò éóïìïñ-
öÝò ìðïñïýí íá åíåñãïðïéçèïýí áðü ôï áóâÝ-
óôéï, äéÜöïñá öùóöïëéðßäéá, ôç äéáêõëãëõêå-
ñüëç ðïõ ðáñÜãåôáé áðü ôç öùóöïëéðÜóç C
Þ ôç öùóöïëéðÜóç D, ôïõò åóôÝñåò ôçò öïñâü-
ëçò êáé áðü ôá ëéðáñÜ ïîÝá ðïõ ðáñÜãïíôáé
óôá êýôôáñá áðü ôçí åíåñãïðïßçóç ôçò öù-
óöïëéðÜóçò Á2. Ïé äéÜöïñåò éóïìïñöÝò áíôá-
ðïêñßíïíôáé ìå äéáöïñåôéêü ôñüðï ùò ðñïò
ôïõò ðáñáðÜíù óõìðáñÜãïíôåò. Ïé PKC éóï-
ìïñöÝò ôáîéíïìïýíôáé óå ôñåéò ïìÜäåò, áíÜ-
ëïãá ìå ôç äïìÞ ôïõò êáé ôçí áðáßôçóÞ ôïõò
ãéá óõãêåêñéìÝíï óõìðáñÜãïíôá: (1) ôéò êëá-
óéêÝò PKCs (á, âÉ, âÉÉ, ã), ïé ïðïßåò åíåñãï-
ðïéïýíôáé áðü ôç äéáêõëãëõêåñüëç Þ ôï áóâÝ-
óôéï, (2) ôéò êáéíïöáíåßò PKCs (ä, å, ç, è, ì),
ïé ïðïßåò åíåñãïðïéïýíôáé áðü ôç äéáêõëãëõ-
êåñüëç, áëëÜ ü÷é áðü ôï áóâÝóôéï êáé (3) ôéò
Üôõðåò PKCs (æ, é), ïé ïðïßåò äåí áíôáðïêñß-
íïíôáé ïýôå óôç äéáêõëãëõêåñüëç ïýôå óôï
áóâÝóôéï. ÊÜèå ìéá áðü áõôÝò ôéò éóïìïñöÝò
ðåñéÝ÷åé ìéá áìéíïôåëéêÞ ñõèìéóôéêÞ ðåñéï÷Þ
(regulatory, REG) êáé ìéá êáñâïîõôåëéêÞ êá-
ôáëõôéêÞ ðåñéï÷Þ ìå äñáóôéêüôçôá êéíÜóçò
(catalytic, CAT)13. Ïé ñõìéóôéêÝò ðåñéï÷Ýò üëùí
ôùí PKC éóïìïñöþí ðåñéÝ÷ïõí ìéá ðåñéï÷Þ
øåõäïûðïóôñþìáôïò, ìéá áõôï-áíáóôáëôéêÞ
ðåñéï÷Þ ìå áëëçëïõ÷ßåò ðáñüìïéåò ìå ôá õðï-
óôñþìáôá ôùí PKC éóïìïñöþí, ðïõ äéáôçñåß
ôï Ýíæõìï óå áäñáíÞ êáôÜóôáóç, ðñïöáíþò
áëëçëåðéäñþíôáò ìå ôçí ðåñéï÷Þ ðñüóäåóçò
ãéá ôá õðïóôñþìáôá óôçí êáôáëõôéêÞ ðåñéï-
÷Þ11,12,14. Ïé åíåñãïðïéçôÝò ôçò PKC, üðùò ç
äéáêõëãëõêåñüëç, ïé åóôÝñåò ôçò öïñâüëçò êáé
ôá éüíôá áóâåóôßïõ, èåùñïýíôáé üôé áðáëëÜó-
óïõí ôï ìüñéï áðü ôçí ðáñáðÜíù åíäïìïñéá-
êÞ êáôáóôïëÞ, ïäçãþíôáò ôï óå ìéá áëëáãÞ
ôçò ÷ùñïäéÜôáîÞò ôïõ, ðïõ ðñïêáëåß ôçí áðå-
ëåõèÝñùóç ôçò ðåñéï÷Þò ðñüóäåóçò ãéá ôá
õðïóôñþìáôá áðü ôçí ðåñéï÷Þ ôïõ øåõäïûðï-
óôñþìáôïò. ¸÷åé áðïäåé÷èåß üôé óõíèåôéêÜ
ïëéãïðåðôßäéá ðïõ ðåñéÝ÷ïõí áëëçëïõ÷ßåò
ðáñüìïéåò ìå ôçí ðåñéï÷Þ ôïõ øåõäïûðïóôñþ-
ìáôïò, áíáóôÝëëïõí ôçí PKC in vivo êáé in
vitro15,16 (Åéê. 1).

Ç áíáêÜëõøç üôé ï ïîéêüò åóôÝñáò ôçò
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Åéêüíá 1. PKC: ÄïìÞ êáé ëåéôïõñãéêÝò éäéüôçôåò. Á) ÄïìÞ ôïõ ìïñßïõ ôçò PKC. Â) ÁëëçëåîÜñ-
ôçóç ìå ôá éüíôá Ca êáé ôá öùóöïúíïóéôßäéá. Ã) Óõíôáêôéêïß ôýðïé áíáóôïëÝùí ôçò PKC.

öõóéïëïãéêü éóôü ìáæéêïý áäÝíá, êáèþò êáé
üôé ðñùôïãåíåßò üãêïé ìáóôïý åêöñÜæïõí áõ-
îçìÝíá åðßðåäá ôùí PKC ðñùôåúíþí20. Áñêå-
ôÝò êáñêéíéêÝò óåéñÝò áðü áíèñþðéíá êýôôáñá
ìáóôïý áñíçôéêÝò ùò ðñïò ôïí ïéóôñïãïíéêü
õðïäï÷Ýá åêöñÜæïõí óçìáíôéêÜ áõîçìÝíá åðß-
ðåäá ôçò PKC óå óýãêñéóç ìå ôéò èåôéêÝò ùò
ðñïò ôïí ïéóôñïãïíéêü õðïäï÷Ýá êõôôáñéêÝò
êáñêéíéêÝò óåéñÝò ìáóôïý. Åðßóçò, åßíáé ãíù-
óôü üôé ï ðñþôïò êõôôáñéêüò ôýðïò óõíäÝåôáé
ìå êáêÞ ðñüãíùóç óå óýãêñéóç ìå ôï äåýôå-
ñï êõôôáñéêü ôýðï21. ¸÷åé âñåèåß üôé ôïõëÜ÷é-
óôïí óå äýï êõôôáñéêÝò óåéñÝò ç PKCä åìöá-
íßæåôáé üôé ðáßæåé ïõóéþäç ñüëï óôç ñýèìéóç
ôçò áýîçóçò ôùí èåôéêþí ùò ðñïò ôïí ïéóôñï-
ãïíéêü õðïäï÷Ýá êõôôÜñùí áðü êáñêßíï ìá-
óôïý22. ÅðéðëÝïí, ðñïêáôáñêôéêÜ äåäïìÝíá
õðïäåéêíýïõí üôé ç õðåñÝêöñáóç ôçò PKCá
ðéèáíüí óõíäÝåôáé ìå ôçí áíôßóôáóç ðñïò ôçí
ôáìïîéöÝíç23. Ïé ìåëÝôåò áõôÝò õðïäåéêíýïõí
üôé ôá ìÝëç ôçò PKC ïéêïãÝíåéáò ðáñïõóéÜ-

ìõñéóôïûë-öïñâüëçò (phorbol myristoyl ace-
tate- PMA) åðÜãåé ôï ó÷çìáôéóìü üãêùí êáé
ðñïêáëåß ìéá ðáñáôåôáìÝíç åíåñãïðïßçóç ôçò
PKC, áðïôÝëåóå Ýíá ãåãïíüò-êëåéäß óôçí Ýñåõ-
íá ôïõ êáñêßíïõ óõíäÝïíôáò ôç äéåñãáóßá
ìåôáãùãÞò óÞìáôïò ìå ôçí êáñêéíïãÝíåóç17,18.
Ìå åîáßñåóç ôéò éóïìïñöÝò ôçò PKC æ, é êáé
ë, ïé õðüëïéðåò åíåñãïðïéïýíôáé áðü ôï PMA.
Ìå ôçí åíåñãïðïßçóÞ ôçò, ç PKC áðïôåëåß
ôïí êýñéï óõììÝôï÷ï óå ìéá óåéñÜ êõôôáñéêþí
ëåéôïõñãéþí ðïõ ðåñéëáìâÜíïõí ôçí áíáóôï-
ëÞ ôçò áýîçóçò, ôç äéáöïñïðïßçóç êáé ôç ãï-
íéäéáêÞ Ýêöñáóç. Ïé PKC éóïìïñöÝò åêöñÜ-
æïíôáé äéáöïñéêÜ óå ðïéêéëßá éóôþí êáé äéáìå-
ñéóìáôïðïéïýíôáé åíôüò ôïõ êõôôáñïðëÜóìá-
ôïò19.

Ç PKC åìðëÝêåôáé óôçí ðáèïãÝíåóç ôïõ
êáñêßíïõ ôïõ ìáóôïý12,14. ¸ôóé äéÜöïñåò ìåëÝ-
ôåò Ý÷ïõí áðïäåßîåé üôé ç óõíïëéêÞ äñáóôç-
ñéüôçôá ôçò PKC áõîÜíåé óå ìéá óåéñÜ áíèñþ-
ðéíùí êáñêßíùí ôïõ ìáóôïý óå óýãêñéóç ìå
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æïõí ôç äõíáôüôçôá íá áðïôåëÝóïõí óôü÷ï ãéá
ôç èåñáðåßá ôïõ êáñêßíïõ ôïõ ìáóôïý.

ÐÑÙÔÅÚÍÉÊÇ ÊÉÍÁÓÇ
ÊÁÉ ÌÅÔÁÓÔÁÓÇ

ÌåñéêÜ ðïëý åðéèåôéêÜ íåïðëáóìáôéêÜ êýô-
ôáñá ìáóôïý ðåñéÝ÷ïõí ðïëý ìåãÜëç ðïóüôç-
ôá ôçò PKC21. Ç áõîçìÝíç äñáóôçñéüôçôá ôçò
PKC óõíäÝåôáé ìå ôïí ðåñéóóüôåñï åðéèåôéêü,
áñíçôéêü - ãéá ôïí õðïäï÷Ýá ôùí ïéóôñïãüíùí
– öáéíüôõðï24,25. Áíôßèåôá, ç ìåéïññýèìéóç ôçò
äñáóôçñéüôçôáò ôçò PKC Ý÷åé äåé÷èåß üôé áíá-
óôÝëëåé ôçí áýîçóç ôïõ ðëçèõóìïý ôùí íåï-
ðëáóìáôéêþí êõôôÜñùí êáèþò êáé ôçí ðñüïäï
ôïõ êõôôáñéêïý êýêëïõ. Áðü ìåëÝôåò ðïõ Ýãé-
íáí óå ìéá ìç ìåôáóôáôéêÞ êõôôáñéêÞ óåéñÜ
áðü êáñêéíéêÜ êýôôáñá ìáóôïý, ôçí MCF-7,
êáôáäåéêíýåôáé üôé ç Ýíèåóç ðïëëáðëþí áíôé-
ãñÜöùí ôïõ ãïíéäßïõ ãéá ôçí PKCá óôá ðá-
ñáðÜíù êýôôáñá, Üëëáîå äñáìáôéêÜ ôï öáéíü-
ôõðü ôïõò, áõîÜíïíôáò ôç ìåôáóôáôéêÞ ôïõò
êáé ïãêïãåíåôéêÞ ôïõò éêáíüôçôá ìåôÜ ôçí Ýã-
÷õóÞ ôïõò óå óôåëÝ÷ç ãõìíþí ðïíôéêþí9. Èåù-
ñåßôáé üôé ç áõîçìÝíç Ýêöñáóç ôçò PKC-á óôç
MCF-7 êáñêéíéêÞ óåéñÜ ðñïêáëåß áëëáãÞ ôçò
Ýêöñáóçò ôùí éíôåãêñéíþí óôá äéáìïëõóìÝíá
áõôÜ êýôôáñá. Ùóôüóï, ïé ìç÷áíéóìïß ðïõ
ðñïêáëïýí ôçí áëëáãÞ ôïõ öáéíüôõðïõ ôùí
MCF-7 êõôôÜñùí êáé ïöåßëïíôáé óôçí õðåñÝê-
öñáóç ôçò PKC-á äåí Ý÷ïõí ðëÞñùò äéåõêñé-
íéóèåß. Åßíáé üìùò ðñïöáíÝò áðü ôç ìåëÝôç
ôçò âéâëéïãñáößáò üôé ç Ýêöñáóç ôùí éíôå-
ãêñéíþí áëëÜæåé, êáèþò ôá MCF-7-PKC-á êýô-
ôáñá áíáðôýóóïíôáé in vitro áíåîÜñôçôá ùò
ðñïò ôçí ðñïóêüëëçóÞ ôïõò óôçí åðéöÜíåéá
ôùí êáëëéåñãçôéêþí äï÷åßùí êáé åßíáé éêáíÜ
íá áíáðôõ÷èïýí óå åíáéþñçìá. Áíôßèåôá, ôá
êýôôáñá ìÜñôõñåò MCF-7V (Ýíáò õðïêëþíïò
ôùí MCF-7 êõôôÜñùí ðïõ äåí åêöñÜæïõí PKC-
á äñáóôçñéüôçôá) áíáðôýóóïíôáé ìüíï ìÝóù
ôçò ðñïóêüëëçóÞò ôïõò óôçí åðéöÜíåéá ôùí
êáëëéåñãçôéêþí äï÷åßùí19. Ìå ôç âïÞèåéá ôïõ
óõóôÞìáôïò äéáëïãÞò êõôôÜñùí åíåñãïðïéïý-
ìåíï áðü öèïñéóìü Ý÷åé äåé÷èåß üôé ôá MCF-
7V êýôôáñá åêöñÜæïõí ôéò á3 êáé á6 õðïìï-
íÜäåò ôùí éíôåãêñéíþí, áëëÜ áõôÝò áðïõóéÜ-
æïõí áðü ôá MCF-7-PKC-á êýôôáñá. Åöüóïí
ôá êýôôáñá áõôÜ åêöñÜæïõí ôç â1 õðïìïíÜäá
ôùí éíôåãêñéíþí, óõìðåñáßíåôáé üôé åêöñÜæï-
íôáé êõñßùò ïé á3â1 êáé á6â1 éíôåãêñßíåò.

ÄÏÌÇ ÔÙÍ ÉÍÔÅÃÊÑÉÍÙÍ
ÊÁÉ ÐÑÏÓÄÅÓÇ ÓÅ ÓÕÍÄÅÔÅÓ

Ç õðåñïéêïãÝíåéá ôùí éíôåãêñéíþí áðïôå-
ëåßôáé áðü 18á êáé 8â Ýùò óÞìåñá ãíùóôÝò
õðïìïíÜäåò ðïõ ó÷çìáôßæïõí 24 åôåñïäéìåñÞ
(Åéê. 2) ãéá ôï ó÷çìáôéóìü ìéáò ìåãÜëçò ðïé-
êéëßáò éíôåãêñéíþí ðïõ ëåéôïõñãïýí ùò õðï-
äï÷åßò ãéá äéÜöïñïõò êõôôáñéêïýò óõíäÝôåò
êáé ðñùôåÀíåò ôçò ÅÈÏ. Ïé éíôåãêñßíåò åßíáé
åîáñôþìåíåò áðü ôçí ðáñïõóßá êáôéüíôùí êáé
áðïôåëïýíôáé áðü ìéá ìåãÜëç áìéíï-ôåëéêÞ ðå-
ñéï÷Þ (100 êáôÜëïéðá ãéá ôéò á õðïìïíÜäåò
êáé ðåñßðïõ 700 êáôÜëïéðá ãéá ôéò â õðïìï-
íÜäåò), ìéá äéáìåìâñáíéêÞ ðåñéï÷Þ êáé ìéá
âñá÷åßá êõôôáñïðëáóìáôéêÞ êáñâïîõëéêÞ ðå-
ñéï÷Þ. Ïé éíôåãêñßíåò áëëçëåðéäñïýí ìå ìéá
ðïéêéëßá óõíäåôþí ðïõ ðåñéëáìâÜíïõí ðñù-
ôåÀíåò ôçò ÅÈÏ êáé ìüñéá ôçò êõôôáñéêÞò åðé-
öÜíåéáò26,27. ÐïëëÝò áðü ôéò éíôåãêñßíåò ðïõ
ëåéôïõñãïýí ùò õðïäï÷åßò áíáãíùñßæïõí ôï
ôñéðåðôßäéï áñãéíßíç-ãëõêßíç-áóðáñáãéíéêü ïîý
(RGD), ôï ïðïßï áðïôåëåß ìéá êïéíÞ áëëçëïõ-
÷ßá óå óõóôáôéêÜ ôçò ÅÈÏ. Ç åíäïêõôôÜñéá
ðåñéï÷Þ ôùí éíôåãêñéíþí óõíäÝåôáé Üìåóá Þ
Ýììåóá ìå ôïí êõôôáñïóêåëåôü ôçò áêôßíçò,
óõó÷åôßæïíôáò Ýôóé ôïí êõôôáñïóêåëåôü ìå ôçí
ÅÈÏ. Ïé óçìáôïäïôéêÝò ïäïß ìå ôç äéáìåóï-
ëÜâçóç ôùí éíôåãêñéíþí ðñïÜãïõí ôçí êõôôá-
ñéêÞ ìåôáíÜóôåõóç ðñïêáëþíôáò áëëáãÝò óôçí
êõôôáñïóêåëåôéêÞ ïñãÜíùóç êáé áõîÜíïíôáò
ôçí êõôôáñéêÞ óõóôáëôüôçôá (Åéê. 3). Ç åíåñ-
ãïðïßçóç ôçò êéíÜóçò åóôéáêÞò ðñïóêüëëç-
óçò (Focal Adhesion Kinase - FAK) ðáßæåé

Åéêüíá 2. Óõíäõáóìïß ôùí õðïìïíÜäùí ôùí
éíôåãêñéíþí.
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(pleckstrin homology domain) ôçò Erk êáé ôçí
åðáêüëïõèç åíåñãïðïßçóç êáé öùóöïñõëßùóç
ôçò Erk. Ç Erk ðáßæåé óçìáíôéêü ñüëï óôçí
êõôôáñéêÞ ìåôáíÜóôåõóç, åöüóïí ïé áëëáãÝò
óôçí ÝêöñáóÞ ôçò ó÷åôßæïíôáé Üìåóá ìå áëëá-
ãÝò ùò ðñïò ôç ìåôáíáóôåõôéêüôçôá ôùí êõôôÜ-
ñùí. Åðßóçò ç óôï÷åõìÝíç ìÝóù ôçò éíôåãêñß-
íçò åíåñãïðïßçóç ôçò Årk óõíåéóöÝñåé óôçí
êõôôáñéêÞ ìåôáíÜóôåõóç äéáìÝóïõ ôçò öùóöï-
ñõëßùóçò ôçò êéíÜóçò ôçò åëáöñéÜò áëõóßäáò
ôçò ìõïóßíçò (Ìyosin Light Chain Kinase -
MLCK), ãåãïíüò ðïõ ïäçãåß óôçí êõôôáñéêÞ
óõóôáëôüôçôá29.

ÉÍÔÅÃÊÑÉÍÅÓ ÊÁÉ ÁÐÏÐÔÙÓÇ

Ç áðüðôùóç Þ ï ðñïãñáììáôéóìÝíïò êõô-
ôáñéêüò èÜíáôïò ñõèìßæåé ôç äéÜñêåéá æùÞò
ôùí öõóéïëïãéêþí êõôôÜñùí êáé åîáëåßöåé ôá
êýôôáñá ìåôÜ ôçí åðßäñáóç ïñéóìÝíùí ôïîé-
êþí ðñïóâïëþí Þ ìåôÜ ôçí áðïêüëëçóÞ ôïõò
áðü ôçí ÅÈÏ, üðùò óõ÷íÜ óõìâáßíåé óôá åðé-
èÞëéá. Ï ôåëåõôáßïò áõôüò ôýðïò ôçò áðüðôù-
óçò åßíáé ãíùóôüò óôç äéåèíÞ âéâëéïãñáößá
ùò “anoikis”. Ç åëÜôôùóç ôïõ ñõèìïý ôçò áðü-

Åéêüíá 3. Êýñéåò óçìáôïäïôéêÝò ïäïß óõíäåüìåíåò ìå ôéò éíôåãêñßíåò ðïõ åðçñåÜæïõí ôçí
êõôôáñéêÞ ìåôáíÜóôåõóç. Ç óçìáôïäüôçóç ìÝóù éíôåãêñéíþí åíåñãïðïéåß ôéò Rho GTPÜóåò,
åðÜãïíôáò Ýôóé áëëáãÝò óôçí ïñãÜíùóç ôïõ êõôôáñïóêåëåôïý ïé ïðïßåò åßíáé áðáñáßôçôåò ãéá
ôçí êõôôáñéêÞ ìåôáíÜóôåõóç. Ç ðñüóäåóç óõíäÝôç óôéò éíôåãêñßíåò ðñïÜãåé åðßóçò ôçí êõôôáñé-
êÞ óõóôáëôüôçôá äéáìÝóïõ ôçò åíåñãïðïßçóçò ôçò Erk êéíÜóçò ôçò ôõñïóßíçò.

ðñùôåýïíôá ñüëï óôéò äéÜöïñåò óçìáôïäïôé-
êÝò ïäïýò ôùí éíôåãêñéíþí, ðïõ åðçñåÜæïõí
ôçí êõôôáñéêÞ ìåôáíÜóôåõóç. Ç FAK åßíáé ìéá
êéíÜóç ôçò ôõñïóßíçò ìç õðïäï÷Ýáò ðïõ Ýì-
ìåóá êáé ßóùò êáé Üìåóá óõíäÝåôáé ìå ôéò
éíôåãêñßíåò óôéò ðåñéï÷Ýò åóôéáêÞò åðáöÞò. Ç
ðñüóäåóç ôïõ óõíäÝôç óôéò éíôåãêñßíåò ïäç-
ãåß óôç öùóöïñõëßùóç ôçò FAK óå åðôÜ ôïõ-
ëÜ÷éóôïí äéáöïñåôéêÝò èÝóåéò ôõñïóßíçò in vivo,
åðéôñÝðïíôáò Ýôóé ôçí áëëçëåðßäñáóç ôçò FAK
ìå ôçí ïãêïðñùôåÀíç Src, ôçí ðñùôåÀíç Grb2
êáé ôçí êéíÜóç ôçò 3-öùóöáôéäõë-éíïóéôüëçò
(PI3-K). Ç FAK åðßóçò ðñïÜãåé ôç öùóöïñõ-
ëßùóç ôùí óõíäåäåìÝíùí ìå áõôÞí ðñùôåúíþí,
üðùò åßíáé ç Cas êáé ç ðáîéëßíç. Ðñüóöáôá ï
Chen et al28 âñÞêå üôé ç êõôôáñïðëáóìáôéêÞ
êéíÜóç Erk, ç ïðïßá åêöñÜæåôáé óå ìåãÜëï
âáèìü óå ìåôáíáóôåõôéêÜ êýôôáñá óõìðåñé-
ëáìâáíïìÝíùí ôùí åíäïèçëéáêþí êõôôÜñùí êáé
ôùí ìåôáóôáôéêþí êõôôáñéêþí óåéñþí, åíåñãï-
ðïéåßôáé ìÝóù ôçò óçìáôïäïôéêÞò ïäïý ôùí
éíôåãêñéíþí. Ç åíåñãïðïßçóç êáé áõôïöùóöï-
ñõëßùóç ôçò FAK, ìå ôç äéáìåóïëÜâçóç ôùí
éíôåãêñéíþí, ïäçãåß óôçí áëëçëåðßäñáóç ôçò
FAK ìå ôçí ðåñéï÷Þ ïìïëïãßáò ðëåîôñßíçò
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áñíçôéêü åðéêñáôÞ õðïäï÷Ýá, ïäçãåß óå áõîç-
ìÝíï êõôôáñéêü èÜíáôï êáé óå åëáôôùìÝíç öù-
óöïñõëßùóç ôçò Akt êáé ôùí õðïóôñùìÜôùí
ôçò Akt, üðùò o Bad êáé ï forkhead ìåôáãñá-
öéêüò ðáñÜãïíôáò FKHR. Ç öùóöïñõëßùóç
ôçò FAK åßíáé öõóéïëïãéêÞ óå áõôÝò ôéò ðåñé-
ðôþóåéò30 êáôáäåéêíýïíôáò üôé ç äéáìÝóïõ ôçò
éíôåãêñßíçò åíåñãïðïßçóç ôçò PI3-K óå áõôüí
ôïí éóôü åßíáé áíåîÜñôçôç ôçò FAK, áí êáé
ðéèáíüí íá åðçñåÜæåôáé áðü ôç óçìáôïäüôçóç
ôùí áõîçôéêþí ðáñáãüíôùí. Ôï ôåëåõôáßï Ý÷åé
ðåñéãñáöåß óå êáëëéÝñãåéåò êõôôÜñùí áðü
ìáæéêü áäÝíá. ÕðÜñ÷ïõí êÜðïéåò åñãáóßåò ðïõ
õðïäçëþíïõí üôé ç êéíÜóç óåñßíçò/èñåïíßíçò
ILK åíåñãïðïéåßôáé ìåôÜ ôçí ðñüóäåóÞ ôçò
óôçí éíôåãêñßíç, üðïõ êáôüðéí ç ILK óõíäÝå-
ôáé Üìåóá êáé öùóöïñõëéþíåé ôçí Akt31. Ùóôü-
óï, ç áíôéáðïðôùôéêÝò ëåéôïõñãßåò ôùí éíôå-
ãêñéíþí åîáñôþíôáé êáé áðü Üëëåò óçìáôïäï-
ôéêÝò ïäïýò. Ç óçìáôïäüôçóç ôùí éíôåãêñéíþí
áõîÜíåé ôç äñÜóç ôùí áõîçôéêþí ðáñáãüíôùí
ùò ðñïò ôçí êõôôáñéêÞ åðéâßùóç äéåõêïëýíï-
íôáò êáèïäéêÝò óçìáôïäïôéêÝò äéåñãáóßåò, üðùò
Ý÷åé áðïäåé÷èåß ãéá ôçí éíôåãêñßíç á6â1 óôá
ïëéãïäåíäñïêýôôáñá êáé ãéá ôçí á5â1 óôá åíôå-
ñéêÜ åðéèçëéáêÜ êýôôáñá êáèþò êáé óôá åðé-
èçëéáêÜ êýôôáñá ìáæéêïý áäÝíá32. Áðü ôçí
Üëëç ðëåõñÜ, ç óçìáôïäüôçóç ìÝóù ôïõ c-
erbB2 áõîçôéêïý ðáñÜãïíôá óôá åðéèçëéáêÜ
êýôôáñá ìáæéêïý áäÝíá åëáôôþíåé ôç óõããÝ-
íåéá ôçò á2â1 éíôåãêñßíçò, ðñïêáëåß ôçí åëÜô-
ôùóç ôçò êõôôáñéêÞò åðéâßùóçò ðïõ ïöåßëåôáé
óôçí éíôåãêñßíç êáé êáôáëÞãåé óôçí áðüðôùóç
ôùí êõôôÜñùí, üôáí áõôÜ áíáðôýóóïíôáé in
vitro óå õðüóôñùìá êïëëáãüíïõ33.

ÌÅÔÁÍÁÓÔÅÕÓÇ
ÔÙÍ ÍÅÏÐËÁÓÌÁÔÉÊÙÍ ÊÕÔÔÁÑÙÍ
ÁÐÏ ÔÏ ÊÕÊËÏÖÏÑÉÊÏ ÓÕÓÔÇÌÁ

Ôá íåïðëáóìáôéêÜ êýôôáñá ðïõ áðïêïëëþ-
íôáé áðü ôïí ðñùôïðáèÞ üãêï åéóÝñ÷ïíôáé óôï
áããåéáêü óýóôçìá äéáìÝóïõ ôçò äéá-åíäïèç-
ëéáêÞò ìåôáíÜóôåõóçò. Áõôü åðéôõã÷Üíåôáé
ìÝóù ôçò óôåíÞò ðñïóêüëëçóçò ôùí êáñêéíé-
êþí êõôôÜñùí óôï åíäïèÞëéï ôùí áããåßùí, ìéá
äéáäéêáóßá óôçí ïðïßá ðñùôáñ÷éêü ñüëï ðáß-
æïõí ïé éíôåãêñßíåò. Ïé éóïìïñöÝò ôùí éíôå-
ãêñéíþí ðïõ ÷ñçóéìïðïéïýíôáé äéáöÝñïõí óå
êÜèå íåïðëáóìáôéêü êõôôáñéêü ôýðï, áëëÜ êáé
äéáöïñåôéêïß üãêïé óõ÷íÜ ìðïñåß íá åêöñÜ-
æïõí ôéò ßäéåò éóïìïñöÝò. Ïé éíôåãêñßíåò á6â1
êáé ávâ3 åêöñÜæïíôáé êõñßùò óå åðéèåôéêÜ

ðôùóçò óõíåéóöÝñåé óôçí ïãêïãÝíåóç åîáéôßáò
ôïõ ãåãïíüôïò üôé ôá íåïðëáóìáôéêÜ êýôôáñá
“äñáðåôåýïõí” áðü ôç öõóéïëïãéêÞ áðïìÜêñõí-
óÞ ôïõò. Ç óçìáôïäüôçóç ôùí éíôåãêñéíþí ôñï-
ðïðïéåß ôçí áðïðôùôéêÞ åðáãùãÞ, ðñïêáëþ-
íôáò óôéò ðåñéóóüôåñåò ðåñéðôþóåéò áýîçóç
ôçò êõôôáñéêÞò åðéâßùóçò, áëëÜ ìåñéêÝò öï-
ñÝò êáé óôçí åëÜôôùóÞ ôçò. Ïé éíôåãêñßíåò
åðÜãïõí ôçí åðéâßùóç ìÝóù ôçò åíåñãïðïßç-
óçò ôçò PI3-K, ôçò Erk, ôçò óõíäåäåìÝíçò ìå
ôçí éíôåãêñßíç êéíÜóçò (Integrin –Linked Ki-
nase - ILK) êáé ôçò êéíÜóçò óõíäåäåìÝíçò óôï
áìéíïôåëéêü Üêñï ôçò Jun (Jun NH2-terminal
kinase - JNK) (Åéê. 4). Ç åíåñãïðïßçóç ôçò
PI3-Ê ìå ôç äéáìåóïëÜâçóç ôùí éíôåãêñéíþí
ðõñïäïôåß áñêåôïýò áíôéáðïðôùôéêïýò ìç÷á-
íéóìïýò. Ç åíåñãïðïéçìÝíç PI3-K ðáñÜãåé
PI(3,4,5)P3 êáé PI(3,4)P2, ïé ïðïßåò åðÜãïõí
ôçí åðáíáôïðïèÝôçóç ôçò Ákt óôçí êõôôáñéêÞ
ìåìâñÜíç êáé óôç öùóöïñõëßùóÞ ôçò. Ç áíá-
óôïëÞ ôçò ëåéôïõñãßáò ôçò â1 éíôåãêñßíçò óôï
ìáæéêü áäÝíá in vivo, ÷ñçóéìïðïéþíôáò Ýíá

Åéêüíá 4. ¸ëåã÷ïò ôçò êõôôáñéêÞò åðéâßùóçò
áðü ôéò éíôåãêñßíåò. Ç åíåñãïðïßçóç ôçò êé-
íÜóçò Akt äéáìÝóïõ ôçò PI3 êéíÜóçò Þ ôçò
óõíäåäåìÝíçò ìå ôçí éíôåãêñßíç êéíÜóçò (ILK),
ðõñïäïôåß áñêåôïýò áíôéáðïðôùôéêïýò ìç÷á-
íéóìïýò ðïõ Ý÷ïõí ó÷Ýóç ìå ôçí êõôôáñéêÞ
ðñïóêüëëçóç ìÝóù ôùí éíôåãêñéíþí. Ðáñï-
ìïßùò, ç åíåñãïðïßçóç ôçò Erk êáé JNK óõ-
íåéóöÝñåé óôçí êõôôáñéêÞ åðéâßùóç.
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Åéêüíá 5. ÌåôÜóôáóç ìÝóù ôïõ êõêëïöïñé-
êïý óõóôÞìáôïò. Ôá êáñêéíéêÜ êýôôáñá ðïõ
Ý÷ïõí ðåñÜóåé óôçí êõêëïöïñßá, óõíäÝïíôáé
ìÝóù åéäéêþí óõíäåôþí óôá åíäïèçëéáêÜ êýô-
ôáñá äéáìÝóïõ ôùí ávâ3 êáé á6â1 éíôåãêñé-
íþí ôïõò. Ìå ôïí ôñüðï áõôü äéåõêïëýíåôáé ç
äéÝëåõóç ôùí êáñêéíéêþí êõôôÜñùí äéáìÝóïõ
ôïõ åíäïèçëßïõ êáé ç ðñüóäåóÞ ôïõò óå ðñù-
ôåÀíåò ôçò ÅÈÏ. Ç éíôåãêñßíç á6â1 ðñïóêïë-
ëÜôáé óôç ëáìéíßíç ôçò ÅÈÏ êáé ç éíôåãêñßíç
ávâ3 ðñïóêïëëÜôáé óôç âéôñïíåêôßíç ôçò ÅÈÏ
ôùí ëåìöáäÝíùí êáé óôçí ïóôåïðïíôßíç ôçò
ÅÈÏ ôùí ïóôþí.

êáñêéíéêÜ êýôôáñá êáé åßíáé áõôÝò ïé éíôå-
ãêñßíåò ðïõ ðéèáíüí óõììåôÝ÷ïõí óôçí áñ÷é-
êÞ ðñüóäåóç ôùí íåïðëáóìáôéêþí êõôôÜñùí
óå óõíäÝôåò ðïõ åêöñÜæïíôáé óôá åíäïèçëéá-
êÜ êýôôáñá ôùí áããåßùí (Åéê. 5). Óýìöùíá ìå
ôïõò Liapis et al34 áõîÜíåôáé ç Ýêöñáóç ôçò
ávâ3 éíôåãêñßíçò óå ìåôáóôáôéêïýò üãêïõò êáé
óå ìåôáóôÜóåéò óå áðïìáêñõóìÝíåò èÝóåéò.
Ùóôüóï, äåí Ý÷åé ðëÞñùò áðïóáöçíéóèåß ï ìç-
÷áíéóìüò ìå ôïí ïðïßï ç ávâ3 éíôåãêñßíç óõì-
ìåôÝ÷åé óôçí åîÜðëùóç ôùí êáñêéíéêþí êõôôÜ-
ñùí ôïõ ìáóôïý. Óýìöùíá ìå ôïõò Felding-
Habermann et al35 ç áëëçëåðßäñáóç ôùí êõ-
êëïöïñïýíôùí íåïðëáóìáôéêþí êõôôÜñùí ìå
ôá áéìïðåôÜëéá, áíôéðñïóùðåýåé Ýíá ðéèáíü
ìç÷áíéóìü ãéá ôçí ðáãßäåõóç ôùí íåïðëá-
óìáôéêþí êõôôÜñùí åíôüò ôùí áããåßùí êáé ôçí
ðñïóêüëëçóÞ ôïõò óôá åíäïèçëéáêÜ êýôôáñá.
Ç áíÜðôõîç ôùí ìåôáóôÜóåùí óå ìåñéêÜ üñ-
ãáíá êáèïñßæåôáé áðü ôçí åîåéäéêåõìÝíç áë-
ëçëåðßäñáóç éíôåãêñßíçò-óõíäÝôç. Áõôü åîç-
ãåß ôï ãåãïíüò üôé äçìéïõñãïýíôáé åéäéêÜ ìå-
ôáóôÜóåéò óå ïñéóìÝíá üñãáíá, êáèþò äåí åê-
öñÜæïíôáé áðü üëá ôá üñãáíá ïé êáôÜëëçëïé
óõíäÝôåò ðïõ èá áëëçëåðéäñÜóïõí ìå ôéò åé-
äéêÝò ãé’ áõôïýò éíôåãêñßíåò ôùí íåïðëáóìáôé-
êþí êõôôÜñùí. Ïé åðé÷þñéïé ëåìöáäÝíåò áðï-

ôåëïýí ôçí áñ÷éêÞ èÝóç ìåôÜóôáóçò ôùí íåï-
ðëáóìáôéêþí êõôôÜñùí ìáóôïý. Ç ðñüóäåóç
óôç âéôñïíåêôßíç ôùí ëåìöáäÝíùí åðéôåëåßôáé
ìå ôç äéáìåóïëÜâçóç ôùí ávâ3 êáé ávâ5 éíôå-
ãêñéíþí-õðïäï÷Ýùí ôùí êáñêéíéêþí êõôôÜ-
ñùí36,37. Ïé ìåëÝôåò óå áíèñþðéíåò êáñêéíéêÝò
êõôôáñéêÝò óåéñÝò ìáóôïý äåß÷íïõí üôé áõôÝò
åêöñÜæïõí ôéò ðñùôåÀíåò ôçò èåìÝëéáò ïõóßáò
ôïõ ïóôßôç éóôïý, üðùò ïóôåïðïíôßíç, ïóôåïíå-
êôßíç êáé ïóôéêÞ óéáëïðñùôåÀíç38,39 êáèþò êáé
üôé ç ïóôåïðïíôßíç áðïôåëåß ôï óõíäÝôç ãéá
ôéò éíôåãêñßíåò ávâ1, ávâ3 êáé ávâ520. Ôá
ðáñáðÜíù êáôáäåéêíýïõí üôé óçìáíôéêü ñüëï
óôç ðáèïãÝíåóç ôçò ìåôÜóôáóçò óôá ïóôÜ ðáß-
æïõí ïé áv éíôåãêñßíåò.

Ï ÑÏËÏÓ ÔÇÓ PKC ÓÔÉÓ ÊÕÔÔÁÑÉÊÅÓ
ÓÅÉÑÅÓ ÁÐÏ ÁÄÅÍÏÊÁÑÊÉÍÙÌÁ
ÌÁÓÔÏÕ

Ïé áêñéâåßò ñüëïé ôùí åîåéäéêåõìÝíùí éóï-
ìïñöþí ôçò PKC óôïí Ýëåã÷ï ôçò êõôôáñéêÞò
áýîçóçò, óôç ñýèìéóç ôïõ êõôôáñéêïý êýêëïõ
êáé óôçí áðüðôùóç áíèñþðéíùí êõôôÜñùí áðü
êáñêßíï ôïõ ìáóôïý äåí Ý÷ïõí ðëÞñùò áðï-
óáöçíéóèåß, êõñßùò ãéáôß ôá êýôôáñá áõôÜ
ðåñéÝ÷ïõí ðïëëáðëÝò éóïìïñöÝò ôçò PKC êáé
Ýôóé åßíáé äýóêïëï íá äéáêñßíïõìå ôïõò óõ-
ãêåêñéìÝíïõò ñüëïõò ôùí éóïìïñöþí áõôþí.
Ìå óêïðü ôçí êáôáíüçóç ôïõ ñüëïõ ôùí äéá-
öüñùí éóïìïñöþí, Ý÷ïõí áíáðôõ÷èåß êáñêéíé-
êÝò óåéñÝò áðü üãêïõò ìáóôïý, üðùò ç MCF-
7, óôéò ïðïßåò ÷ñçóéìïðïéÞèçêå ï öïñÝáò Ýê-
öñáóçò ðïõ êùäéêïðïéåß ìüíï ôç ñõèìéóôéêÞ
ðåñéï÷Þ åßôå ôçò PKC-á åßôå ôçò -å Þ ôçò -æ
éóïìïñöÞò. Åöüóïí ç ðñùôåÀíç ðïõ êùäéêï-
ðïéåßôáé áðü ôïí ðáñáðÜíù öïñÝá Ýêöñáóçò
óôåñåßôáé êáôáëõôéêÞò äñáóôçñéüôçôáò, åîáóêåß
áñíçôéêÞ åðéêñáôÞ åðßäñáóç óôçí áíôßóôïé÷ç
åíäïãåíÞ éóïìïñöÞ. Ïé ãïíéäéáêÝò áõôÝò êá-
ôáóêåõÝò (ðïõ ïíïìÜæïíôáé REG) ÷ñçóéìïðïéÞ-
èçêáí ãéá ôçí ðáñáãùãÞ êáé ôï ÷áñáêôçñé-
óìü ðáñáãþãùí ôùí MCF-7 êõôôáñéêþí óåé-
ñþí. Ïé êõôôáñéêÝò áõôÝò óåéñÝò óôáèåñÜ õðå-
ñåêöñÜæïõí ôçí áñíçôéêÜ åðéêñáôÞ ìåôáëëáã-
ìÝíç ìïñöÞ ôùí PKC -á, -å Þ -æ éóïìïñöþí.
¸÷åé âñåèåß üôé ç MCF-7/PKC-á-REG êõôôá-
ñéêÞ óåéñÜ ðáñïõóßáóå Ýíôïíç åëÜôôùóç ôùí
åðéðÝäùí ôùí ðñùôåúíþí p21CIPI êáé bcl-2 (Åéê.
6)13. Ôá áðïôåëÝóìáôá ôùí ìåëåôþí áõôþí êá-
ôáäåéêíýïõí üôé ç PKC-á óôá MCF-7 êýôôáñá
ðáßæåé ïõóéþäç ñüëï óôç ñýèìéóç ôïõ åëÝã-
÷ïõ ôïõ êõôôáñéêïý êýêëïõ êáé ôçò áðüðôù-
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Ýêöñáóçò ôçò PKC-á ïäÞãçóå ôá êýôôáñá áõôÜ
óå áýîçóç áíåîÜñôçôç áðü ôçí ðñïóêüëëçóÞ
ôïõò óå õðüóôñùìá ÅÈÏ, áëëÜ ðáñïõóßáóáí
åðáãùãÞ ôçò áðüðôùóçò ìåôÜ ôçí ðáñáôåôá-
ìÝíç ÝêèåóÞ ôïõò óå åóôÝñåò ôçò öïñâüëçò.
¸÷åé ðñïôáèåß üôé ïé áëëáãÝò ôçò Ýêöñáóçò
ôùí PKC éóïìïñöþí õðü ôçí åðßäñáóç ôùí
åóôÝñùí ôçò öïñâüëçò ðéèáíüí íá ðñïêáëïýí
ôçí Ýíáñîç ôçò äéåñãáóßáò ôçò áðüðôùóçò43.

Åðéðñüóèåôá, ç õðåñÝêöñáóç ôçò PKC-á
óôçí MCF-7 êáñêéíéêÞ óåéñÜ êõôôÜñùí ìá-
óôïý ðñïêáëåß áõîçìÝíç Ýêöñáóç ôïõ jun
ãïíéäßïõ, ðïõ áðïôåëåß Ýíá ìåôáãñáöéêü ðá-
ñÜãïíôá ðïõ åëÝã÷åé ôçí êõôôáñéêÞ áýîçóç43.
Ç Ýêöñáóç ôïõ ðáñáðÜíù ãïíéäßïõ ðñïêáëåß
áýîçóç ôïõ ñõèìïý ðïëëáðëáóéáóìïý ôçò
ðáñáðÜíù êõôôáñéêÞò óåéñÜò in vitro. Áíôßèå-
ôá, ôá áíåîÜñôçôá áðü ôá ïéóôñïãüíá MCF-7
êýôôáñá ìå õðåñÝêöñáóç ôçò PKC-á õößóôá-
íôáé áðüðôùóç üôáí åêôßèåíôáé óôï PMA. Ôá
êýôôáñá áõôÜ Ý÷åé âñåèåß üôé óå áðÜíôçóç ùò
ðñïò ôo PMA åêöñÜæïõí åðßóçò ôï ãïíßäéï
gadd45, ôï ïðïßï áðïôåëåß Ýíá ãïíßäéï äéáêï-
ðÞò ôçò áýîçóçò (growth arrest gene). Áõôü
õðïäçëþíåé üôé ôï gadd45 óõììåôÝ÷åé óå óç-
ìáôïäïôéêÝò áêïëïõèßåò ðïõ ïäçãïýí óôïí
êõôôáñéêü èÜíáôï ôùí MCF-7 êõôôÜñùí44. ¼ëåò
áõôÝò ïé ìåëÝôåò êáôáäåéêíýïõí üôé ïé áëëá-
ãÝò ôçò PKC ïäïý åðçñåÜæïõí óå óçìáíôéêü
âáèìü ôç äéåñãáóßá ôçò áðüðôùóçò ôùí êáñ-
êéíéêþí êõôôÜñùí ôïõ ìáóôïý. ÅðïìÝíùò, ïé
áíáóôïëåßò ôçò PKC-á ðéèáíüí íá áõîÜíïõí
ôç äñáóôéêüôçôá ôùí êõôôáñïôïîéêþí ðáñáãü-
íôùí ãéá ôç èåñáðåßá ôïõ êáñêßíïõ ôïõ ìá-
óôïý.

PKC-ÓÔÏ×ÏÓ ÃÉÁ ÁÍÔÉÊÁÑÊÉÍÉÊÁ
ÖÁÑÌÁÊÁ

Ïé äéÜöïñåò óôñáôçãéêÝò ãéá ôïí Ýëåã÷ï
ôïõ êáñêßíïõ óôï÷åýïõí áñêåôÜ áðü ôá äéá-
äï÷éêÜ âÞìáôá ðïõ ïäçãïýí óôçí áýîçóç ôùí
üãêùí êáé óôç ìåôÜóôáóç. ÄéÜöïñåò áíôé-áã-
ãåéïãåíåôéêÝò ìåëÝôåò âñßóêïíôáé óå åîÝëéîç
÷ñçóéìïðïéþíôáò äéÜöïñåò óõíèåôéêÝò ïõóßåò
üðùò AGM-1470, CAI, PF4 êáé DS-415245-48,
ïé ïðïßåò áíáóôÝëëïõí ôïí áããåéáêü êõôôáñé-
êü ðïëëáðëáóéáóìü, ôçí êõôôáñéêÞ ðñïóêüë-
ëçóç Þ ôçí êéíçôéêüôçôá ôùí êõôôÜñùí. Ç ÷ñÞóç
áíôéóùìÜôùí (ðïõ áíáóôÝëëïõí ôç ëåéôïõñãßá
ôùí õðïäï÷Ýùí) êáèþò êáé ïëéãïíïõêëåïôéäßùí
ìå áëëçëïõ÷ßá áíôßèåôçò öïñÜò (antisense) (ãéá
ôçí áíáóôïëÞ ôçò ãïíéäéáêÞò Ýêöñáóçò) åíá-

Åéêüíá 6. Ðñïôåéíüìåíï ìïíôÝëï ôïõ åîåéäé-
êåõìÝíïõ ñüëïõ ôùí PKC éóïìïñöþí óôá MCF-
7 êýôôáñá. Ç PKC-á áõîÜíåé ôçí Ýêöñáóç
ôùí p21CIPI êáé bcl-2, ðñïóôáôåýïíôáò Ýôóé ôá
MCF-7 êýôôáñá áðü ôçí áðüðôùóç. Ç áýîçóç
ôçò Ýêöñáóçò ôçò ñõèìéóôéêÞò ðåñéï÷Þò ôçò
PKC-á óôá MCF-7CIPI êýôôáñá, áíáóôÝëëåé ôéò
åîáñôþìåíåò áðü ôçí PKC ïäïýò êáé ìåéïñ-
ñõèìßæåé ôéò p21 êáé bcl-2. Áõôü ïäçãåß óå áíþ-
ìáëç åßóïäï óôç öÜóç S ôïõ êõôôáñéêïý êý-
êëïõ êáé åíåñãïðïéåß áðïðôùôéêÝò äéåñãáóßåò.
Ðáñüìïéá, áëëÜ ü÷é ôüóï Ýíôïíç, äñÜóç åìöá-
íßæåé ç PKC-å éóïìïñöÞ, áëëÜ ü÷é ç PKC-æ.

óçò äéáìÝóïõ ôçò áýîçóçò ôçò Ýêöñáóçò ôùí
p21CIPI êáé bcl-2, ðñïóôáôåýïíôáò Ýôóé ôá MCF-
7 êýôôáñá áðü ôçí áðüðôùóç.

Ç áíåîÜñôçôç ôçò ðñïóêüëëçóçò óå óõ-
óôáôéêÜ ôçò ÅÈÏ êõôôáñéêÞ áýîçóç, áðïôåëåß
÷áñáêôçñéóôéêü óôïé÷åßï ôùí åîáëëáãìÝíùí êõô-
ôÜñùí. Óå ìéá ìåëÝôç Ý÷åé áðïäåé÷èåß üôé üôáí
ôá êýôôáñá áðü áíèñþðéío ìåëÜíùìá áíá-
ðôýóóïíôáé in vitro óõíäåüìåíá óå ôñéóäéÜ-
óôáôï õðüóôñùìá êïëëáãüíïõ äéáìÝóïõ ôçò
ávâ3 éíôåãêñßíçò, ôá êýôôáñá áõôÜ äåí õöß-
óôáíôáé áðüðôùóç40. Óå ìåñéêÜ êýôôáñá, ç
áðüðôùóç áíáóôÝëëåôáé ìåôÜ ôçí åíåñãïðïßç-
óç ôçò PKC-á áðü åóôÝñåò ôçò öïñâüëçò, åíþ
óå Üëëá êýôôáñá ç åíåñãïðïßçóç ôçò PKC
ðõñïäïôåß ôïí êõôôáñéêü èÜíáôï41,42. Ç áýîçóç
ôçò Ýêöñáóçò ôçò ávâ3 éíôåãêñßíçò óå MCF-
7-PKC-á ìÝóù åíüò ìç÷áíéóìïý áýîçóçò ôçò
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íôßïí ôùí áõîçôéêþí ðáñáãüíôùí åíäïèçëéá-
êÞò ðñïÝëåõóçò âñßóêåôáé õðü Ýñåõíá47. Ôá
åõñÞìáôá áñêåôþí ìåëåôþí ðïõ äéåíåñãïýíôáé
óôï Guthrie Research Institute äçìéïõñãïýí
ðïëý åíäéáöÝñïõóåò íÝåò äõíáôüôçôåò ãéá ôç
ñýèìéóç ôçò Ýêöñáóçò ôùí éíôåãêñéíþí óå
üãêïõò ìå ôç äéáìåóïëÜâçóç èåñáðåõôéêþí
óôñáôçãéêþí ðïõ Ý÷ïõí ùò óôü÷ï óõãêåêñéìÝ-
íåò éóïìïñöÝò ôçò PKC. H ÷ñÞóç èåñáðåõôé-
êþí ðáñáãüíôùí, üðùò ôçò âñõïóôáôßíçò-1(bry-
ostatin-1) åíáíôßïí ôùí ðñùôåúíéêþí êéíáóþí,
âñßóêåôáé õðü êëéíéêÞ äïêéìáóßá äßíïíôáò
Ýìöáóç óôï æùôéêü ñüëï ôùí ðñùôåúíéêþí êé-
íáóþí ùò ðñïò ôçò åðáãùãéêÞ ôïõò äñÜóç
óôçí ïãêïãÝíåóç. Óå ìåëÝôåò êõôôáñéêþí êáë-
ëéåñãåéþí, ëåéôïõñãéêÜ ç âñõïóôáôßíç-1 öáß-
íåôáé íá åìöáíßæåé ìéá äéöáóéêÞ êõôôáñéêÞ
áðÜíôçóç. ×áìçëÝò äüóåéò ôçò âñõïóôáôßíçò-
1 ðñïêáëïýí ôçí áðüðôùóç ôùí MCF-7-PKC-
á êõôôÜñùí, áëëÜ õøçëÝò äüóåéò áíôéóôñÝöïõí
ôçí áíáóôáëôéêÞ äñÜóç ùò ðñïò ôçí êõôôáñé-
êÞ áýîçóç ôùí åóôÝñùí ôçò öïñâüëçò êáé åðÜ-
ãïõí ôçí êõôôáñéêÞ åðéâßùóç44. Ãéá ôïýôï ç
êáôáíüçóç ôùí ìç÷áíéóìþí ìå ôïõò ïðïßïõò
ôá êáñêéíéêÜ êýôôáñá ìáóôïý ´´äñáðåôåýïõí”
áðü ôïí êõôôáñéêü èÜíáôï, áêüìç êáé õðü ôçí
ðáñïõóßá èåñáðåõôéêþí ðáñáãüíôùí, èá óõì-
âÜëëåé óçìáíôéêÜ óôï ó÷åäéáóìü ôùí íÝùí
áõôþí öáñìÜêùí. Ïé äýï êõôôáñéêÝò óåéñÝò
MCF-7V êáé MCF-7-PKC-á ðñïóöÝñïõí Ýíá
åîáéñåôéêü óýóôçìá - ìïíôÝëï ãéá ôïí ðñïóá-
íáôïëéóìü ôùí ìåëåôþí ðñïò ôçí êáôåýèõíóç
ôïõ ñüëïõ ôùí éíôåãêñéíþí êáé ôçò ñýèìéóÞò
ôïõò áðü ôçí PKC óôïí êáñêßíï ôïõ ìáóôïý.

ÓÕÌÐÅÑÁÓÌÁÔÁ

Ç áñ÷éêÞ ìáò Üðïøç ãéá ôç ñýèìéóç ôçò
äñáóôéêüôçôáò ôçò PKC Ý÷åé ìåôåîåëé÷èåß ôá
ôåëåõôáßá ÷ñüíéá ìå ôçí áíáêÜëõøç íÝùí
ìç÷áíéóìþí ñýèìéóçò ðïõ Ý÷ïõí ó÷Ýóç ìå ôç
öùóöïñõëßùóç ôçò PKC êáé ôçí áëëçëåðß-
äñáóÞ ôçò ìå Üëëåò ñõèìéóôéêÝò ðñùôåÀíåò.
ÅîÜëëïõ, ïé äéÜöïñåò éóïìïñöÝò ôçò PKC
öáßíåôáé üôé ðáßæïõí óçìáíôéêü ñüëï óôá öáé-
íüìåíá ôçò êõôôáñéêÞò ðñïóêüëëçóçò êáé ìå-
ôÜóôáóçò. Áðü ôçí Üëëç ìåñéÜ, õðÜñ÷åé ðëç-
èþñá ðåéñáìáôéêþí áðïôåëåóìÜôùí ðïõ åðé-
êõñþíïõí ôç óðïõäáéüôçôá ôùí éíôåãêñéíþí
óôçí áíÜðôõîç üãêùí êáé óôá öáéíüìåíá ôçò
ìåôÜóôáóçò. ÕðÜñ÷ïõí óáöåßò åíäåßîåéò üôé ïé
éíôåãêñßíåò åíÝ÷ïíôáé óôçí áíôßóôáóç ôùí êáñ-
êéíéêþí êõôôÜñùí Ýíáíôé ôçò áðüðôùóçò ðïõ

ïöåßëåôáé óå ÷çìåéïèåñáðåõôéêÝò ïõóßåò. Ïé
éíôåãêñßíåò áðïôåëïýí åëêõóôéêïýò óôü÷ïõò ãéá
áíôéíåïðëáóìáôéêÜ öÜñìáêá, áëëÜ ç ðïéêéëï-
ìïñößá ôïõò óå äéÜöïñïõò êõôôáñéêïýò ôý-
ðïõò äõó÷åñáßíåé ôç ìåëÝôç ôïõò.

ÌåëëïíôéêÜ, èá ðñÝðåé íá äéåñåõíçèåß ðå-
ñéóóüôåñï ç ó÷Ýóç ìåôáîý PKC êáé éíôåãêñé-
íþí, ç ó÷Ýóç ôïõò ìå Üëëåò óçìáôïäïôéêÝò
ïäïýò, êáèþò êáé ç áíôßóôáóç êáñêéíéêþí
êõôôÜñùí óôçí áðüðôùóç êÜôù áðü ôçí åðß-
äñáóç áíôéíåïðëáóìáôéêþí öáñìÜêùí.

ÂÉÂËÉÏÃÑÁÖÉÁ

1. Parkin DM, Stjernsward J, Muir CS. Estimates
of worldwide frequency of twelve major can-
cers. Bull World Health Organ 62:163-182, 1984.

2. Howe HL, Wingo PA, Thun MJ, Ries LAG,
Rosenberg HM, Feigal EG, Edwards BK. An-
nual report to the nation on the status of
cancer (1973 through 1998), featuring cancers
with recent increasing trends J Natl Cancer
Inst 93:824-842, 2001.

3. Henderson BE, Pike MC, Bernstein L, Ross
RK. Breast cancer. In: Schottenfeld D, Frau-
meni JF (ed) Cancer epidemiology and pre-
vention. 2nd ed, Oxford: Oxford University
Press; 1996:1022-1039.

4. Probst Hensch NM, Pike MC, McKean-Cor-
din R, Stanczyk FZ, Kolonel LN, Henderson
BE. Ethnic differences in post-menopausal plas-
ma estrogen levels: high estrone levels in Jap-
anese-American women despite low weight.
Br J Cancer 82:1867-1870, 2000.

5. Ferlay J, Bray F, Sankila R, Parkin DM. EU-
CAN: Cancer incidence, mortality, and preva-
lence in the European Union 1996. version
3.1.IARC Cancer Base No 4. Lyon: IARC Press;
1996.

6. Peto R, Borecham J Clarke M, Davies C, Beral
V. UK and USA breast cancer deaths down
25% in year 2000 at ages 20-69 years. Lancet
355:1822-1830, 2000.

7. EBCT. Tamoxifen for early breast cancer: An
overview of the randomized trials. Lancet
351:1451-1467, 1998a.

8. EBCT. Polychemotherapy for early breast can-
cer: An overview of the randomized trials.
Lancet 352:930-942, 1998b.

9. Rosfjord EC, Maemura M, Johnson MD, Torri
JA, Akiyama SK, Woods VL, Dickson RB.
Activation of protein kinase C by phorbol
esters modulates á2â1 integrin on MCF-7 breast
cancer cells. Exp Cell Res 248:260-271, 1999.

10. Dekker LV, Parker PP. The protein kinase C
and protein kinase C related gene families.



65Êáñêßíïò ôïõ ìáóôïý: PKC êáé éíôåãêñßíåò

Curr Opin Struct Biol 5:396-402, 1995.
11. Blobe GC, Obeid LM, Hamun YA. Regulation

of protein kinase C and role in cancer biolo-
gy. Cancer Metastasis Rev 13: 411-431, 1994.

12. Newton AC. Protein kinase C: structure, func-
tion, and regulation. J Biol Chem 270:28495-
28498, 1995.

13. Soh J-W, Lee Y-S, Weinstein IB. Effects of
regulatory domains of specific isoforms of
protein kinase C on growth control and apo-
ptosis in MCF-7 breast cancer cells. J Exp
Ther Onc 3:115-125, 2003

14. Davidson NE, Kennedy MJ. Protein kinase C
and breast cancer. Cancer Treat Res 83:91-105,
1996.

15. Gupta KP, Ward NE, Gravitt KR, Bergman PJ,
O’Brian CA. Partial reversal of multidrug re-
sistance in human breast cancer cell by an N-
myristoylated protein kinase C-alpha pseu-
dosubstrate peptide. J Biol Chem 271: 2102-
2111, 1996.

16. Bergram PJ, Gravitt KR, O’Brian CA. An N-
myristoylated protein kinase C-alpha pseu-
dosustrate peptide that function as a multi-
drug resistance reversal agent in human breast
cancer cell is not P-glycoprotein substrate.
Cancer Chemother Pharmacol 40: 453-456, 1997.

17. Castagna M, Takai Y, Kaibuchi K, Sano K,
Kikkawa U, Nishizuka Y. Direct activation of
calcium-activated, phospholipid-dependent
protein kinase by tumor-promoting phorbol
esters. J Biol Chem 257:7847-7851, 1982.

18. Leach KL, James ML, Blumberg PM. Charac-
terization of a specific phorbol ester apore-
ceptor in mouse brain cytosol. Proc Nat Acad
Sci USA 80:4208-4212, 1983.

19. Noti JD, Johnson AK, Kirk Q. Cancer me-
tastasis and the role of protein kinase C and
integrins. The Guthrie Journal 69:31-39, 2000.

20. Lim IK, Lee DJ, Lee KH, Yun TK. High activ-
ities of protein kinase C and M fresh human
stomach and breast tumors. Yonsei Med J
28:255-260, 1987

21. Fabbro D, Kung W, Costa SD, Borner C, Re-
gennass U, EppenbergerU. Involvement of
protein kinase C in the growth regulation of
human breast cancer cell. Cancer Treat Res
61: 22-48, 1992.

22. Shanmugam M, Krett NL, Maizels ET, Murad
FM, Rosen ST, Hunzicker-Dunn M. A role for
protein kinase C delta in the differential sen-
sitivity of MCF-7 and MDA-MB 231 human
breast cancer cells to phorbol ester-induced
growth arrest and p21 (WAFI/CIP1) induc-
tion. Cancer Lett 172:43-53. 2001.

23. Chisamore MJ, Ahmed Y, Bentrem DJ, Jordan
VC, Tonetti DA. Novel antitumor effect of
estradiol in athymic mice injected with a T47D

breast cancer cell line overexpressing protein
kinase C alpha. Clin Cancer Res 7:3156-3165,
2001

24. Regazzi Rr, Fabbro D, Costa SD, Borner C,
Eppenberger U. Effect of tumor promoter on
growth and on cellular redistribution of phos-
pholipid/Ca2+-dependent protein kinase in
human breast cancer cell. Int J Cancer 37:731-
737, 1986.

25. Borner C, Wyss R, Regazzi R, Eppenberger U,
Fabbro D. Immunological quantitation of phos-
pholipid/Ca2+-dependent protein kinase of
human mammary carcinoma cells: inverse re-
lationships to estrogen receptors. Int J Cancer
40:344-348, 1987.

26. Ruoslahti E, Pierschbacher MD. New perspec-
tives in cell adhesion: RGD and integrins.
Science 238:491-497, 1987.

27. Arcangelis AD. Integrins and ECM function,
role in vertebrate development. Trends Genet
16:389-395, 2000.

28. Chen R, Kim O, Li M, Xiong X, Guan JL,
Kung HJ, Chen H, Shimizu Y, Qiu Y. Regula-
tion of the PH-domain-containing tyrosine
kinase Etk by focal adhesion kinases through
the FERM domain. Nat Cell Biol 3:439-444,
2001.

29. Klemke RL, Cai S, Giannini AL, Gallagher PJ,
de Lanerolle P, Cheresh DA. Regulation of
cell motility by mitogen-activated protein ki-
nase. J Cell Biol 137:481-492, 1997.

30. Faraldo MM, Deugnier MA, Thiery JP, Glukho-
va MA. Growth defect induced by perturba-
tion of â1-integrin function in the mammary
gland epithelium result from a lack of MAPK
activation via the Shc and Akt pathways. EMBO
Rep 2:431-437, 2001.

31. Persad S. Regulation of protein kinase B/Akt-
serine 473 phosphorylation by integrin-linked
kinases: critical roles for kinases activity and
amino acids arginine 211 and serine 343. J
Biol Chem 276:27462-27469, 2002.

32. Lee JW, Juliano RL. Á5â integrin protects in-
testinal epithelial cell from apoptosis through
a phosphatidylinositol 3-kinase and protein
kinase B-dependent pathway. Mol Biol Cell
11:1973-1987, 2000.

33. Baeckstrom D, Lu PJ, Taylor Papadimitriou J.
Activation of the á2â1 integrin prevents c-
erbb2-induce scattering and apoptosis of hu-
man mammary epithelial cell in collagen.
Oncogen 19: 4592-4603, 2000.

34. Liapis H, Flath A, Kitazawa S. Integrins ávâ3
expression by bone-residing breast cancer
metastases. Diag Mol Pathol 5:127-135, 1996.

35. Felding-Hapermann B, Habermann R, Saldi-
var E, Ruggeri ZM. Role of â3 integrins in
melanoma cell adhesion to activated platelets



Añ÷åßá ÐáèïëïãéêÞò ÁíáôïìéêÞò Ôüìïò 17ïò, Ôåý÷ïò 2ï66

Corresponding author:
Mirsini Kouloukoussa
University of Athens, Medical School
Laboratory of Histology and Emryology
Ì. Asias 75, Goudi, Athens 115 27
Tel.. 210-746-2351, email: mkoulouk@med.uoa.gr

Yðåýèõíç áëëçëïãñáößáò:
Ìõñóßíç Êïõëïýêïõóá
ÐáíåðéóôÞìéï Áèçíþí, ÉáôñéêÞ Ó÷ïëÞ
ÅñãáóôÞñéï Éóôïëïãßáò êáé Åìâñõïëïãßáò
Ì. Áóßáò 75, Ãïõäß, ÁèÞíá 115 27
Ôçë. 210-746-2351, email: mkoulouk@med.uoa.gr

under flow. J Biol Chem 271:5892-5900, 1996.
36. Nip J, Shibata H, Loskutoff DJ, Cheresh DA,

Brodet P. Human melanoma cells derived from
lymphatic metastases use integrins ávâ3 to
adhere to lymph node vitronectin. J Clin In-
vest 90:1406-13, 1992.

37. Wyner EA, Orlando RA, Cheresh DA. Inte-
grins ávâ3 and ávâ5 contribute to cell attach-
ment to vitronectin but differentially distrib-
ute on the cell surface. J Cell Biol 113:919-29,
1991.

38. Bellahcene A, Castronovo V. Expression of bone
matrix protein in human breast cancer: poten-
tial role in microcalcification formation and
in the genesis of bone metastases. Bull Cancer
84:17-24, 1997.

39. Bellahcene A, Castronovo V. Increase expres-
sion of osteonectin and osteopontin, tow bone
matrix protein, in human breast cancer. Am J
Pathol 146:95-100, 1995.

40. Montgomery AM, Reisfeld RA, Cheresh DA.
Integrin ávâ3 rescues melanoma cells from
apoptosis in three-dimensional dermal collagen.
Proc Nat Acad Sci USA 91:8856-8860, 1994.

41. McConkey D, Hartzell P, Jondal M, Orrenius
S. Inhibition of DNA fragmentation thymocytes
and isolated thymocyte nuclei by agents that
stimulate protein kinase C. J Biol Chem
264:13399-13402, 1989.

42. Ishi H, Gobe G. Epstein-Barr virus infection
associated with increased apoptosis in untreated
and phorbol ester-treated human Burkitt´s lym-

phoma (AW-Ramos) cells. Biochem Biophys
Res Commun 192:1415-1423, 1993

43. Ways DK, Kukoly CA, deVente J, Hooker JL,
Bryant WO, Posekany KJ, Fletcher DJ, Cook
PP, Parker PJ. MCF-7 breast cancer cells trans-
fected with protein kinase C-á exhibit altered
expression of other protein kinase C pheno-
type. J Clin Invest 95:1906-1915,1995.

44. deVente JE, Kukoly CA, Bryant WO, Poseka-
ny KJ, Chen J, Flecher DJ, Parker PJ, Pettit
GJ, Lozano G, Cook PP, Ways DK. Phorbol
esters induce death in MCF-7 breast cancer
cell with altered expression of protein kinase
C isoforms. Role for p53independent induc-
tion of gadd-45 in initiating death. J Clin
Invest 96:1874-1886, 1995.

45. Ingber D, Fujita M, Kishimoto S, Kanamaru
T, Brem H, Folkman J. Synthetic analogues of
fumagillin that inhibit angiogenesis and sup-
press tumor growth. Nature 348:555-557, 1990.

46. Koch E, Alessandro R, Spoonster J, Wersto
RP, Liotta LA. Angiogenesis: role of calcium
mediated signal transduction. Proc Natl Acad
Sci USA 92:1307-1311, 1995.

47. Folkman J, Inber D. Inhibition of angiogene-
sis. Semin Cancer Biol 3:89-96, 1992.

48. Tanaka NG, Sakamoto N, Inoue K, Korenaga
H, Kadoya S, Ogawa H, Osada Y. Atitumor
effects of an antiangiogenic polysaccharide from
an Arthrobacter species with or without a
steroid. Cancer Res 49:6727-6730, 1989.


