
Óôáôßíåò êáé äéöùóöïíéêÜ,
áñôçñéïóêëÞñõíóç êáé ïóôåïðüñùóç

Ï é äéÜöïñåò óôáôßíåò åßíáé åõñÝùò ÷ñçóéìïðïé-
ïýìåíá öÜñìáêá ãéá ôçí åëÜôôùóç ôçò ÷ïëçóôåñü-
ëçò. Ôá öÜñìáêá áõôÜ äñïõí ùò áíáóôïëåßò ôçò
áíáãùãÜóçò ôïõ 3-õäñïîõ-3-ìåèõëãëïõôáñõëéêïý
óõíåíæýìïõ Á [3-hydroxy-3-methylglutaryl coenzyme
A (HMG-CoA) reductase], ç ïðïßá ìåôáôñÝðåé ôï H-
MG-CoA óå ìåâáëïíéêü ïîý (mevalonate). Ïé óôáôß-
íåò äñïõí óå Ýíá ðñþéìï óôÜäéï ôçò âéïóýíèåóçò
ôçò ÷ïëçóôåñüëçò áíáóôÝëëïíôáò ôç óýíèåóç ôïõ
ìåâáëïíéêïý, ôïõ ïðïßïõ ç äéáèÝóéìç ðïóüôçôá
ðáßæåé ðåñéïñéóôéêü ñüëï óôï ñõèìü âéïóýíèåóçò
ôçò ÷ïëçóôåñüëçò. Ôï ìåâáëïíéêü õößóôáôáé ìéá
óåéñÜ âéï÷çìéêþí ìåôáôñïðþí ìå ôï ó÷çìáôéóìü,
ìåôáîý Üëëùí, äýï åíäéÜìåóùí ðñïúüíôùí: ôïõ ðõ-
ñïöùóöïñéêïý ãåñáíõëßïõ (geranyl pyrophosphate),
ôï ïðïßï êáôüðéí ìåôáôñÝðåôáé óå ðõñïöùóöïñéêü
öáñíåóýëéï (farnesyl pyrophosphate). Ç âéïóõíèåôéêÞ
ïäüò óõíå÷ßæåôáé ìå áíáãùãéêÞ óõìðýêíùóç äýï
ìïñßùí ðõñïöùóöïñéêïý öáñíåóõëßïõ ðñïò ó÷çìá-
ôéóìü ôçò Ýíùóçò squalene, ç ïðïßá ìåôáôñÝðåôáé
ìåôÜ áðü êõêëïðïßçóç óå ëáíïóôåñüëç êáé ôåëéêþò
óå ÷ïëçóôåñüëç. ÌÝñïò ôïõ öáñíåóõëßïõ ìåôáôñÝ-
ðåôáé óå ðõñïöùóöïñéêü geranylgeranyl. Ôá äýï
áõôÜ ëéðïåéäÞ ðñåíýëéá (äçëáäÞ ôï farnesyl êáé ôï
geranylgeranyl) äéáôßèåíôáé ãéá Ýíá åßäïò ÷çìéêÞò ôñï-
ðïðïßçóçò äéáöüñùí ðñùôåúíþí, ç ïðïßá ïíïìÜæå-

ôáé ðñåíõëßùóç (prenylation). Ç ðñåíõëßùóç ìéáò
ðñùôåÀíçò ðåñéëáìâÜíåé ôçí ðñïóèÞêç åíüò ìïñßïõ
farnesyl Þ geranylgeranyl isoprenoid óå Ýíá ìüñéï
êõóôåÀíçò ðïõ âñßóêåôáé êïíôÜ Þ åßíáé ôï C-ôåëéêü
Üêñï ôïõ ìïñßïõ ôçò ðñùôåÀíçò. Ç Ýíùóç áõôÞ
êáèéóôÜ ôçí ðñåíõëéùìÝíç ðñùôåÀíç éêáíÞ íá
åíóùìáôþíåôáé óôéò êõôôáñéêÝò ìåìâñÜíåò, áöïý ç
Üëõóïò ôïõ éóïðñåíïåéäïýò (isoprenoid) åßíáé õäñü-
öïâç. Åðßóçò, ðñåíõëßùóç ôùí ðñùôåúíþí åßíáé
ìåñéêÝò öïñÝò áðáñáßôçôç ãéá ôéò ìåôáîý ôïõò áíôé-
äñÜóåéò. Ïé óôáôßíåò, ëïéðüí, áíáóôÝëëïíôáò ôçí
ðáñáãùãÞ ìåâáëïíéêïý êáé ôùí éóïðñåíïåéäþí,
åëáôôþíïõí áöåíüò ôç âéïóýíèåóç ôçò ÷ïëçóôåñü-
ëçò êáé áöåôÝñïõ ôçí ðñåíõëßùóç äéáöüñùí
ðñùôåúíþí.

ÐñïóöÜôùò, ïé Mundy et al1 âñÞêáí üôé ïé óôáôßíåò
in vitro äéåãåßñïõí ôïõò ïóôåïâëÜóôåò êáé ôïí ïóôåï-
âëáóôéêü ó÷çìáôéóìü íÝïõ ïóôïý, ðñïÜãïíôáò ôçí
ðáñáãùãÞ ôçò ìïñöïãåíåôéêÞò ðñùôåÀíçò ôïõ ïóôïý
ôýðïõ 2 (bone morphogenetic protein-2, BMP-2). ×ï-
ñÞãçóç óôáôéíþí (lovastatin êáé simvastatin) óå ðåéñá-
ìáôüæùá ðñïêÜëåóå ôï ó÷çìáôéóìü íÝïõ ïóôßôç
éóôïý óôçí ðåñéï÷Þ ôïõ êñáíéáêïý ïóôïý ðïõ ãåé-
ôíßáæå ìå ôï óçìåßï ôçò õðïäüñéáò Ýíåóçò ôïõ
öáñìÜêïõ. ÓõóôçìáôéêÞ ÷ïñÞãçóç óôáôéíþí óå
áñïõñáßïõò ðïõ åß÷áí õðïóôåß ùïöïñåêôïìÞ, åß÷å
åðßóçò ïóôéêÞ áíáâïëéêÞ äñÜóç (áýîçóç ôïõ
äïêéäùôïý ïóôïý).1 Ïé Luckman et al2 áðÝäåéîáí üôé ç
mevastatin Ý÷åé êáé éó÷õñÞ áíôéïóôåïêëáóôéêÞ äñÜóç
óå êõôôáñéêÝò êáëëéÝñãåéåò in vitro êáé óå ðïíôéêïýò
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in vivo, ðñïêáëþíôáò áðüðôùóç ôùí ïóôåïêëáóôþí
êáé ôùí ìáêñïöÜãùí. Ç äñÜóç áõôÞ åßíáé ðáñüìïéá
ìå åêåßíç ôùí áìéíïäéöùóöïíéêþí êáé ðéèáíþò
ïöåßëåôáé óôçí áíáóôïëÞ ðñåíõëßùóçò ïñéóìÝíùí
ðñùôåúíþí G ôùí ïóôåïêëáóôþí (ïé ïðïßåò åíþ-
íïíôáé ìå ôï GTP), üðùò ôùí ðñùôåúíþí Ras êáé Rho.2

O ñüëïò ôïõ ðñùôïïãêïãïíéäßïõ ras åßíáé âáóéêüò ãéá
ôç öáéíïôõðéêÞ ùñßìáíóç ôïõ ïóôåïêëÜóôç (ìïñöï-
ëïãéêÞ êáé ëåéôïõñãéêÞ). Ðáñüìïéá Þôáí ôá åõñÞìáôá
ôùí van Beek et al,3 oé ïðïßïé ðáñáôÞñçóáí óå
êáëëéÝñãåéåò ïëüêëçñùí åìâñõúêþí ïóôþí ðïíôéêþí
éó÷õñÞ áíôéïóôåïêëáóôéêÞ äñÜóç ôçò mevastatin,
ðáñüìïéá ìå åêåßíç ôïõ äéöùóöïíéêïý ibandronate.
ÐñïçãïõìÝíùò, åñãáóßåò óå æþá Ýäåéîáí üôé ïé óôáôß-
íåò ìðïñåß íá åëáôôþóïõí ôï âáèìü ôçò ïóôåïðü-
ñùóçò ðïõ ðñïêáëåßôáé áðü êïñôéêïåéäÞ.4,5

Ïé ðáñáðÜíù ãíþóåéò ó÷åôéêÜ ìå ôçí in vitro êáé óå
ðåéñáìáôüæùá áíáâïëéêÞ (äéÝãåñóç ïóôåïâëáóôéêÞò
ëåéôïõñãßáò) êáé áíôéáðïññïöçôéêÞ (áíôéïóôåïêëá-
óôéêÞ) äñÜóç ôùí óôáôéíþí óôï ïóôïýí ðñïêÜëåóå
ôï åíäéáöÝñïí ôùí êëéíéêþí. Óå ìéá ìåëÝôç6 âñÝèçêå
üôé çëéêéùìÝíåò ãõíáßêåò ðïõ Ýðáéñíáí õðïëéðéäáé-
ìéêÜ öÜñìáêá (êõñßùò lovastatin) åß÷áí áõîçìÝíç
ïóôéêÞ ðõêíüôçôá óôïí áõ÷Ýíá ôïõ ìçñéáßïõ êáé
åëáôôùìÝíï –áí êáé ìç óôáôéóôéêþò óçìáíôéêü–
êßíäõíï êáôÜãìáôïò. Óå Üëëç ðñüóöáôç åñãáóßá
óõìðåñáßíåôáé üôé ïé óôáôßíåò áõîÜíïõí ôçí ïóôéêÞ
ðõêíüôçôá óôï ìçñéáßï ïóôïýí óå Üíäñåò ìå ôýðïõ
2 óáê÷áñþäç äéáâÞôç.7 Óå äýï ðñüóöáôåò áíáäñï-
ìéêÝò ìåëÝôåò ìåãÜëïõ áñéèìïý áóèåíþí, ðïõ Ýðáé-
ñíáí áíáóôïëåßò ôçò áíáãùãÜóçò ôïõ HMG-CoA,
ðáñáôçñÞèçêáí ôá åîÞò: ¢ôïìá Üíù ôùí 50 åôþí,
ôá ïðïßá Ýðáéñíáí óôáôßíåò êáôÜ ôï ÷ñüíï ôçò
ìåëÝôçò, ðáñïõóßáóáí óôáôéóôéêþò óçìáíôéêÜ åëáô-
ôùìÝíï êßíäõíï êáôÜãìáôïò ïóôþí (45% ìéêñüôåñï
êßíäõíï ãéá üëùí ôùí ôýðùí ôá êáôÜãìáôá êáé 88%
ìéêñüôåñï êßíäõíï ãéá êÜôáãìá ôïõ áõ÷Ýíá ôïõ
ìçñéáßïõ), óå óýãêñéóç ìå Üôïìá ðïõ äåí õðïâÜë-
ëïíôáí óå õðïëéðéäáéìéêÞ áãùãÞ Þ Ýðáéñíáí Üëëïõ
åßäïõò õðïëéðéäáéìéêÜ öÜñìáêá.8 Ðáñüìïéá Þôáí ôá
áðïôåëÝóìáôá ìéáò Üëëçò åñãáóßáò óå çëéêéùìÝíá
Üôïìá Üíù ôùí 65 åôþí, üðïõ ç ëÞøç óôáôéíþí
êáôÜ ôéò ðñïçãïýìåíåò 180 çìÝñåò Þ 3 ÷ñüíéá åß÷å
ùò áðïôÝëåóìá ôïí êáôÜ 43–50% åëáôôùìÝíï
êßíäõíï êáôÜãìáôïò ôïõ áõ÷Ýíá ôïõ ìçñéáßïõ, óå
óýãêñéóç ìå áóèåíåßò ðïõ äåí Ýðáéñíáí óôáôßíåò.9

Áðü ôéò ðáñáðÜíù âáóéêÝò Ýñåõíåò êáé ôéò áíáäñï-
ìéêÝò êëéíéêÝò åñãáóßåò, ðïõ óõíçãïñïýí õðÝñ ôçò
éêáíüôçôáò ôçò èåñáðåßáò ìå óôáôßíåò íá áõîÜíåé

ôçí ïóôéêÞ ðõêíüôçôá êáé íá åëáôôþíåé ôïí êßíäõíï
êáôÜãìáôïò, öáßíåôáé üôé ðñïêýðôåé ìéá íÝá êáôç-
ãïñßá öáñìÜêùí ãéá ôç èåñáðåßá ôçò ïóôåïðüñù-
óçò.8–10 Ï ìåãÜëïò áñéèìüò áôüìùí ðïõ ëáìâÜíïõí
ôá öÜñìáêá áõôÜ ùò õðïëéðéäáéìéêÞ èåñáðåßá,
ðñïóôáôåýåôáé óõã÷ñüíùò óå êÜðïéï âáèìü êáé áðü
ðéèáíÞ ïóôåïðüñùóç. Ïé öáñìáêïêéíçôéêÝò éäéüôç-
ôåò ôùí óôáôéíþí, ðïõ ÷ñçóéìïðïéïýíôáé åðß ôïõ
ðáñüíôïò ãéá ôç èåñáðåßá ôçò õðåñ÷ïëçóôåñïëáé-
ìßáò, åõíïïýí ôï Þðáñ êáé ðéèáíþò óå ìåëëïíôéêÝò
ðñïïðôéêÝò åñãáóßåò íá áðïäåé÷èåß üôé ç óõãêÝí-
ôñùóç ôùí ïõóéþí áõôþí óôá ïóôÜ äåí åßíáé ç
Üñéóôç äõíáôÞ. Ìðïñåß óôï ìÝëëïí íá áíáðôõ÷èïýí
êáé Üëëá ðáñÜãùãá ôùí óôáôéíþí ìå åéäéêüôåñç
äñÜóç óôá ïóôÜ.10 Ç áíáóôïëÞ ôçò ðñåíõëßùóçò ôùí
ðñùôåúíþí êáé åéäéêüôåñá ôùí ðñùôåúíþí G, ðïõ
åìðëÝêïíôáé óôçí åíäïêõôôÜñéá ìåôÜäïóç ôùí
ìçíõìÜôùí, ìðïñåß íá ðáßîåé ñüëï óôç èåñáðåßá ôïõ
êáñêßíïõ11 Þ ìåñéêþí éïãåíþí ëïéìþîåùí, üðùò ôçò
çðáôßôéäáò äÝëôá, üðïõ åìðïäßæåôáé ç óõãêñüôçóç
ôùí ðñùôåúíþí ôïõ éïý.12

Ôá äéöùóöïíéêÜ Ý÷ïõí êáèéåñùèåß óôç èåñáðåßá
ôçò åãêáôåóôçìÝíçò ïóôåïðüñùóçò, êáèþò êáé óôçí
ðñüëçøç ôïõ óõíäñüìïõ. Ç èåñáðåõôéêÞ áðïôå-
ëåóìáôéêüôçôá ôùí äéöùóöïíéêþí, ðáñáäïóéáêÜ,
èåùñåßôáé üôé ïöåßëåôáé óôçí éó÷õñÞ áíôéïóôåïêëá-
óôéêÞ éäéüôçôÜ ôïõò. Åéäéêüôåñá, ôá öÜñìáêá áõôÜ
áíáóôÝëëïõí ôçí áíÜðôõîç ôùí ðñïãïíéêþí êõô-
ôÜñùí ôùí ïóôåïêëáóôþí, åëáôôþíïõí ôç óôñá-
ôïëüãçóç íÝùí ïóôåïêëáóôþí êáé ðñïÜãïõí ôçí
áðüðôùóç ôùí þñéìùí ïóôåïêëáóôþí, åðéâñáäý-
íïíôáò Ýôóé ôï ñõèìü ôïõ ïóôéêïý ìåôáâïëéóìïý.13,14

Ï ìç÷áíéóìüò ôçò áíôéïóôåïêëáóôéêÞò äñÜóçò ôùí
áìéíïäéöùóöïíéêþí öáßíåôáé üôé áöïñÜ óôç ìåôáâï-
ëéêÞ ïäü ôïõ ìåâáëïíéêïý óå åðßðåäï áìÝóùò ðéï
êÜôù áðü ôï óçìåßï äñÜóçò ôùí óôáôéíþí. Ðéèáíþò,
áíáóôÝëëïõí åßôå ôçí ðáñáãùãÞ ôïõ öáñíåóõëßïõ
êáé ôïõ ãåñáíõëãåñáíõëßïõ, åßôå ôçí åéóáãùãÞ ôïõò
óôï ìüñéï ôùí ðñùôåúíþí, äçëáäÞ áíáóôÝëëïõí ôçí
ðñåíõëßùóç ôùí G ðñùôåúíþí Ras, Rho, Rac êáé
Rab.2,3,14 Tá äéöùóöïíéêÜ öáßíåôáé üôé äåí áíáóôÝë-
ëïõí ìüíï ôçí ïóôåïêëáóôéêÞ áðïññüöçóç ôïõ
ïóôïý, áëëÜ Ý÷ïõí êáé áíáâïëéêÞ äñÜóç óôá ïóôÜ
ðáñáôåßíïíôáò ôç äéÜñêåéá æùÞò ôùí ïóôåïâëáóôþí
êáé ôùí ïóôåïêõôôÜñùí (áíôéáðïðôùôéêÞ äñÜóç),
áõîÜíïíôáò Ýôóé óçìáíôéêÜ ôçí ïóôéêÞ ìÜæá ìåôÜ
áðü ìáêñï÷ñüíéá ÷ïñÞãçóç.13

Ôá äéöùóöïíéêÜ öáßíåôáé üôé Ý÷ïõí êÜðïéá
áíôéáèçñùìáôïãüíï äñÜóç óå ðåéñáìáôüæùá.14–17 Ç



äñÜóç áõôÞ áðïäßäåôáé óôçí éäéüôçôÜ ôïõò íá
åìðïäßæïõí ôçí åôåñüôïðç áóâåóôïðïßçóç (åíáðü-
èåóç áóâåóôßïõ óå ìáëáêÜ ìüñéá) êáèþò êáé ôçí
åôåñüôïðç ïóôåïðïßçóç, áí êáé ç áðïôåëåóìáôé-
êüôçôÜ ôïõò óå áóèåíåßò ìå ôÝôïéá ðñïâëÞìáôá äåí
Þôáí ìÝ÷ñé ôþñá åíôõðùóéáêÞ (êõñßùò ôïõ
etidronate, ðïõ Ý÷åé äïêéìáóôåß).14 Ôá äéöùóöïíéêÜ
öáßíåôáé üôé óõãêåíôñþíïíôáé óôï ôïß÷ùìá ôùí
áñôçñéþí.18,19 Ôåëåõôáßùò, óå ìéá áíïéêôÞ ðñïïðôéêÞ
ìåëÝôç, óå áóèåíåßò ìå óáê÷áñþäç äéáâÞôç ôýðïõ 2
êáé ïóôåïðåíßá, ðïõ èåñáðåýôçêáí åðß Ýíá Ýôïò ìå
êõêëéêÞ ÷ïñÞãçóç etidronate, ðáñáôçñÞèçêå ìå
õðåñÞ÷ïõò óôáôéóôéêþò óçìáíôéêÞ åëÜôôùóç ôïõ
ðÜ÷ïõò ôïõ Ýóù-ìÝóïõ ÷éôþíá ôçò êáñùôßäáò. 20

Óôïõò áóèåíåßò áõôïýò äåí ðáñáôçñÞèçêáí áëëáãÝò
óôá åðßðåäá ôçò ÷ïëçóôåñüëçò Þ ôùí ôñéãëõêåñéäßùí
êáé, åðïìÝíùò, ç áíôéáñôçñéïóêëçñõíôéêÞ äñÜóç ôïõ
äéöùóöïíéêïý äåí ìðïñåß íá áðïäïèåß óå óõóôçìá-
ôéêÞ õðïëéðéäáéìéêÞ äñÜóç.20 Åíôïýôïéò, ïñéóìÝíá
ëéðïöéëéêÜ äéöùóöïíéêÜ åëáôôþíïõí ôï åðßðåäï ôçò
÷ïëçóôåñüëçò ÷ïñçãïýìåíá áðü ôïõ óôüìáôïò in vi-
vo.21

Aðü ôá ðáñáðÜíù ìðïñåß íá åîá÷èåß ôï óõìðÝ-
ñáóìá üôé áóèåíåßò ðïõ èåñáðåýïíôáé ãéá áñôçñéï-
óêëÞñõíóç ìå óôáôßíåò, áõôïìÜôùò èåñáðåýïíôáé
êáé ãéá ïóôåïðüñùóç, êáé áóèåíåßò ðïõ èåñáðåýïí-
ôáé ãéá ïóôåïðüñùóç ìå äéöùóöïíéêÜ, (ðéèáíþò)
áõôïìÜôùò èåñáðåýïíôáé êáé ãéá áñôçñéïóêëÞ-
ñõíóç! Âåâáßùò, ôá óõìðåñÜóìáôá áõôÜ åßíáé
êÜðùò ðñüùñá êáé ìðïñåß íá áðïäåé÷èïýí ùò ìç
ïñèÜ óôï ìÝëëïí. Ç ÷ñçóéìïðïßçóç ôùí óôáôéíþí
óôç èåñáðåßá ôçò ïóôåïðüñùóçò Þ ôùí äéöùóöï-
íéêþí óôç èåñáðåßá ôçò áñôçñéïóêëÞñõíóçò äåí åßíáé
åãêåêñéìÝíåò èåñáðåßåò ðñïò ôï ðáñüí. Ïé Cummin-
gs êáé Bauer22 ðáñáôçñïýí üôé ïé êëéíéêÝò ìåëÝôåò ðïõ
áðïäåéêíýïõí üôé ïé óôáôßíåò åëáôôþíïõí ôïí
êßíäõíï êáôÜãìáôïò,8,9 áí êáé åíôõðùóéáêÝò, åßíáé
áíáäñïìéêïý ÷áñáêôÞñá êáé ðáñïõóéÜæïõí ïñéóìÝíá
ìåéïíåêôÞìáôá. Ãéá íá áðïäåé÷èåß ç èåñáðåõôéêÞ
áîßá ôùí óôáôéíþí óôçí ðñüëçøç ôùí ïóôåïðïñù-
ôéêþí êáôáãìÜôùí, èá ðñÝðåé áõôü íá ãßíåé óôï
ðëáßóéï ðñïïðôéêþí äéðëþí ôõöëþí, åëåã÷üìåíùí
ìå placebo ìåëåôþí. 22 Eðßóçò, íïìßæïõìå üôé ïé
äçìïóéåõìÝíåò åñãáóßåò ðïõ áíáöÝñïíôáé óôçí áîßá
ôùí äéöùóöïíéêþí óôç èåñáðåßá ôçò áñôçñéïóêëÞ-
ñõíóçò ðñÝðåé íá èåùñçèïýí üôé ðáñÝ÷ïõí åíäåßîåéò
ìüíï êáé ü÷é áðïäåßîåéò.

ÕðÜñ÷åé ó÷Ýóç ìåôáîý áñôçñéïóêëÞñõíóçò êáé
ïóôåïðüñùóçò; Ï Manolagas, óôçí ôåëåõôáßá ôïõ
ñçîéêÝëåõèç áíáóêüðçóç,13 áíáöÝñåôáé êáé óôï èÝìá
áõôü. ¸íá ðïëõäýíáìï áñ÷Ýãïíï ìåóåã÷õìáôéêü
êýôôáñï ôïõ ìõåëïý ôùí ïóôþí (stem cell) ìðïñåß íá
äéáöïñïðïéçèåß ðñïò Ýíá áðü ôá åîÞò äéáöïñïðïé-
çìÝíá êýôôáñá: ïóôåïâëÜóôçò, ëéðïêýôôáñï, ìõï-
êýôôáñï, ÷ïíäñïêýôôáñï Þ êýôôáñï ôïõ õðïóôñþ-
ìáôïò ôïõ ìõåëïý. ¼ôáí ôï áñ÷Ýãïíï ðïëõäýíáìï
êýôôáñï õðïóôåß ôçí åðßäñáóç ôùí ìïñöïãåíåôéêþí
ðñùôåúíþí ôïõ ïóôïý BMP-2 êáé BMP-4, åéóÝñ÷åôáé
ïñéóôéêÜ óôç äéáäéêáóßá äéáöïñïðïßçóçò óôçí
êõôôáñéêÞ óåéñÜ ðïõ êáôáëÞãåé óôïí ïóôåïâëÜóôç.
Ïé BMP äéåãåßñïõí ôç ìåôáãñáöÞ åíüò ãïíéäßïõ, ôïõ
ïðïßïõ ôï ðñïúüí åßíáé ï åéäéêüò ãéá ôïí ïóôåïâëÜóôç
ìåôáãñáöéêüò ðáñÜãïíôáò osteoblast specific factor 2
(Osf2) Þ core binding factor a1 (Cbfa1). ÅîÜëëïõ,
åíåñãïðïßçóç ôïõ õðïäï÷Ýá peroxisome proliferator
activated receptor ã1 (PPAR ã1) êáé PPAR ã2, ìåôáîý
Üëëùí, ïäçãåß ôï áñ÷Ýãïíï êýôôáñï óå äéáöïñïðïß-
çóç ðñïò ëéðïêýôôáñï. Öáßíåôáé üôé ï PPAR ã2 åßíáé
éåñáñ÷éêÜ áíþôåñïò áðü Üëëïõò ðáñÜãïíôåò äéáöï-
ñïðïßçóçò ôùí áñ÷Ýãïíùí êõôôÜñùí ôïõ ìõåëïý êáé
êáôáóôÝëëåé ôïí Cbfa1. ̧ ôóé, åíåñãïðïßçóç ôïõ PPAR
ã1 ïäçãåß óôçí ðáñáãùãÞ ëéðïêõôôÜñùí óå âÜñïò
ôùí Üëëùí êõôôáñéêþí óåéñþí, ðñïò ôéò ïðïßåò
ìðïñåß íá äéáöïñïðïéçèåß ôï áñ÷Ýãïíï êýôôáñï.
Åíåñãïðïßçóç ôïõ õðïäï÷Ýá áõôïý ìðïñåß áêüìç êáé
íá åêôñÝøåé êýôôáñá ìå öáéíïôõðéêïýò ÷áñáêôÞñåò
ïóôåïâëÜóôç ðñïò ëéðïêýôôáñá.13 Ï Manolagas,13

ëïéðüí, áíáðôýóóåé ôçí åîÞò èåùñßá. Ôá ðñïúüíôá
ïîåßäùóçò ôçò LDL 9-hydroxy-9,11-octadecadienoic
acid (HODE) êáé 13-HODE åßíáé åíäïãåíåßò óõíäÝôåò
(ligands) êáé äéåãÝñôåò ôïõ PPAR ã2 êáé ï PPAR ã2
ðñïÜãåé ôç äéáöïñïðïßçóç ôùí ìïíïêõôôÜñùí/ìá-
êñïöÜãùí, êáèþò êáé ôçí ðñüóëçøç ôçò ïîåéäù-
ìÝíçò LDL. Èåùñçôéêþò, åðïìÝíùò, ç åíåñãïðïßçóç
ôïõ PPAR ã2 áðü ôá ëßðç/ëéðïðñùôåÀíåò ðñïÜãåé
ôüóï ôçí áèçñùìáôïãÝíåóç üóï êáé ôçí ïóôåïðü-
ñùóç, áöïý ï ðáñÜãïíôáò áõôüò åõïäþíåé ôç äéá-
öïñïðïßçóç ôùí êõôôÜñùí ôïõ ìõåëïý ðñïò ëéðï-
êýôôáñá óå âÜñïò ôùí ïóôåïâëáóôþí. Áîéïóçìåßù-
ôåò åßíáé êáé ïé êëéíéêÝò ðáñáôçñÞóåéò, óôéò ïðïßåò
ðåñéãñÜöåôáé ç óõ÷íÞ óõíýðáñîç áñôçñéïóêëÞ-
ñõíóçò êáé ïóôåïðüñùóçò.23,24
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ÃÐ Íïóïêïìåßï Áèçíþí «ÁëåîÜíäñá»

562 ARCHIVES OF HELLENIC MEDICINE 17(6), 2000



1. MUNDY G, GARRETT R, HARRIS S, CHAN J, CHEN D, ROSSINI G ET AL. S -
timulation of bone formation in vitro and in rodents by statins.
Science 1999, 286:1946–1947

2. LUCKMAN SP, HUGHEW DE, COXON FP, RUSSEL RGG, ROGERS MG. Ni-
trogen-containing biphosphonates inhibit the mevalonate path -
way and prevent post-translational prenylation of GTP-binding
proteins including Ras. J Bone Miner Res 1998, 13:581–589

3. VAN BEEK E, LÖWIK C, VAN DER PLUIJM G, PAPAPOULOS S. The role of
geranylgeranylation in bone resorption and its suppression by
bisphosphonates in fetal bone explants in vitro: a clue to the
mechanism of action of nitrogen-containing bisphosphonates. J
Bone Miner Res 1999, 14:722–729

4. WANG GJ, CHUNG KC, SHEN WJ. Lipid clearing agents in steroid-in-
duced osteoporosis. J Formos Med Assoc 1995, 94:589–592

5. CUI Q, WANG GJ, SU CC, BALAIAN G. The Otto Aufranc award: lova-
statin prevents steroid induced adipogenesis and osteonecrosis.
Clin Orthop 1997, 344:8–19

6. BAUER DC, MUNDY GR, JAMAL SA. Statin use, bone mass and frac -
ture: an analysis of two prospective studies (abstract). J Bone
Miner Res 1999, 14(Suppl 1):S179

7. CHUNG YS, LEE MD, LEE SK, KIM HM, FIZPATRICK LA. HMG-CoA re -
ductase inhibitors increase BMD in type 2 diabetes mellitus pa -
tients. J Clin Endocrinol Metab 2000, 85:1137–1142

8. MEIER CR, SCHLIENGER RG, KRAENZLIN ME, SCHLEGEL B, JICK H. HMG-
CoA reductase inhibitors and the risk of fractures. JAMA 2000,
283:3205–3210

9. WANG PS, SOLOMON DH, MOGUN H, AVORN J. HMG-CoA reductase
inhibitors and the risk of hip fractures in elderly patients. JAMA
2000, 283:3211–3216

10. TOLEDANO JE, PARTRIDGE NC. Statins: not just for cholesterol? TEM
2000, 11:255–256

11. ÊÏÂLAN KS, KHOL NE, OMER CA, ANTHONY NJ, CONNER MW, DE SOLMS

SJ ET AL. Farnesyltransferase inhibitors: a new class of cancer
chemotherapeutics. Biochem Soc Trans 1996, 24:688–692

12. GLENN JS, MASRERS JC, GREENBERG HB. Use of a prenylation inhibitor
as a novel antiviral agent. J Virol 1998, 72:9303–9306

13. MANOLAGAS SC. Birth and death of bone cells: basic regulatory
mechanisms and implications for the pathogenesis and treatment
of osteoporosis. Endocrin Rev 2000, 21:115–137

14. FLEISCH H. Bisphosphonates in bone disease. From the laboratory
to the patient. Academic Press, San Diego, 2000

15. ROSENBLUM IY, FLORA L, EISENSTEIN R. The effect of disodium etha-
ne-1-hydroxy-1,1-diphosphonate (EHDP) on a rabbit model of
athero-arteriosclerosis. Atherosclerosis 1975, 22:411–424

16. DAOUD AS, FRANK AS, JARMOLYCH J, FRITZ KE. The effect of ethane-
1-hydroxy-1,1-diphosphonate (EHDP) on necrosis of atheroscle-
rotic lesions. Atherosclerosis 1987, 67:41–48

17. YLITALO R, OKSALA O, YLA-HERTTUALA, YLITALO P. Effects of clo -
dronate (dichloromethylene bisphosphonate) on the develop -
ment of experimental atherosclerosis in rabbits. J Lab Clin Med
1994, 123:769–776

18. YLITALO R, MÖNNKÖNEN J, YLITALO P. Accumulation of bisphospho-
nates in the aorta and some other tissues of healthy and athero -
sclerotic rabbits. J Lab Clin Med 1996, 127:200–206

19. YLITALO R, KALLIOVALKAMA J, WU X. Accumulation of bisphospho -
nates in human artery and their effects on human and rat arter -
ial function in vitro. Pharmacol Toxicol 1998, 83:125–131

20. KOSHIYAMA H, NAKAMURA Y, TANAKA S, MINAMIKAWA J. Decrease in
carotid intima media thickness after 1-year therapy with etidro-
nate for osteopenia associated with type 2 diabetes. J Clin En-
docrinol Metab 2000, 85:2793–2796

21. CÉOSEK CP, MAGNIN DR, HARRITY TW, LOGAN JVH, DICKSON JK, GOR-

DON EM ET AL. Lipophilic 1,1-bisphosphonates are potent squa -
lene synthase inhibitors and orally active cholesterol lowering a-
gents in vivo. J Biol Chem 1993, 268:24832–24837

22. CUMMINGS SR, BAUER DC. Do statins prevent both cardiovascular
disease and fracture? JAMA 2000, 283:3255–3257

23. BANKS LM, LEES B, MACSWEENEY JE, STEVENSON JC. Effect of degenar-
ative spinal and aortic calcification on bone density measure -
ments in post-menopausal women: links between osteoporosis
and cardiovascular disease? Eur J Clin Invest 1994, 24:813–817

24. LAROCHE M, POUILLES GM, RIBOT C, BENDAYAN P, BOCCALON H, MAZ-

ZAFERO S. Comparison of the bone mineral content of the lower
limbs in men with ischemic atherosclerotic disease. Clin
Rheumatol 1994, 13:611–614

ÁÑ×ÅÉÁ ÅËËÇÍÉÊÇÓ ÉÁÔÑÉÊÇÓ 17(6), 2000 563


