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¶∂ƒπ§∏æ∏

∆o Û‡ÛÙËÌ· ÚÂÓ›ÓË˜-·ÁÁÂÈoÙÂÓÛ›ÓË˜ (™ƒ∞) Â›Ó·È ˘Â‡ı˘Óo ÁÈ· ÙoÓ ¤ÏÂÁ¯o
ÙË˜ ·ÚÙËÚÈ·Î‹˜ ›ÂÛË˜ Î·È ÙË ‰È·Ù‹ÚËÛË ÙË˜ ÈÛoÚÚo›·˜ ˘ÁÚÒÓ Î·È ËÏÂ-
ÎÙÚoÏ˘ÙÒÓ Ùo˘ oÚÁ·ÓÈÛÌo‡ Ùo˘ ·ÓıÚÒo˘ ·ÏÏ¿ Î·È oÏÏÒÓ ¿ÏÏˆÓ ÂÈ‰ÒÓ
Ùo˘ ˙ˆÈÎo‡  ‚·ÛÈÏÂ›o˘. ∏ ·Úo˘Û›· Ùo˘ ÛÂ oÏ‡ ÚÒÈÌ· ÛÙ¿‰È· ÙË˜ ÂÍ¤-
ÏÈÍË˜ ÙˆÓ oÚÁ·ÓÈÛÌÒÓ ˘oÁÚ·ÌÌ›˙ÂÈ ÙËÓ ÙÂÚ¿ÛÙÈ· ÛËÌ·Û›· Ùo˘. ∏ ÂÓÙ·ÙÈ-
Î‹ ¤ÚÂ˘Ó· Ùo˘ ™ƒ∞ ·oÎ¿Ï˘„Â ÚÈÓ ·fi Ï›Á· ¯ÚfiÓÈ· fiÙÈ ÂÎÙfi˜ ·fi Ùo ÎÏ·-
ÛÈÎfi ™ƒ∞ ÙË˜ Î˘ÎÏoÊoÚ›·˜ ‹ ÂÓ‰oÎÚÈÓÈÎfi ™ƒ∞, Ù· ‰È¿ÊoÚ· Û˘ÛÙ·ÙÈÎ¿ Ùo˘
Û˘ÛÙ‹Ì·Ùo˜ ÌoÚo‡Ó Ó· ·Ú·¯ıo‡Ó ·fi ‰È¿ÊoÚo˘˜ ÈÛÙo‡˜ Î·È fiÚÁ·Ó·
ÙˆÓ ıËÏ·ÛÙÈÎÒÓ, Û¯ËÌ·Ù›˙oÓÙ·˜ ÈÛÙÈÎ¿ ™ƒ∞ ÌÂ ·Ú·ÎÚÈÓÈÎ‹ ‹/Î·È ·˘ÙoÎÚÈ-
ÓÈÎ‹ ÏÂÈÙo˘ÚÁ›·. ∏ ‡·ÚÍË ÈÛÙÈÎÒÓ ™ƒ∞ ıÂˆÚÂ›Ù·È Û‹ÌÂÚ· ÙÂÎÌËÚÈˆÌ¤ÓË
ÛÙo˘˜ ÓÂÊÚo‡˜, ÙËÓ Î·Ú‰È¿, Ù· ·ÁÁÂ›·, Ù· ÂÈÓÂÊÚ›‰È·, ÙoÓ ÂÁÎ¤Ê·Ïo Î·È
ÛÂ ¿ÏÏ· fiÚÁ·Ó· Î·È ÈÛÙo‡˜ Ùo˘ ·ÓıÚÒÈÓo˘ oÚÁ·ÓÈÛÌo‡. Ã·Ú·ÎÙËÚÈÛÙÈÎfi
ÙˆÓ Û˘ÛÙËÌ¿ÙˆÓ ·˘ÙÒÓ Â›Ó·È fiÙÈ Ë ‰Ú¿ÛË Ùo˘˜ ‰ÂÓ Â›Ó·È ¿ÓÙ· Û˘ÌÏË-
ÚˆÌ·ÙÈÎ‹ Ùo˘ ™ƒ∞ ÙË˜ Î˘ÎÏoÊoÚ›·˜ ·ÏÏ¿ oÏÏ¤˜ ÊoÚ¤˜ ·ÓÂÍ¿ÚÙËÙË. ∆·
‰Â‰oÌ¤Ó· ÁÈ· ÙËÓ ÂÌÏoÎ‹ ÙˆÓ ÈÛÙÈÎÒÓ ™ƒ∞ ÛÙËÓ ·ıoÁ¤ÓÂÈ· ÙË˜ ·ÚÙËÚÈ·-
Î‹˜ ˘¤ÚÙ·ÛË˜, ÙË˜ Î·Ú‰È·Î‹˜ ·ÓÂ¿ÚÎÂÈ·˜ Î·È ¿ÏÏˆÓ ·ıoÏoÁÈÎÒÓ Î·Ù·-
ÛÙ¿ÛÂˆÓ Á›ÓoÓÙ·È oÏo¤Ó· Î·È ÂÚÈÛÛfiÙÂÚ·, ·o‰ÂÈÎÓ‡oÓÙ·˜ ÙËÓ ÙÂÚ¿ÛÙÈ·
ÛËÌ·Û›· Ùo˘˜. ŒÓ· ·fi Ù· ‚·ÛÈÎfiÙÂÚ· ÂÚˆÙ‹Ì·Ù· ÛÙ· oo›· Ë ¤ÚÂ˘Ó·
¤ÚÂÂ Ó· ‰ÒÛÂÈ ·¿ÓÙËÛË ‹Ù·Ó Ë Úo¤ÏÂ˘ÛË ÙˆÓ Û˘ÛÙ·ÙÈÎÒÓ ÙˆÓ ÈÛÙÈÎÒÓ
™ƒ∞, È‰È·›ÙÂÚ· ÙË˜ ÚÂÓ›ÓË˜ Î·È Ùo˘ ·ÁÁÂÈoÙÂÓÛÈÓoÁfiÓo˘. ªÂ ÙËÓ ¿Úo‰o
ÙˆÓ ÂÙÒÓ Úo¤Î˘„·Ó oÏÏ¿ ÛÙoÈ¯Â›· ÙfiÛo ˘¤Ú ÙË˜ ÙoÈÎ‹˜ ·Ú·ÁˆÁ‹˜
ÙˆÓ o˘ÛÈÒÓ ·˘ÙÒÓ ÛÙo˘˜ ‰È¿ÊoÚo˘˜ ÈÛÙo‡˜, fiÛo Î·È ˘¤Ú ÙË˜ ÚfiÛÏË„Ë˜
Ùo˘˜ ·fi Ùo Ï¿ÛÌ·, Î·ıÒ˜ Â›ÛË˜ Î·È ÛÙoÈ¯Â›· ÁÈ· ÙËÓ ·Ú·ÁˆÁ‹ ·Á-
ÁÂÈoÙÂÓÛÈÓÒÓ ÛÙo˘˜ ÈÛÙo‡˜ Ì¤Ûˆ ¿ÏÏˆÓ o‰ÒÓ, fiˆ˜ Ì¤Ûˆ ¯˘Ì¿ÛË˜. ™ÙËÓ
·Úo‡Û· ·Ó·ÛÎfiËÛË ÂÎÙ›ıÂÓÙ·È fiÏ· ·˘Ù¿ Ù· ‰Â‰oÌ¤Ó· Î·È ÂÚÈÁÚ¿ÊÂÙ·È
Ë oÚÁ¿ÓˆÛË ÙˆÓ ÈÛÙÈÎÒÓ ™ƒ∞. 

∂π™∞°ø°∏

∏ ÂÓÂÚÁoo›ËÛË Ùo˘ Û˘ÛÙ‹Ì·Ùo˜ ÚÂÓ›ÓË˜-·ÁÁÂÈoÙÂÓÛ›ÓË˜
(™ƒ∞) ÙË˜ Î˘ÎÏoÊoÚ›·˜ ÍÂÎÈÓ¿ ÌÂ ÙËÓ ·Ú·ÁˆÁ‹ Î·È ·ÂÏÂ˘ı¤-
ÚˆÛË ·fi ÂÈ‰ÈÎ¿ Î‡ÙÙ·Ú· Ùo˘ ÓÂÊÚo‡, Ù· ·Ú·ÛÂÈÚ·Ì·ÙÈÎ¿
Î‡ÙÙ·Ú·, ÙË˜ oÚÌfiÓË˜ ÚÂÓ›ÓË˜ ˘fi ÙËÓ Â›‰Ú·ÛË Ì›·˜ ÏÂÈ¿‰·˜
ÂÚÂıÈÛÌ¿ÙˆÓ. ∏ ÚÂÓ›ÓË ‰Ú· ÛÙËÓ ·ÈÌ·ÙÈÎ‹ Î˘ÎÏoÊoÚ›· ÛÙo
·ÁÁÂÈoÙÂÓÛÈÓoÁfiÓo, Ì›· ·2-ÛÊ·ÈÚ›ÓË o˘ ·Ú¿ÁÂÙ·È ÛÙo ‹·Ú,
Î·È ÌÂ ÚˆÙÂoÏ˘ÙÈÎ‹ ‰È¿Û·ÛË ·Ê·ÈÚÂ› ¤Ó· ‰ÂÎ·ÂÙ›‰Èo, ÙËÓ
·ÁÁÂÈoÙÂÓÛ›ÓË π (∞ÁÁπ). ™ÙË Û˘Ó¤¯ÂÈ·, Ùo ÌÂÙ·ÙÚÂÙÈÎfi ¤Ó˙˘Ìo
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ÙË˜ ·ÁÁÂÈoÙÂÓÛ›ÓË˜ (ª∂∞) ·Ê·ÈÚÂ› ‰‡o ·ÎfiÌË
·ÌÈÓoÍ¤· ·’ ÙËÓ ∞ÁÁπ Î·È ¤ÙÛÈ ·Ú¿ÁÂÙ·È Ùo
oÎÙ·ÂÙ›‰Èo ·ÁÁÂÈoÙÂÓÛ›ÓË ππ (∞ÁÁππ), Ùo ‰Ú·ÛÙÈ-
Îfi ÙÂÏÈÎfi Úo˚fiÓ Ùo˘ Û˘ÛÙ‹Ì·Ùo˜1. ∏ ÌÂÙ·ÙÚo‹
ÙË˜ ∞ÁÁπ ÛÂ ∞ÁÁππ Ï·Ì‚¿ÓÂÈ ¯ÒÚ· ÛÂ ‰È¿ÊoÚ· ÛË-
ÌÂ›· ÙË˜ Î˘ÎÏoÊoÚ›·˜, Î˘Ú›ˆ˜ fiÌˆ˜ ÛÙ· ÓÂ˘-
ÌoÓÈÎ¿ ÙÚÈ¯oÂÈ‰‹ ·fi ª∂∞ o˘ ‚Ú›ÛÎÂÙ·È ÛÙËÓ
Î˘ÙÙ·ÚÈÎ‹ ÌÂÌ‚Ú¿ÓË ÙˆÓ ÂÓ‰oıËÏÈ·ÎÒÓ Î˘ÙÙ¿ÚˆÓ.
∆o ª∂∞ Â›Ó·È Ù·˘ÙfiÛËÌo ÌÂ Ùo ¤Ó˙˘Ìo ÎÈÓÈÓ¿ÛË ππ
o˘ ·‰Ú·ÓooÈÂ› ÙË ‚Ú·‰˘ÎÈÓ›ÓË, ÙË ‰Ú·ÛÙÈÎ‹ ·Á-
ÁÂÈo‰È·ÛÙ·ÏÙÈÎ‹ o˘Û›· Ùo˘ Û˘ÛÙ‹Ì·Ùo˜ Î·ÏÏÈ-
ÎÚÂ›ÓË˜-ÎÈÓÈÓÒÓ2. ªÂ ‰Ú¿ÛË ‰È·ÊfiÚˆÓ ¿ÏÏˆÓ ÂÓ-
˙‡ÌˆÓ, Ë ∞ÁÁπ Î·È Ë ∞ÁÁππ ÌoÚo‡Ó Ó· ÌÂÙ·-
ÙÚ·o‡Ó ÛÂ ¿ÏÏ· ÂÓÂÚÁ¿ ÂÙ›‰È· ÌÂ Û·ÊÒ˜ ÌÈÎÚfi-
ÙÂÚË ‚ÈoÏoÁÈÎ‹ ÛËÌ·Û›·, fiˆ˜ Ë ∞ÁÁ-(1-7), Ë ∞Á-
Áπππ Î·È Ë ∞ÁÁπV ‹ ÛÂ ·ÓÂÓÂÚÁ‹ ıÚ·‡ÛÌ·Ù·3.

∏ ∞ÁÁππ ·ÛÎÂ› ÙÈ˜ ‰È¿ÊoÚÂ˜ ‰Ú¿ÛÂÈ˜ ÙË˜ Ì¤Ûˆ
Û‡Ó‰ÂÛË˜ ÛÙ· ‰‡o Â›‰Ë ˘o‰o¯¤ˆÓ ÙË˜, Ùo˘˜ ∞∆1
Î·È ∞∆2 ˘o‰o¯Â›˜4,5. OÈ ∞∆1 ˘o‰o¯Â›˜ ÌÂÛoÏ·-
‚o‡Ó ÛÂ fiÏÂ˜ ÙÈ˜ ÁÓˆÛÙ¤˜ «ÎÏ·ÛÈÎ¤˜» ‰Ú¿ÛÂÈ˜ ÙË˜
∞ÁÁππ, fiˆ˜ Â›Ó·È Ë ·ÁÁÂÈoÛ‡Û·ÛË, Ë ‰È¤ÁÂÚÛË
Ùo˘ ÊÏoÈo‡ ÙˆÓ ÂÈÓÂÊÚÈ‰›ˆÓ Úo˜ ¤ÎÎÚÈÛË ·Ï‰o-
ÛÙÂÚfiÓË˜, Ë ·‡ÍËÛË ÙË˜ Û˘Ì·ıËÙÈÎ‹˜ ‰Ú·ÛÙËÚÈfi-
ÙËÙ·˜ Î·È ÙË˜ Â˘·ÈÛıËÛ›·˜ ÙˆÓ ·ÁÁÂ›ˆÓ ÛÙÈ˜ Î·ÙÂ-
¯oÏ·Ì›ÓÂ˜, Ë ·‡ÍËÛË ÙË˜ ÂÈı˘Ì›·˜ ÁÈ· ∏2O Î·È ·-

Ï¿ÙÈ, Ë ‰È¤ÁÂÚÛË ÙË˜ ¤ÎÎÚÈÛË˜ ·ÓÙÈ‰Èo˘ÚËÙÈÎ‹˜ oÚ-
ÌfiÓË˜ (antidiuretic hormone, ADH), Ë Ú‡ıÌÈÛË ÙË˜
·ÈÌo‰˘Ó·ÌÈÎ‹˜ Ùo˘ ÓÂÊÚo‡ Ì¤Ûˆ Û‡Û·ÛË˜ Ùo˘ ·-
·ÁˆÁo‡ ·ÚÙËÚÈ‰›o˘ Ùo˘ ÛÂÈÚ¿Ì·Ùo˜, Ë ¿ÌÂÛË Â-
·Ó·ÚÚfiÊËÛË Na+ ÛÙo ÂÁÁ‡˜ ÂÛÂÈÚ·Ì¤Óo ÛˆÏË-
Ó¿ÚÈo Î·È Ì·ÎÚoÚfiıÂÛÌ· Ë ‰È¤ÁÂÚÛË ÙË˜ ·‡ÍË-
ÛË˜ Î·È Ùo˘ oÏÏ·Ï·ÛÈ·ÛÌo‡ ÙˆÓ ÏÂ›ˆÓ Ì˘˚ÎÒÓ
Î˘ÙÙ¿ÚˆÓ ÙˆÓ ·ÁÁÂ›ˆÓ Î·È ÙˆÓ Ì˘oÎ·Ú‰È·ÎÒÓ Î˘Ù-
Ù¿ÚˆÓ. O ÚfiÏo˜ ÙˆÓ ∞∆2 ˘o‰o¯¤ˆÓ ‰ÂÓ ‹Ù·Ó ÁÓˆ-
ÛÙfi˜ Ì¤¯ÚÈ ÚÈÓ ·fi Ï›Á· ¯ÚfiÓÈ·, ÙÂÏÂ˘Ù·›· fiÌˆ˜
oÏo¤Ó· ÏËı·›Óo˘Ó Ù· ‰Â‰oÌ¤Ó· o˘ ˘oÛÙËÚ›-
˙o˘Ó fiÙÈ Ë Û‡Ó‰ÂÛË ÙË˜ ∞ÁÁππ ÛÙo˘˜ ∞∆2 ˘o‰o¯Â›˜
«ÌÂÙÚÈ¿˙ÂÈ» Ù· ·oÙÂÏ¤ÛÌ·Ù· ÙË˜ Û‡Ó‰ÂÛË˜ ÛÙo˘˜
∞∆1, Î·ıÒ˜ o‰ËÁÂ› ÛÂ ·Ó·ÛÙoÏ‹ ÙË˜ ·‡ÍËÛË˜ Î·È
Ùo˘ oÏÏ·Ï·ÛÈ·ÛÌo‡ Ùo˘ Î˘ÙÙ¿Úo˘, Úo·ÁˆÁ‹
ÙË˜ Î˘ÙÙ·ÚÈÎ‹˜ ·fiÙˆÛË˜ Î·È ÂÏ¿ÙÙˆÛË ÙË˜ ·Á-
ÁÂÈoÛ‡Û·ÛË˜6.

∏ ·ÓÂ‡ÚÂÛË ·Ú·ÁˆÁ‹˜ oÚÈÛÌ¤ÓˆÓ ·fi Ù·
Û˘ÛÙ·ÙÈÎ¿ Ùo˘ ™ƒ∞ ·fi Î‡ÙÙ·Ú· ‰È·ÊfiÚˆÓ ÈÛÙÒÓ
·oÙ¤ÏÂÛÂ Ùo ¤Ó·˘ÛÌ· ÁÈ· Ì›· ÙÂÚ¿ÛÙÈ· ÂÚÂ˘ÓË-
ÙÈÎ‹ ‰Ú·ÛÙËÚÈfiÙËÙ·, Úo˚fiÓ ÙË˜ oo›·˜ Â›Ó·È Û‹-
ÌÂÚ· Ë ÁÓÒÛË fiÙÈ ÂÎÙfi˜ ·fi Ùo ÎÏ·ÛÈÎ¿ ÂÚÈÁÚ·-
ÊfiÌÂÓo ÂÓ‰oÎÚÈÓÈÎfi ‹ Î˘ÎÏoÊoÚo‡Ó ™ƒ∞, ÛÂ
‰È¿ÊoÚ· fiÚÁ·Ó· Ùo˘ ·ÓıÚÒo˘ Î·È ¿ÏÏˆÓ ıËÏ·-
ÛÙÈÎÒÓ Û¯ËÌ·Ù›˙oÓÙ·È ·ÓÂÍ¿ÚÙËÙ· ÈÛÙÈÎ¿ ™ƒ∞.
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K‡ÙÙ·ÚÔ 2
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AÁÁ I

AÁÁ II

AÁÁ II

AÁÁ II

AÁÁ I

™¯. 1. ∞Ó··Ú¿ÛÙ·ÛË ÙË˜ ·Ú·ÎÚÈÓÔ‡˜ Î·È ·˘ÙÔÎÚÈÓÔ‡˜ ÏÂÈÙÔ˘ÚÁ›·˜ ÙˆÓ ÈÛÙÈÎÒÓ ™ƒ∞. ¶·Ú·ÎÚÈÓ‹˜ ÏÂÈÙÔ˘ÚÁ›·: ·fi
ÙÔ ·Ú·ÁˆÁfi Î‡ÙÙ·ÚÔ ·ÂÏÂ˘ıÂÚÒÓÂÙ·È ∞ÁÁππ Ô˘ ‰Ú· ÛÂ ˘Ô‰Ô¯Â›˜ ÙË˜ ÛÙËÓ ÂÈÊ¿ÓÂÈ· ÂÓfi˜ ÁÂÈÙÔÓÈÎÔ‡ Î˘ÙÙ¿-
ÚÔ˘. ∞˘ÙÔÎÚÈÓ‹˜ ÏÂÈÙÔ˘ÚÁ›·: Ë ·Ú·ÁfiÌÂÓË ∞ÁÁππ ‰Ú· ÛÂ ˘Ô‰Ô¯Â›˜ ÙË˜ ÛÙËÓ ÂÈÊ¿ÓÂÈ· ÙÔ˘ ·Ú·ÁˆÁÔ‡ Î˘ÙÙ¿ÚÔ˘.
∏ ÌÂÙ·ÙÚÔ‹ ÙË˜ ∞ÁÁπ ÛÂ ∞ÁÁππ ÌÔÚÂ› Ó· Ï¿‚ÂÈ ¯ÒÚ· Â›ÙÂ ÂÓ‰ÔÎ˘ÙÙ¿ÚÈ·, Â›ÙÂ ·fi ª∂∞ ÙË˜ Î˘ÙÙ·ÚÈÎ‹˜ ÌÂÌ‚Ú¿-
ÓË˜ (·fi (9), ÙÚÔÔÔÈËÌ¤ÓÔ).



∆· ÈÛÙÈÎ¿ ·˘Ù¿ ™ƒ∞ ÂÌÊ·Ó›˙o˘Ó ·Ú·ÎÚÈÓ‹ ‹/Î·È
·˘ÙoÎÚÈÓ‹ ÏÂÈÙo˘ÚÁ›·, ÛÂ ·ÓÙ›ıÂÛË ÌÂ ÙËÓ Ù˘ÈÎ¿
ÂÓ‰oÎÚÈÓ‹ ÏÂÈÙo˘ÚÁ›· Ùo˘ ™ƒ∞ ÙË˜ Î˘ÎÏoÊoÚ›·˜
(™¯. 1). ™ÙoÓ oÚÁ·ÓÈÛÌfi Ùo˘ ·ÓıÚÒo˘ ¤¯ÂÈ ÂÈ-
‚Â‚·ÈˆıÂ› Ë ‡·ÚÍË ÈÛÙÈÎÒÓ ™ƒ∞ ÛÙo˘˜ ÓÂÊÚo‡˜,
Ù· ·ÁÁÂ›·, ÙoÓ ÂÁÎ¤Ê·Ïo, ÙËÓ Î·Ú‰È¿, Ù· ÂÈÓÂ-
ÊÚ›‰È· ·ÏÏ¿ Î·È ÛÂ ‰È¿ÊoÚ· ¿ÏÏ· fiÚÁ·Ó· fiˆ˜
oÈ fiÚ¯ÂÈ˜, oÈ ˆoı‹ÎÂ˜, Ë ˘fiÊ˘ÛË, o ÏÈÒ‰Ë˜
ÈÛÙfi˜, Ùo ‰¤ÚÌ· Î·È Ùo ¿ÁÎÚÂ·˜. ∆· ‰Â‰oÌ¤Ó·
ÁÈ· ÙËÓ ÂÌÏoÎ‹ ÙˆÓ ÈÛÙÈÎÒÓ ™ƒ∞ ÛÙoÓ ¤ÏÂÁ¯o
Ùo˘ ·ÁÁÂÈ·Îo‡ ÙfiÓo˘, ÙË˜ ·ÈÌo‰˘Ó·ÌÈÎ‹˜ Ùo˘ ÓÂ-
ÊÚo‡, ÙË˜ Û˘ÛÙ·ÏÙÈÎfiÙËÙ·˜ Ùo˘ Ì˘oÎ·Ú‰›o˘ Î·È
Î·Ù¿ Û˘Ó¤ÂÈ· ÛÙËÓ ·ıoÁ¤ÓÂÈ· ÌÈ·˜ ÛÂÈÚ¿˜
·ıoÏoÁÈÎÒÓ Î·Ù·ÛÙ¿ÛÂˆÓ, fiˆ˜ Ë ·ÚÙËÚÈ·Î‹
˘¤ÚÙ·ÛË, Ë Î·Ú‰È·Î‹ ·ÓÂ¿ÚÎÂÈ·, Ë ·Ó·‰È·ÌfiÚ-
ÊˆÛË Ùo˘ Î·Ú‰È·Îo‡ Ì˘fi˜ ÌÂÙ¿ ·fi ¤ÌÊÚ·ÁÌ·
Î·È ¿ÏÏÂ˜, oÏo¤Ó· Î·È ÏËı·›Óo˘Ó ·Ó·‰ÂÈ-
ÎÓ‡oÓÙ·˜ ÙËÓ ÙÂÚ¿ÛÙÈ· ÛËÌ·Û›· Ùo˘˜. 

Ã·Ú·ÎÙËÚÈÛÙÈÎfi ÙˆÓ ÈÛÙÈÎÒÓ ™ƒ∞ Â›Ó·È fiÙÈ Ë
‰Ú¿ÛË Ùo˘˜ ‰ÂÓ Â›Ó·È ¿ÓÙ· Û˘ÌÏËÚˆÌ·ÙÈÎ‹ Ùo˘
™ƒ∞ ÙË˜ Î˘ÎÏoÊoÚ›·˜, ·ÏÏ¿ ÏÂÈÙo˘ÚÁo‡Ó Î·È ·ÓÂ-
Í¿ÚÙËÙ·7. ∆o ÁÂÁoÓfi˜ ·˘Ùfi Û˘ÌÊˆÓÂ› ·fiÏ˘Ù· ÌÂ
Ì›· ÛÂÈÚ¿ ÂÈÚ·Ì·ÙÈÎÒÓ ·Ú·ÙËÚ‹ÛÂˆÓ. ¶oÏÏ¤˜
ÊoÚ¤˜ ÛÙ· ·Ú·¿Óˆ ÓoÛ‹Ì·Ù· Ùo ™ƒ∞ ÙË˜ Î˘-
ÎÏoÊoÚ›·˜ ‰ÂÓ ÂÌÊ·Ó›˙ÂÙ·È ÂÓÂÚÁooÈËÌ¤Óo, ·ÏÏ¿
Ë ¯Ú‹ÛË ·Ó·ÛÙoÏ¤ˆÓ Ùo˘ ÌÂÙ·ÙÚÂÙÈÎo‡ ÂÓ˙‡Ìo˘
(·ª∂∞) ‹ ·oÎÏÂÈÛÙÒÓ ÙˆÓ ∞∆1-˘o‰o¯¤ˆÓ ÙË˜
∞ÁÁππ (∞∆1-·oÎÏÂÈÛÙÒÓ) ¤¯ÂÈ Â˘ÂÚÁÂÙÈÎ‹ Â›‰Ú·-
ÛË, ÚoÊ·ÓÒ˜ ÏfiÁˆ Î·Ù·ÛÙoÏ‹˜ ÙˆÓ ÂÈÌ¤Úo˘˜
ÂÓÂÚÁooÈËÌ¤ÓˆÓ ÈÛÙÈÎÒÓ ™ƒ∞. ∞ÎfiÌË, ‰È¿ÊoÚÂ˜
ÌÂÏ¤ÙÂ˜ ¤‰ÂÈÍ·Ó fiÙÈ ÌÂÙ¿ ·fi ¯Ú‹ÛË ·ª∂∞ Ë ÙÒ-
ÛË ÙË˜ Û˘ÛÙËÌ·ÙÈÎ‹˜ ·ÚÙËÚÈ·Î‹˜ ›ÂÛË˜ Î·È Ë Â-
Ï¿ÙÙˆÛË ÙË˜ ‰Ú·ÛÙËÚÈfiÙËÙ·˜ Ùo˘ ª∂∞ ÛÙo Ï¿-
ÛÌ· ‰ÂÓ Û¯ÂÙ›˙oÓÙ·È ¯ÚoÓÈÎ¿, ÂÓÒ Ë ·ÓÙÈ˘ÂÚÙ·ÛÈ-
Î‹ Î·È Ë Î·Ú‰ÈoÚoÛÙ·ÙÂ˘ÙÈÎ‹ ‰Ú¿ÛË ÙˆÓ ·ª∂∞
Â›Ó·È ÌÂÚÈÎÒ˜ ·ÓÂÍ¿ÚÙËÙË ÙË˜ ·Ó·ÛÙoÏ‹˜ Ùo˘
ª∂∞ ÛÙo Ï¿ÛÌ·8,9.

°È· Ó· Â›Ó·È ¤Ó· ÈÛÙÈÎfi ™ƒ∞ ÏÂÈÙo˘ÚÁÈÎfi, ı·
Ú¤ÂÈ Ó· ·Ú¿ÁÂÈ ÈÎ·Ó¤˜ oÛfiÙËÙÂ˜ Ùo˘ ‰Ú·ÛÙÈ-
Îo‡ ÙÂÏÈÎo‡ Úo˚fiÓÙo˜ (ÛÙË Û˘ÓÙÚÈÙÈÎ‹ ÏÂÈoÓfi-
ÙËÙ· ÙˆÓ ÂÚÈÙÒÛÂˆÓ Â›Ó·È Ë ∞ÁÁππ), Ó· ÂÚÈ¤¯ÂÈ
˘o‰o¯Â›˜ ÁÈ· Ùo ÙÂÏÈÎfi Úo˚fiÓ Î·È Ó· ··ÓÙ¿ ÛÂ
¯˘ÌÈÎ¿, ÓÂ˘ÚÈÎ¿ ‹/Î·È ÌË¯·ÓÈÎ¿ ÂÚÂı›ÛÌ·Ù·10.
£ÂˆÚÒÓÙ·˜ ‰Â‰oÌ¤Óo fiÙÈ Ùo ª∂∞ ·ÓÂ˘Ú›ÛÎÂÙ·È
Ú·ÎÙÈÎ¿ ÛÂ fiÏo˘˜ Ùo˘˜ ÈÛÙo‡˜ Î·È Ù· ÛˆÌ·ÙÈÎ¿
˘ÁÚ¿ Ù›ıÂÙ·È Ùo ÂÚÒÙËÌ· ÙË˜ Úo¤ÏÂ˘ÛË˜ ÙˆÓ ¿Ï-
ÏˆÓ ‰‡o ‚·ÛÈÎÒÓ Û˘ÛÙ·ÙÈÎÒÓ Ùo˘ ™ƒ∞, ÙË˜ ÚÂÓ›-
ÓË˜ Î·È Ùo˘ ·ÁÁÂÈoÙÂÓÛÈÓoÁfiÓo˘. ™ÙËÓ ·Úo‡Û·
·Ó·ÛÎfiËÛË ÂÎÙ›ıÂÙ·È Ë oÚÂ›· ÙË˜ ¤ÚÂ˘Ó·˜ Î·È
·Ó·Ï‡oÓÙ·È Ù· ‚·ÛÈÎ¿ ‰Â‰oÌ¤Ó· ÁÈ· ÙËÓ ÙoÈÎ‹

·Ú·ÁˆÁ‹ ·fi ‰È¿ÊoÚo˘˜ ÈÛÙo‡˜ ÙË˜ ÚÂÓ›ÓË˜ Î·È
Ùo˘ ·ÁÁÂÈoÙÂÓÛÈÓoÁfiÓo˘. ™ÙË Û˘Ó¤¯ÂÈ·, ·Ú·Ù›ıÂ-
ÓÙ·È ÛÙoÈ¯Â›· ÁÈ· ÙËÓ ÚfiÛÏË„Ë ÙˆÓ ·Ú·¿Óˆ
Û˘ÛÙ·ÙÈÎÒÓ ·fi Ùo Ï¿ÛÌ· o˘ Â˘ı‡ÓÂÙ·È ÁÈ·
Ì¤Úo˜ Ùo˘Ï¿¯ÈÛÙoÓ ÙË˜ Û˘ÓoÏÈÎ‹˜ ·Ú·ÁˆÁ‹˜ ÈÛÙÈ-
Î‹˜ ∞ÁÁππ Î·È ÂÚÈÁÚ¿ÊoÓÙ·È ¿ÏÏÂ˜ o‰o› o˘
ÌoÚÂ› Ó· ‰ÒÛo˘Ó Á¤ÓÂÛË ÛÙËÓ ∞ÁÁππ ÛÙo˘˜
ÈÛÙo‡˜. ∆¤Ïo˜, ÂÚÈÁÚ¿ÊÂÙ·È Û˘ÓoÙÈÎ¿ Ë Èı·Ó‹
oÚÁ¿ÓˆÛË ÙˆÓ ÈÛÙÈÎÒÓ ™ƒ∞.

™∆OπÃ∂π∞ °π∞ ∆∏¡ ∆O¶π∫∏ ™À¡£∂™∏
∆ø¡ ™À™∆∞∆π∫ø¡ ∆OÀ ™ƒ∞ ™∆OÀ™
¢π∞ºOƒOÀ™ π™∆OÀ™

∞. ƒÂÓ›ÓË

™¯Â‰fiÓ 40 ¯ÚfiÓÈ· ¤¯o˘Ó ÂÚ¿ÛÂÈ ·fi Ùo 1964,
fiÙ·Ó oÈ Gould et al. ¤‰ÂÈÍ·Ó ÁÈ· ÚÒÙË ÊoÚ¿ ÙËÓ
·Úo˘Û›· ‰Ú·ÛÙËÚÈfiÙËÙ·˜ ÙË˜ ÚÂÓ›ÓË˜ ÛÙo ·ÁÁÂÈ·-
Îfi Ùo›¯ˆÌ·11. ∞fi ÙfiÙÂ Úo¤Î˘„Â ¤Ó·˜ ÌÂÁ¿Ïo˜
fiÁÎo˜ ÂÚÂ˘ÓËÙÈÎÒÓ ‰Â‰oÌ¤ÓˆÓ o˘ Î·ıÈÛÙo‡Ó Û‹-
ÌÂÚ· ·Ó·ÌÊÈÛ‚‹ÙËÙË ÙËÓ ·Ú·ÁˆÁ‹ ÚÂÓ›ÓË˜ ‹ Ùo˘-
Ï¿¯ÈÛÙoÓ ÚoÚÂÓ›ÓË˜ ·fi ‰È¿ÊoÚo˘˜ ÈÛÙo‡˜ (¶›Ó.
1). ∞Ú¯ÈÎ¿ oÈ ÂÚÂ˘ÓËÙ¤˜ ÛÙËÚ›˙ÔÓÙ·Ó ÛÙË Ì¤ÙÚËÛË
ÙË˜ ÂÓ˙˘Ì·ÙÈÎ‹˜ ‰Ú·ÛÙËÚÈfiÙËÙ·˜ ÙË˜ ÚÂÓ›ÓË˜ Î·È
ÙËÓ ·Ú·ÁˆÁ‹ ‰È·ÊfiÚˆÓ ·ÁÁÂÈoÙÂÓÛÈÓÒÓ ·fi Ùo˘˜
ÈÛÙo‡˜, Î¿ÙÈ o˘ ‰ÂÓ ıÂˆÚ‹ıËÎÂ ·fiÏ˘Ù· ·ÎÚÈ‚¤˜
ÌÈ· Î·È oÈ ·ÁÁÂÈoÙÂÓÛ›ÓÂ˜ ·˘Ù¤˜ ÌoÚÂ› Ó· ‹Ù·Ó
Úo˚fiÓ ‰Ú¿ÛË˜ ÛÙo ·ÁÁÂÈoÙÂÓÛÈÓoÁfiÓo ¿ÏÏˆÓ ÂÓ-
˙‡ÌˆÓ ÙˆÓ ÈÛÙÒÓ (.¯. ÙË˜ Î·ıÂ„›ÓË˜ D) Î·È fi¯È ÙË˜
ÚÂÓ›ÓË˜12. OÈ ÂfiÌÂÓÂ˜ ÛÂÈÚ¤˜ ÌÂÏÂÙÒÓ ¤Ï·‚·Ó ˘-
fi„Ë ·˘Ù‹Ó ÙËÓ ·Ú·Ù‹ÚËÛË Î·È ÁÈ· Ó· ‚ÂÏÙÈÒ-
Ûo˘Ó ÙËÓ ·ÍÈoÈÛÙ›· ÙˆÓ ·oÙÂÏÂÛÌ¿ÙˆÓ Ùo˘˜ Ú·-
ÁÌ·ÙooÈo‡Û·Ó ÙÈ˜ ÌÂÙÚ‹ÛÂÈ˜ ÛÂ pH=6,5, o˘ Â›-
Ó·È Ùo È‰·ÓÈÎfi ÁÈ· ÙË ‰Ú¿ÛË ÙË˜ ÚÂÓ›ÓË˜. ™ÙË Û˘Ó¤-
¯ÂÈ· Ë ·Ó¿Ù˘ÍË ÙˆÓ ÙÂ¯ÓÈÎÒÓ ·ÓoÛo˚ÛÙo¯ËÌÂ›·˜
Î·È ÌoÚÈ·Î‹˜ ‚ÈoÏoÁ›·˜ ÚoÛ¤‰ˆÛÂ ÂÍ·ÈÚÂÙÈÎ‹ ·-
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¶›Ó·Î·˜ 1. ∫·Ù·ÓÔÌ‹ ÙˆÓ mRNA ÚÂÓ›ÓË˜ Î·È ·ÁÁÂÈÔÙÂÓ-
ÛÈÓÔÁfiÓÔ˘ ÛÂ ‰È¿ÊÔÚ· fiÚÁ·Ó·

mRNA mRNA
ÚÂÓ›ÓË˜ ·ÁÁÂÈÔÙÂÓÛÈÓÔÁfiÓÔ˘

¡ÂÊÚÔ› + + + + + + +
◊·Ú + + + + + +
∫·Ú‰È¿ + +
∞ÔÚÙ‹ + + +
∂ÈÓÂÊÚ›‰È· + + +
∂ÁÎ¤Ê·ÏÔ˜ + + + +
§ÈÒ‰Ë˜ ÈÛÙfi˜ + + + + 
¶¿ÁÎÚÂ·˜ + +



ÎÚ›‚ÂÈ· ÛÙÈ˜ ÌÂÙÚ‹ÛÂÈ˜ Î·È ÛÙËÓ o˘Û›· ÂÈÛÊÚ¿ÁÈ-
ÛÂ ÙÈ˜ ÚoËÁo‡ÌÂÓÂ˜ ÂÓ‰Â›ÍÂÈ˜. OÈ ¤ÌÌÂÛÂ˜ Î·È ¿-
ÌÂÛÂ˜ ·Ú·ÙËÚ‹ÛÂÈ˜ ÁÈ· ÙËÓ ·Ú·ÁˆÁ‹ ÚÂÓ›ÓË˜
·fi Ùo˘˜ ‰È·ÊfiÚo˘˜ ÈÛÙo‡˜ ÌoÚo‡Ó Ó· Û˘Óo„È-
ÛÙo‡Ó ÛÙÈ˜ ·Ú·Î¿Ùˆ (¶›Ó. 2):

¶›Ó·Î·˜ 2. ™ÙÔÈ¯Â›· ˘¤Ú ÙË˜ ·Ú·ÁˆÁ‹˜ ÚÂÓ›ÓË˜ ÛÂ ÂÍˆ-
ÓÂÊÚÈÎ¤˜ ı¤ÛÂÈ˜

1. À„ËÏ¿ ÔÛ¿ ÚÂÓ›ÓË˜ ÛÂ Î¿ÔÈÔ˘˜ ÈÛÙÔ‡˜
2. ¶·ÚÔ˘Û›· ÚÂÓ›ÓË˜ ÛÂ ÂÚÈÔ¯¤˜ ÌÂ È‰È·›ÙÂÚË ·ÈÌ¿ÙˆÛË,

fiˆ˜ Ô ÂÁÎ¤Ê·ÏÔ˜ Î·È ÔÈ   fiÚ¯ÂÈ˜
3. ∞‡ÍËÛË ÙË˜ ÚÔÚÂÓ›ÓË˜ ÛÙÔ ÊÏÂ‚ÈÎfi ·›Ì· ÛÂ Û¯¤ÛË ÌÂ ÙÔ

·ÚÙËÚÈ·Îfi ÛÂ ÔÚÈÛÌ¤Ó· fiÚÁ·Ó·
4. ∞‡ÍËÛË ÙË˜ ÚÂÓ›ÓË˜ ÛÂ ÔÚÈÛÌ¤ÓÔ˘˜ ÈÛÙÔ‡˜ ÌÂÙ¿ ·fi ÓÂ-

ÊÚÂÎÙÔÌ‹
5. ¶·Ú·ÁˆÁ‹ ÚÂÓ›ÓË˜ ÛÂ Î·ÏÏÈ¤ÚÁÂÈÂ˜ ‰È·ÊfiÚˆÓ ÂÈ‰ÒÓ

Î˘ÙÙ¿ÚˆÓ
6. ∂Ó‰ÔÎ˘ÙÙ¿ÚÈ· ·ÚÔ˘Û›· ÚÂÓ›ÓË˜ ÛÂ ÔÚÈÛÌ¤ÓÔ˘˜ ÈÛÙÔ‡˜
7. ∞Ó›¯ÓÂ˘ÛË ÙÔ˘ mRNA ÙË˜ ÚÂÓ›ÓË˜ ÛÂ ‰È¿ÊÔÚÔ˘˜ ÈÛÙÔ‡˜

1. ˘„ËÏ¿ oÛ¿ ÚÂÓ›ÓË˜ ÛÂ Î¿oÈo˘˜ ÈÛÙo‡˜
o˘ ‰ÂÓ ÌoÚo‡Ó Ó· ÂÍËÁËıo‡Ó ·fi ÙËÓ ÚfiÛÏË„Ë
ÚÂÓ›ÓË˜ ·fi Ùo Ï¿ÛÌ·. ∆¤ÙoÈoÈ ÈÛÙo› Â›Ó·È ÁÈ· ·-
Ú¿‰ÂÈÁÌ· Î¿oÈ· Ì¤ÚË Ùo˘ ·Ó··Ú·ÁˆÁÈÎo‡ Û˘-
ÛÙ‹Ì·Ùo˜13 ‹ oÈ ÛÈÂÏoÁfiÓoÈ ·‰¤ÓÂ˜ Ì˘ÒÓ, ÛÙo˘˜
oo›o˘˜ ¿ÏÏˆÛÙÂ ·oÌoÓÒıËÎÂ ÁÈ· ÚÒÙË ÊoÚ¿
Ùo DNA ÙË˜ ÚÂÓ›ÓË˜14Ø

2. ·Úo˘Û›· ÚÂÓ›ÓË˜ ÛÂ ÂÚÈo¯¤˜ ÂÓÙfi˜ Ùo˘ ·È-
Ì·ÙoÂÁÎÂÊ·ÏÈÎo‡ ÊÚ·ÁÌo‡15, ·ÏÏ¿ Î·È ÛÂ ¿ÏÏ·
fiÚÁ·Ó· ÌÂ È‰È·›ÙÂÚË ·ÈÌ¿ÙˆÛË fiˆ˜ oÈ fiÚ¯ÂÈ˜16

Î·È Èı·ÓÒ˜ Ùo ˘·ÏoÂÈ‰¤˜ ÛÒÌ· Ùo˘ oÊı·ÏÌo‡17.
™’ ·˘Ù¤˜ ÙÈ˜ ÂÚÈo¯¤˜ Â›Ó·È Û¯Â‰fiÓ ·‰‡Ó·Ùo Ë ÚÂÓ›-
ÓË Ó· Úo¤Ú¯ÂÙ·È ·fi ÚfiÛÏË„Ë ·fi Ùo Ï¿ÛÌ·Ø

3. ·‡ÍËÛË ÙË˜ ÚoÚÂÓ›ÓË˜ ÛÙo ÊÏÂ‚ÈÎfi ·›Ì·,
ÛÂ Û¯¤ÛË ÌÂ Ùo ·ÚÙËÚÈ·Îfi, ÛÂ fiÚÁ·Ó· fiˆ˜ oÈ fiÚ-
¯ÂÈ˜ Î·È Ù· ÂÈÓÂÊÚ›‰È· ·ÓıÚÒo˘ ¯ˆÚ›˜ ·Ó¿ÏoÁË
·‡ÍËÛË ÙË˜ ÚÂÓ›ÓË˜, Î¿ÙÈ o˘ Û˘ÌÊˆÓÂ› ÌÂ ÙoÈÎ‹
Û‡ÓıÂÛË ÛÙ· fiÚÁ·Ó· ·˘Ù¿18Ø

4. ·‡ÍËÛË ÙË˜ ÚÂÓ›ÓË˜ ÛÂ oÚÈÛÌ¤Óo˘˜ ÈÛÙo‡˜
ÌÂÙ¿ ·fi ÓÂÊÚÂÎÙoÌ‹. ªÂÙ¿ ·fi ·ÌÊoÙÂÚfiÏÂ˘ÚË
ÓÂÊÚÂÎÙoÌ‹ ÌÂ ÌË ·ÓÈ¯ÓÂ‡ÛÈÌ· Â›Â‰· ‰Ú·ÛÙÈÎfi-
ÙËÙ·˜ ÚÂÓ›ÓË˜ ÛÙo Ï¿ÛÌ· (plasma renin activity,
PRA), ·Ú·ÙËÚÂ›Ù·È ·‡ÍËÛË ÙË˜ ÚÂÓ›ÓË˜ ÛÂ ÈÛÙo‡˜
fiˆ˜ Ù· ÂÈÓÂÊÚ›‰È·19 ‹ Ùo ·ÁÁÂÈ·Îfi Ùo›¯ˆÌ·20Ø

5. ·Ú·ÁˆÁ‹ ÚÂÓ›ÓË˜ Î·È ·ÁÁÂÈoÙÂÓÛÈÓÒÓ ÛÂ
Î·ÏÏÈ¤ÚÁÂÈÂ˜ ‰È·ÊfiÚˆÓ ÂÈ‰ÒÓ Î˘ÙÙ¿ÚˆÓ fiˆ˜ ÂÓ-
‰oıËÏÈ·Î¿ Î‡ÙÙ·Ú· ·ÁÁÂ›ˆÓ21 Î·È ÊÏoÈoÂÈÓÂÊÚÈ-
‰È·Î¿ Î‡ÙÙ·Ú·22Ø

6. ÂÓ‰oÎ˘ÙÙ¿ÚÈ· ·Úo˘Û›· ÚÂÓ›ÓË˜. ™Â Û˘ÁÎÂ-
ÎÚÈÌ¤Ó· Î‡ÙÙ·Ú· oÚÈÛÌ¤ÓˆÓ ÈÛÙÒÓ, Ë ÚÂÓ›ÓË ¤¯ÂÈ
ÂÓÙoÈÛıÂ› ÂÓ‰oÎ˘ÙÙ¿ÚÈ· ÌÂ ÙÂ¯ÓÈÎ¤˜ ·ÓoÛo˚ÛÙo-

¯ËÌÂ›·˜23. Ã·Ú·ÎÙËÚÈÛÙÈÎfi ·Ú¿‰ÂÈÁÌ· Ù· Î‡ÙÙ·-
Ú· Ùo˘ ÊÏoÈo‡ ÙˆÓ ÂÈÓÂÊÚÈ‰›ˆÓ, fio˘ Ë ÚÂÓ›ÓË
¤¯ÂÈ ÂÓÙoÈÛÙÂ› ÛÂ Û˘ÁÎÂÎÚÈÌ¤ÓÂ˜ ÂÚÈo¯¤˜ ÂÓ‰o-
Î˘ÙÙ¿ÚÈ·24. ¶·ÚfiÙÈ ‰ÂÓ ÌoÚÂ› Ó· ·oÎÏÂÈÛıÂ› Ë
ÚfiÛÏË„Ë ·fi Ùo Ï¿ÛÌ·, Ë ·ÓÂ‡ÚÂÛË ÙË˜ ÚÂÓ›ÓË˜
ÛÂ Û˘ÁÎÂÎÚÈÌ¤ÓÂ˜ ÂÚÈo¯¤˜  Ùo˘ Î˘ÙÙ¿Úo˘ ˘oÛÙË-
Ú›˙ÂÈ ÙËÓ ÙoÈÎ‹ Û‡ÓıÂÛËØ

7. ·Ó›¯ÓÂ˘ÛË Ùo˘ mRNA ÙË˜ ÚÂÓ›ÓË˜.  ∞fi ÙÈ˜
·Ú¯¤˜ ÙË˜ ‰ÂÎ·ÂÙ›·˜ Ùo˘ ’80, Ë ¯Ú‹ÛË ÙˆÓ ÂÈ‰ÈÎÒÓ
ÙÂ¯ÓÈÎÒÓ ÌoÚÈ·Î‹˜ ‚ÈoÏoÁ›·˜ ·oÎ¿Ï˘„Â ÙËÓ ·-
Úo˘Û›· Ùo˘ mRNA ÙË˜ ÚÂÓ›ÓË˜ ÛÂ ÌÈ· ÌÂÁ¿ÏË oÈ-
ÎÈÏ›· ÂÍˆÓÂÊÚÈÎÒÓ ÈÛÙÒÓ, ÂÈ‚Â‚·ÈÒÓoÓÙ·˜ ÙÈ˜ ·-
Ú·¿Óˆ ·Ú·Ù‹ÚËÛÂÈ˜25-27. ∏ ·Úo˘Û›· ‚¤‚·È·
Ùo˘ mRNA ·fi ÌfiÓË ÙË˜ ‰ÂÓ Â›Ó·È ·ÚÎÂÙ‹ ÁÈ· Ó·
·o‰Â›ÍÂÈ ÙË Û‡ÓıÂÛË ÚÂÓ›ÓË˜, Î·ıÒ˜ ˘¿Ú¯o˘Ó
ÛÙoÈ¯Â›· fiÙÈ oÏÏ¿ ÁÔÓ›‰È·, ·Ó fi¯È fiÏ·, ˘Ê›ÛÙ·ÓÙ·È
ÌÂÙ·ÁÚ·Ê‹ ÛÂ fiÏ· Ù· Î‡ÙÙ·Ú· ÛÂ oÏ‡ ¯·ÌËÏ¿ Â-
›Â‰·, ̄ ˆÚ›˜ Ó· ·ÎoÏo˘ı‹ÛÂÈ Ë ‰È·‰ÈÎ·Û›· ÙË˜ ÌÂ-
Ù¿ÊÚ·ÛË˜28. ∆· ÂÍ·ÈÚÂÙÈÎ¿ ¯·ÌËÏ¿ ·˘Ù¿ Â›Â‰·
mRNA ÌoÚo‡Ó Ó· ·ÓÈ¯ÓÂ˘ıo‡Ó ÌfiÓo ÌÂ oÏ‡ Â˘-
·›ÛıËÙÂ˜ ÙÂ¯ÓÈÎ¤˜, fiˆ˜ ·˘Ù‹ ÙË˜ ·Ï˘ÛÈ‰ˆÙ‹˜ ·ÓÙ›-
‰Ú·ÛË˜ oÏ˘ÌÂÚ¿ÛË˜ (polymerase chain reaction,
PCR). ™Â fiÙÈ ·ÊoÚ¿ fiÌˆ˜ ÙË ÚÂÓ›ÓË, Ù· Â›Â‰·
Ùo˘ mRNA o˘ ·ÓÈ¯ÓÂ‡ıËÎ·Ó ˘ÂÚ‚·›Óo˘Ó Î·Ù¿
oÏ‡ Ù· ·Ú·¿Óˆ ¯·ÌËÏ¿ oÛ¿. ∞ÎfiÌË, Ùo
mRNA ÙË˜ ÚÂÓ›ÓË˜ ¤¯ÂÈ ‚ÚÂıÂ› ÛÂ Û˘ÁÎÂÎÚÈÌ¤Ó·
Î‡ÙÙ·Ú· ÙˆÓ ÈÛÙÒÓ23

, Ù· oo›· fiÌˆ˜ ‰È·Ê¤Úo˘Ó ·-
fi ÈÛÙfi ÛÂ ÈÛÙfi. ∏ ÚÂÓ›ÓË ‰ËÏ·‰‹ ÛÙo˘˜ ‰È¿ÊoÚo˘˜
ÈÛÙo‡˜ ‰ÂÓ ·Ú¿ÁÂÙ·È ·oÎÏÂÈÛÙÈÎ¿ ·fi ¤Ó·Ó Ù‡o
Î˘ÙÙ¿ÚˆÓ, .¯. ·fi ÂÓ‰oıËÏÈ·Î¿ ‹ ÌÂÛÂÁ¯˘Ì·ÙÈÎ¿
Î‡ÙÙ·Ú·, ·ÏÏ¿ ·fi ‰È¿ÊoÚo˘˜, ·Ó¿ÏoÁ· ÌÂ ÙoÓ
ÈÛÙfi.

µ. ∞ÁÁÂÈÔÙÂÓÛÈÓÔÁfiÓÔ

Ÿˆ˜ ·ÎÚÈ‚Ò˜ ÌÂ ÙË ÚÂÓ›ÓË, Ù· ÚÒÙ· ÛÙoÈ-
¯Â›· ÁÈ· ÙËÓ ·Úo˘Û›· Ùo˘ ·ÁÁÂÈoÙÂÓÛÈÓoÁfiÓo˘ ÛÂ
ÂÍˆË·ÙÈÎo‡˜ ÈÛÙo‡˜ Úo‹Ïı·Ó ·fi ¤ÚÂ˘ÓÂ˜ o˘
¯ÚËÛÈÌooÈo‡Û·Ó Î˘Ú›ˆ˜ ·ÓoÛo˚ÛÙo¯ËÌÈÎ¤˜ ÌÂ-
ıfi‰o˘˜15,24,29. ™ÙË Û˘Ó¤¯ÂÈ· ·ÓÂ‚Ú¤ıËÎÂ Ùo
mRNA Ùo˘ ·ÁÁÂÈoÙÂÓÛÈÓoÁfiÓo˘ ÛÂ ÌÈ· ÌÂÁ¿ÏË
oÈÎÈÏ›· ÈÛÙÒÓ Î·È oÚÁ¿ÓˆÓ, fiˆ˜ oÈ ÓÂÊÚo›, o
ÂÁÎ¤Ê·Ïo˜, Ë Î·Ú‰È¿, Ù· ÂÈÓÂÊÚ›‰È· Î·È o ÏÈÒ-
‰Ë˜ ÈÛÙfi˜ (¶›Ó. 1) Î·È Ì¿ÏÈÛÙ· ÛÂ Û˘ÁÎÂÎÚÈÌ¤Óo˘˜
Ù‡o˘˜ Î˘ÙÙ¿ÚˆÓ ÙˆÓ oÚÁ¿ÓˆÓ ·˘ÙÒÓ24,30,31. £·
Ú¤ÂÈ ·ÎfiÌË Ó· ÛËÌÂÈˆıÂ› fiÙÈ ‰ÂÓ ˘¿Ú¯ÂÈ
·Ó·ÏoÁ›· ·Ó¿ÌÂÛ· ÛÙ· Â›Â‰· mRNA ÚÂÓ›ÓË˜
Î·È ·ÁÁÂÈoÙÂÓÛÈÓoÁfiÓo˘ o˘ ·ÓÂ‚Ú¤ıËÎ·Ó ÛÙ·
‰È¿ÊoÚ· fiÚÁ·Ó·. ∂›ÛË˜, Ù· Î‡ÙÙ·Ú· o˘ ·-
Ú¿Áo˘Ó ÙÈ˜ ‰‡o ·˘Ù¤˜ o˘Û›Â˜ ‰ÂÓ Â›Ó·È Ù· ›‰È· Î·È
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‚Ú›ÛÎoÓÙ·È ÛÂ ‰È·ÊoÚÂÙÈÎ¤˜ ÂÚÈo¯¤˜ Ùo˘
oÚÁ¿Óo˘, Î¿ÙÈ o˘ Ê·›ÓÂÙ·È Ó· Û˘Ì‚·›ÓÂÈ ÁÈ· ·-
Ú¿‰ÂÈÁÌ· ÛÙo ÓÂÊÚfi23,32, ÙËÓ ·oÚÙ‹33 Î·È Ù· ÂÈÓÂ-
ÊÚ›‰È·24,34 Î·È ˘o‰ËÏÒÓÂÈ ·ÍÈoÛËÌÂ›ˆÙË oÚÁ¿-
ÓˆÛË ÙˆÓ ÈÛÙÈÎÒÓ ™ƒ∞.

°. ªÂÙ·ÙÚÂÙÈÎfi ¤Ó˙˘ÌÔ ÙË˜ ·ÁÁÂÈÔÙÂÓÛ›ÓË˜

∆o ª∂∞ Â›Ó·È Ì›· ‰ÈÂÙ˘Ïo-Î·Ú‚oÍ˘ÂÙÈ-
‰¿ÛË o˘ ·Ê·ÈÚÂ› ¤Ó· ‰ÈÂÙ›‰Èo ·fi ÙËÓ ∞ÁÁπ
Î·È ÙË ÌÂÙ·ÙÚ¤ÂÈ ÛÂ ∞ÁÁππ. ∆o ¤Ó˙˘Ìo ‰ÂÓ Â›Ó·È
ÂÈ‰ÈÎfi Î·ıÒ˜ ‰È·Û¿ Ì›· ÏÂÈ¿‰· ÂÙÈ‰›ˆÓ, ÌÂ
ÈÔ ¯·Ú·ÎÙËÚÈÛÙÈÎfi ·fi ·˘Ù¿ ÙË ‚Ú·‰˘ÎÈÓ›ÓË. ∆o
ª∂∞ ·ÓÂ˘Ú›ÛÎÂÙ·È ˘fi ‰‡o ÌoÚÊ¤˜: Ë ÚÒÙË Â›-
Ó·È Ë Î·Ïo‡ÌÂÓË «ÌÂÌ‚Ú·ÓÈÎ‹» ÌoÚÊ‹, fio˘ Ùo
¤Ó˙˘Ìo Â›Ó·È Û˘Ó‰Â‰ÂÌ¤Óo ÌÂ Ì›· ˘‰ÚfiÊo‚Ë Â-
ÚÈo¯‹ 17 ·ÌÈÓoÍ¤ˆÓ Ùo˘ C- ÙÂÏÈÎo‡ ¿ÎÚo˘ ÌÂ ÙËÓ
Î˘ÙÙ·ÚÈÎ‹ ÌÂÌ‚Ú¿ÓË. ªÂ ÚˆÙÂoÏ˘ÙÈÎ‹ ‰È¿Û·ÛË
ÎoÓÙ¿ ÛÙo ÛËÌÂ›o ·˘Ùfi, Î¿ÙÈ o˘ Û˘Ì‚·›ÓÂÈ Ê˘-
ÛÈoÏoÁÈÎ¿ in vivo ÚoÎ‡ÙÂÈ Ë ‰Â‡ÙÂÚË ÌoÚÊ‹, Ùo
«‰È·Ï˘Ùfi» ª∂∞ (™¯. 2). ªÂ ÙËÓ ÚÒÙË ÌoÚÊ‹ Ùo
ª∂∞ ·ÓÂ˘Ú›ÛÎÂÙ·È Ú·ÎÙÈÎ¿  ÛÂ fiÏo˘˜ Ùo˘˜
ÈÛÙo‡˜ ÙˆÓ ıËÏ·ÛÙÈÎÒÓ, ÂÓÒ ÌÂ ÙË ‰Â‡ÙÂÚË ÛÙo
Ï¿ÛÌ· Î·È ÛÙ· ˘fiÏoÈ· ÛˆÌ·ÙÈÎ¿ ˘ÁÚ¿35,36. ∆o
ÌÂÌ‚Ú·ÓÈÎfi ª∂∞ ÌoÚÂ› ÂÚ·ÈÙ¤Úˆ Ó· ‰È·ÈÚÂıÂ›
ÛÂ ‰‡o ÌoÚÊ¤˜, Ë ÚÒÙË ÙˆÓ oo›ˆÓ ÂÌÊ·Ó›˙ÂÙ·È
ÛÂ fiÏ· Ù· fiÚÁ·Ó· ÏËÓ ÙˆÓ fiÚ¯ÂˆÓ Î·È ¤¯ÂÈ
ÌoÚÈ·Îfi ‚¿Úo˜ 150.000-180.000 Daltons (Da), ÂÓÒ
Ë ‰Â‡ÙÂÚË ·ÓÂ˘Ú›ÛÎÂÙ·È ÌfiÓo ÛÙ· Î‡ÙÙ·Ú· Ùo˘ fiÚ-
¯Âˆ˜ Î·È ¤¯ÂÈ ÌoÚÈ·Îfi ‚¿Úo˜ ÂÚ›o˘ 90.000
Da37. OÈ ‰‡o ·˘Ù¤˜ ÌoÚÊ¤˜ ÚoÎ‡Ùo˘Ó ·fi ¤Ó·
Î·È ÌfiÓo ÁoÓ›‰Èo, ÌÂ ÙË ‰È·ÊoÚ¿ fiÙÈ ÛÙoÓ fiÚ¯È
˘¿Ú¯ÂÈ ‰È·ÊoÚÂÙÈÎfi ÛËÌÂ›o ¤Ó·ÚÍË˜ ÙË˜ ÌÂÙ·-
ÁÚ·Ê‹˜ o˘ ‰›ÓÂÈ Á¤ÓÂÛË ÛÂ ¤Ó· ÌÈÎÚfiÙÂÚo
mRNA38.

π‰È·›ÙÂÚ· Ïo‡ÛÈ· ÛÂ ª∂∞ Â›Ó·È Ë Î˘ÙÙ·ÚÈÎ‹
ÌÂÌ‚Ú¿ÓË ÙˆÓ ÂÓ‰oıËÏÈ·ÎÒÓ Î˘ÙÙ¿ÚˆÓ ÙˆÓ ·ÁÁÂ›-
ˆÓ, Û˘ÌÂÚÈÏ·Ì‚·ÓoÌ¤ÓˆÓ ÙˆÓ ÙÚÈ¯oÂÈ‰ÒÓ39. Ÿ-
ˆ˜ ·Ó·Ê¤ÚıËÎÂ, Ë ÌÂÙ·ÙÚo‹ ÙË˜ ∞ÁÁπ ÙË˜ Î˘-
ÎÏoÊoÚ›·˜ ÛÂ ∞ÁÁππ Á›ÓÂÙ·È Î˘Ú›ˆ˜ ÛÙ· ÓÂ˘ÌoÓÈ-
Î¿ ÙÚÈ¯oÂÈ‰‹. ¶·Ú¿ÏÏËÏ·, Ë ·Úo˘Û›· Ùo˘ ª∂∞
ÛÙ· ÙÚÈ¯oÂÈ‰‹ Ú·ÎÙÈÎ¿ fiÏˆÓ ÙˆÓ oÚÁ¿ÓˆÓ Î¿ÓÂÈ
ÂÍ·ÈÚÂÙÈÎ¿ Â‡ÎoÏË ÙËÓ ÚfiÛ‚·ÛË Û’ ·˘Ùfi ÙË˜ ∞Á-
Áπ o˘ Úo¤Ú¯ÂÙ·È ·fi ÙoÈÎ‹ ·Ú·ÁˆÁ‹. ∂È-
Ï¤oÓ, ˘¿Ú¯o˘Ó ·ÚÎÂÙ¿ ÛÙoÈ¯Â›· fiÙÈ Ùo ª∂∞
·ÓÂ˘Ú›ÛÎÂÙ·È ÛÂ ‰È·ÊfiÚo˘˜ Ù‡o˘˜ ÂÈıËÏÈ·ÎÒÓ
Î˘ÙÙ¿ÚˆÓ ÛÂ ›ÛÂ˜ ‹ Î·È ÌÂÁ·Ï‡ÙÂÚÂ˜ ˘ÎÓfiÙËÙÂ˜
·fi Ù· ÂÓ‰oıËÏÈ·Î¿ Î‡ÙÙ·Ú·, fiˆ˜ ÁÈ· ·Ú¿‰ÂÈÁ-
Ì· ÛÂ Î‡ÙÙ·Ú· ÙË˜ „ËÎÙÚoÂÈ‰o‡˜ ·Ú˘Ê‹˜ Ùo˘ ÂÁ-
Á‡˜ ÓÂÊÚÈÎo‡ ÛˆÏËÓ·Ú›o˘, ÙË˜ ÂÈıËÏÈ·Î‹˜ Î¿Ï˘-

„Ë˜ Ùo˘ ÂÓÙ¤Úo˘, ÙˆÓ ¯oÚÈoÂÈ‰ÒÓ ÏÂÁÌ¿ÙˆÓ, Ùo˘
Ï·Îo‡ÓÙ· Î·È ¿ÏÏ·35,36. ∆¤Ïo˜, ÂÎÙfi˜ ·’ ÙËÓ
ÂÍˆÙÂÚÈÎ‹ ÂÈÊ¿ÓÂÈ· Ùo˘ Î˘ÙÙ¿Úo˘ ‹‰Ë ·fi
ÂÈÎoÛ·ÂÙ›·˜ Î·È Ï¤oÓ ˘¿Ú¯o˘Ó ÌÂÏ¤ÙÂ˜ o˘
˘oÛÙËÚ›˙o˘Ó fiÙÈ Ùo ª∂∞ ·ÓÂ˘Ú›ÛÎÂÙ·È Î·È ÂÓ-
‰oÎ˘ÙÙ·ÚÈÎ¿, ‰›ÓoÓÙ·˜ Á¤ÓÂÛË ÛÂ ∞ÁÁππ ÂÓÙfi˜ Ùo˘
Î˘ÙÙ¿Úo˘40.

™∆OπÃ∂π∞ °π∞ ¶∞ƒ∞°ø°∏ ∞°°∂πO∆∂¡-
™π¡ø¡ ∂∫∆√™ ∆OÀ ¶§∞™ª∞∆O™ ∞¶O
∆∏ ƒ∂¡π¡∏ ∆OÀ ¶§∞™ª∞∆O™

¶·Ú¿ ÙÈ˜ ·o‰Â›ÍÂÈ˜ o˘ ˘¿Ú¯o˘Ó Û‹ÌÂÚ·
ÁÈ· ·Ú·ÁˆÁ‹ ÚÂÓ›ÓË˜ Î·È ·ÁÁÂÈoÙÂÓÛÈÓoÁfiÓo˘
·fi Ù· Î‡ÙÙ·Ú· ‰È·ÊfiÚˆÓ ÈÛÙÒÓ, ‰ÂÓ ÌoÚÂ› Ó·
·oÎÏÂÈÛıÂ› Ë Èı·ÓfiÙËÙ· ¤Ó· Ì¤Úo˜ ÙË˜ ·Ú·Áfi-
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™¯. 2. ∏ ‰È·Ï˘Ù‹ Î·È Ë ÌÂÌ‚Ú·ÓÈÎ‹ ÌÔÚÊ‹ ÙÔ˘ ª∂∞. ∏
‰È·ÊÔÚ¿ ÙÔ˘˜ Â›Ó·È Ì›· ˘‰ÚfiÊÔ‚Ë ÂÚÈÔ¯‹ 17 ·ÌÈÓÔ-
Í¤ˆÓ ÙÔ˘ C-ÙÂÏÈÎÔ‡ ¿ÎÚÔ˘ Ì¤Ûˆ ÙË˜ ÔÔ›·˜ Ë ÌÂÌ-
‚Ú·ÓÈÎ‹ ÌÔÚÊ‹ Û˘Ó‰¤ÂÙ·È ÌÂ ÙËÓ Î˘ÙÙ·ÚÈÎ‹ ÌÂÌ‚Ú¿-
ÓË. ∏ ·ÏÏËÏÔ˘¯›· HEMGH (His-Glu-Met-Gly-His
Û‡ÌÊˆÓ· ÌÂ ÙÔ ‰ÈÂıÓ‹ ÎÒ‰ÈÎ· ÙÔÓ ·ÌÈÓÔÍ¤ˆÓ) ·Ó·-
·ÚÈÛÙ¿ ÙË ı¤ÛË Û‡Ó‰ÂÛË˜ ÙÔ˘ „Â˘‰·ÚÁ‡ÚÔ˘ ÙˆÓ ‰‡Ô
ÂÓÂÚÁÒÓ ÂÚÈÔ¯ÒÓ ÙÔ˘ ÂÓ˙‡ÌÔ˘. ¶Èı·Ó¤˜ ı¤ÛÂÈ˜ ÁÏ˘-
ÎÔ˙˘Ï›ˆÛË˜ ÛËÌÂÈÒÓÔÓÙ·È ÌÂ ÙËÓ ·ÚÔ˘Û›· ÌÈÎÚÒÓ
‰È·ÎÏ·‰ÒÛÂˆÓ (·fi (36), ÙÚÔÔÔÈËÌ¤ÓÔ).



ÌÂÓË˜ ÛÙo˘˜ ÈÛÙo‡˜ ∞ÁÁππ Ó· Úo¤Ú¯ÂÙ·È ·fi Úfi-
ÛÏË„Ë ÙˆÓ Û˘ÛÙ·ÙÈÎÒÓ Ùo˘ ™ƒ∞ ·fi Ùo Ï¿ÛÌ·,
Ùo˘Ï¿¯ÈÛÙoÓ ÁÈ· oÚÈÛÌ¤Ó· ÈÛÙÈÎ¿ ™ƒ∞41. ∏ ·Ú¯ÈÎ‹
Âo›ıËÛË fiÙÈ Ë ÚÂÓ›ÓË ÙË˜ Î˘ÎÏoÊoÚ›·˜ ‰›ÓÂÈ Á¤-
ÓÂÛË ÛÂ ∞ÁÁππ ·oÎÏÂÈÛÙÈÎ¿ ÛÙo Ï¿ÛÌ· ·ÌÊÈÛ‚Ë-
Ù‹ıËÎÂ ÁÈ· ÚÒÙË ÊoÚ¿ ÛÙÈ˜ ‰ÂÎ·ÂÙ›Â˜ Ùo˘ ’60 Î·È
’70 ÌÂ ÂÈÚ¿Ì·Ù· Î·Ù¿ Ù· oo›· Ë ¤Á¯˘ÛË ·ÌÈÓoÂ-
ÙÈ‰¿ÛË˜ ‹ ·ÓÙÈoÚo‡ ∞ÁÁππ ÂÏ¿ÙÙˆÓÂ ÛËÌ·ÓÙÈÎ¿ Ù·
·oÙÂÏ¤ÛÌ·Ù· ÙË˜ ¤Á¯˘ÛË˜ ∞ÁÁππ, fi¯È fiÌˆ˜ Î·È Ù·
·oÙÂÏ¤ÛÌ·Ù· ÙË˜ ¤Á¯˘ÛË˜ ÚÂÓ›ÓË˜42,43. ∞˘Ùfi ˘-
o‰ËÏÒÓÂÈ fiÙÈ ¤Ó· Ì¤Úo˜ ÙË˜ ∞ÁÁππ o˘ ·Ú¿ÁÂÙ·È
·fi ÙË ÚÂÓ›ÓË ›Ûˆ˜ ·Ú¿ÁÂÙ·È ÂÎÙfi˜ Ùo˘ Ï¿-
ÛÌ·Ùo˜ Î·È ÁÈ’ ·˘Ùfi Ùo ÏfiÁo oÈ ‰Ú¿ÛÂÈ˜ Ùo˘ ‰ÂÓ
·Ó·ÛÙ¤ÏÏoÓÙ·È ·fi ÙËÓ ·ÌÈÓoÂÙÈ‰¿ÛË ‹ ÙoÓ ·-
ÓÙÈoÚfi. ∂›ÛË˜, ÂÈÚ¿Ì·Ù· ÛÂ ÓÂÊÚÂÎÙoÌËı¤ÓÙÂ˜
Â›Ì˘Â˜ ¤‰ÂÈÍ·Ó fiÙÈ ÌÂÙ¿ ·fi ¤Á¯˘ÛË ÚÂÓ›ÓË˜, Ë
ÚÂÓ›ÓË o˘ ·ÓÈ¯ÓÂ˘fiÙ·Ó ÛÙo ·oÚÙÈÎfi Ùo›¯ˆÌ· ·-
Ú¤ÌÂÓÂ ˘„ËÏ‹ ÁÈ· ·ÚÎÂÙ¤˜ ÒÚÂ˜, ÂÓÒ Ë ÚÂÓ›ÓË Ùo˘
Ï¿ÛÌ·Ùo˜ ¤ÂÊÙÂ oÏ‡ ÁÚ‹ÁoÚ·44.

¢È¿ÊoÚÂ˜ oÌ¿‰Â˜ ÂÚÂ˘ÓËÙÒÓ Ú·ÁÌ·Ùoo›Ë-
Û·Ó ÂÈÚ¿Ì·Ù· ÛÂ ·oÌoÓˆÌ¤ÓÂ˜ ·ÁÁÂÈ·Î¤˜ Îo›-
ÙÂ˜ ÂÈÚ·Ì·Ùfi˙ˆˆÓ o˘ ·¤‰ÂÈÍ·Ó ÙË Á¤ÓÂÛË ·Á-
ÁÂÈoÙÂÓÛÈÓÒÓ (·˘ÙfiÌ·Ù· ‹ ÌÂÙ¿ ·fi ÚfiÎÏËÛË) ·-
ÎfiÌË Î·È ·ÚÎÂÙ¤˜ ÒÚÂ˜ ÌÂÙ¿ ÙoÓ ·ÁÁÂÈ·Îfi ·o-
ÎÏÂÈÛÌfi45,46. OÈ Hilgers et al. Î·Ù¤‰ÂÈÍ·Ó fiÙÈ Ë ·˘-
ÙfiÌ·ÙË ·Ú·ÁˆÁ‹ ·ÁÁÂÈoÙÂÓÛÈÓÒÓ ÛÙ·Ì·Ùo‡ÛÂ ·Ó
Â›¯Â ÚoËÁËıÂ› ·ÌÊoÙÂÚfiÏÂ˘ÚË ÓÂÊÚÂÎÙoÌ‹, ÂÓÒ
Ë Á¤ÓÂÛË ∞ÁÁππ ·˘Í·ÓfiÙ·Ó ÌÂÙ¿ ·fi ÚoÛı‹ÎË
ÛÙo ·Ú·ÛÎÂ‡·ÛÌ· ÚÂÓ›ÓË˜ ‹ ·ÁÁÂÈoÙÂÓÛÈÓoÁfi-
Óo˘47, ÛÙoÈ¯Â›· Û˘Ì‚·Ù¿ ÌÂ ÚfiÛÏË„Ë Û˘ÛÙ·ÙÈÎÒÓ
Ùo˘ ™ƒ∞ ·fi Ùo Ï¿ÛÌ·. ∞Ó·Ï˘ÙÈÎfiÙÂÚÂ˜ ¤ÚÂ˘ÓÂ˜
ÌÂ ¯Ú‹ÛË Ú·‰ÈoÂÈÛËÌ·ÛÌ¤ÓË˜ ∞ÁÁππ Î·Ù¤ÏËÍ·Ó
ÛÙo Û˘Ì¤Ú·ÛÌ· fiÙÈ Ùo ÌÂÁ·Ï‡ÙÂÚo Ì¤Úo˜ ÙË˜ ∞Á-
Áππ o˘ ·Ú¿ÁÂÙ·È ÂÎÙfi˜ Ùo˘ Ï¿ÛÌ·Ùo˜ Úo¤Ú¯Â-
Ù·È ·fi ÙË ÚÂÓ›ÓË Ùo˘ Ï¿ÛÌ·Ùo˜ Î·È Ì¿ÏÈÛÙ· oÈ
ÌÂÙ·‚oÏ¤˜ ÛÙ· oÛ¿ ÙË˜ ÙoÈÎ¿ ·Ú·ÁfiÌÂÓË˜ ∞Á-
Áππ oÚÂ‡oÓÙ·È ·Ú¿ÏÏËÏ· ÌÂ ÙËÓ PRA48,49. ªÈ·
ÛÂÈÚ¿ ¿ÏÏˆÓ ÂÈÚ·Ì·ÙÈÎÒÓ ·Ú·ÙËÚ‹ÛÂˆÓ o‰‹ÁË-
Û·Ó ÛÙËÓ ˘fiıÂÛË fiÙÈ Ë ÚÂÓ›ÓË Ùo˘ Ï¿ÛÌ·Ùo˜ Úo-
ÛÎoÏÏ¿Ù·È ÛÙËÓ ÂÓ‰oıËÏÈ·Î‹ ÂÈÊ¿ÓÂÈ· ÙˆÓ ·ÁÁÂ›-
ˆÓ, ÌÂ oÏ‡ ·ÚÁfi Ú˘ıÌfi ·oÎfiÏÏËÛË˜ ÌÂÙ¿ ·fi
ÓÂÊÚÂÎÙoÌ‹50. ªÂ ¯Ú‹ÛË Ú·‰ÈoÂÈÛËÌ·ÛÌ¤ÓË˜ ÚÂ-
Ó›ÓË˜ ·o‰Â›¯ıËÎÂ Ë ·Ú·¿Óˆ ÚoÛÎfiÏÏËÛË ÙË˜
ÚÂÓ›ÓË˜ ÛÂ ÚˆÙÂ˝ÓÂ˜ ÙË˜ Î˘ÙÙ·ÚÈÎ‹˜ ÂÈÊ¿ÓÂÈ·˜51.
Œ¯ÂÈ Â›ÛË˜ ÚoÙ·ıÂ› Ë ·Úo˘Û›· ÂÈ‰ÈÎ‹˜ Úˆ-
ÙÂ˝ÓË˜ ÁÈ· ÙË Û‡Ó‰ÂÛË ÙË˜ ÚÂÓ›ÓË˜52. ∏ ·Úo˘Û›· ÙË˜
ÚÂÓ›ÓË˜, Ùo˘ ª∂∞ Î·È ÙˆÓ ∞∆1 ˘o‰o¯¤ˆÓ ÛÂ Ì›·
ÂÈÊ¿ÓÂÈ· ‰‡o ‰È·ÛÙ¿ÛÂˆÓ, fiˆ˜ Â›Ó·È Ë Î˘ÙÙ·ÚÈÎ‹
ÌÂÌ‚Ú¿ÓË, oÏÏ·Ï·ÛÈ¿˙ÂÈ ÙËÓ Ù·¯‡ÙËÙ· ÙˆÓ ·ÓÙÈ-
‰Ú¿ÛÂˆÓ Î·Ù¿ 2-3 ÊoÚ¤˜ ÛÂ Û¯¤ÛË ÌÂ ÙËÓ ‡·ÚÍË

ÙˆÓ ÛÙoÈ¯Â›ˆÓ ·˘ÙÒÓ ÛÂ ¯ÒÚo ÙÚÈÒÓ ‰È·ÛÙ¿ÛÂˆÓ53.
∞Ó Û˘Ì‚·›ÓÂÈ Î¿ÙÈ Ù¤ÙoÈo, Â›Ó·È ÚoÊ·ÓÒ˜ ÂÓ‰ÂÈÎÙÈ-
Îfi ÙË˜ ·Ú·ÁˆÁ‹˜ ∞ÁÁππ ·fi Ùo ·ÁÁÂÈ·Îfi ™ƒ∞ ÌÂ
ÚÒÙË ‡ÏË ÙË ÚÂÓ›ÓË Ùo˘ Ï¿ÛÌ·Ùo˜.

∂ÎÙfi˜ ·fi Ù· ·Ú·¿Óˆ, oÏÏ¿ ¿ÏÏ· ÂÈÚ¿-
Ì·Ù· ˘oÛÙËÚ›˙o˘Ó ÙËÓ ·Ú·ÁˆÁ‹ ·ÁÁÂÈoÙÂÓÛÈ-
ÓÒÓ ÂÎÙfi˜ Ùo˘ Ï¿ÛÌ·Ùo˜ ·fi Û˘ÛÙ·ÙÈÎ¿ Ùo˘
Ï¿ÛÌ·Ùo˜. OÈ ÌÂÁ¿ÏÂ˜ ‰È·ÊoÚ¤˜ fiÌˆ˜ o˘ ·-
Ú·ÙËÚo‡ÓÙ·È ÌÂÙ·Í‡ ÂÈ‰ÒÓ Î·È ÌÂÙ·Í‡ ÙˆÓ ÈÛÙÒÓ
Ùo˘ ›‰Èo˘ oÚÁ·ÓÈÛÌo‡ Â›Ó·È Ùo ÂÌfi‰Èo ÁÈ· ÙoÓ
Î·ıoÚÈÛÌfi ÙË˜ ·ÎÚÈ‚o‡˜ oÛoÙÈÎ‹˜ Û˘ÌÌÂÙo¯‹˜
ÙˆÓ Û˘ÛÙ·ÙÈÎÒÓ Ùo˘ Ï¿ÛÌ·Ùo˜ ÛÙË Û˘ÓoÏÈÎ‹ ·-
Ú·ÁˆÁ‹ ·ÁÁÂÈoÙÂÓÛÈÓÒÓ ·fi Ùo˘˜ ÈÛÙo‡˜. ¶·Úfi-
Ï· ·˘Ù¿, Ë Û˘ÌÌÂÙo¯‹, ¤ÛÙˆ Î·È ÛÂ ¤Ó· ÌÈÎÚfi
oÛoÛÙfi, ÙˆÓ Û˘ÛÙ·ÙÈÎÒÓ Ùo˘ Ï¿ÛÌ·Ùo˜ ÛÙË
Û˘ÓoÏÈÎ‹ ·Ú·ÁˆÁ‹ ·ÁÁÂÈoÙÂÓÛÈÓÒÓ ÛÙo˘˜ ÈÛÙo‡˜
·Ú¿ÏÏËÏ· ÌÂ ÙËÓ ÙoÈÎ‹ ·Ú·ÁˆÁ‹ ÙË˜ ÚÂÓ›ÓË˜
Î·È ·ÁÁÂÈoÙÂÓÛÈÓoÁfiÓo˘ ·fi Ùo˘˜ ÈÛÙo‡˜ Ú¤ÂÈ
Ó· ıÂˆÚÂ›Ù·È ‰Â‰oÌ¤ÓË. ∂È‰ÈÎ¿ ÁÈ· ÙË ÚÂÓ›ÓË
¤¯o˘Ó ‰È·Ù˘ˆıÂ› ÙÚÂÈ˜ ÂÓ·ÏÏ·ÎÙÈÎ¤˜ ˘oı¤ÛÂÈ˜
ÁÈ· ÙËÓ ÚfiÛÏË„‹ ÙË˜ ·fi Ùo˘˜ ÈÛÙo‡˜, ¿ÏÏÂ˜ ÌÂ
ÏÈÁfiÙÂÚ· Î·È ¿ÏÏÂ˜ ÌÂ ÂÚÈÛÛfiÙÂÚ· ˘oÛÙËÚÈÎÙÈ-
Î¿ ÛÙoÈ¯Â›·. ∏ ÚÒÙË ˘fiıÂÛË ˘oÛÙËÚ›˙ÂÈ ÙËÓ
«ÂÎÏÂÎÙÈÎ‹ ÚfiÛÏË„Ë» ÙË˜ ÚÂÓ›ÓË˜ ·fi Ù· Î‡ÙÙ·-
Ú· ÙˆÓ ÈÛÙÒÓ Î·È ÛÙoÈ¯Â›· ÁÈ· Î¿ÙÈ Ù¤ÙoÈo ˘¿Ú-
¯o˘Ó ÁÈ· Ù· Ë·ÙÈÎ¿ Î‡ÙÙ·Ú·54. ∏ ‰Â‡ÙÂÚË ·Ó·-
Ê¤ÚÂÙ·È ÛÂ ÚfiÛ‰ÂÛË ÙË˜ ÚoÚÂÓ›ÓË˜ ÛÂ ÂÈ‰ÈÎo‡˜
˘o‰o¯Â›˜ ÙˆÓ Î˘ÙÙ¿ÚˆÓ, oÈ oo›oÈ ÛÙ·ıÂÚo-
oÈo‡Ó ÙËÓ ÚoÚÂÓ›ÓË ÛÙËÓ «·ÓoÈÎÙ‹» ı¤ÛË Î·È
ÂÈÙÚ¤o˘Ó ¤ÙÛÈ ÙËÓ ·oÎo‹ ÙË˜ ∞ÁÁπ ·fi Ùo ·Á-
ÁÂÈoÙÂÓÛÈÓoÁfiÓo18. OÈ ‰È¿ÊoÚoÈ ÈÛÙo› ı· Ìo-
Úo‡Û·Ó Ó· ‰È·Ê¤Úo˘Ó ÛÙo oÛfi Ùo˘ ÂÈ‰ÈÎo‡
·˘Ùo‡ ˘o‰o¯¤·. ∆¤Ïo˜, Ë ÙÚ›ÙË ˘fiıÂÛË ˘oÛÙË-
Ú›˙ÂÈ ÙoÓ «ÂÎÏÂÎÙÈÎfi ·oÎÏÂÈÛÌfi» ÙË˜ ÚÂÓ›ÓË˜
ÛÙo˘˜ ‰È·ÊfiÚo˘˜ ÈÛÙo‡˜. Œ¯ÂÈ ‹‰Ë Ì¿ÏÈÛÙ· ‚ÚÂ-
ıÂ› ÛÂ ‰È¿ÊoÚo˘˜ ÈÛÙo‡˜ Ùo mRNA Ì›·˜ ÚˆÙÂ˝ÓË˜
o˘ Û˘Ó‰¤ÂÙ·È ÌÂ ÙË ÚÂÓ›ÓË Î·È ÙËÓ ·ÂÓÂÚÁooÈ-
Â›55,56. ∞˘Ùfi Ùo ÂÓ‰oÎ˘ÙÙ¿ÚÈo ¤Ó˙˘Ìo Â›Ó·È ·-
ÚfiÌoÈo ÌÂ ÙË ¡-·ÎÂÙ˘Ïo-D-ÁÏ˘Îo˙·ÌÈÓo-2-ÂÈÌÂ-
Ú¿ÛË, Ë oo›· ÂÓ¤¯ÂÙ·È ÛÙo ÌÂÙ·‚oÏÈÛÌfi ÓÂ˘Úo·-
ÌÈÓÒÓ57 Î·È Ì¿ÏÈÛÙ· Ë ÂÓ‰oÊÏ¤‚È· ¤ÓÂÛ‹ ÙË˜ o‰Ë-
ÁÂ› ÛÂ ÙÒÛË ÙË˜ ·ÚÙËÚÈ·Î‹˜ ›ÂÛË˜58. ∞oÌ¤ÓÂÈ
ÛÙËÓ ¤ÚÂ˘Ó· Ó· ·oÚÚ›„ÂÈ ‹ Ó· Â·ÏËıÂ‡ÛÂÈ ÙÈ˜
·Ú·¿Óˆ ˘oı¤ÛÂÈ˜. 

∞§§∂™ O¢Oπ π™∆π∫∏™ ¶∞ƒ∞°ø°∏™
∞°°∂πO∆∂¡™π¡∏™

™Ùo˘˜ ‰È·ÊfiÚo˘˜ ÈÛÙo‡˜ ÂÎÙfi˜ ·fi ÙË ÚÂÓ›ÓË
˘¿Ú¯o˘Ó Î·È ¿ÏÏÂ˜ ·ÁÁÂÈoÙÂÓÛÈÓ¿ÛÂ˜, o˘ Ìo-
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Úo‡Ó Ó· ·ÂÏÂ˘ıÂÚÒÛo˘Ó ∞ÁÁπ ‹ ·ÎfiÌË Î·È ·Â˘-
ıÂ›·˜ ∞ÁÁππ ·fi Ùo ·ÁÁÂÈoÙÂÓÛÈÓoÁfiÓo. ∆· Èo ¯·-
Ú·ÎÙËÚÈÛÙÈÎ¿ ·fi Ù· ¤Ó˙˘Ì· ·˘Ù‹˜ ÙË˜ Î·ÙËÁoÚ›·˜
Â›Ó·È Ë ÙoÓ›ÓË Î·È Ë Î·ıÂ„›ÓË G59-61. ¶·Ú¿ÏÏËÏ·,
˘¿Ú¯o˘Ó oÏÏ¿ ÛÙoÈ¯Â›· ˘¤Ú ÙË˜ ‡·ÚÍË˜ ÛÙo˘˜
ÈÛÙo‡˜ ÂÓ˙‡ÌˆÓ ‰È·ÊfiÚˆÓ Ùo˘ ª∂∞ o˘ ÌoÚo‡Ó
Ó· ÌÂÙ·ÙÚ¤„o˘Ó ÙËÓ ∞ÁÁπ ÛÂ ∞ÁÁππ, ÌÂ ÎÏ·ÛÈÎfi
·Ú¿‰ÂÈÁÌ· ÙË ¯˘Ì¿ÛË61-63. ∏ ·Ú¯ÈÎ‹ ÂÓÙ‡ˆÛË
‹Ù·Ó fiÙÈ Ù· ¤Ó˙˘Ì· ·˘Ù¿ ‹Ù·Ó ÌË-ÂÈ‰ÈÎ¤˜ fiÍÈÓÂ˜
ÚˆÙÂ¿ÛÂ˜ o˘ ·ÂÏÂ˘ıÂÚÒÓoÓÙ·È ·fi Ù· Ï˘Ûo-
ÛÒÌ·Ù·, ¯ˆÚ›˜ Ê˘ÛÈoÏoÁÈÎfi ÚfiÏo ÛÙËÓ ·Ú·ÁˆÁ‹
∞ÁÁππ. À¿Ú¯o˘Ó fiÌˆ˜ Ì›· ÛÂÈÚ¿ ·fi ‰Â‰oÌ¤Ó·
o˘ ·Ó·ÈÚo‡Ó ÙËÓ ·Ú·¿Óˆ ÚfiÙ·ÛË, Î·Ù·‰ÂÈ-
ÎÓ‡oÓÙ·˜ ÙË ÛËÌ·Û›· ÙˆÓ «ÂÓ·ÏÏ·ÎÙÈÎÒÓ» ·˘ÙÒÓ
o‰ÒÓ: 

1. ∞Ó ˘oÙÂıÂ› fiÙÈ Ë ∞ÁÁππ ·Ú¿ÁÂÙ·È Î·È ÂÓ-
‰oÎ˘ÙÙ¿ÚÈ·, ÙfiÙÂ Ù· ¤Ó˙˘Ì· ·˘Ù¿ ÌoÚÂ› fiÓÙˆ˜ Ó·
Û˘ÌÌÂÙ¤¯o˘Ó ÛÙËÓ ·Ú·ÁˆÁ‹ ÙË˜, Î·ıÒ˜ Â›Ó·È Ï¤-
oÓ ÁÓˆÛÙfi fiÙÈ oÏÏ¤˜ ÂÓ‰oÎ˘ÙÙ¿ÚÈÂ˜ ‰ÈÂÚÁ·Û›Â˜
Ï·Ì‚¿Óo˘Ó ¯ÒÚ· ÛÂ ÂÈ‰ÈÎ¿ ‰È·ÌÂÚ›ÛÌ·Ù· Ùo˘ Î˘Ù-
Ù¿Úo˘ ÌÂ fiÍÈÓo pH59.

2. ∏ ·Ú·Ù‹ÚËÛË fiÙÈ oÚÈÛÌ¤Ó· ·fi ·˘Ù¿ Ù·
¤Ó˙˘Ì· ¤¯o˘Ó ˘„ËÏ‹ ÂÈ‰ÈÎfiÙËÙ· ˘oÛÙÚÒÌ·Ùo˜.
Ã·Ú·ÎÙËÚÈÛÙÈÎfi ·Ú¿‰ÂÈÁÌ· Ë ¯˘Ì¿ÛË, Ì›· o˘‰¤-
ÙÂÚË ÚˆÙÂ¿ÛË o˘ ·Ó·Ê¤ÚÂÙ·È ÛÂ oÚÈÛÌ¤ÓÂ˜ ÌÂ-
Ï¤ÙÂ˜ ˆ˜ Ùo Î‡ÚÈo ¤Ó˙˘Ìo ·Ú·ÁˆÁ‹˜ ∞ÁÁππ ÛÙËÓ
·ÓıÚÒÈÓË Î·Ú‰È¿62,63. ∏ ˘„ËÏ‹ ÙË˜ ÂÈ‰ÈÎfiÙËÙ·
ÁÈ· ÙËÓ ∞ÁÁπ Î·Ù·‰ÂÈÎÓ‡ÂÈ fiÙÈ o Ê˘ÛÈoÏoÁÈÎfi˜ ÙË˜
ÚfiÏo˜ ·ÊoÚ¿ Ùo ÌÂÙ·‚oÏÈÛÌfi ·˘Ùo‡ Ùo˘ ÂÙÈ‰›o˘.

3. ∏ ÁÓÒÛË Ì·˜ Û‹ÌÂÚ· fiÙÈ ÂÙ›‰È· ·ÁÁÂÈo-
ÙÂÓÛ›ÓË˜, fiˆ˜ Ë ∞ÁÁ-(1-7), o˘ ÌoÚÂ› Ó· Â›Ó·È Ùo
Úo˚fiÓ ·˘ÙÒÓ ÙˆÓ ÂÓ˙‡ÌˆÓ, ¤¯o˘Ó Ê˘ÛÈoÏoÁÈÎ‹ ÛË-
Ì·Û›·64.

4. ∏ ·Úo˘Û›· oÚÈÛÌ¤ÓˆÓ Ù¤ÙoÈˆÓ ÂÓ˙‡ÌˆÓ ÛÂ
Û˘ÁÎÂÎÚÈÌ¤Óo˘˜ ÈÛÙo‡˜ ÌÂ ˘„ËÏ‹ ‚ÈoÏoÁÈÎ‹ ÛËÌ·-
Û›·, fiˆ˜ ÁÈ· ·Ú¿‰ÂÈÁÌ· ÛÙoÓ ¤Íˆ ¯ÈÙÒÓ· ÙË˜
·oÚÙ‹˜61, fio˘ Ë ·Ú·ÁfiÌÂÓË ∞ÁÁππ ÙÚoooÈÂ›
ÙËÓ Â˘·ÈÛıËÛ›· Ùo˘ ·ÁÁÂÈ·Îo‡ ÙoÈ¯ÒÌ·Ùo˜ ÛÙÈ˜ Î·-
ÙÂ¯oÏ·Ì›ÓÂ˜.

5. ∆¤Ïo˜, oÈ ÂÓ‰Â›ÍÂÈ˜ o˘ ˘oÛÙËÚ›˙o˘Ó fiÙÈ
Ù¤ÙoÈo˘ Â›‰o˘˜ ¤Ó˙˘Ì· ÌoÚo‡Ó Ó· ·Ú¿Áo˘Ó ÈÎ·-
Ó¤˜ oÛfiÙËÙÂ˜ ∞ÁÁππ. ∞˘Ù¤˜ oÈ ·Ú·ÙËÚ‹ÛÂÈ˜ ¤ÁÈ-
Ó·Ó ÌÂÙ¿ ·fi ÚoÛı‹ÎË ·ÁÁÂÈoÙÂÓÛÈÓoÁfiÓo˘ ‹ ∞Á-
Áπ ÛÂ ‰È¿ÊoÚ· ÈÛÙÈÎ¿ ·Ú·ÛÎÂ˘¿ÛÌ·Ù·65-67. ¶·-
Ú·ÙËÚ‹ıËÎÂ Ì¿ÏÈÛÙ· fiÙÈ Ë ·Ú·ÁˆÁ‹ ∞ÁÁππ ÌÂÈÒ-
ıËÎÂ ÂÚÈÛÛfiÙÂÚo ÌÂ ÚoÛı‹ÎË ÛÙ· ·Ú·ÛÎÂ˘¿-
ÛÌ·Ù· ÌË ÂÈ‰ÈÎÒÓ ·Ó·ÛÙoÏ¤ˆÓ ÚˆÙÂ·ÛÒÓ ·fi fiÙÈ
ÌÂ ÚoÛı‹ÎË ÂÈ‰ÈÎÒÓ ·Ó·ÛÙoÏ¤ˆÓ Ùo˘ ª∂∞.

¶·ÚfiÙÈ ÏoÈfiÓ ¯ÚÂÈ¿˙oÓÙ·È ·ÎfiÌË ¤ÚÂ˘ÓÂ˜
ÁÈ· Ó· ‰È·ÈÛÙˆıÂ› ÌÂ Û·Ê‹ÓÂÈ· Ùo ·Ó Î·È Î·Ù¿

fiÛoÓ ¿ÏÏÂ˜ ÌÂÙ·‚oÏÈÎ¤˜ o‰o› o‰ËÁo‡Ó ÛÙË Á¤ÓÂ-
ÛË ‰Ú·ÛÙÈÎ‹˜ ∞ÁÁππ ÛÙo˘˜ ‰È·ÊfiÚo˘˜ ÈÛÙo‡˜, ‰ÂÓ
ÌoÚÂ› Ó· ÌË ÏËÊıÂ› ˘fi„Ë Ì›· Ù¤ÙoÈ· Èı·ÓfiÙËÙ·,
ÂÈ‰ÈÎ¿ ÁÈ· oÚÈÛÌ¤Ó· ÈÛÙÈÎ¿ ™ƒ∞.

∏ Oƒ°∞¡ø™∏ ∆ø¡ π™∆π∫ø¡ ™ƒ∞

¶·Ú¿ ÙË ‰ÈÂÍo‰ÈÎ‹ ÂÚÈÁÚ·Ê‹ ÙˆÓ ÈÛÙÈÎÒÓ
™ƒ∞ ·fi oÏÏo‡˜ Û˘ÁÁÚ·ÊÂ›˜, ÛÙÈ˜ ‰È¿ÊoÚÂ˜ ÂÚ-
Á·Û›Â˜ Û˘¯Ó¿ ‰ÂÓ Á›ÓÂÙ·È ·Ó·ÊoÚ¿ ÛÙË Ìo›Ú· ÙˆÓ
ÙoÈÎ¿ ·Ú·ÁfiÌÂÓˆÓ Û˘ÛÙ·ÙÈÎÒÓ Ùo˘ ™ƒ∞. ™Â ÁÂ-
ÓÈÎ¤˜ ÁÚ·ÌÌ¤˜ ı· ÌoÚo‡Û·Ó Ó· ‰È·ÎÚÈıo‡Ó ÙÚ›·
‰È·ÊoÚÂÙÈÎ¿ ÛÂÓ¿ÚÈ· ‰Ú¿ÛË˜, Ù· oo›· ÂÚÈÁÚ¿-
ÊoÓÙ·È Û˘ÓoÙÈÎ¿ ·Ú·Î¿Ùˆ.

1. ∏ ÚÂÓ›ÓË Î·È Ùo ·ÁÁÂÈoÙÂÓÛÈÓoÁfiÓo o˘ ·-
Ú¿ÁoÓÙ·È ÙoÈÎ¿ ÚoÛÙ›ıÂÓÙ·È ÛÙË Û˘ÓoÏÈÎ‹ ÂÍˆ-
Î˘ÙÙ¿ÚÈ· ‰ÂÍ·ÌÂÓ‹ ÙˆÓ o˘ÛÈÒÓ ·˘ÙÒÓ ÁÈ· ¤Ó·Ó
ÈÛÙfi. ¶·Ú·ÙËÚ‹ÛÂÈ˜ fiˆ˜ Ë ·Ú·ÁˆÁ‹ ÚoÚÂÓ›ÓË˜
·fi ‰È·ÊfiÚo˘˜ ÈÛÙo‡˜18, Ë ‡·ÚÍË Î˘ÎÏoÊoÚo‡-
Û·˜ ÚÂÓ›ÓË˜ Î·È ·ÁÁÂÈoÙÂÓÛÈÓÒÓ ÌÂÙ¿ ·fi ·ÌÊoÙÂ-
ÚfiÏÂ˘ÚË ÓÂÊÚÂÎÙoÌ‹68 ‹ Ë ¤ÎÎÚÈÛË ÚÂÓ›ÓË˜ ·fi
Î·ÏÏÈ¤ÚÁÂÈÂ˜ ‰È·ÊfiÚˆÓ ÂÈ‰ÒÓ Î˘ÙÙ¿ÚˆÓ21,22, ˘o-
ÛÙËÚ›˙o˘Ó ÙËÓ ·Ú·¿Óˆ ıÂˆÚ›·. ª’ ·˘ÙfiÓ ÙoÓ
ÙÚfio oÈ ÙoÈÎ¿ ·Ú·ÁfiÌÂÓÂ˜ oÛfiÙËÙÂ˜ ÚÂÓ›ÓË˜
Î·È ·ÁÁÂÈoÙÂÓÛÈÓoÁfiÓo˘ ÛÂ ¤Ó·Ó ÈÛÙfi ÚoÛÙ›ıÂ-
ÓÙ·È Û’ ·˘Ù¤˜ o˘ Êı¿Óo˘Ó ÛÙoÓ ÈÛÙfi ·˘Ùfi ·fi ÙËÓ
Î˘ÎÏoÊoÚ›·, ÌÂ ÙÂÏÈÎfi ·oÙ¤ÏÂÛÌ· ÙËÓ ·Ú·ÁˆÁ‹
∞ÁÁππ. º¿ÚÌ·Î· o˘ ·oÎÏÂ›o˘Ó Ùo ™ƒ∞ ı· ¤¯o˘Ó
·ÚfiÌoÈ· ‰Ú¿ÛË ÛÙ· Û˘ÛÙ·ÙÈÎ¿ ÙË˜ Î˘ÎÏoÊoÚ›·˜
Î·È ÛÙ· Û˘ÛÙ·ÙÈÎ¿ o˘ ·Ú¿ÁoÓÙ·È ÙoÈÎ¿, ÂÊfi-
ÛoÓ ‚¤‚·È· Ù· Ê¿ÚÌ·Î· ·˘Ù¿ ‰È·¯¤oÓÙ·È ÈÎ·Óo-
oÈËÙÈÎ¿ ÛÙoÓ ÂÍˆÎ˘ÙÙ¿ÚÈo ¯ÒÚo Ùo˘ Û˘ÁÎÂÎÚÈÌ¤-
Óo˘ ÈÛÙo‡69.

2. ∂›ÙÂ Ì¤Ûˆ ÚÂÓ›ÓË˜ Î·È ·ÁÁÂÈoÙÂÓÛÈÓoÁfiÓo˘,
Â›ÙÂ Ì¤Ûˆ ¿ÏÏˆÓ ÂÓ˙‡ÌˆÓ ·Ú¿ÁÂÙ·È ∞ÁÁππ Î·È ‰Ë-
ÌÈo˘ÚÁo‡ÓÙ·È ÈÛÙÈÎ¿ ™ƒ∞ ÂÓÙÂÏÒ˜ ·ÓÂÍ¿ÚÙËÙ· Ùo˘
ÂÓ‰oÎÚÈÓÈÎo‡. ∞˘Ùfi Ú·ÎÙÈÎ¿ ÌoÚÂ› Ó· Û˘Ì‚Â› ÛÂ
‰‡o ÂÚÈÙÒÛÂÈ˜. ∏ ÚÒÙË ·ÊoÚ¿ ÈÛÙo‡˜ o˘ ÂÌ-
Ê·Ó›˙o˘Ó Î¿oÈo˘ Â›‰o˘˜ ÊÚ·ÁÌfi ÛÙËÓ ·ÈÌ¿ÙˆÛ‹
Ùo˘˜, fiˆ˜ ÎÏ·ÛÈÎ¿ Û˘Ì‚·›ÓÂÈ ÌÂ ÙoÓ ÂÁÎ¤Ê·Ïo. ∏
‡·ÚÍË ÂÁÎÂÊ·ÏÈÎo‡ ™ƒ∞ ıÂˆÚÂ›Ù·È Û‹ÌÂÚ· ÙÂÎ-
ÌËÚÈˆÌ¤ÓË Î·È ı· ÂÚÈÁÚ·ÊÂ› ÛÙË Û˘Ó¤¯ÂÈ·. ∏
‰Â‡ÙÂÚË ÂÚ›ÙˆÛË Â›Ó·È Ë ‡·ÚÍË ÙˆÓ Û˘ÛÙ·ÙÈ-
ÎÒÓ Ùo˘ ™ƒ∞ ÂÓ‰oÎ˘ÙÙ¿ÚÈ·, Î¿ÙÈ o˘ Û˘Ì‚·›ÓÂÈ ÛÂ
·ÚÎÂÙ¤˜ oÌ¿‰Â˜ Î˘ÙÙ¿ÚˆÓ23,70. ∆o ÂÚÒÙËÌ· o˘
Úo¤Î˘„Â ·Ú¯ÈÎ¿ ‹Ù·Ó Ò˜ Û’ ·˘Ù¿ Ù· Î‡ÙÙ·Ú· ·-
ÓÂ˘Ú›ÛÎÂÙ·È mRNA ÚÂÓ›ÓË˜, ÂÓÒ ÛÙ· ·Ú·ÛÂÈ-
Ú·Ì·ÙÈÎ¿ Î‡ÙÙ·Ú· Ùo mRNA ·ÓÙÈÛÙoÈ¯Â› ÛÂ ÌfiÚÈo
Úo-Úo-ÚÂÓ›ÓË˜. ∏ ·¿ÓÙËÛË ‰fiıËÎÂ Û¯ÂÙÈÎ¿
ÚfiÛÊ·Ù·, fiÙ·Ó ÂÚÂ˘ÓËÙ¤˜ ¤‰ÂÈÍ·Ó fiÙÈ ·˘Ùfi Ùo
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mRNA ÙË˜ ÚÂÓ›ÓË˜ ÚoÎ‡ÙÂÈ ·fi ‰È·ÊoÚÂÙÈÎfi
ÛËÌÂ›o ¤Ó·ÚÍË˜ ÙË˜ ÌÂÙ·ÁÚ·Ê‹˜ ÛÙo DNA Ùo˘ Î˘Ù-
Ù¿Úo˘71. ∞ÎfiÌË, ˘¿Ú¯ÂÈ ¿ÓÙ· Ë Èı·ÓfiÙËÙ· Ë
∞ÁÁππ Ó· ·Ú¿ÁÂÙ·È ÂÓ‰oÎ˘ÙÙ¿ÚÈ· ·fi ¿ÏÏ· ¤Ó˙˘-
Ì·, fiˆ˜ ‹‰Ë ·Ó·Ê¤ÚıËÎÂ59. ∆o ÛÂÓ¿ÚÈo ÙË˜ ÂÓ‰o-
Î˘ÙÙ¿ÚÈ·˜ ·Ú·ÁˆÁ‹˜ ∞ÁÁππ ˘oÛÙËÚ›˙ÂÙ·È Î·È
·fi ÙËÓ ‡·ÚÍË ÂÓ‰o˘ÚËÓÈÎÒÓ ˘o‰o¯¤ˆÓ ÙË˜
∞ÁÁππ o˘ ¤¯ÂÈ ·fi ·Ï·ÈfiÙÂÚ· ÂÚÈÁÚ·ÊÂ›72,73. ™’
·˘Ù‹Ó ÙËÓ ÂÚ›ÙˆÛË Ë Â›‰Ú·ÛË ÙˆÓ Ê·ÚÌ¿ÎˆÓ
o˘ ·ÚÂÌ‚·›Óo˘Ó ÛÙo ™ƒ∞ ‰ÂÓ ÌoÚÂ› Ó· Úo-
‚ÏÂÊıÂ› ÌÂ ·ÎÚ›‚ÂÈ·, ·ÏÏ¿ ˘¿Ú¯o˘Ó ÂÓ‰Â›ÍÂÈ˜ fiÙÈ
‰È¿ÊoÚoÈ ·ª∂∞ ÌoÚo‡Ó Â›ÙÂ Ó· ‰È·ÂÚ¿Ûo˘Ó
ÙoÓ ·ÈÌ·ÙoÂÁÎÂÊ·ÏÈÎfi ÊÚ·ÁÌfi74 Â›ÙÂ Ó· ÂÈÛ¤Ïıo˘Ó
ÛÙo Î‡ÙÙ·Úo45. 

3. ∏ ÚÂÓ›ÓË Î·È Ùo ·ÁÁÂÈoÙÂÓÛÈÓoÁfiÓo o˘ ·-
Ú¿ÁoÓÙ·È ÙoÈÎ¿ ¤¯o˘Ó ¿ÏÏÂ˜ ‰Ú¿ÛÂÈ˜, ·ÓÂÍ¿ÚÙË-
ÙÂ˜ ÙË˜ ·Ú·ÁˆÁ‹˜ ∞ÁÁππ. ∆o ÛÂÓ¿ÚÈo ·˘Ùfi Â›Ó·È
Ùo ÏÈÁfiÙÂÚo ÙÂÎÌËÚÈˆÌ¤Óo. øÛÙfiÛo, Ë ‰oÌÈÎ‹ o-
ÌoÈfiÙËÙ· ÙË˜ ÚÂÓ›ÓË˜ ÌÂ ÙÈ˜ ·Û·ÚÙ˘Ï-ÚˆÙÂ¿ÛÂ˜75

Î·È Ùo˘ ·ÁÁÂÈoÙÂÓÛÈÓoÁfiÓo˘ ÌÂ ¤Ó˙˘Ì· Ùo˘ Ù‡o˘
ÙË˜ ·1-·ÓÙÈıÚ˘„›ÓË˜76, fiˆ˜ Â›ÛË˜ Î·È Ùo ÌÂÁ¿Ïo
Ì¤ÁÂıo˜ Ùo˘ ÌoÚ›o˘ Ùo˘ ·ÁÁÂÈoÙÂÓÛÈÓoÁfiÓo˘ (452
·ÌÈÓoÍ¤·) ÛÂ Û¯¤ÛË ÌÂ ÙËÓ ∞ÁÁπ77, Â›Ó·È ÂÓ‰ÂÈÎÙÈ-
Î¿ Èı·ÓÒÓ ¿ÏÏˆÓ ‰Ú¿ÛÂˆÓ. À¤Ú ·˘Ù‹˜ ÙË˜ ıÂˆ-
Ú›·˜ Â›Ó·È Î·È Ùo ÁÂÁoÓfi˜ fiÙÈ ÛÂ oÏÏo‡˜ ÈÛÙo‡˜ oÈ
Û˘ÁÎÂÓÙÚÒÛÂÈ˜ ÙË˜ ÚÂÓ›ÓË˜ Î·È Ùo˘ ·ÁÁÂÈoÙÂÓÛÈÓo-
ÁfiÓo˘ ‰Â ‚·›Óo˘Ó ·Ú¿ÏÏËÏ·, fiˆ˜ ÎÏ·ÛÈÎ¿ Û˘Ì-
‚·›ÓÂÈ ÛÙo˘˜ fiÚ¯ÂÈ˜. ∆· Ê¿ÚÌ·Î· o˘ ·ÚÂÌ‚·›-
Óo˘Ó ÛÙo ™ƒ∞ ÚoÊ·ÓÒ˜ ‰ÂÓ ¤¯o˘Ó Î·Ì›· Â›‰Ú·-
ÛË Û’ ·˘Ù¤˜ ÙÈ˜ ÏÂÈÙo˘ÚÁ›Â˜, ÌÂ ÂÍ·›ÚÂÛË ›Ûˆ˜ Ùo˘˜
·Ó·ÛÙoÏÂ›˜ ÙË˜ ÚÂÓ›ÓË˜, oÈ oo›oÈ fiÌˆ˜ ‰ÂÓ ¤¯o˘Ó
·ÎfiÌË ÂÚ¿ÛÂÈ ÛÙËÓ ÎÏÈÓÈÎ‹ Ú¿ÍË.

∞fi fiÏ· fiÛ· ÂÎÙ¤ıËÎ·Ó, Û·Ó ÁÂÓÈÎfi Û˘Ì¤-
Ú·ÛÌ· ÚoÎ‡ÙÂÈ fiÙÈ Ù· ‰Â‰oÌ¤Ó· o˘ ˘¿Ú¯o˘Ó
Û‹ÌÂÚ· ·o‰ÂÈÎÓ‡o˘Ó ÙËÓ ‡·ÚÍË Î·È ÙoÓ oÏ‡
ÛËÌ·ÓÙÈÎfi ÚfiÏo ÙˆÓ ÈÛÙÈÎÒÓ ™ƒ∞ ¤Ú·Ó ¿ÛË˜ ·Ì-
ÊÈ‚oÏ›·˜. ∏ ÚÂÓ›ÓË Î·È Ùo ·ÁÁÂÈoÙÂÓÛÈÓoÁfiÓo ÁÈ·
ÙËÓ ·Ú·ÁˆÁ‹ ÙˆÓ ·ÁÁÂÈoÙÂÓÛÈÓÒÓ ÌoÚÂ› Ó·
Úo¤Ú¯oÓÙ·È ·fi ÙoÈÎ‹ ·Ú·ÁˆÁ‹, ·fi ÚfiÛÏË-
„Ë ·fi Ùo Ï¿ÛÌ· ‹ Î·È Ù· ‰‡o, ·Ó¿ÏoÁ· ÌÂ ÙoÓ
ÈÛÙfi, ÂÓÒ ÛÂ oÚÈÛÌ¤Óo˘˜ ÈÛÙo‡˜ Ë ·Ú·ÁˆÁ‹ Ùo˘
ÙÂÏÈÎo‡ Úo˚fiÓÙo˜ Á›ÓÂÙ·È Î·È Ì¤Ûˆ ¿ÏÏˆÓ ÂÓ˙‡-
ÌˆÓ. ∂Ó·fiÎÂÈÙ·È ÛÙËÓ ¤ÚÂ˘Ó· Ó· ÚoÛı¤ÛÂÈ ÏÂ-
ÙoÌ¤ÚÂÈÂ˜ ÛÙ· ‹‰Ë ˘¿Ú¯oÓÙ· ‰Â‰oÌ¤Ó· Û¯ÂÙÈÎ¿
ÌÂ ÙoÓ ÙÚfio ·Ú·ÁˆÁ‹˜ ÙˆÓ ·ÁÁÂÈoÙÂÓÛÈÓÒÓ ÛÂ
Î¿ıÂ ÈÛÙfi, ‚oËıÒÓÙ·˜ ¤ÙÛÈ ÙËÓ Î·Ù·ÓfiËÛË Ùo˘ Ê˘-
ÛÈoÏoÁÈÎo‡ Î·È ·ıoÊ˘ÛÈoÏoÁÈÎo‡ ÚfiÏo˘ ÙˆÓ ‰È·-
ÊfiÚˆÓ ÈÛÙÈÎÒÓ ™ƒ∞.

SUMMARY

Sarafidis PA, Lasaridis AN. The source of the com-
ponents of the tissue renin-angiotensin systems.
Arterial Hypertension 2000; 11: 15-25.

The Renin-Angiotensin System (RAS) is
responsible for the blood pressure control and the
fluid and electrolyte balance of the human organism
and many other species of the animal kingdom. Its
presence in very early stages of species’ evolution un-
derlines its great importance. The intensive research
on RAS revealed a few years ago that, apart from the
classical circulatory or hormonal RAS, the various
components of the system could be produced from
several mammalian tissues and organs, forming tissue
RASs with paracrine and/or autocrine function.
Today, the existence of tissue RASs in the kidneys,
the heart, the vasculature, the adrenals, the brain and
other organs and tissues of the human organism is
confirmed. A basic characteristic of these systems is
that their actions are not always supplementary to the
circulatory RAS but often independent. The data
concerning the involvement of the tissue RASs in the
pathogenesis of arterial hypertension, cardiac failure
and other diseases become more and more, proving
their great importance. In the past, one of the major
questions to which research should answer was that
about the source of the components of the tissue
RASs, especially of renin and angoitensinogen.
During the years, data in favor of local synthesis and
uptake from the plasma came out, as well as evidence
for the production of angiotensins in the tissues
through other pathways, such as the chymase pathway.
In the present review we discuss all these data and the
organization of the tissue RASs.

Key words: renin, angiotensinogen, angiotensin, angio-
tensin converting enzyme, chymase.

µπµ§π√°ƒ∞ºπ∞

1. Nicholls MG, Robertson JIS, Inagami T. The renin-angio-
tensin system in the twenty-first century. Blood Pres-
sure 2001; 10: 327-343.

2. Linz W, Wiemer G, Gohlke P, Unger T, Shölkens BA. Con-
tribution of kinins to the cardiovascular actions of an-
giotensin-converting enzyme inhibitors. Pharmacol
Rev 1995; 47: 25-49.

3. Ferrario CM. Angiotensin formation and degradation. In
Izzo JL, Black HR eds. Hypertension Primer, 2nd ed.
Baltimore: Lipincott Williams & Wilkins, 1999: 21-22.

4. Stroth U, Unger T. The renin-angiotensin system and its
receptors. J Cardiovasc Pharmacol 1999; 33(Suppl 1):
S21-28.

22 AÚÙËÚÈ·Î‹ Y¤ÚÙ·ÛË,  11,  1-3



5. Goodfriend TL, Elliot ME, Catt KJ. Angiotensin receptors
and their antagonists. N Engl J Med 1996; 334: 1649-
1654.

6. Chung O, Kühl H, Stoll M, Unger T. Physiological and
pharmacological implications of AT1 versus AT2 rece-
ptors. Kidney Int 1998; 54(Suppl 67): S95-S99.

7. Dzau VJ. Circulating versus local renin-angiotensin sy-
stem in cardiovascular homeostasis. Circulation 1988;
77: I4-I13.

8. Unger T, Ganten D, Lang RE, Schölkens BA. Persistent tis-
sue converting enzyme inhibition following chronic tre-
atment with Hoe498 and MK421 in spontaneously hy-
pertensive rats. J Cardiovasc Pharmacol 1985; 7: 36-41.

9. Lee MA, Böhm M, Paul M, Ganten D. Tissue renin-angio-
tensin systems: their role in cardiovascular disease.
Circulation 1993; 87(Suppl IV): S7-S13.

10. Dostal DE, Baker KM. The cardiac renin-angiotensin
system: conceptual, or regulator of cardiac function?
Circ Res 1999;85:643-650

11. Gould AB, Skeggs LT, Kahn JR. Presence of renin activi-
ty in blood vessel walls. J Exp Med 1964; 119: 389-399.

12. Reid IA. Is there a brain renin-angiotensin system? Circ
Res 1977; 41: 147-153.

13. Shaw KJ, Do YS, Kjos S, et al. Human decidua is a major
source of renin. J Clin Invest 1989; 83: 2085-2092.

14. Panthier JJ, Foote S, Chambraud B, Strosberg AD, Corvol
P, Rougeon F. Complete amino acid sequence and ma-
turation of mouse submaxillary gland renin precursor.
Nature 1982; 298: 90-92.

15. Genain CP, Van Loon GR, Kotchen TA. Distribution of
renin activity and angiotensinogen in rat brain. Effects
of dietary sodium chloride intake on brain renin. J
Clin Invest 1985; 76: 1939-1945.

16. Parmentier M, Inagami T, Pochet R, Desclin JC. Pituitary-
dependent renin-like immunoreactivity in the rat te-
stis. Endocrinology 1983; 112: 1318-1323.

17. Deinum J, Derkx FHM, Danser AHJ, Schalekamp MADH.
Identification and quantification of renin and prorenin
in the bovine eye. Endocrinology 1990; 126: 1673-1682.

18. Sealey JE, Rubattu S. Prorenin and renin as separate me-
diators of tissue and circulating systems. Am J Hy-
pertens 1989; 2: 358-366.

19. Baba K, Doi Y, Franco-Saenz R, Mulrow PJ. Mechanisms
by which nephrectomy stimulates adrenal renin. Hy-
pertension 1986; 8: 997-1002.

20. Saito H, Nakamaru M, Ogihara T, et al. Effect of vaso-
dilator prostaglandins on the vascular renin-angioten-
sin system. Life Sci 1988; 43: 1557-1563.

21. Tang SS, Stevenson L, Dzau VJ. Endothelial renin– an-
giotensin pathway. Adrenergic regulation of angioten-
sin secretion. Circ Res 1990; 66: 103-108.

22. Naruse M, Shizume K, Inagami T. Renin and angioten-
sins in cultured mouse adrenocortical tumour cells.
Acta Endocrinol 1985; 108: 545-549.

23. Deschepper CF, Mellon SH, Cumin F, Baxter JD, Ganong
WF. Analysis by immunocytochemistry and in situ hy-
bridization of renin and its mRNA in kidney, testis,

adrenal and pituitary of the rat. Proc Natl Acad Sci
USA 1986; 83: 7552-7556.

24. Racz K, Pinet F, Gasc JM, Guyene TT, Corvol P.
Coexpression of renin, angiotensinogen and their
messenger ribonucleic acids in adrenal tissues. J Clin
Endocrinol Metab 1992;75:730-737.

25. Paul M, Wagner D, Metzger R, et al. Quantification of re-
nin mRNA in various mouse tissues by a novel solu-
tion hybridization assay. J Hypertens 1988; 6: 247-252.

26. Okura T, Kitami Y, Iwata T, Hiwada K. Quantitative
measurement of extra-renal renin mRNA by polyme-
rase chain reaction. Biochem Biophys Res Commun
1991; 179: 25-31.

27. Lou YK, Smith DL, Robinson BG, Morris BJ. Renin gene
expression in various tissues determined by single-step
polymerase chain reaction. Clin Exp Pharmacol Phy-
siol 1991; 18: 357-362.

28. Chelly J, Concordet JP, Kaplan JC, Kahn A. Illegitimate
transcription: transcription of any gene in any cell ty-
pe. Proc Natl Acad Sci USA 1989; 86: 2617-2621.

29. Thomas WG, Sernia C. Immunocytochemical localizati-
on of angiotensinogen in the rat brain. Neuroscience
1988; 25: 319-341.

30. Campbell DJ, Habener JF. Angiotensinogen gene is ex-
pressed and differentially regulated in multiple tissues
of the rat. J Clin Invest 1986; 78: 31-39.

31. Sawa H, Tokuchi F, Mochizuki N, et al. Expression of the
angiotensinogen gene and localization of its protein in
the human heart. Circulation 1992; 26: 138-146.

32. Ingelfinger JR, Zuo Wª, Fon EA, Ellison KE, Dzau VJ. In
situ hybridization evidence for angiotensinogen mes-
senger RNA in the rat proximal tubule. J Clin Invest
1990; 85: 417-423.

33. Naftilan AJ, Zuo WM, Ingelfinger J, Ryan TJ, Pratt RE,
Dzau VJ. Localization and differential regulation of
angiotensinogen mRNA expression in the vessel wall.
An hypothesis for the intrarenal renin angiotensin sy-
stem. J Clin Invest 1991; 87: 1300-1311.

34. Campbell DJ, Habener JF. Hybridization in situ studies of
angiotensinogen gene expression in rat adrenal and
lung. Endocrinology 1989; 124: 218-222.

35. Ehlers MRW, Riordan JF. Angiotensin-converting enzy-
me. Biochem Mol Biol 1990; 76: 1217-1230.

36. Skidgel RA, Erdös EG. Angiotensin I-converting enzyme.
In: Izzo JL, Black HR, eds. Hypertension Primer, 2nd
ed. Baltimore: Lipincott Williams & Wilkins, 1999: 19-
20.

37. Soubrier F, Wei L, Hubert C, Clauser E, Alhenc-Gelas F,
Corvol P. Molecular biology of the angiotensin I con-
verting enzyme: II. Structure-function. Gene-polymor-
phism and clinical implications. J Hypertens 1993; 11:
599-604.

38. Ehlers MRW, Fox EA, Strydom DJ, Riordan JF. Molecu-
lar cloning of human testicular angiotensin-converting
enzyme: the testis isozyme is identical to the C-termi-
nal half of endothelial angiotensin-converting enzyme.
Proc Natl Acad Sci USA 1989; 86: 7741-7745.

AÚÙËÚÈ·Î‹ Y¤ÚÙ·ÛË,  11,  1-3 23



39. Jandeleit K, Jackson B, Perich R, Paxton D, Johnston C.
Angiotensin-converting enzyme in macro- and micro-
vessels of the rat. Clin Exp Pharmacol Physiol 1991;
18: 353-356.

40. Okamura T, Clemens DL, Inagami T. Renin, angiotensin
and angiotensin-converting enzyme in neuroblastoma
cells: evidence for intracellular formation of angioten-
sins. Proc Natl Acad Sci USA 1981; 214: 6940-6943.

41. Danser AHJ, Van Kats JP, Admiraal PJJ, et al. Cardiac
renin and angiotensins. Uptake from plasma versus in
situ synthesis. Hypertension 1994; 24: 37-48.

42. Daum A, Uehleke H. Unterschiedliche beeinflussung der
blutdruckwirkung von renin und angiotensin durch a-
minopeptidase. Naunyn Schmiedebergs Arch Pharma-
kol Exp Pathol 1966; 254: 327-333.

43. Thurston H, Swales JD. Action of angiotensin antago-
nists and antiserum upon the pressor response to re-
nin: further evidence for the local generation of angio-
tensin II. Clin Sci Mol Med 1974; 46: 273-276.

44. Loudon M, Bing RF, Thurston H, Swales JD. Arterial wall
uptake of renal renin and blood pressure control.
Hypertension 1983; 5: 629-634.

45. Mizuno K, Nakamaru M, Higashimori K, Inagami T. Lo-
cal generation and release of angiotensin II in peri-
pheral vascular tissue. Hypertension 1988; 11: 223-
229.

46. Campbell DJ, Ziogas J, Kladis A. Metabolism of tetra-
decapeptide, angiotensinogen and angiotensin I and II
by isolated perfused rat hindlimbs. Clin Exp Pharma-
col Physiol 1990; 17: 335-350.

47. Hilgers KF, Mann JFE, Hilgenfeldt U, Ganten D. Vascular
production and regulation of angiotensin. Blood Ves-
sels 1991; 28: 201-209.

48. Admiraal PJJ, Derkx FHM, Danser AHJ, Pieterman H,
Schalekamp MADH. Metabolism and production of
angiotensin I in different vascular beds in subjects with
hypertension. Hypertension 1990; 15: 44-55.

49. Danser AHJ, Koning MMG, Admiraal PJJ, et al. Produ-
ction of angiotensins I and II at tissue sites in intact
pigs. Am J Physiol 1992; 263: H429-H437.

50. Inagami T, Murakami T, Higuchi K, Nakajo S. Roles of
renal and vascular renin in spontaneous hypertension
and switching of the mechanism upon nephrectomy.
Lack of hypotensive effects of inhibition of renin, con-
verting enzyme and angiotensin II receptor blocker
after bilateral nephrectomy. Am J Hypertens 1991; 4:
15S-22S.

51. Danser AHJ, Van Kastren CAM, Bax WA, et al. Prorenin,
renin, angiotensinogen and angiotensin-converting
enzyme in normal and failing human hearts. Evidence
for renin binding. Circulation 1997; 96: 220-226.

52. Nguyen G, Delarue F, Berrou J, Rondeau E, Sraer JD.
Specific receptor binding of renin on human mesan-
gial cells in culture increases plasminogen activator in-
hibitor-1 antigen. Kidney Int 1996; 50: 1897-1903.

53. Inagami T. The renin-angiotensin system. Essays Bio-
chem 1994; 28: 147-164.

54. Kim S, Iwao H, Nakamura N, et al. Cellular and subcel-
lular distribution of exogenously administered renal
renin in rat liver and kidney. Am J Physiol 1987; 253:
E621-E628.

55. Inoue H, Fukui K, Takahashi S, Miyake Y. Molecular clo-
ning and sequence analysis of a cDNA encoding a por-
cine kidney renin-binding protein. J Biol Chem 1990;
265: 6556-6561.

56. Takahashi S, Inoue H, Miyake Y. The human gene for
renin-binding protein. J Biol Chem 1992; 267: 13007-
13013.

57. Maru I, Onta Y, Murata K, Tsukada Y. Molecular cloning
and identification of N-acyl-D-glucosamine 2-epime-
rase from porcine kidney as a renin-binding protein. J
Biol Chem 1996; 271: 16294-16299.

58. Knoll A, Schunkert H, Reichwald K, et al. Human renin
binding protein: complete genomic sequence and as-
sociation of an intronic T/C polymorphism with the
prorenin level in males. Hum Mol Genet 1997; 6:
1527-1534.

59. Dzau VJ. Multiple pathways of angiotensin production in
the blood vessel wall: evidence, possibilities and hypo-
theses. J Hypertens 1989; 7: 933-936.

60. Ikeda M, Sasaguri M, Maruta H, Arakawa K. Formation
of angiotensin II by tonin-inhibitor complex. Hyper-
tension 1988; 11: 63-70.

61. Okunishi H, Miyazaki M, Okamura T, Toda N. Different
distribution of two types of angiotensin II-generating
enzymes in the aortic wall. Biochem Biophys Res
Commun 1987; 49: 1186-1192.

62. Urata H, Kinoshita A, Misono KS, Bumpus FM, Husain A.
Identification of a highly specific chymase as the major
angiotensin II-forming enzyme in the human heart. J
Biol Chem 1990; 265: 22348-22357.

63. Kinoshita A, Urata H, Bumpus FM, Husain A. Multiple
determinants for the high substrate specificity of an
angiotensin II-forming chymase from the human he-
art. J Biol Chem 1991; 266: 19192-19197.

64. Ferrario CM, Chappell MC, Tallant EA, Brosnihan KB,
Diz DI. Counterregulatory actions of angiotensin-(1-
7). Hypertension 1997; 30: 535-541.

65. Ideishi M, Sasaguri M, Ikeda M, Arakawa K. Substrate-
dependent angiotensin II formation in the peripheral
circulation. Life Sci 1990; 46: 335-341.

66. Bund SJ, Aalkjaer C, Heagerty AM, Leckie B, Lever AF.
The contractile effects of porcine tetradecapeptide
renin substrate in human resistance vessels: evidence
of activation by vascular wall renin and serin
proteases. J Hypertens 1989; 7: 741-746.

67. Hirakata H, Fouad-Tarazi PM, Bumpus FM, et al.
Angiotensin and the failing heart: Enhanced positive
inotropic response to angiotensin I in cardiomyopathic
hamster heart in the presence of captopril. Circ Res
1990; 66: 891-899.

68. Campbell DJ, Kladis A, Skinner SL, Whitworth JA. Cha-
racterization of angiotensin peptides in plasma of ane-
phric man. J Hypertens 1991; 9: 265-274.

24 AÚÙËÚÈ·Î‹ Y¤ÚÙ·ÛË,  11,  1-3



69. Samani NJ, Kelly MP. Possible fates of locally synthe-
sized renin and angiotensinogen – implications for tis-
sue renin-angiotensin systems, In: MacGregor GA, Se-
ver PS, eds. Current advances in ACE inhibition, Vol.
2. London: Churcill Livingstone, 1991: 90-97.

70. Inagami T, Nakamaru M, Pandey KN, et al. Intracellular
action of renin, angiotensin production and release. J
Hypertens 1986; 4(Suppl 4): S11-S16.

71. Sinn PL, Sigmund CD. Identification of three human
renin mRNA isoforms from alternative tissue-specific
transcriptional initiation. Physiol Genomics 2000; 29:
25-31.

72. Re RN, Vizard DL, Brown J, Bryan SE. Angiotensin II re-
ceptors in chromatin fragments generated by micro-
coccal nuclease. Biochem Biophys Res Commun 1984;
119: 220-227.

73. Tang SS, Rogg H, Schumacher R, Dzau VJ. Characteriza-
tion of nuclear angiotensin-II-binding sites in rat liver
and comparison with plasma membrane receptors.
Endocrinology 1992; 131: 374-380.

74. Unger T, Badör E, Ganten D, Lang RE, Rettig R. Brain
angiotensin: pathways and pharmacology. Circulation
1988; 77: I40-I54.

75. Dhanaraj V, Dealwis CG, Frazao C, et al. X-ray analyses
of peptide-inhibitor complexes define the structural
basis of specificity for human and mouse renins. Na-
ture 1992; 357: 466-472.

76. Tanaka T, Ohkubo H, Nakanishi S. Common structure
organisation of the angiotensinogen and alpha 1-anti-
trypsin genes. J Biol Chem 1984; 259: 8063-8065.

77. Lynch KR, Peach MJ. Molecular biology of angioten-
sinogen. Hypertension 1991; 17: 263-269.

AÚÙËÚÈ·Î‹ Y¤ÚÙ·ÛË,  11,  1-3 25


