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ÃåíåôéêÞ êáé ìïñéáêÞ âÜóç
ôçò íüóïõ ôïõ Parkinson

Ç íüóïò ôïõ Parkinson åßíáé ìéá óõ÷íÞ ðñïïäåõôéêÞ åêöõëéóôéêÞ íüóïò
ôïõ êåíôñéêïý íåõñéêïý óõóôÞìáôïò, ç ïðïßá ðñïóâÜëëåé ðåñßðïõ ôï 1%
ôùí åíçëßêùí çëéêßáò >60 åôþí. ×áñáêôçñßæåôáé áðü ìõúêÞ äõóêáìøßá,
ôñüìï çñåìßáò, âñáäõêéíçóßá êáé äéáôáñá÷Ýò óôÜóçò êáé âÜäéóçò êáé
ïöåßëåôáé óôçí åêëåêôéêÞ åêöýëéóç ôùí íôïðáìéíåñãéêþí íåõñþíùí ôçò
ìåëáéíïñáâäùôÞò ïäïý. Ðñüóöáôåò ìåëÝôåò Ý÷ïõí äåßîåé üôé óôçí ðáèï-
ãÝíåéá ôçò íüóïõ åìðëÝêïíôáé ôüóï ðåñéâáëëïíôéêïß üóï êáé ãåíåôéêïß
ðáñÜãïíôåò. Åíþ ïé ðåñéóóüôåñïé áóèåíåßò åìöáíßæïõí ôç íüóï ùò óðï-
ñáäéêÞ ìïñöÞ, óÞìåñá åßíáé ãíùóôü üôé õðÜñ÷ïõí êáé ïéêïãåíåßò ìïñöÝò
ôçò íüóïõ ìå áõôüóùìç åðéêñáôçôéêÞ Þ õðïëåéðüìåíç êëçñïíïìéêüôç-
ôá. ¸îé ãïíßäéá Ý÷ïõí åíï÷ïðïéçèåß ìÝ÷ñé óôéãìÞò óôçí ðáèïãÝíåéá ôçò
íüóïõ (á-synuclein, parkin, UCH-L1, DJ-1, PINK1 êáé LRRK2), åíþ åðéðñü-
óèåôá ìåëåôÜôáé ç óõììåôï÷Þ êáé Üëëùí ãåíåôéêþí ôüðùí. Åßíáé åíäéá-
öÝñïí üôé ïé ðñùôåÀíåò ðïõ êùäéêïðïéïýíôáé áðü ôá ôñßá ðñþôá ãïíßäéá
ó÷åôßæïíôáé Üìåóá ìå ôç ëåéôïõñãßá ôïõ ðñùôåáóþìáôïò, åßôå ùò åíåñãÜ
ìÝñç ôïõ (parkin êáé ubiquitin C-terminal hydrolase L1) åßôå ùò äéáóðþ-
ìåíá áðü áõôü ìüñéá (á-synuclein). Ôï ãåãïíüò áõôü áðïêáëýðôåé ôç óõì-
ìåôï÷Þ ôïõ óõóôÞìáôïò ubiquitin-ðñùôåÜóùìá óôçí ðáèïãÝíåéá ôçò íü-
óïõ ôïõ Parkinson. Óôçí ðáñïýóá áíáóêüðçóç ãßíåôáé ìéá ðñïóðÜèåéá
ðåñéãñáöÞò ôçò ãåíåôéêÞò ôçò íüóïõ êáé ôùí õðåýèõíùí ìïñéáêþí ðá-
èïãåíåôéêþí ìç÷áíéóìþí, ìå éäéáßôåñç Ýìöáóç óôï ñüëï ôïõ óõóôÞìá-
ôïò ubiquitin-ðñùôåÜóùìá êáé ôçò á-synuclein, åíþ ó÷ïëéÜæåôáé ç óçìá-
óßá ôùí óùìáôßùí ôïõ Lewy, ðïõ áðïôåëïýí ôï êýñéï ðáèïëïãïáíáôïìé-
êü ÷áñáêôçñéóôéêü óôéò óðïñáäéêÝò ðåñéðôþóåéò êáé óôçí ðëåéïøçößá ôùí
êëçñïíïìïýìåíùí ìïñöþí ôçò íüóïõ. Ç áíáãíþñéóç êáé ç êáôáíüçóç
ôùí ðáèïãåíåôéêþí ìç÷áíéóìþí ôçò íüóïõ ôïõ Parkinson èá ïäçãÞóåé
óôï ó÷åäéáóìü íÝùí èåñáðåõôéêþí ðñïóåããßóåùí ãéá ôç íüóï.

1. ÅÉÓÁÃÙÃÇ

Ç íüóïò ôïõ Parkinson áðïôåëåß ìéá ðñïúïýóá åêöõ-

ëéóôéêÞ íüóï ôïõ êåíôñéêïý íåõñéêïý óõóôÞìáôïò ÷á-

ñáêôçñéæüìåíç áðü ìõúêÞ äõóêáìøßá, ôñüìï çñåìßáò,

âñáäõêéíçóßá, êáé äéáôáñá÷Ýò óôÜóçò êáé âÜäéóçò.1 Ç

íüóïò ïöåßëåôáé óôçí åêëåêôéêÞ åêöýëéóç ôùí íôïðáìé-

íåñãéêþí íåõñþíùí ôçò ìåëáéíïñáâäùôÞò ïäïý, ìå

áðïôÝëåóìá ôçí áðïññýèìéóç ôïõ óõíôïíéóôéêïý ñüëïõ

ôïõ åîùðõñáìéäéêïý óõóôÞìáôïò åðß ôùí êéíÞóåùí.1

Ôá ðáèïëïãïáíáôïìéêÜ ÷áñáêôçñéóôéêÜ ôçò íüóïõ ôïõ

Parkinson áðïôåëïýí ç áðüðôùóç ôùí íôïðáìéíåñãéêþí

íåõñþíùí ôçò ìÝëáéíáò ïõóßáò êáé ôá óùìÜôéá ôïõ Lewy,

åíäïêõôôáñïðëáóìáôéêÜ Ýãêëåéóôá ôùí ðñïóâåâëçìÝíùí

íåõñþíùí, êýñéï óõóôáôéêü ôùí ïðïßùí åßíáé ç ðñùôåÀ-

íç á-synuclein.2–4 Åßíáé óçìáíôéêü üôé ôá óùìÜôéá ôïõ

Lewy åßíáé áðüíôá óôçí êëçñïíïìïýìåíç êáôÜ ôïí áõ-

ôïóùìéêü õðïëåéðüìåíï ÷áñáêôÞñá íåáíéêÞ ìïñöÞ ôçò

íüóïõ.4

Óôç äéÜñêåéá ôùí ôåëåõôáßùí åôþí, ç áîéïðïßçóç ôùí

ìÝóùí êáé ôùí ôå÷íéêþí ôçò ìïñéáêÞò âéïôå÷íïëïãßáò

åðÝôñåøáí ôç ãåíåôéêÞ óýíäåóç ôçò íüóïõ ôïõ Parkinson

ìå óõãêåêñéìÝíá ãïíßäéá êáé ôçí áðïêñõðôïãñÜöçóç

ôùí ìïñéáêþí ìç÷áíéóìþí áðüðôùóçò óôç ìÝëáéíá ïõóßá.

¸îé ãïíßäéá Ý÷ïõí åíï÷ïðïéçèåß ìÝ÷ñé óôéãìÞò óôçí

ðáèïãÝíåéá ôçò íüóïõ (á-synuclein, parkin, UCH-L1,

DJ-1, PINK1 êáé LRRK2),5–12 åíþ åðéðñüóèåôïé ãåíåôé-

êïß ôüðïé âñßóêïíôáé õðü Ýñåõíá.4,13 Åßíáé áîéïóçìåßùôï

üôé ïé ðñùôåÀíåò ðïõ êùäéêïðïéïýíôáé áðü ôá ôñßá ðñþ-

ôá ãïíßäéá óõíäÝïíôáé óôåíÜ ìå ôçí ðñùôåïëõôéêÞ ëåé-

ôïõñãßá ôïõ ðñùôåáóþìáôïò, åßôå ùò óõóôáôéêÜ ôïõ (par-
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kin êáé ubiquitin carboxyl-terminal hydrolase L1) åßôå

ùò äéáóðþìåíá áðü áõôü ìüñéá (á-synuclein).13,14 Ôï

ãåãïíüò áõôü õðïäçëþíåé üôé Ýíá óçìáíôéêü ìÝñïò óôçí

ðáèïãÝíåóç ôçò íüóïõ ôïõ Parkinson ó÷åôßæåôáé ìå äéá-

ôáñá÷Ýò ôçò ëåéôïõñãßáò ôïõ ðñùôåáóþìáôïò, ìå áðïôÝ-

ëåóìá ôç óõóóþñåõóç äõíçôéêÜ ôïîéêþí ìïñßùí.13,14

ÅðïìÝíùò, åßíáé åöéêôÞ ç õðüèåóç üôé ç áðþëåéá ôùí

íôïðáìéíåñãéêþí íåõñþíùí ôçò ìåëáéíïñáâäùôÞò ïäïý

ïöåßëåôáé óôç äõóëåéôïõñãßá ìßáò ìüíï âéïëïãéêÞò ïäïý

êáé, óõãêåêñéìÝíá, óå äéáôáñá÷Ýò ôçò áðïäüìçóçò ôçò

á-synuclein áðü ôï ðñùôåÜóùìá, ìå áðïôÝëåóìá ôç óõó-

óþñåõóÞ ôçò êáé ôçí Üóêçóç íåõñïôïîéêÞò äñÜóçò.13

¢ëëùóôå, åßíáé ãíùóôü üôé óå ðåñéðôþóåéò üðïõ ðïëëá-

ðëÜ ãïíßäéá êáèïñßæïõí ôçí êëéíéêÞ Ýêöñáóç ìéáò íü-

óïõ, ôüôå ôá åí ëüãù ãïíßäéá ðéèáíüôáôá êùäéêïðïéïýí

ðñùôåÀíåò ôçò ßäéáò âéï÷çìéêÞò ïäïý. ÐáñÜëëçëá, ðéèá-

íïëïãåßôáé üôé ïé ðñùôåÀíåò DJ-1 êáé PINK1 åìðëÝêï-

íôáé óôçí êõôôáñéêÞ áðüêñéóç óôï ïîåéäùôéêü stress,9,10

ôï ïðïßï, åêôüò áðü ôçí åðéâÜñõíóç ôçò êõôôáñéêÞò ëåé-

ôïõñãßáò ìÝóù ôçò ðáñáãùãÞò åëåõèÝñùí ñéæþí êáé

ôçí åðáêüëïõèç åðáãùãÞ áðüðôùóçò ìÝóù äéåãåñôïôï-

îéêüôçôáò, åðçñåÜæåé áñíçôéêÜ êáé ôç ëåéôïõñãßá ôïõ

óõóôÞìáôïò ubiquitin-ðñùôåÜóùìá.15 ÓõìðåñáóìáôéêÜ, ìéá

ðéèáíÞ áëëçëïõ÷ßá ôùí ìïñéáêþí ãåãïíüôùí óôçí ðá-

èïãÝíåóç ôçò íüóïõ ôïõ Parkinson ðåñéëáìâÜíåé ôçí

åðßäñáóç ðåñéâáëëïíôéêþí ðáñáãüíôùí êáé ãåíåôéêþí

ìåôáëëÜîåùí, ðïõ ìÝóù ïîåéäùôéêïý stress êáé ìéôï÷ïí-

äñéáêÞò äõóëåéôïõñãßáò óõãêëßíïõí óôç äéáôáñá÷Þ ôçò

äéá÷åßñéóçò ðñùôåúíþí áðü ôï êýôôáñï.14,15

Ùóôüóï, äéÜöïñá åñùôÞìáôá ðáñáìÝíïõí áíáðÜíôç-

ôá. Åöüóïí óõãêåêñéìÝíá ãïíßäéá óõó÷åôßæïíôáé ìå ôçí

åìöÜíéóç ôçò íüóïõ ôïõ Parkinson, ìå ðïéï ôñüðï ïé

áíôßóôïé÷åò êùäéêïðïéïýìåíåò ðñùôåÀíåò óõìâÜëëïõí

óôçí ðáèïãÝíåéá ôçò íüóïõ; Ðïéïò åßíáé ï ñüëïò ôùí

óùìáôßùí ôïõ Lewy óôçí ðáèïãÝíåéá ôçò íüóïõ ôïõ

Parkinson, ðïéïé åßíáé ïé ôïîéêïß ðáñÜãïíôåò êáé ðïéïé ïé

óôü÷ïé ôïõò óå êõôôáñéêü åðßðåäï; Ðþò åîçãåßôáé ç åêëå-

êôéêÞ åêöýëéóç ôùí íôïðáìéíåñãéêþí ìåëáéíïñáâäùôþí

íåõñþíùí;

Óôç óõíÝ÷åéá, èá åðé÷åéñçèåß ìéá óýíôïìç áíáóêüðç-

óç ôçò ìïñéáêÞò ãåíåôéêÞò ôçò íüóïõ ôïõ Parkinson êáé

ôùí ìç÷áíéóìþí êõôôáñéêïý èáíÜôïõ óôç ìÝëáéíá ïõ-

óßá, äßíïíôáò ðåñéóóüôåñç Ýìöáóç óôïí ðéèáíü ôïîéêü

ñüëï ôçò á-synuclein, äåäïìÝíïõ üôé ìåôáëëÜîåéò óôï

ìüñéü ôçò Þ óå Ýíæõìá ðïõ åìðëÝêïíôáé óôçí áðïäüìç-

óÞ ôçò ðñïêáëïýí íüóï ôïõ Parkinson.

2. ÌÇ×ÁÍÉÓÌÏÉ ÁÐÏÐÔÙÓÇÓ ÓÔÇ ÌÅËÁÉÍÁ ÏÕÓÉÁ

¸íáò óõíäõáóìüò ðáèïëïãéêþí äéáäéêáóéþí óõìâÜë-

ëåé óôçí áðüðôùóç ôùí íôïðáìéíåñãéêþí íåõñþíùí ôçò

ìÝëáéíáò ïõóßáò. Ôï ïîåéäùôéêü stress áðïôåëåß Ýíá óç-

ìáíôéêü ðáñÜãïíôá.1,2,4,15 Ç õðåñðáñáãùãÞ åëåõèÝñùí

ñéæþí ïîõãüíïõ êáé ç õðÝñâáóç ôïõ áíôéóôáèìéóôéêïý

äõíáìéêïý ôïõ êõôôÜñïõ ìå ôçí åîÜíôëçóç ôùí áðïèå-

ìÜôùí ôçò ãëïõôáèåéüíçò ïäçãïýí óå âëÜâç óçìáíôé-

êþí äïìþí êáé èÜíáôï ôïõ êõôôÜñïõ.1,2,4,15 ÐáñÜëëçëá,

ç ìéôï÷ïíäñéáêÞ äõóëåéôïõñãßá, ùò áðïôÝëåóìá áíá-

óôïëÞò ôçò äñáóôçñéüôçôáò ôçò áíáðíåõóôéêÞò áëõóß-

äáò ìåôáöïñÜò çëåêôñïíßùí, ïäçãåß óå ìåßùóç ôùí

åíäïêõôôÜñéùí åðéðÝäùí ATP êáé, åðïìÝíùò, óå «åíåñ-

ãåéáêÞ êñßóç» êáé ðáñåìðüäéóç ôùí ëåéôïõñãéþí ôïõ

êõôôÜñïõ.15 Åßíáé åíäéáöÝñïí üôé ôï MPP+ (ôï åíåñãü

éüí ôïõ MPTP [1-methyl-4-phenyl-1,2,3,6-tetrahydropy-

ridine], åíüò áíáëüãïõ ôçò ìåðåñéäßíçò ìå åêëåêôéêÞ

íåõñïôïîéêÞ äñÜóç åíáíôßïí ôùí íôïðáìéíåñãéêþí íåõ-

ñþíùí ôçò ìÝëáéíáò ïõóßáò) áíáóôÝëëåé ôç ëåéôïõñãßá

ôïõ óõìðëÝãìáôïò É ôçò áíáðíåõóôéêÞò áëõóßäáò.1,2,4,15

¸íáò åðéðñüóèåôïò ìç÷áíéóìüò áðüðôùóçò åßíáé ç

äéåãåñôïôïîéêüôçôá.1,2 Ç õðÝñìåôñç äéÝãåñóç ôùí NMDA

(N-methyl-D-aspartate) õðïäï÷Ýùí áðü ôï ãëïõôáìéêü

ïäçãåß óå áýîçóç ôçò åíäïêõôôÜñéáò óõãêÝíôñùóçò éü-

íôùí áóâåóôßïõ êáé åðáêüëïõèç åíåñãïðïßçóç åíæý-

ìùí (ðñùôåáóþí, åíäïíïõêëåáóþí, öùóöïëéðáóþí,

óõíèÜóçò ôïõ ìïíïîåéäßïõ ôïõ áæþôïõ).1,2 Ôåëéêü áðïôÝ-

ëåóìá åßíáé ç êõôôáñéêÞ âëÜâç áðü ôç äéÜóðáóç ôïõ

ãåíåôéêïý õëéêïý, ôçí êáôáóôñïöÞ âáóéêþí åíäïêõôôÜ-

ñéùí äïìþí êáé ôçí ðáñáãùãÞ åëåõèÝñùí ñéæþí ðïõ

Ý÷ïõí ùò âÜóç ôï ìïíïîåßäéï ôïõ áæþôïõ.1,2 Óçìáíôéêü

åýñçìá åßíáé ç ðáñáôÞñçóç íéôñïæõëéùìÝíùí õðïëåéì-

ìÜôùí ôõñïóßíçò óôï ìüñéï ôçò á-synuclein óå óùìÜôéá

ôïõ Lewy ôçò ìÝëáéíáò ïõóßáò áóèåíþí ìå íüóï ôïõ

Parkinson.16 Áíáæçôþíôáò ôçí áéôßá ôçò äéåãåñôïôïîéêü-

ôçôáò, ìéá ðéèáíÞ åîÞãçóç ìðïñåß íá èåùñçèåß ç õðåñ-

äñáóôçñéüôçôá ôïõ õðïèáëáìéêïý ðõñÞíá óå áóèåíåßò

ìå íüóï ôïõ Parkinson, äåäïìÝíïõ üôé ïé íåõñþíåò ðïõ

êáôáëÞãïõí óôç ìÝëáéíá ïõóßá áðü ôï óõãêåêñéìÝíï

ðõñÞíá áðåëåõèåñþíïõí ãëïõôáìéêü.

ÉäéÜæïõóáò óçìáóßáò óôçí ðáèïãÝíåéá ôçò íüóïõ åß-

íáé, ôÝëïò, ç ìåßùóç ôçò äéáèåóéìüôçôáò ïñéóìÝíùí íåõ-

ñïôñïöéêþí ðáñáãüíôùí, êõñßùò ôùí GDNF (glial-deri-

ved neurotrophic factor) êáé BDNF (brain-derived neuro-

trophic factor), ðïõ äéáäñáìáôßæïõí åîÝ÷ïíôá ñüëï óôçí

åðéâßùóç êáé ôç äéáöïñïðïßçóç ôùí íåõñéêþí êõôôÜ-

ñùí.2,17 Ðéèáíïëïãåßôáé üôé ïé åí ëüãù ðáñÜãïíôåò

áóêïýí áíáóôáëôéêÞ åðßäñáóç óôïõò áðïðôùôéêïýò ìç-

÷áíéóìïýò ôïõ íåõñéêïý êõôôÜñïõ, ôï ïðïßï, ìå ôç ìåßù-

óç ôùí äéáèÝóéìùí åðéðÝäùí ôùí íåõñïôñïöéíþí, ïäç-

ãåßôáé óå èÜíáôï.17

3. ÃÅÍÅÔÉÊÇ ÔÇÓ ÍÏÓÏÕ ÔÏÕ PARKINSON

¼ðùò ðñïáíáöÝñèçêå, Ýîé ãïíßäéá (á-synuclein, parkin,

UCH-L1, DJ-1, PINK1 êáé LRRK2)5–12 Ý÷ïõí óõíäåèåß
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ìå êëçñïíïìéêÝò ìïñöÝò ôçò íüóïõ ôïõ Parkinson, åíþ

Ý÷åé åíï÷ïðïéçèåß ç óõììåôï÷Þ êáé Üëëùí ãåíåôéêþí

ôüðùí, ÷ùñßò ùóôüóï íá Ý÷åé åðéôåõ÷èåß áíáãíþñéóç

ôùí õðåýèõíùí ãïíéäßùí.4,13,15 ×áñáêôçñéóôéêü åßíáé üôé

ìåôáëëÜîåéò óå äéáöïñåôéêÜ ãïíßäéá ó÷åôßæïíôáé ìå ôçí

åìöÜíéóç éäéáßôåñùí êëéíéêþí ãíùñéóìÜôùí.

Ç á-synuclein åßíáé ìéá ðñùôåÀíç áðïôåëïýìåíç áðü

140 áìéíïîÝá, åíþ ôï ãïíßäéï ðïõ ôçí êùäéêïðïéåß âñß-

óêåôáé óôï ìáêñü óêÝëïò ôïõ ÷ñùìïóþìáôïò 4 (4q21).

Äýï ìåôáëëÜîåéò Ý÷ïõí ðåñéãñáöåß óôï óõãêåêñéìÝíï

ìüñéï, ç ðñþôç óôç èÝóç 53 (Ala53Thr)5,18 êáé ç äåýôå-

ñç óôç èÝóç 30 (Ala30Pro).6 ÕðåñÝêöñáóç ôçò á-

synuclein, åðßóçò, ìðïñåß íá ðñïêáëÝóåé íüóï ôïõ

Parkinson, üðùò Ý÷åé ðáñáôçñçèåß óå ìéá ïéêïãÝíåéá ìå

áõôïóùìéêü åðéêñáôïýíôá ôýðï êëçñïíïìéêüôçôáò ôçò

íüóïõ, ðïõ ïöåéëüôáí óå ôñéðëáóéáóìü ôïõ ãïíéäßïõ

ôçò á-synuclein.19 Éäéáßôåñá ÷áñáêôçñéóôéêÜ ôçò íüóïõ

ôïõ Parkinson ðïõ ïöåßëåôáé óå ìåôáëëÜîåéò ôïõ ãïíéäßïõ

ôçò á-synuclein áðïôåëïýí ç áõôïóùìéêÞ åðéêñáôïýóá

êëçñïíïìéêüôçôá, ç ìéêñüôåñç çëéêßá Ýíáñîçò ôçò íü-

óïõ óå ó÷Ýóç ìå ôç óðïñáäéêÞ ìïñöÞ, ç èåôéêÞ áíôáðü-

êñéóç óôç èåñáðåßá ìå L-Dopa4,18 êáé, üðùò ðáñáôçñÞ-

èçêå óå ¸ëëçíåò áóèåíåßò ðïõ Ýöåñáí ôç ìåôÜëëáîç

Ala53Thr, ç ìéêñüôåñç óõ÷íüôçôá åìöÜíéóçò ôñüìïõ.20

Ç ìÝëáéíá ïõóßá ôùí áóèåíþí ìå íüóï ôïõ Parkinson

ïöåéëüìåíç óå ìåôáëëÜîåéò óôï ãïíßäéï ôçò á-synuclein

ðáñïõóéÜæåé óùìÜôéá ôïõ Lewy.4

ÌåôáëëÜîåéò óôï ãïíßäéï parkin ðñïêáëïýí ôçí áõ-

ôïóùìéêÞ õðïëåéðüìåíç íåáíéêÞ ìïñöÞ ôçò íüóïõ ôïõ

Parkinson.7 Ôï parkin åßíáé ìéá Å3-ëéãêÜóç áðïôåëïý-

ìåíç áðü 465 áìéíïîÝá êáé, åðïìÝíùò, ç äñÜóç ôïõ

åìðëÝêåôáé óôç ëåéôïõñãßá ôïõ óõóôÞìáôïò ubiquitin-

ðñùôåÜóùìá (âë. ðáñáêÜôù).14 Êýñéá ÷áñáêôçñéóôéêÜ ôçò

åí ëüãù ìïñöÞò áðïôåëïýí ç íåáíéêÞ çëéêßá Ýíáñîçò

(óôç äéÜñêåéá ôçò äåýôåñçò äåêáåôßáò ôçò æùÞò), ç óý-

íôïìç åìöÜíéóç äõóêéíçóßáò ëüãù ôçò èåñáðåßáò ìå L-

Dopa êáé ç áðïõóßá ôùí óùìáôßùí ôïõ Lewy áðü ôç

ìÝëáéíá ïõóßá.4

Ôï 1998, ïé Leroy et al ðåñéÝãñáøáí ôçí ðáñïõóßá

ìéáò ìåôÜëëáîçò (Ile93Met) óôï ãïíßäéï UCH-L1 óå

áóèåíåßò-ìÝëç ãåñìáíéêÞò ïéêïãÝíåéáò.8 Ôï ðñüôõðï

êëçñïíïìéêüôçôáò Þôáí óõìâáôü ìå áõôïóùìéêÞ åðéêñá-

ôïýóá ìåôáâßâáóç ìå áôåëÞ äéåéóäõôéêüôçôá.8 ÌÝ÷ñé óôéã-

ìÞò äåí õðÜñ÷ïõí ðëçñïöïñßåò ó÷åôéêÜ ìå ôçí ðáñïõ-

óßá óùìáôßùí ôïõ Lewy óôç ìÝëáéíá ïõóßá óôçí åí

ëüãù ìïñöÞ, êáèþò äåí Ý÷ïõí ðåñéãñáöåß Üëëåò ïéêï-

ãÝíåéåò ðïõ íá öÝñïõí ôç óõãêåêñéìÝíç ìåôÜëëáîç. ̧ ÷åé

ðáñáôçñçèåß, ùóôüóï, ç ýðáñîç åíüò ðïëõìïñöéóìïý

óôï ãïíßäéï ôçò UCH-L1 (Ser18Tyr), ðïõ ó÷åôßæåôáé ìå

ìåéùìÝíï êßíäõíï áíÜðôõîçò íüóïõ ôïõ Parkinson.21

ÁíáöïñéêÜ ìå ôïí ðñïóôáôåõôéêü ñüëï ôïõ óõãêåêñéìÝ-

íïõ ðïëõìïñöéóìïý, ðéèáíüí ïöåßëåôáé óôï ãåãïíüò üôé

ç UCH-L1 áóêåß ìéá äéðëÞ åíæõìéêÞ äñÜóç (ubiquitin

C-ôåëéêÞ õäñïëÜóç, ðïõ åðçñåÜæåôáé áðü ôç ìåôÜëëáîç

Ile93Met, êáé ubiquitin-ëéãêÜóç, ðïõ åðçñåÜæåôáé áðü

ôïí ðïëõìïñöéóìü Ser18Tyr),21 ãéá ôçí ïðïßá ãßíåôáé

ðåñéóóüôåñïò ëüãïò ðáñáêÜôù.

ÌåëÝôåò ãåíåôéêÞò óýíäåóçò áðïêÜëõøáí óõó÷Ýôé-

óç ôçò íüóïõ ôïõ Parkinson êáé ìå Üëëïõò ãåíåôéêïýò

ôüðïõò. Óå Ýíáí áðü áõôïýò (PARK7) âñßóêåôáé ôï ãï-

íßäéï DJ-1, ìåôáëëÜîåéò ôïõ ïðïßïõ óõíäÝïíôáé ìå ìéá

áõôïóùìéêÞ õðïëåéðüìåíç ìïñöÞ ôçò íüóïõ ôïõ

Parkinson ìå ðñþéìç Ýíáñîç.9 Ðéèáíïëïãåßôáé üôé ç DJ-

1 ðñùôåÀíç óõììåôÝ÷åé óôçí êõôôáñéêÞ áðüêñéóç óôï

ïîåéäùôéêü stress,9 åíþ õðÜñ÷ïõí åíäåßîåéò üôé äñá ùò

chaperone ðñùôåÀíç, âïçèþíôáò íåïóõíôéèÝìåíåò ðñù-

ôåÀíåò íá áðïêôÞóïõí ôç ëåéôïõñãéêÞ äéáìüñöùóÞ ôïõò

êáé óõìâÜëëïíôáò óôçí áðïôåëåóìáôéêÞ ëåéôïõñãßá ôïõ

óõóôÞìáôïò ubiquitin-ðñùôåÜóùìá.14,15 Åðéðñüóèåôá, ç

DJ-1 áóêåß áíôéáðïðôùôéêÞ åðßäñáóç, êõñßùò ìÝóù ôçò

áñíçôéêÞò ñýèìéóçò ôçò Ýêöñáóçò ôïõ ïãêïêáôáóôáëôé-

êïý ãïíéäßïõ PTEN22 êáé ôçò áëëçëåðßäñáóçò ìå óçìá-

íôéêïýò ãéá ôç ëåéôïõñãßá ôïõ êõôôÜñïõ ìåôáãñáöéêïýò

ðáñÜãïíôåò.23

Ôï ãïíßäéï PINK1 áíáãíùñßóôçêå åíôüò ôïõ ãåíåôé-

êïý ôüðïõ PARK610 ýóôåñá áðü ôçí áíáêÜëõøç ìåôáë-

ëÜîåùí ôïõ ãïíéäßïõ óå áóèåíåßò ìå áõôïóùìéêü åðé-

êñáôïýíôá ôýðï êëçñïíïìéêüôçôáò ôçò íüóïõ ôïõ

Parkinson êáé ìéêñÞ çëéêßá Ýíáñîçò êáé êùäéêïðïéåß ìéá

ðñùôåÀíç ìå äñÜóç êéíÜóçò óåñßíçò-èñåïíßíçò, ç ïðïßá

öõóéïëïãéêÜ åíôïðßæåôáé óôá ìéôï÷üíäñéá. Ùò öõóéïëï-

ãéêÞ äñÜóç ôçò ðñùôåÀíçò PINK1 (PTEN-induced putati-

ve kinase 1) ðéèáíïëïãåßôáé ç ðñïóôáóßá ôçò ìéôï÷ïí-

äñéáêÞò ëåéôïõñãßáò óå êáôáóôÜóåéò ïîåéäùôéêïý stress,10

åíþ äåí áðïêëåßåôáé ç áðþëåéá ôçò öùóöïñõëßùóçò

ìéôï÷ïíäñéáêþí ðñùôåúíþí êáé ç åðáêüëïõèç ìéôï÷ïí-

äñéáêÞ äõóëåéôïõñãßá íá áðïôåëïýí ôá áßôéá ôçò åê-

öýëéóçò ôùí íôïðáìéíåñãéêþí íåõñþíùí. Ç ðñùôåÀíç

PINK1 åðÜãåôáé áðü ôçí ðñùôåÀíç PTEN, ç ïðïßá, ìå

ôç óåéñÜ ôçò, ñõèìßæåôáé áñíçôéêÜ áðü ôçí DJ-1,22 ãå-

ãïíüò ðïõ êáèéóôÜ ðéèáíÞ ìéá ëåéôïõñãéêÞ áëëçëåðß-

äñáóç, Ýóôù êáé Ýììåóç, ìåôáîý PINK1 êáé DJ-1 óôá

ðëáßóéá ìéáò êïéíÞò âéïëïãéêÞò ïäïý.

Ôï ãïíßäéï LRRK2 åíôïðßæåôáé óôï ãåíåôéêü ôüðï

PARK811,12 êáé êùäéêïðïéåß ôçí ðñùôåÀíç LRRK2 (leu-

kine-rich repeat kinase 2) Þ dardarin, ìéá êéíÜóç ç ïðïßá

âñßóêåôáé ìåôáëëáãìÝíç óôï 1,6%24 ðåñßðïõ ôùí áóèå-

íþí ìå éäéïðáèÞ íüóï ôïõ Parkinson êáé óôï 5–6,6%
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ðåñßðïõ ôùí áóèåíþí ìå ïéêïãåíÞ íüóï ôïõ Parkin-

son.25,26 Ç êëçñïíïìéêüôçôá ôçò íüóïõ óå áóèåíåßò ìå

ìåôáëëÜîåéò ôïõ ãïíéäßïõ LRRK2 áêïëïõèåß ôïí áõôï-

óùìéêü åðéêñáôïýíôá ôýðï êáé ç êëéíéêÞ åéêüíá ÷áñá-

êôçñßæåôáé áðü ôõðéêÝò êëéíéêÝò åêäçëþóåéò ôçò íüóïõ

ôïõ Parkinson êáé éêáíïðïéçôéêÞ áíôáðüêñéóç óôç èåñá-

ðåßá ìå L-Dopa, åíþ ÷áñáêôçñéóôéêÞ åßíáé ç ðïéêéëßá

ðáèïëïãïáíáôïìéêþí åéêüíùí ìå Þ ÷ùñßò ôçí ðáñïõóßá

óùìáôßùí ôïõ Lewy êáé ôçí ðåñéóôáóéáêÞ ðáñïõóßá óõó-

óùñåýóåùí ôçò ðñùôåÀíçò Tau (íåõñïúíéäßùí),11,12 ÷á-

ñáêôçñéóôéêþí óôç íüóï ôïõ Alzheimer êáé óôç ìåôùðï-

âñåãìáôéêÞ Üíïéá ìå ðáñêéíóïíéóìü ðïõ óõíäÝåôáé ìå

ìåôáëëÜîåéò ôïõ ãïíéäßïõ ôçò Tau ðñùôåÀíçò óôï ÷ñù-

ìüóùìá 17.14,27 Ï öõóéïëïãéêüò ñüëïò ôçò ðñùôåÀíçò

LRRK2 Þ dardarin ðáñáìÝíåé Üãíùóôïò, ùóôüóï èåù-

ñåßôáé ðéèáíü üôé ç ìåôÜëëáîÞ ôçò ðñïêáëåß áðñüóöïñç

öùóöïñõëßùóç êáé ôñïðïðïßçóç ðñùôåúíþí, üðùò ôçò

á-synuclein êáé ôçò Tau, ìå áðïôÝëåóìá ôç óõóóþñåõóÞ

ôïõò.11,12

Åðéðñüóèåôá, Ý÷ïõí âñåèåß êáé Üëëåò ðåñéï÷Ýò ôïõ

ãïíéäéþìáôïò ðïõ ðéèáíüí ðåñéÝ÷ïõí ãïíßäéá ó÷åôéæü-

ìåíá ìå ôç íüóï (÷ñùìïóþìáôá 5, 8, 9, 10, 16 êáé 17),

êáèþò êáé äéÜöïñïé ðïëõìïñöéóìïß óå ãïíßäéá (ð.÷.

NR4A2, Tau, synphilin 1) ðïõ õðçñåôïýí ùò ãåíåôéêïß

ðáñÜãïíôåò êéíäýíïõ óôéò óðïñáäéêÝò ìïñöÝò.4,13–15 Óôïí

ðßíáêá 1 ðáñïõóéÜæåôáé ìéá óõíïðôéêÞ åéêüíá ôùí ãïíé-

äßùí ðïõ ó÷åôßæïíôáé ìå ôçí åêäÞëùóç íüóïõ ôïõ

Parkinson êáé ôá êõñéüôåñá ÷áñáêôçñéóôéêÜ ôùí áíôß-

óôïé÷ùí ìïñöþí ôçò íüóïõ ðïõ ðñïêýðôïõí óå êÜèå

ðåñßðôùóç.

ÄåäïìÝíïõ üôé ç á-synuclein äéáóðÜôáé áðü ôï óý-

óôçìá ubiquitin-ðñùôåÜóùìá, åíåñãÜ ìÝñç ôïõ ïðïßïõ

áðïôåëïýí ôï parkin êáé ç UCH-L1, êáé åöüóïí ìåôáë-

ëÜîåéò óôá áíôßóôïé÷á ãïíßäéá ðñïêáëïýí íüóï ôïõ

Parkinson, ãßíåôáé öáíåñüò ï áéôéïðáèïãåíåôéêüò ñüëïò

ôïõ åí ëüãù åíäïêõôôÜñéïõ óõóôÞìáôïò áðïäüìçóçò

âéïìïñßùí.14,27 Ãéá ôï óêïðü áõôüí, ðáñáêÜôù åðé÷åéñåß-

ôáé ìéá ëåðôïìåñÞò ðåñéãñáöÞ ôïõ ñüëïõ ôïõ ðñùôåá-

óþìáôïò, ôçò á-synuclein êáé ôùí óùìáôßùí ôïõ Lewy

(ðïõ ðåñéÝ÷ïõí óõóóùñåõìÝíç á-synuclein õðü ìïñöÞ

éíéäßùí) óôçí ðáèïãÝíåóç ôçò íüóïõ.

4. ÔO ÓÕÓÔÇÌÁ UBIQUITIN-ÐÑÙÔÅÁÓÙÌÁ
ÓÔÇ ÍÏÓÏ ÔÏÕ PARKINSON

Ðñéí ãßíåé áíÜëõóç ôïõ ñüëïõ ôïõ óõóôÞìáôïò

ubiquitin-ðñùôåÜóùìá óôç íüóï ôïõ Parkinson, èåùñåß-

ôáé óêüðéìç ç áíáöïñÜ ïñéóìÝíùí ðåñéãñáöéêþí óôïé-

÷åßùí ó÷åôéêÜ ìå ôç öõóéïëïãéêÞ óçìáóßá ôïõ óôç ñýè-

ìéóç ôçò ïìïéïóôáóßáò ôïõ êõôôÜñïõ.

Ç áðüêôçóç ôçò êáôÜëëçëçò äéáìüñöùóçò óôï ÷þñï

(ôñéôïôáãÞò äïìÞ) áðïôåëåß áðáñáßôçôç ðñïûðüèåóç ãéá

ìéá ðñùôåÀíç, ðñïêåéìÝíïõ íá åîáóêÞóåé ôïí êáèïñé-

óìÝíï âéïëïãéêü ñüëï ôçò.14,28,29 Ç áäõíáìßá áíáäßðëù-

óçò (folding) ïäçãåß óå ðáèïëïãéêÝò äõóëåéôïõñãéêÝò

Ðßíáêáò 1. Ãïíßäéá êáé ãåíåôéêïß ôüðïé ðïõ ó÷åôßæïíôáé ìå íüóï ôïõ Parkinson.1,4–13,15

 Ãïíßäéï- ×ñùìïóùìéêÞ Ãïíéäéáêü Ôýðïò Öáéíüôõðïò ÓùìÜôéá
 ãåíåôéêüò ôüðïò åíôüðéóç ðñïúüí êëçñïíïìéêüôçôáò ôïõ Lewy

PARK1 4q21-q23 á-synuclein ÁÅ Ó÷åôéêÜ ìéêñüôåñç çëéêßá Ýíáñîçò +

PARK2 6q25.2-q27 Parkin ÁÕ ÍåáíéêÞ çëéêßá Ýíáñîçò –

PARK3 2p13 ¢ãíùóôï ÁÅ ÔõðéêÞ íüóïò ôïõ Parkinson +

PARK4 4p15 ¢ãíùóôï ÁÅ Ôñüìïò óôÜóçò, Üíïéá +

PARK5 4p14 UCH-L1 ÁÅ ÔõðéêÞ íüóïò ôïõ Parkinson ¢ãíùóôï

PARK6 1p35-p36 PINK1 ÁÕ ÌéêñÞ çëéêßá Ýíáñîçò ¢ãíùóôï

PARK7 1p36 DJ-1 ÁÕ ÌéêñÞ çëéêßá Ýíáñîçò ¢ãíùóôï

PARK8 12p11.2-q13.1 LRRK2 ÁÅ Íüóïò ìå èåôéêÞ ±
(dardarin) áíôáðüêñéóç óôçí L-dopa

PARK9 1p36 ¢ãíùóôï ÁÕ ÌåãÜëç çëéêßá Ýíáñîçò ¢ãíùóôï

PARK10 1p32 ¢ãíùóôï ÁõîçìÝíç ðéèáíüôçôá ÌåãÜëç çëéêßá Ýíáñîçò ¢ãíùóôï
íüóçóçò (ãåíåôéêüò

ðáñÜãïíôáò êéíäýíïõ)

NR4A2 2q22-23 ÁõîçìÝíç ðéèáíüôçôá íüóçóçò (ãåíåôéêüò ðáñÜãïíôáò êéíäýíïõ)

Synphilin-1 5q23.1-23.3 ÁõîçìÝíç ðéèáíüôçôá íüóçóçò (ãåíåôéêüò ðáñÜãïíôáò êéíäýíïõ)

Tau 17q21 ÁõîçìÝíç ðéèáíüôçôá íüóçóçò (ãåíåôéêüò ðáñÜãïíôáò êéíäýíïõ)

ÁÅ: ÁõôïóùìéêÞ åðéêñáôïýóá êëçñïíïìéêüôçôá, ÁÕ: ÁõôïóùìéêÞ õðïëåéðüìåíç êëçñïíïìéêüôçôá
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ðñùôåÀíåò, ïé ïðïßåò ðáñïõóéÜæïõí áõîçìÝíç ôÜóç óõó-

óþñåõóçò.14 Ãéá ôï óêïðü áõôüí, ôï êýôôáñï Ý÷åé áíá-

ðôýîåé åéäéêïýò ðñïóôáôåõôéêïýò ìç÷áíéóìïýò, üðùò (á)

åéäéêÝò ðñùôåÀíåò (chaperones), ïé ïðïßåò êáèïäçãïýí

ôçí áíáäßðëùóç ôïõ ðñùôåúíéêïý ìïñßïõ óôï ÷þñï,14,28,29

êáé (â) ôï óýóôçìá ubiquitin-ðñùôåÜóùìá, ôï ïðïßï äéá-

óðÜ ðñùôåÀíåò ðïõ äåí Ý÷ïõí áíáäéðëùèåß óùóôÜ êáé

åðïìÝíùò áðïôñÝðåé ôç óõóóþñåõóÞ ôïõò, ðïõ èá ìðï-

ñïýóå íá áðïâåß âëáðôéêÞ óôï êýôôáñï.14,30

Åßíáé óçìáíôéêü üôé ôüóï ç íüóïò ôïõ Parkinson üóï

êáé ïé õðüëïéðåò íåõñïåêöõëéóôéêÝò íüóïé (ð.÷. íüóïò

ôïõ Alzheimer, íüóïò ôïõ Huntington, íùôéáéïðáñåãêå-

öáëéäéêÝò áôáîßåò) ÷áñáêôçñßæïíôáé áðü ôçí ðáñïõóßá

óõóóùñåýóåùí õðü ìïñöÞ éíéäßùí óõãêåêñéìÝíùí ðñù-

ôåúíþí êáé åßíáé åíäéáöÝñïí üôé ìåôáëëÜîåéò óôá ãïíß-

äéá ðïõ êùäéêïðïéïýí ôéò åí ëüãù ðñùôåÀíåò ðñïêá-

ëïýí êëçñïíïìéêÝò ìïñöÝò ôùí áíôßóôïé÷ùí íïóçìÜ-

ôùí.14 Ôï ãåãïíüò áõôü äåß÷íåé üôé ç óõóóþñåõóç ðñù-

ôåúíþí ðéèáíüí äéåíåñãåß Ýíáí ðñùôåýïíôá ñüëï óôçí

ðáèïãÝíåéá ôùí áíùôÝñù íïóçìÜôùí.14 Ìéá åíäéáöÝ-

ñïõóá õðüèåóç åßíáé üôé ç óõóóþñåõóç ðñùôåúíþí êáé

óôç óõíÝ÷åéá ç íåõñïåêöýëéóç, åìöáíßæïíôáé ùò áðïôÝ-

ëåóìá ôçò Ýêðôùóçò ôçò äñáóôçñéüôçôáò ôùí ðñïáíá-

öåñèÝíôùí åíäïêõôôÜñéùí ðñïóôáôåõôéêþí ìç÷áíéóìþí

(chaperones êáé óýóôçìá ubiquitin-ðñùôåÜóùìá) ìå ôçí

ðñüïäï ôçò çëéêßáò Þ ùò áðïôÝëåóìá ìåôáëëÜîåùí ðïõ

áõîÜíïõí ôçí ðáñáãùãÞ ìç óùóôÜ áíáäéðëùìÝíùí

ðñùôåúíþí, ôùí ïðïßùí ç óõãêÝíôñùóç äåí ìðïñåß íá

åîïõäåôåñùèåß áðü ôéò chaperones êáé ôï óýóôçìá

ubiquitin-ðñùôåÜóùìá.14,31,32

Ìå ðïéï ôñüðï üìùò ëåéôïõñãåß ôï óýóôçìá ubiquitin-

ðñùôåÜóùìá; Óå óõíôïìßá, óêïðüò ôçò ëåéôïõñãßáò ôïõ

áðïôåëåß ç óÞìáíóç ôïõ ðñïò äéÜóðáóç ìïñßïõ ìå

ubiquitin, ìéá óöáéñéêÞ ðñùôåÀíç 76 áìéíïîÝùí, êáé ç

áíáãíþñéóç ôïõ óõìðëÝãìáôïò ubiquitin-ðñïò äéÜóðá-

óç ìüñéï áðü Ýíá óýìðëåãìá ðñùôåïëõôéêþí åíæýìùí

(ðñùôåÜóùìá), ôï ïðïßï äñïìïëïãåß ôçí áðïäüìçóç ôïõ

ìïñßïõ.30 Ç óýíäåóç ôçò ubiquitin ìå ôï ðñïò äéÜóðáóç

ìüñéï (ubiquitylation) áðïôåëåß ìéá ðïëõóôáäéáêÞ äéáäé-

êáóßá, ç ïðïßá áðáéôåß ôç óõììåôï÷Þ ôñéþí äéáöïñåôé-

êþí åíæýìùí (Å1, Å2 êáé Å3). Áñ÷éêÜ, ôï Ýíæõìï Å1

(ubiquitin-activating enzyme) ó÷çìáôßæåé Ýíá èåéï-åóôå-

ñéêü äåóìü ìå ôçí êáñâïîõôåëéêÞ ãëõêßíç ôçò ubiquitin.

Ôï åí ëüãù óôÜäéï áðáéôåß ôçí êáôáíÜëùóç åíÝñãåéáò

õðü ìïñöÞ ATP. Óôç óõíÝ÷åéá, ôï Ýíæõìï Å2 (ubiquitin-

conjugating enzyme) äÝ÷åôáé ôçí ubiquitin áðü ôï Å1

êáé, ôåëéêÜ, ç Å3-ubiquitin ëéãêÜóç êáôáëýåé ôç ìåôáöï-

ñÜ ôçò ubiquitin áðü ôï Å2 óôçí å-áìéíïìÜäá åíüò õðï-

ëåßììáôïò ëõóßíçò ôïõ ðñïò äéÜóðáóç ìïñßïõ. Áêïëïõ-

èåß áðïäüìçóç áðü ôï ðñùôåÜóùìá.30

Ç óçìáóßá ôùí ðáñáðÜíù ãíþóåùí óôçí åñìçíåßá

ôçò ðáèïãÝíåéáò ôçò íüóïõ ôïõ Parkinson ãßíåôáé áíôé-

ëçðôÞ, åÜí ëçöèåß õðüøç üôé ç á-synuclein äéáóðÜôáé

áðü ôï ðñùôåÜóùìá, åíþ ôï parkin áðïôåëåß ìéá Å3-

ëéãêÜóç ðïõ ÷ñçóéìïðïéåß ùò õðüóôñùìá ìéá Ï-ãëõêï-

æõëéùìÝíç ìïñöÞ ôçò á-synuclein.33 Óôï ßäéï óýóôçìá

óõììåôÝ÷åé êáé ç UCH-L1, ç ïðïßá õäñïëýåé ôïõò äå-

óìïýò ÷çìéêþí áëõóßäùí ìïñßùí ubiquitin, ìå áðïôÝëå-

óìá ôçí áðåëåõèÝñùóç ìïíïìåñþí ubiquitin êáé ôçí

áíáêýêëùóÞ ôçò.8 ÅðïìÝíùò, äéáìïñöþíåôáé Ýíá ó÷ç-

ìáôéêü ðëáßóéï ó÷åôéêÜ ìå ôçí ðáèïãÝíåéá ôùí êëçñï-

íïìéêþí ìïñöþí ôçò íüóïõ, ðïõ Ý÷åé óõíïðôéêÜ ùò åîÞò:

(á) ÌåôáëëÜîåéò óôï ãïíßäéï ôçò á-synuclein ïäçãïýí

óå áõîçìÝíç ðáñáãùãÞ ìç óùóôÜ áíáäéðëùìÝíçò ðñù-

ôåÀíçò ìå áõîçìÝíç ôÜóç óõóóþñåõóçò. (â) ÌåôáëëÜ-

îåéò óôï parkin Ý÷ïõí ùò áðïôÝëåóìá áäõíáìßá óÞìáí-

óçò ôçò á-synuclein ìå ubiquitin êáé, êáôÜ óõíÝðåéá,

áäõíáìßá áðïäüìçóçò áðü ôï ðñùôåÜóùìá. (ã) Ìåôáë-

ëÜîåéò óôï ãïíßäéï ðïõ êùäéêïðïéåß ôçí UCH-L1 ïäç-

ãïýí óå áäõíáìßá áíáêýêëùóçò ôçò ubiquitin êáé êÜ-

ðïéá óôéãìÞ óå ìåßùóç ôçò äéáèåóéìüôçôÜò ôçò êáé äõó-

ëåéôïõñãßá ôïõ óõóôÞìáôïò ubiquitin-ðñùôåÜóùìá.4,14

Éäéáßôåñï åíäéáöÝñïí ðáñïõóéÜæåé ç ðáñáôÞñçóç üôé

ï ðïëõìïñöéóìüò Ser18Tyr óôï ìüñéï ôçò UCH-L1 ó÷å-

ôßæåôáé ìå ìåéùìÝíï êßíäõíï áíÜðôõîçò íüóïõ ôïõ

Parkinson.4 Ç åîÞãçóç Ýãêåéôáé óôï ãåãïíüò üôé ç UCH-

L1 ðáñïõóéÜæåé, üðùò ðñïáíáöÝñèçêå, äýï åíæõìéêÝò

äñáóôçñéüôçôåò: ubiquitin C-ôåëéêÞ õäñïëÜóç êáé

ubiquitin-ëéãêÜóç.21 Ç áíôéêáôÜóôáóç ôçò óåñßíçò óôç

èÝóç 18 áðü ôõñïóßíç ïäçãåß óå ìåßùóç ôçò äñáóôç-

ñéüôçôáò ôçò ubiquitin-ëéãêÜóçò ÷ùñßò íá åðçñåÜæåé ôçí

åíæõìéêÞ äñáóôéêüôçôá ôçò õäñïëÜóçò.21 ¸÷ïõí ðñïôá-

èåß äéÜöïñïé ìç÷áíéóìïß ðïõ èá ìðïñïýóáí íá èåùñç-

èïýí õðåýèõíïé ãéá ôç ìåßùóç ôïõ êéíäýíïõ áíÜðôõîçò

íüóïõ ôïõ Parkinson. Ãéá ðáñÜäåéãìá, ç ðñïóèÞêç ìï-

ñßùí ubiquitin óôçí á-synuclein ìå ôç äñÜóç ôçò UCH-

L1 ßóùò ïäçãåß óå ðáñáãùãÞ ðáèïëïãéêþí ðñùôïúíé-

äßùí á-synuclein, óå áíáóôïëÞ ôïõ ðñùôåáóþìáôïò, óå

áíáóôïëÞ ôçò ìåôáôñïðÞò ðñùôïúíéäßùí óå éíßäéá Þ óå

óõíäõáóìü ôùí ìç÷áíéóìþí áõôþí.21

5. Ï ÑÏËÏÓ ÔÙÍ ÓÙÌÁÔÉÙÍ ÔÏÕ LEWY

Ìéá åíäéáöÝñïõóá ðôõ÷Þ ôçò ðáèïãÝíåéáò ôçò íüóïõ

áðïôåëåß ç ðáñïõóßá ôùí óùìáôßùí ôïõ Lewy, ðïõ áðï-

ôåëïýíôáé êõñßùò áðü á-synuclein óõæåõãìÝíç ìå

ubiquitin.3 Åöüóïí áðïõóéÜæïõí áðü ôçí áõôïóùìéêÞ

õðïëåéðüìåíç íåáíéêÞ ìïñöÞ ôçò íüóïõ ðïõ ïöåßëåôáé

óå ìåôáëëÜîåéò ôïõ parkin,4 ðéèáíïëïãåßôáé üôé üôáí ç

á-synuclein äåí åßíáé óõíäåäåìÝíç ìå ubiquitin äåí
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ìðïñåß íá ó÷çìáôßóåé óùìÜôéá ôïõ Lewy, ï ó÷çìáôéóìüò

ôùí ïðïßùí ßóùò áíôéêáôïðôñßæåé ìéá áðïôõ÷çìÝíç ðñï-

óðÜèåéá êÜèáñóçò ôçò á-synuclein ìÝóù ôïõ óõóôÞìá-

ôïò ubiquitin-ðñùôåÜóùìá.27 Ìéá åíáëëáêôéêÞ åñìçíåßá

åßíáé üôé ç ëéãêÜóç parkin åßíáé ôüóï áðáñáßôçôç ãéá

ôçí ïìïéïóôáóßá ôïõ êõôôÜñïõ, þóôå ç áðïõóßá ôçò åðé-

ôñÝðåé óôéò óõóóùñåõüìåíåò ðñùôåÀíåò íá «èáíáôþóïõí»

ôï êýôôáñï ðñéí áðü ôçí ïñãÜíùóÞ ôïõò óå ìéêñïóêïðé-

êÜ åìöáíÞ óõóóùñåýìáôá. Óçìáíôéêü åßíáé ôï ãåãïíüò

üôé ìåôáëëÜîåéò ïé ïðïßåò äåí êáôáñãïýí áëëÜ áðëÜ

ìåéþíïõí ôç ëåéôïõñãéêüôçôá ôïõ parkin, ðñïêáëïýí íüóï

ôïõ Parkinson ìå óùìÜôéá ôïõ Lewy.34

Åíôüò ôùí óùìáôßùí ôïõ Lewy, ç á-synuclein óõóóù-

ñåýåôáé êõñßùò õðü ìïñöÞ éíéäßùí, ðïëõìåñéóìÝíçò äç-

ëáäÞ á-synuclein.14 Åßíáé áîéïóçìåßùôï üôé ôá éíßäéá áõôÜ

åßíáé üìïéá üóïí áöïñÜ óôç ìïñöïëïãßá êáé ôéò

öõóéêï÷çìéêÝò éäéüôçôåò ìå ôá éíßäéá ôïõ â-áìõëïåéäïýò,

ðïõ áðïôåëåß ôï êýñéï óõóôáôéêü ôùí ãåñïíôéêþí ðëá-

êþí ôçò íüóïõ ôïõ Alzheimer.14,27,31,32 ¸÷åé âñåèåß üôé

ôüóï ç öõóéïëïãéêÞ üóï êáé ç ìåôáëëáãìÝíç á-synuclein

ìðïñïýí íá ó÷çìáôßæïõí éíßäéá.35 Óôçí ïõóßá, õðü óõãêå-

êñéìÝíåò óõíèÞêåò ïðïéáäÞðïôå ðñùôåÀíç (áêüìç êáé ìç

ó÷åôéæüìåíåò ìå íïóÞìáôá ðñùôåÀíåò) äéáôçñåß ôç äõíá-

ôüôçôá ðïëõìåñéóìïý êáé ó÷çìáôéóìïý éíéäßùí,14,36 ôá

ïðïßá óå üëåò ôéò ðñùôåÀíåò äéáôçñïýí ôçí ßäéá ìïñöï-

ëïãßá, êáèþò ç óõãêåêñéìÝíç äéáìüñöùóç (â-ðôõ÷ùôÞ

äïìÞ) óôçñßæåôáé óå áëëçëåðéäñÜóåéò ìåôáîý ôùí óôá-

èåñþí ïìÜäùí ôùí áìéíïîÝùí, ðïõ åßíáé ßäéåò óå üëá ôá

áìéíïîÝá, êáé ü÷é áíÜìåóá óôéò ðëåõñéêÝò (-R) áëõóßäåò.

Ìå âÜóç ôá ðáñáðÜíù, èá ìðïñïýóå íá èåùñçèåß ìå

âåâáéüôçôá üôé ôá éíßäéá ôçò á-synuclein, êáé êáôÜ óõíÝ-

ðåéá ôá óùìÜôéá ôïõ Lewy, áðïôåëïýí Ýíá óçìáíôéêü

ôïîéêü ðáñÜãïíôá, óôïí ïðïßï èá ìðïñïýóå íá áðïäï-

èåß ç ðáèïãÝíåéá ôçò íüóïõ ôïõ Parkinson. Ùóôüóï, èá

ðñÝðåé íá áîéïðïéçèåß ç ðáñáôÞñçóç üôé ï ó÷çìáôéóìüò

éíéäßùí êáé ç óõóóþñåõóÞ ôïõò åíôüò ôùí óùìáôßùí

ôïõ Lewy äåí áðïôåëåß ìéá äéáäéêáóßá åîåëéóóüìåíç

áðåõèåßáò áðü ôç ìç óùóôÜ áíáäéðëùìÝíç á-synuclein

ðñïò ôá áäéÜëõôá éíßäéá.14 Óôçí ðñáãìáôéêüôçôá, ï ðïëõ-

ìåñéóìüò ôçò á-synuclein (êáé êÜèå Üëëçò ðñùôåÀíçò,

üôáí åîáóöáëßæïíôáé óõãêåêñéìÝíåò óõíèÞêåò ðïõ åõ-

íïïýí ôï ó÷çìáôéóìü éíéäßùí) ëáìâÜíåé ÷þñá ìå ôï

ó÷çìáôéóìü åíäéÜìåóùí ïëéãïìåñþí ìïñöþí äéáöüñùí

ó÷çìÜôùí êáé ìåãåèþí, ðïõ ïíïìÜæïíôáé ðñùôïúíßäéá

(protofibrils).14,31,32,35 Éäéáßôåñá óçìáíôéêü åßíáé ôï ãåãï-

íüò üôé, ðáñüëï ðïõ ðñùôïúíßäéá ó÷çìáôßæïíôáé êáé áðü

ôç öõóéïëïãéêÞ á-synuclein, ï ïëéãïìåñéóìüò åðéôá÷ý-

íåôáé óôçí ðåñßðôùóç ôùí ìåôáëëáãìÝíùí ìïñöþí, éäé-

áßôåñá ôçò Ala30Pro ìïñöÞò, åíþ ç Ala53Thr ìïñöÞ

ðïëõìåñßæåôáé ðñïò éíßäéá óå ìéêñüôåñï ÷ñïíéêü äéÜóôç-

ìá.35 ÁõôÞ ç ôÜóç ôùí ìåôáëëáãìÝíùí êáé ó÷åôéæüìå-

íùí ìå ôç íüóï ìïñöþí ôçò á-synuclein íá ó÷çìáôß-

æïõí óõíôïìüôåñá êáé óå ìåãáëýôåñç Ýêôáóç ïëéãïìå-

ñåßò ìïñöÝò, ðéèáíüí êáôáäåéêíýåé üôé áõôÝò åßíáé ïé

ôïîéêÝò ìïñöÝò ôçò ðñùôåÀíçò.35 Ðñüóöáôåò ðáñáôçñÞ-

óåéò áðïêáëýðôïõí, ìÜëéóôá, ïìïéüôçôá ôùí åí ëüãù

ðñùôïúíéäßùí ìå âáêôçñéáêÝò êõôôáñïëõôéêÝò ôïîßíåò (ð.÷.

ôïõ Clostridium perfringens) êáé ßóùò ç âëÜâç ôçò ìåì-

âñÜíçò ôïõ íåõñéêïý êõôôÜñïõ êáé ç áýîçóç ôçò äéáðå-

ñáôüôçôÜò ôçò áðïôåëåß Ýíáí ðáèïãåíåôéêü ìç÷áíéóìü.37

Ç ðéèáíÞ åãêõñüôçôá ôçò ôïîéêÞò äñÜóçò ôùí ïëéãï-

ìåñþí (ðñùôïúíéäßùí) ôçò á-synuclein éó÷õñïðïéåßôáé áðü

ôçí ðáñáôÞñçóç üôé, óôç äéÜñêåéá ôïõ ðïëõìåñéóìïý ìç

ðáèïãüíùí ðñùôåúíþí, ôá üøéìá éíßäéá äåí Ý÷ïõí êÜ-

ðïéá åðßäñáóç óå êõôôáñïêáëëéÝñãåéåò, åíþ ïé ðñþéìåò

ïëéãïìåñåßò ìïñöÝò ðñïêáëïýí óçìáíôéêÝò êõôôáñéêÝò

âëÜâåò êáé èÜíáôï.36 ÐáñÜëëçëá, äåí Ý÷åé åðéâåâáéùèåß

ðïôÝ óõó÷Ýôéóç ôçò ðáñïõóßáò ôùí óùìáôßùí ôïõ Lewy

ìå ôçí ðñüêëçóç êõôôáñéêÞò áðüðôùóçò.38 Óå ïñéóìÝ-

íåò ðåñéðôþóåéò, ìÜëéóôá, ôá óùìÜôéá ôïõ Lewy áíåõñß-

óêïíôáé óå öõóéïëïãéêïýò íåõñþíåò. Åðéðñüóèåôá, áí

áíáëïãéóôåß êÜðïéïò üôé ç íåáíéêÞ ìïñöÞ ôçò íüóïõ

ôïõ Parkinson, ðïõ ÷áñáêôçñßæåôáé áðü áðïõóßá ôùí åí

ëüãù óùìáôßùí, åìöáíßæåôáé óå áñêåôÜ ìéêñÞ çëéêßá,

åßíáé äõíáôÞ ç õðüèåóç åíüò ðñïóôáôåõôéêïý ñüëïõ ãéá

ôá óùìÜôéá ôïõ Lewy.14 Ìðïñåß ðÜíôùò íá åðéóçìáíèåß

üôé ç ðáñïõóßá ôïõò óôï êõôôáñüðëáóìá åíüò íåõñþíá

ðñïóäéïñßæåé ìéá êáôÜóôáóç åíäéÜìåóç ìåôáîý åíüò öõ-

óéïëïãéêïý êáé åíüò íåêñïý êõôôÜñïõ.14,39

Ç ìåôáëëáãìÝíç á-synuclein (üðùò êáé êÜèå ìç óù-

óôÜ áíáäéðëùìÝíç ðñùôåÀíç) ðåñéÝ÷åé óôï ìüñéü ôçò

åêôåèåéìÝíåò õäñüöïâåò ÷çìéêÝò ïìÜäåò, ðïõ ëüãù ìç

óùóôÞò áíáäßðëùóçò äåí «êñýöèçêáí» óôï åóùôåñéêü

ôïõ ìïñßïõ. Ïé õäñüöïâåò áõôÝò ïìÜäåò ðéèáíüí áëëç-

ëåðéäñïýí ìå Üëëåò õäñüöïâåò ïìÜäåò óçìáíôéêþí âéï-

ìïñßùí, ìå áðïôÝëåóìá ôçí êõôôáñéêÞ âëÜâç. ÅðïìÝíùò,

ìðïñåß íá èåùñçèåß üôé ôá óùìÜôéá ôïõ Lewy ðáãéäåý-

ïõí ôéò äõíçôéêÜ ðáèïëïãéêÝò ìïñöÝò ôçò á-synuclein

(ðñùôïúíßäéá) êáé ìüëéò ç óõãêÝíôñùóç ôçò åíäïêõôôÜ-

ñéáò á-synuclein õðåñâåß Ýíá óõãêåêñéìÝíï ïõäü óõó-

óþñåõóçò êáé «áðïôïîßíùóçò» åíôüò ôùí óùìáôßùí ôïõ

Lewy, åìöáíßæåôáé ç êõôôáñéêÞ âëÜâç.14 Áðü ôçí Üëëç

ðëåõñÜ, üìùò, äåí åßìáóôå ðñïò ôï ðáñüí ôïõëÜ÷éóôïí

óå èÝóç íá áðïññßøïõìå êáé Ýíáí ðéèáíü ðáèïãüíï

ñüëï ôùí óùìáôßùí ôïõ Lewy, ùò ìéáò äåîáìåíÞò ôùí

ðáèïãüíùí ïëéãïìåñþí ìïñöþí ôçò á-synuclein.
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6. Ç ÅÊËÅÊÔÉÊÇ ÁÐÙËÅÉÁ ÔÙÍ ÍÔÏÐÁÌÉÍÅÑÃÉÊÙÍ
ÍÅÕÑÙÍÙÍ ÔÇÓ ÌÅËÁÉÍÁÓ ÏÕÓÉÁÓ

Ç åêëåêôéêÞ áðüðôùóç ôïõ óõãêåêñéìÝíïõ ðëçèõ-

óìïý íåõñéêþí êõôôÜñùí óôç íüóï ôïõ Parkinson áðï-

ôåëåß ìÝ÷ñé óÞìåñá Ýíá åñþôçìá, ç áðÜíôçóç ôïõ ïðïßïõ

ëáìâÜíåé åíäéáöÝñïõóåò äéáóôÜóåéò ìå ôç äéáðßóôùóç

üôé ç íôïðáìßíç (ç áðþëåéá ôçò ïðïßáò ðñïêáëåß ôéò äéá-

ôáñá÷Ýò ôùí êéíÞóåùí ðïõ ÷áñáêôçñßæïõí ôç íüóï) ßóùò

áðïôåëåß ôïí «Ýíï÷ï». Ìéá åýëïãç åêäï÷Þ ó÷åôßæåôáé ìå

ôçí ðáñáôÞñçóç üôé, ëüãù ôçò áíÜãêçò âéïóýíèåóçò

íôïðáìßíçò, ïé åí ëüãù íåõñþíåò õðüêåéíôáé óå Ýíá

óõíå÷Ýò ïîåéäùôéêü stress.1,2,4 ÐáñÜëëçëá, âñÝèçêå ðñü-

óöáôá üôé ç íôïðáìßíç áíáóôÝëëåé ôïí ðïëõìåñéóìü ôçò

á-synuclein åìðïäßæïíôáò ôç ìåôáôñïðÞ ôùí ðñùôïúíé-

äßùí óå éíßäéá.40 Ç äñÜóç áõôÞ áóêïýíôáí ìÝóù ôçò

ðáñáãüìåíçò áðü ôçí íôïðáìßíç ïñèïêéíüíçò (ðñïúüí

ïîåßäùóçò ôçò íôïðáìßíçò) êáé Þôáí áíôéóôñåðôÞ ìå ôç

÷ïñÞãçóç áíôéïîåéäùôéêþí.40 Ç L-dopa áóêïýóå ðáñü-

ìïéåò åðéäñÜóåéò.40 ÅðïìÝíùò, ï ïîåéäùôéêüò èÜíáôïò

ôùí íôïðáìéíåñãéêþí íåõñþíùí óõíäõÜæåôáé ìå ôçí

ôïîéêüôçôá ôçò á-synuclein, éäßùò åÜí ãßíïõí áðïäåêôÝò

ïé ôïîéêÝò äñÜóåéò ôùí ðñùôïúíéäßùí.

Åðéðñüóèåôá, ç íôïðáìßíç åðÜãåé ôç äÝóìåõóç ôïõ

14-3-3, åíüò ìïñßïõ ìå äñÜóç chaperone áðïðôùôéêþí

ìåóïëáâçôþí, áðü ôç äéáëõôÞ (ü÷é óõóóùñåõìÝíç) öõ-

óéïëïãéêÞ Þ ìåôáëëáãìÝíç á-synuclein, ìå áðïôÝëåóìá

ôçí áðüðôùóç ôïõ êõôôÜñïõ.41 Ç áðåíåñãïðïßçóç ôïõ

14-3-3 äåí ðáñáôçñÞèçêå óå ìç íôïðáìéíåñãéêïýò íåõ-

ñþíåò, üðïõ ç á-synuclein (éäéáßôåñá ç ìç ìåôáëëáãìÝ-

íç) áóêïýóå íåõñïðñïóôáôåõôéêÞ äñÜóç.41

Ïé ðáñáðÜíù ðáñáôçñÞóåéò åîçãïýí ôçí åêëåêôéêÞ

áðþëåéá ôùí íôïðáìéíåñãéêþí íåõñþíùí ôçò ìÝëáéíáò

ïõóßáò óôç íüóï ôïõ Parkinson, êáôáäåéêíýïíôáò ôéò

äéáëõôÝò ìïíïìåñåßò êáé ïëéãïìåñåßò ìïñöÝò ôçò á-

synuclein ùò ôïîéêïýò ðáñÜãïíôåò. ÐáñÜëëçëá, ðáñÝ÷å-

ôáé êáé ìéá ðéèáíÞ åîÞãçóç óôï öáéíüìåíï ôçò áíÜðôõ-

îçò áíôï÷Þò óôç èåñáðåõôéêÞ äñÜóç ôçò L-dopa. ºóùò ç

L-dopa åíéó÷ýåé ôçí ôïîéêÞ äñÜóç ôçò á-synuclein ìÝóù

óôáèåñïðïßçóçò ôùí ôïîéêþí ðñùôïúíéäßùí.

7. ÓÕÌÐÅÑÁÓÌÁÔÁ–ÌÅËËÏÍÔÉÊÅÓ ÐÑÏÏÐÔÉÊÅÓ

Éäéáßôåñç ðñïóðÜèåéá Ý÷åé åðé÷åéñçèåß ìå óêïðü ôçí

áéôéïðáèïãåíåôéêÞ óýíäåóç ôçò íüóïõ ôïõ Parkinson ìå

Üëëåò íåõñïåêöõëéóôéêÝò ðáèÞóåéò, éäßùò ìå ôç íüóï

ôïõ Alzheimer. Óôá ðëáßóéá áõôÜ êáé ëáìâÜíïíôáò õðü-

øç ôçí åìöÜíéóç Üíïéáò óå áóèåíåßò ìå íüóï ôïõ

Parkinson, êáèþò êáé ôçí ýðáñîç ôçò Üíïéáò ìå óùìÜ-

ôéá ôïõ Lewy, ìéá åýëïãç åîÞãçóç Þôáí üôé ôüóï ç íü-

óïò ôïõ Parkinson üóï êáé ç íüóïò ôïõ Alzheimer áðï-

ôåëïýí ôá äýï Üêñá åíüò åíéáßïõ íïóïëïãéêïý öÜóìá-

ôïò, ôï ïðïßï ðåñéëáìâÜíåé åðéìÝñïõò êëéíéêÝò êáé ðá-

èïëïãïáíáôïìéêÝò ïíôüôçôåò.2

Óôçí ïõóßá, üðùò áðïêáëýðôïõí ðñüóöáôá äåäïìÝ-

íá, ç ðáèïãÝíåéá ôùí ðåñéóóïôÝñùí íåõñïåêöõëéóôé-

êþí íïóçìÜôùí ðéèáíüí âáóßæåôáé óôïí ßäéï ìç÷áíéóìü.

Ïé íüóïé ôïõ Parkinson, ôïõ Alzheimer êáé ôïõ

Huntington, êáèþò êáé Üëëåò (ð.÷. íùôéáéïðáñåãêåöáëé-

äéêÝò áôáîßåò), ÷áñáêôçñßæïíôáé ðáèïëïãïáíáôïìéêÜ áðü

ôçí ðáñïõóßá åíäïêõôôÜñéùí Þ åîùêõôôÜñéùí óõóóù-

ñåýóåùí áðïôåëïýìåíùí êõñßùò áðü ðïëõìåñéóìÝíåò

ìïñöÝò óõãêåêñéìÝíùí ðñùôåúíþí (óùìÜôéá ôïõ Lewy

ìå á-synuclein óôç íüóï Parkinson, åîùêõôôÜñéåò ðëÜ-

êåò â-áìõëïåéäïýò óôç íüóï Alzheimer, åíäïðõñçíéêÜ

Ýãêëåéóôá huntingtin óôç íüóï Huntington).14,42 ¼ðùò

êáé óôç íüóï ôïõ Parkinson, Ýôóé êáé óôá õðüëïéðá íï-

óÞìáôá õðÜñ÷ïõí åíäåßîåéò üôé äéáëõôÝò ìïñöÝò ôùí

åíï÷ïðïéïýìåíùí ðñùôåúíþí óõìâÜëëïõí óôï èÜíáôï

ôùí áíôßóôïé÷ùí ðëçèõóìþí íåõñéêþí êõôôÜñùí.14 Óå

ïñéóìÝíåò ðåñéðôþóåéò, ìÜëéóôá (íüóïò ôïõ Huntington,

íùôéáéïðáñåãêåöáëéäéêÞ áôáîßá ôýðïõ 1), ç áíáóôïëÞ

ó÷çìáôéóìïý åíäïðõñçíéêþí åãêëåßóôùí ïäçãåß óå áõ-

îçìÝíç áðüðôùóç êáé åðßôáóç ôçò íåõñïôïîéêüôçôáò.43,44

ÓõìðåñáóìáôéêÜ, ìðïñåß íá åðéóçìáíèåß üôé óôç íüóï

ôïõ Parkinson ôï éäéáßôåñï ðñïößë ôùí íôïðáìéíåñãéêþí

íåõñþíùí ôçò ìÝëáéíáò ïõóßáò (ð.÷. ìåôáâïëéêÞ äñá-

óôçñéüôçôá) ïäçãåß õðü óõãêåêñéìÝíåò óõíèÞêåò óå ëáí-

èáóìÝíç áíáäßðëùóç ôïõ ìïñßïõ ôçò á-synuclein êáé

åðéôñÝðåé ôïí ïëéãïìåñéóìü ôçò óå ðñùôïúíßäéá, ôá ïðïßá

óôç óõíÝ÷åéá óõóóùñåýïíôáé õðü ìïñöÞ éíéäßùí óôá

óùìÜôéá ôïõ Lewy. Ðáñüëï ðïõ ç ôÜóç ôçò óçìåñéíÞò

åðï÷Þò åðéôñÝðåé ôç èåþñçóç åíüò ðñïóôáôåõôéêïý ñü-

ëïõ ôùí óùìáôßùí ôïõ Lewy, áðáéôåßôáé ðñïóï÷Þ óôçí

åîáãùãÞ âåâéáóìÝíùí óõìðåñáóìÜôùí. ÁäéáìöéóâÞôçôá,

üìùò, ç áíáãíþñéóç åíüò ôïîéêïý ñüëïõ ôùí ïëéãïìå-

ñþí ìïñöþí (ðñùôïúíéäßùí) ôùí ðáèïëïãéêþí ðñùôåú-

íþí, ü÷é ìüíï óôç íüóï ôïõ Parkinson áëëÜ êáé óôá

õðüëïéðá íåõñïåêöõëéóôéêÜ íïóÞìáôá, áðïêáëýðôåé üôé

ç èåñáðåõôéêÞ ðñïóðÜèåéá áðïìÜêñõíóçò ôùí ðïëõìå-

ñéóìÝíùí ìïñöþí (éíéäßùí) ßóùò åßíáé ìÜôáéç. Óå ïñé-

óìÝíåò ìÜëéóôá ðåñéðôþóåéò ßóùò åßíáé êáé êáôá-

óôñåðôéêÞ.14,43,44 Éäéáßôåñá óçìáíôéêÞ åßíáé ç áðïêÜëõøç

åíüò ðéèáíïý åíéáßïõ ìç÷áíéóìïý ðáèïãÝíåéáò ôùí íåõ-

ñïåêöõëéóôéêþí íïóçìÜôùí, ðïõ åðéôñÝðåé ôïí ïñáìáôé-

óìü êáé ôç ó÷åäßáóç êïéíþí èåñáðåõôéêþí ðñïóåããß-

óåùí. Ç áýîçóç ôçò äéáèåóéìüôçôáò ôùí åíäïêõôôÜñéùí

chaperones êáé ç åõüäùóç ôïõ óõóôÞìáôïò ubiquitin-

ðñùôåÜóùìá áðïôåëïýí äýï åýëïãåò èåñáðåõôéêÝò ëý-

óåéò.14,29
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Genetic and molecular pathogenesis of Parkinson’s disease
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Parkinson’s disease (PD), a common progressive degenerative disease of the central nervous system, affects

about 1% of adults aged older than 60 years. PD is characterized by rigidity, tremor, postural instability and

bradykinesia, and is attributed to selective degeneration of the nigrostriatal dopaminergic neurons. Recent

studies indicate the presence of both genetic and environmental factors in the pathogenesis of PD. While PD is

usually sporadic, familial PD cases have been reported, following mostly a Mendelian pattern of inheritance

(autosomal dominant or recessive pattern). Six genes have been implicated so far in the pathogenesis of PD (á-

synuclein, parkin, UCH-L1, DJ-1, PINK1, and LRRK2), and additional genetic loci are currently under investi-

gation. The proteins encoded by the first three genes are closely related to proteasome function, either as

components of the ubiquitin-proteasome system (UPS) function (parkin and UCH-L1) or as degradable

substrates (á-synuclein), thereby implicating aberrations in UPS function and protein aggregation as causative

events in the pathogenesis of PD. This review describes the genetics and molecular pathogenesis of PD,

emphasizing the role of UPS and á-synuclein and commenting on the role of Lewy bodies, the pathological

hallmark in sporadic forms and in the majority of inherited forms of PD. Identification of underlying pathogenic

mechanisms in PD opens a new era in drug design and intervention.
................................................................................................................................................................................
Key words: á-synuclein, Parkin, Parkinson’s disease, Proteasome, Ubiquitin

Âéâëéïãñáößá

1. SAMII A, NUTT JG, RANSOM BR. Parkinson’s disease. Lancet
2004, 363:1783–1793

2. DUNNETT SB, BJORKLUND A. Prospects for new restorative
and neuroprotective treatments in Parkinson’s disease. Na-
ture 1999, 399(Suppl 6738):A32–A39

3. SPILLANTINI MG, SCHMIDT ML, LEE VMY, TROJANOWSKI JQ, JAKES

R, GOEDERT M. á-synuclein in Lewy bodies. Nature 1997,
388:839–840

4. MOURADIAN MM. Recent advances in the genetics and patho-
genesis of Parkinson disease. Neurology 2002, 58:179–185

5. POLYMEROPOULOS MH, LAVEDAN C, LEROY E, IDE SE, DEHEJIA A,

DUTRA A ET AL. Mutation in the á-synuclein gene identified
in families with Parkinson’s disease. Science 1997, 276:2045–
2047

6. KRÜGER R, KUHN W, MÜLLER T, WOITALLA D, GRAEBER M, KOSEL

S ET AL. Ala30Pro mutation in the gene encoding á-synucle-
in in Parkinson’s disease. Nat Genet 1998, 18:106–108

7. KITADA T, ASAKAWA S, HATTORI N, MATSUMINE H, YAMAMURA

Y, MINOSHIMA S ET AL. Mutations in the parkin gene cause
autosomal recessive juvenile parkinsonism. Nature 1998,
392:605–608

8. LEROY E, BOYER R, AUBURGER G, LEUBE B, ULM G, MEZEY E ET AL.

The ubiquitin pathway in Parkinson’s disease. Nature 1998,
395:451–452

9. BONIFATI V, RIZZU P, VAN BAREN MJ, SCHAAP O, BREEDVELD GJ,

KRIEGER E ET AL. Mutations in the DJ-1 gene associated with
autosomal recessive early-onset parkinsonism. Science 2003,
299:256–259. Published online 21 November 2002; 10.1126/
science.10771209

10. VALENTE EM, ABOU-SLEIMAN PM, CAPUTO V, MUQIT MMK, HAR-

VEY K, GISPERT S ET AL. Hereditary early-onset Parkinson’s
disease caused by mutations in PINK1. Science 2004,
304:1158–1160. Published online 15 April 2004; 10.1126/
science.1096284

11. PAISÁN-RUÍZ C, JAIN S, EVANS EW, GILKS WP, SIMÓN J, VAN DER

BRUG M ET AL. Cloning of the gene containing mutations that
cause PARK8-linked Parkinson’s disease. Neuron 2004,
44:595–600

12. ZIMPRICH A, BISKUP S, LEITNER P, LICHTNER P, FARRER M, LIN-

COLN S ET AL. Mutations in LRRK2 cause autosomal-domi-
nant parkinsonism with pleomorphic pathology. Neuron 2004,
44:601–607

13. KRÜGER R, EBERHARDT O, RIESS O, SCHULZ JB. Parkinson’s dis-
ease: One biochemical pathway to fit all genes? Trends Mol
Med 2002, 8:236–240

14. AGOROGIANNIS EI, AGOROGIANNIS GI, PAPADIMITRIOU G, HAD-

JIGEORGIOU GM. Protein misfolding in neurodegenerative dis-
eases. Neuropathol Appl Neurobiol 2004, 30:215–224

15. DAWSON TM, DAWSON VL. Molecular pathways of neurode-
generation in Parkinson’s disease. Science 2003, 302:819–
822



ÃÅÍÅÔÉÊÇ ÊÁÉ ÌÏÑÉÁÊÇ ÂÁÓÇ ÍÏÓÏÕ PARKINSON 443

16. GIASSON BI, DUDA JE, MURRAY IVJ, CHEN Q, SOUZA JM, HURTIG

HI ET AL. Oxidative damage linked to neurodegeneration by
selective á-synuclein nitration in synucleinopathy lesions.
Science 2000, 290:985–989

17. YUAN J, YANKNER BA. Apoptosis in the nervous system. Na-
ture 2000, 407:802–809

18. PAPADIMITRIOU A, VELETZA V, HADJIGEORGIOU GM, PATRIKIOU

A, HIRANO M, ANASTASOPOULOS I. Mutated á-synuclein in
two Greek kindreds with familial PD: Incomplete penetrance?
Neurology 1999, 52:651–654

19. SINGLETON AB, FARRER M, JOHNSON J, SINGLETON A, HAGUE S,

KACHERGUS J ET AL. á-synuclein locus triplication causes Parkin-
son’s disease. Science 2003, 302:841

20. PAPAPETROPOULOS S, PASCHALIS C, ATHANASSIADOU A, PA-

PADIMITRIOU A, ELLUL J, POLYMEROPOULOS MH ET AL. Clinical
phenotype in patients with á-synuclein Parkinson’s disease
living in Greece in comparison with patients with sporadic
Parkinson’s disease. J Neurol Neurosurg Psychiatry 2001,
70:662–665

21. LIU Y, FALLON L, LASHUEL HA, LIU Z, LANSBURY PT Jr. The UCH-
L1 gene encodes two opposing enzymatic activities that
affect á-synuclein degradation and Parkinson’s disease sus-
ceptibility. Cell 2002, 111:209–218

22. KIM RH, PETERS M, JANG Y, SHI W, PINTILIE M, FLETCHER GC ET AL.

DJ-1, a novel regulator of the tumor suppressor PTEN. Can-
cer Cell 2005, 7:263–273

23. XU J, ZHONG N, WANG H, ELIAS JE, KIM CY, WOLDMAN I ET AL.

The Parkinson’s disease-associated DJ-1 protein is a tran-
scriptional co-activator that protects against neuronal ap-
optosis. Hum Mol Genet 2005, 14:1231–1241

24. GILKS WP, ABOU-SLEIMAN PM, GANDHI S, JAIN S, SINGLETON A,

LEES AJ ET AL. A common LRRK2 mutation in idiopathic Par-
kinson’s disease. Lancet 2005, 365:415–416

25. NICHOLS WC, PANKRATZ N, HERNANDEZ D, PAISÁN-RUÍZ C, JAIN

S, HALTER CA ET AL. Genetic screening for a single common
LRRK2 mutation in familial Parkinson’s disease. Lancet 2005,
365:410–412

26. Di FONZO A, ROHÉ CF, FERREIRA J, CHIEN HF, VACCA L, STOCCHI

F ET AL. A frequent LRRK2 gene mutation associated with
autosomal dominant Parkinson’s disease. Lancet 2005,
365:412–415

27. TAYLOR JP, HARDY J, FISCHBECK KH. Toxic proteins in neurode-
generative disease. Science 2002, 296:1991–1995

28. HARTL FU, HAYER-HARTL M. Molecular chaperones in the cy-
tosol: From nascent chain to folded protein. Science 2002,
295:1852–1858

29. MUCHOWSKI PJ. Protein misfolding, amyloid formation, and
neurodegeneration: A critical role for molecular chaperones?
Neuron 2002, 35:9–12

30. WEISSMAN AM. Themes and variations on ubiquitylation. Na-
ture Rev Mol Cell Biol 2001, 2:169–178

31. KOO EH, LANSBURY PT Jr, KELLY JW. Amyloid diseases: Abnor-
mal protein aggregation in neurodegeneration. Proc Natl
Acad Sci USA 1999, 96:9989–9990

32. LANSBURY PT Jr. Evolution of amyloid: What normal protein
folding may tell us about fibrillogenesis and disease. Proc
Natl Acad Sci USA 1999, 96:3342–3344

33. SHIMURA H, SCHLOSSMACHER MG, HATTORI N, FROSCH MP,

TROCKENBACHER A, SCHNEIDER R ET AL. Ubiquitination of a
new form of á-synuclein by parkin from human brain: Impli-
cations for Parkinson’s disease. Science 2001, 293:263–269.
Published online 28 June 2001; 10.1126/science.1060627

34. FARRER M, CHAN P, CHEN R, TAN L, LINCOLN S, HERNANDEZ D

ET AL. Lewy bodies and parkinsonism in families with parkin
mutations. Ann Neurol 2001, 50:293–300

35. CONWAY KA, LEE SJ, ROCHET JC, DING TT, WILLIAMSON RE, LANS-

BURY PT Jr. Acceleration of oligomerization, not fibrillization,
is a shared property of both á-synuclein mutations linked to
early-onset Parkinson’s disease: Implications for pathogene-
sis and therapy. Proc Natl Acad Sci USA 2000, 97:571–576

36. BUCCIANTINI M, GIANNONI E, CHITI F, BARONI F, FORMIGLI L,

ZURDO J ET AL. Inherent toxicity of aggregates implies a
common mechanism for protein misfolding diseases. Nature
2002, 416:507–511

37. LASHUEL HA, HARTLEY D, PETRE BM, WALZ T, LANSBURY PT Jr.

Amyloid pores from pathogenic mutations. Nature 2002,
418:291

38. TOMPKINS MM, BASGALL EJ, ZAMRINI E, HILL WD. Apoptotic-like
changes in Lewy-body-associated disorders and normal ag-
ing in substantia nigral neurons. Am J Pathol 1997, 150:119–
131

39. HARDY J, GWINN-HARDY K. Genetic classification of primary
neurodegenerative disease. Science 1998, 282:1075–1079

40. CONWAY KA, ROCHET JC, BIEGANSKI RM, LANSBURY PT Jr. Kinet-
ic stabilization of the á-synuclein protofibril by a dopamine-
á-synuclein adduct. Science 2001, 294:1346–1349

41. XU J, KAO SY, LEE FJS, SONG W, JIN LW, YANKNER BA. Dopamine-
dependent neurotoxicity of á-synuclein: A mechanism for
selective neurodegeneration in Parkinson disease. Nat Med
2002, 8:600–606

42. MARTIN JB. Molecular basis of the neurodegenerative disor-
ders. N Engl J Med 1999, 340:1970–1980

43. SAUDOU F, FINKBEINER S, DEVYS D, GREENBERG ME. Huntingtin
acts in the nucleus to induce apoptosis but death does not
correlate with the formation of intranuclear inclusions. Cell
1998, 95:55–66

44. CUMMINGS CJ, REINSTEIN E, SUN Y, ANTALFFY B, JIANG Y, CIECH-

ANOVER A ET AL. Mutation of the E6-AP ubiquitin ligase
reduces nuclear inclusion frequency while accelerating pol-
yglutamine-induced pathology in SCA1 mice. Neuron 1999,
24:879–892

Corresponding author:

E.I. Agorogiannis, 12 Anthimou Gazi street, GR-412 22 La-
rissa, Greece
e-mail: agorogiannis@yahoo.gr

...............................................................................................................................................................................




