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Abstract 

Hydrostatic pressure as a mechanical stress alters cellular phenotype and function 
in a variety of physiological and pathological situation.�Hydrostatic pressure is a crucial 

component of the cell's environment, which effects on cells through�extracellular matrix 
(ECM) and can alter many morphological aspects of neuronal differentiation. In this study, 
We attempt to develop the link between cell death that induced by hydrostatic pressure in 
relation to disruption of cell- substrate adhesion. 

PC12 Cells were cultured in RPMI 1640 culture medium supplemented with 10% 
FBS and pressurized with 100 mmHg for 4 hours. Neutral red uptake assay was used for 
viability, attachment assay was used to test cell ability to adhere to substrate and total 
neurite length was investigated ,matrix metalloproteinase activity were evaluated by 
gelatin zymography and focal adhesion kinase expression evaluated by 
immunocytochemistry. Controls were treated identically except for the application of 
pressure. Mixed MANOVA and t-test was used for evaluating differences between control 
and experimental cells cultured on different substrate (p<0.05). 

Our results implies cells pressurized by hydrostatic pressure showed a significantly 
decrease in survival after 12 and 24h relative to the unpressurized cells (p<0.05).After 
pressure treatment, adhesion potency and total neurite length decrease relative to the 
control group in different substrate (p<0.05). Gelatin zymography result showed that two 
gelatinolytic bands (92 and 72 kDa) in the media but the intensity of these bands increased 
at 12 and 24h after pressure treatment and p-FAK positive focal adhesions present on the 
membrane of  control cells were spindle shaped and distributed almost along all membrane 
while on stressed cells focal contact have a round-spindle shaped and distributed on 
defined spot. 

our experiments provide evidence that elevated hydrostatic pressure  itself  can 
induce cell death in PC12 cells as a result of increasing matrix metalloproteinase activity 
and disruption in focal adhesion structures. 

Key words: Hydrostatic pressure, Cell adhesion, Matrix metalloproteinase, Focal 
adhesion, PC12 
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���� ®Ë�Â·ÂÌ]�ÉZÅ�ºf�Ì���{�Ê°Ì¿Z°»�ÉZÅÁ�Ì¿��

�¶Ì°�e�Ä¯�²ÀÌ·ZÀ´Ì��ÉZÅ�µÂ°·Â»�Á�ZÅ�½�Â§�Â»�,ZÅ�½��{�Â»��{�É�ZÌ�]�cZ�Ô�Y��Zu�µZu�{
d�Y�d�{��{�|ÀÀ¯�Ê»�µ�fÀ¯�Y��ZÅ�d§Z]���ÊËZÌ¼Ì��¶»YÂ��¾ËY�Ä¿Â´q�Ä¯�ºÌ¿Y{�Ê¼¿�¶»Z¯��Â��Ä]�Z»�Äq��³Y

{�§�Ä]���vÀ»�Ê°Ë�Ì§�ÉZÅ�Ê³�ËÁ�Á��Zy�ÉZÅ�¶°�� Z]� Ã|¿��ÉZÅ�¹Y|¿Y�Á� ZÅ�d§Z]�¶Ì°�e�½Z���,Êfz�
ÊfÌ�Ìf�ÓYÂ°�ËÁ� ZË�®Ìf�ÓY�d�³�Z]� ���]�½|]�½{�¯�|À¸]� ZË� Zf�ËY�É�Y�°e�cZ¯�u� ,½Ây�`¼a�ÉY�]�Ä¯

�ZÌ¿�{�Â»�Ä]}Zm�ÉÁ�Ì¿�¥Ôy |ÀÀ¯�Ê»�dËY|Å�Y��|Àf�Å���Ä]�ÊÀËÂ°e�ÉZÅ|ÀËY�§��Y�É�ZÌ�]�,�Ìa�½�«�®Ë
Y�§�¾ËY�Ä¯�|��Ê»�Äf¨³�Á�|��Ê»�Ã{Y{�tÌ�Âe�Ê°Ì¿Z°»�cZuÔ��Y�®¼¯��{��ÌÌ¤e�¶Ì·{�Ä]�ÊÀËÂ°e�ÉZÅ|ÀË

�Á�Ì¿�µZ¼�Y�ÄnÌf¿��{�Á�¦¸fz»�sÂ����{�Ä¯�d�Y�d§Z]�Á�Ã|¿��ÉZÅ�µÂ¸��ÉY�Y{�ÉZÅ�ZfyZ��É| ]�Ä��¶°�
|f§Y�Ê»�©Z¨eY� ZÅ�½M�ÉÁ�� �]� ��Ê·Â°·Â»�Ê�ZÀ��d�Ë�� �{� Ä¯�ÊËZÅ�d§��Ìa� Ä¸Ì�Á� Ä]� ÃZ³|Ë{�¾ËY� Äq�³Y

ÅÁ�Ì¿�¾Ì]�Ä�]Y��Z»Y�|��Äf�Y~³��ZÀ¯�|��¶�Zu�­�f�»��Â�Â»�®Ë�½YÂÀ��Ä]�Y{|n»�¾ËÂ°e�Á�Ê°Ë�Ì§�ÉZ
,½Z�ZÀ��d�Ë��¾Ì]�d�Y�Ã|��s��»�½Z¿Y{�®Ë�Ì§�Á�¾Ì�|ÀÆ»�,½Z¿Y{�®Ìf¿����Äf���¾Ì]�­�f�»��Â�Â»�¾ËY

�Ä¯�Êf§Z]�ÉZÅÂ´·Y�Á�½��½ZÌ]�,Ê·Â°·Â»�Ê¼Ì�ÂÌ]�,Ê°Ì¿Z°»�ÉZÅÁ�Ì¿�¾Ì]�Ê�Z�Y�ÉZÅ�Ä�]Y��¦�¯�Ä]��nÀ»�ZÅ
�Y{��¬¿��¿�ÂË�^»Y��{�¹�Ì¿Z³�Y�®Ë��¼����Y����{�d§Z]��¨u�Á��¿�Â§�Â»��{�É�¯�»��¬¿�Á�d�Y�Ã|��|¿

|À¯�Ê»�Z¨ËY(Mammoto and Ingber,2010)����

,Äf�~³� ÄÅ{� Á{� �{ �Ê°Ì¿Z°»�ÉZÅÁ�Ì¿� Ä]� ZÅ� µÂ¸�� �Y�É�ZÌ�]� Ä¯�d�Y� Ã|�� Ã{Y{� ½Z�¿�Ê]Ây� Ä]
½Z��Ê¿Â»Y�Ìa�Ê·Â¸��k�Zy��°Ë�eZ»�Á�`ÌeÂÀ§�|À¿YÂe�Ê»�Á�|Àf�Å��Z�u���Ìv»�cY�ÌÌ¤e�Ä]�x�Za��{� Y�

|ÀÅ{��ÌÌ¤e�,½Z��Ê°Ì¿Z°» (Swartz et al.,2003)���¹Z¼e��{�Á�¹ÁY|»��Â��Ä]�½Z�¿Y�½|]��{�Ã|¿��ÉZÅ�µÂ¸�
|Àf�Å�Ê°Ì¿Z°»�ÉZÅÁ�Ì¿��� »� �{� �¼�� µÂ�� ���Ìv»� �Y�Ê�Z¿� ºÅ� |¿YÂe�Ê»� ZÅ���¯� Á� ZÅ���f�Y�¾ËY

LZ�À»�Ê¿Á�{�Ê°Ë�Â·ÂË�Ì§��ËY����Y�ºÅ�Á�Ê¿Â»Y�Ìa�{�Ì³�Ê»���ÉZÅÁ�Ì¿�¾ËY��À¯Y�a�Á�dÆm�,Ê³��]�Ä]�Äf�]
|ÀÅ{�x�Za� ZÆ¿M� Ä]�¦¸fz»� ©��� Ä]� |À¿YÂe� Ê»� ZÅ� µÂ¸��Ê°Ì¿Z°»(Lim et al.,2006)� ��­�{� �Â��¾Ì¼Å

���f�³�Á�µZ¬f¿Y�Ê´¿Â´q�Ê���]��{�ºÆ»�Ä¸u�»�¾Ì·ÁY�Ê°Ì¿Z°»�ÉZÅÁ�Ì¿�Ä]�µÂ¸��Ê°Ì¿Z°»�x�Za�Ê´¿Â´q
�d�Y�Ê°Ì¿Z°»�ÉZÅ�µZÀ´Ì��¾ËY�{Â��Ê»�¶Ë|^e�µÂ¸���{�Ê°Ë�Â·ÂÌ]�Á�ÊËZÌ¼Ì��ÉZÅ�x�Za�Ä]�dËZÆ¿�{�Ä¯

(Wang et al.,1993; Ingbar,2003)�� 



� 

��ÉZÅÁ�Ì¿� �Y�ÉY� Ä�Â¼n»��� »� �{�\e�»� �Â�� Ä]� ¹�Ì¿Z³�Y�ÉZÅ� µÂ¸�� |�� Äf¨³� Ä¯� �Â�� ½Z¼Å
|¿Â��Ê»�d§ZË�{�ZÅ�½ZË�m�Á��Z�§�,ZÅ���¯�,ZÅ���f�Y��YÂ¿Y�c�Â��Ä]�Ä¯|Àf�Å�Ê°Ì¿Z°»����Y�É�ZÌ�]��{

��{�Ê°Ì¿Z°»��Z]��]Y�]��{�d»ÁZ¬»��{�ZÆ¿M��ÊËZ¿YÂe���{�É|Ì¸¯�Ê�¬¿�ZÅ�µÂ¸��Ê°Ì¿Z°»�ÉZÅ�Ê³�ËÁ�,{�YÂ»
|ÀÀ¯�Ê»�Z¨ËY�,|ÀÅ{�Ê»�¹Zn¿Y�Y��½Z��Ê°Ë�Â·ÂË�Ì§�µZ¼�Y�Ä¯�Ê·Zu����¬¿�Ê°Ì¿Z°»�µZÀ´Ì��,�´Ë{�{�YÂ»��{

»���{�ºÅ�Ê·Â¸���Zf§��Ã|ÀÀ¯�ºÌ�Àe�½YÂÀ��Ä]�Y��Ê¼Æ»|À¯�Ê»�Z¨ËY�É�Z¼Ì]�ºÅ�Á�Êf»Ô��½Z(Starodubtseva 

et al.,2009)����Ê°Ì¿Z°»�®Ë�ve�Ä]� Y|Ë|��µÂ¸���ZfyZ��Á�É�Â·Â§�Â»�Ä¯�d�Y� Ã{Y{�½Z�¿��ÌyY�cZ ·Z�»
d�Y��Z�u��µÂ¸��¾�¯Y�fÀËY�Z]�ÃY�¼Å�\¸£Y�Ê°Ì¿Z°»�®Ë�ve��Ê·Â¸��k�Zy��°Ë�eZ»(ECM)��Ä¯�d�Y

�Ê·Â°·Â»�x�Za�{Ây�Ä]Â¿�Ä]�ºÅ�½M�Á��Ìj°e�,�ÂfaÂaM�¶»Z��Ä¯�Y��µÂ¸��d�Â¿��Á�|Å{�Ê»��Y�«��ÌiZe�dve�Y�
|À¯�Ê»�¾ÌÌ e� ,d�Y� �ËZ¼e(Cheng et al.,2008)� ���YÂ¿Y� Ä]� ½{Y{�x�Za� Á�½{�¯��Z�uY�ÊËZ¿YÂe� ZÅ�µÂ¸�
|¿�Y{�Y��Êm�Zy�ÉZÅÁ�Ì¿��w��Ê¿Z»��Á�d�Y�Ã|��ÄfyZÀ��Ê°Ì¿Z°»�dËY|Å�½YÂÀ��dve�ZÅ�x�Za�¾ËY��Y�Ê°Ë

|Å{�Ê»��Ä]�ºÅ�½M�Ä¯|ÀÀ¯�Ê»�¶Ë|^e�Ê°Ì¿Z°»ÂÌ]�x�Za�®Ë�Ä]� Y��É{Á�Á�Ê°Ì¿Z°»�ÉÁ�Ì¿� ZÅ�¹�Ì¿Z°»�Ä¯
µÂ¸��¶°��{|n»�É�Ì³�dÆm�¶Ì^«� �Y� ZÅ�x�Za��YÂ¿Y(Buck, 1980; Wang et al., 1995) �,��ÊËY�M�Z]

�Ê·Â¸��d¸°�Y�¾Ìf¯Y(Wang, 2000) ��Ê·Â¸��k�Zy��°Ë�eZ»�ÉZÅ�¾ÌXeÁ�a��fÀ��Á(Carver et al., 1991) 

�d�Y�Äf�]YÁ���É�Z¼Ì]�É�ZÌ�]��{�ÄmÂe�{�Â»�ÉZÅ��Â�Â»��Y�Ê°Ì¿Z°»��Â��Ä]�Ã|��Z¬·Y�Ê��Z��ÉZÅ�x�Za�¾ËY
|Àf�Å��Ë��ÂaÂXf�Y�Á�½Z����,Ê^¸«�ÉZÅ�É�Z¼Ì]�|À¿Z»�ZÅ(leDuc and Bellin, 2006)����ZÅ�µÂ¸��Ä¯�ÊËZÅÁ�Ì¿

��]���f�Y�Á��Z�§�,��¯|À¿Z»�¦¸fz»�cZ°Ë�ve�ªË����Y��e�Ê°Ë�Â·ÂË�Ì§��Ìv»�,µÂ¸��Ä]�|ÀÀ¯�Ê»�Ä]�n
{�Y{�Ê´f�]�½|]��{�µÂ¸��ÃZ´ËZm�Á��d�Y�Äf§�³�c�Â��Ê¿YÁY�§�cZ ·Z�»�,Ã�Á�»Y(Carano and Siciliani, 

1996; Kubicek et al., 2004; Owatverot et al., 2005; Wang et al., 2004)��Ä]� ZÅ�µÂ¸��x�Za�Ä¯
Â»�Y��Ê°Ì¿Z°»�cZ°Ë�ve�¦¸fz»��YÂ¿Y|¿Y�Ã{Y{��Y�«�Ê]ZË��Y�{��� �

�d¯����ËZ¼eÁ��Ìj°e�,ZÅ�½��½ZÌ]��{�cY�ÌÌ¤e�¶Ì^«��Y�Ê·Â¸��µZ¼�Y��Y�É�ZÌ�]��{�Ê°Ì¿Z°»�ÉZÅÁ�Ì¿
|ÀÀ¯�Ê»(Chen et al.,2004)� ���{�µÂ¸��ÉÁ���]���¯�Á���]�ÉZÅ���f�Y�½{�]� �Z¯�Ä]� ,µZj»�½YÂÀ��Ä]

�d�¯��Ìv» »Ê�Ì��,Ê³|À^�q�ºÌ�Àe��{�Y��ÊeY�ÌÌ¤e�|¿YÂe|À¯�LZ¬·Y�µÂ¸��{�°¸¼��Á�Ê·Â¸��½Á�{�²ÀÌ·ZÀ´ 

(Sniadecki et al.,2007)���d¸°�Y�Ä��YÁ�Ä]�Ê¿Á�{�Ê�Z^¬¿Y�ÉZÅÁ�Ì¿�ZÅ�µÂ¸��,Êm�Zy�ÉZÅÁ�Ì¿��]�ÃÁÔ�
|ÀÀ¯� Z¨ËY� Ê·Â¸�� ºÌ�Àe� �{�ÊeZÌu�Ê�¬¿� |À¿YÂe� Ê»� Ä¯� |ÀÀ¯�Ê»� {ZnËY� Ê·Â¸��(Mcbeath et al.,2004; 

Pirone et al.,2006) �cZÆ]Z�e�Êm�Zy� Ã|�� µZ¼�Y�ÉZÅÁ�Ì¿� Ä]� Ã|�� Ã{Y{� Ê·Â¸�� ÉZÅ� x�Za� �{� {ÂmÂ»
�dËY|Å�ÉZÅ�Ì�»�d�Y�¾°¼»�Á�Ì¿��Â¿�Á{��Å�Ä¯�d�Y�Ã|��ÄË��¿�¾ËY�Ä]��nÀ»�Ê¸yY{�Ã|��|Ì·Âe�ÉZÅÁ�Ì¿Á

|ÀÀ¯� Ã{Z¨f�Y�Ê°Ì¿Z°»ÂÌ]�ÉZÅ�µZÀ´Ì��Ä]�Ê°Ì¿Z°»�®Ë�ve�¶Ë|^e� �{� Y��Ê¯�f�»�Ê°Ì¿Z°»(Vogel and 

                                                 

1 . Shear stress 



� 

sheetz,2006; Balaban et al.,2001)��� ¾ËY�¾ËÂ°e� ÉY�]�®Ë�Â·ÂË�Ì§� sÂ��� �{� Ê°Ì¿Z°»ÂÌ]� ÉZÅÁ�Ì¿
��Y�ÄnÌf¿�Ê°Ì¿Z°»���f�Y�½YÂÀ��dve�ZÅ�½M��ËY�§Y� Z»Y�|Àf�Å�É�Á���µÂ¸��{�°¸¼��Á��ZfyZ���¨uÁ

�{Â��Ê»�®Ë�Â·ÂeZa��ËY���Ä]��nÀ»�Ä¯�d�Y�Ê·Â¸��±�»(Wernig and Xu,2002)����

ÉÁ���]�Ê°Ì¿Z°»�ÉZÅ���f�Y��½M�\mÂ»�Ä]�Á�|¿�Y~³�Ê»��iY�Ê·Â¸��d¸°�Y��ZfyZ��Á�µÂ¸��¶°�
�Á��ÂfaÂaM�,�ËZ¼e�,|���,c�mZÆ»�¶j»�|Àf�Å�É�Á���d§Z]�¾ËÂ°e�ÉY�]�Ä¯�Ê·Â¸��ÉZÅ�Zf§���Y�É�ZÌ�]��]

|Àf�Å��Y~³��iY�É{ZÌÀ]�Ê·Â¸��ÉZÅ�Ã{��ÊËZm�Ä]Zm(Moore et al.,2005; Matthews et al.,2006)���É�ZÌ�]
f�Y�¾ËY��Y�Ê·Â¸��d¸°�Y�½Á�{�Ä°ÀËY�ZË�|¿Â��Ê»�¶¬fÀ»�µÂ¸��Ä]�Ê·Â¸��k�Zy��°Ë�eZ»�ªË����Y�ZË�ZÅ���

Âe� ZÅ� µÂ¸�� �Y� ¹Y|¯� �Å� �Z^¬¿Y� ¶]Z«Ä]� ½Z�� Ê³|À^�q� ÉÁ�� �]� Á� Ã|�� |Ì·ECM��Ê»� �ÌiZe
|¿�Y~³(Ingber,1997; Bershadsky,2001)� ��ÉÁ�� �]�­�f�»� �Â�� Ä]�Ê°Ì¿Z°»�ÉZÅÁ�Ì¿�¾ËY� �Â¿� Á{� �Å
�Ã|¿�Ì³�µZ¯Â§�¹Z¿�Ä]�ÉY�Ã�ËÁ�ÉZÅ�ÃZ´ËZm��{� ZÆ¿M��¼ne�h�Z]�Á�|¿�Y~³�Ê»��iY�ÊËZ�£� Y�e�¾Ë�´fÀËY�ÉZÅ

ZÅ�½�ÌÅ{Y���Ê°Ë�Ì§��Â��Ä]�Á�|¿Â��Ê»ECM�|ÀÀ¯�Ê»�¶�f»�Ê·Â¸��d¸°�Y�Ä]�Y�(Geiger et al.,2001)�� �

��Ä°ÀËY� ZË�|ÀÀ¯�Ê»� Y|Ìa���Z��¾Ë�´fÀËY��]�Ã|��µZ¼�Y�ÉZÅÁ�Ì¿��]Y�]��{�Ê°Ì¿Z°»��Â��Ä]� ZÅ�µÂ¸�
�Êfz�ECM��Äq��Å�Á�|ÀÅ{�Ê»��ËY�§Y���f�Y�LZ¬·Y� Ä¸Ì�Á�Ä]� Ã|¿Â��|Ë|�e�ÉZÅ�¹ZÌa� {ZnËY� Ä¸Ì�Á�Ä]� Y�

ÓZ]�ºÅ�Ã|��µZ¼�Y���f�Y�t���|]ZË�Ê»��ËY�§Y�Ê�y�c�Â��Ä]�ZÅ�µÂ¸��Ê°Ì¿Z°»�Êfz��¾ËY�Á�{Á��Ê»�
�Ê°Ì¿Z°»�ÉZÅ�\Ì�M�¶]Z¬»�d»ÁZ¬»��{�µÂ¸��ÊËZ¿YÂe�\¸�»�LZ�£�Ê³�Za��Y�É�Ì³Â¸m�,µZj»�½YÂÀ��Ä]����Á

�Ä]�Ê³|À^�q��]�|¿YÂe�Ê»�µÂ¸��Ä¯�Ê�Z^¬¿Y�ÉZÅÁ�Ì¿�t���½{�]�ÓZ]�Ä¸Ì�Á�Ä]� � Y��Ê·Â¸��­�ve�¾ÌÀq�ºÅ
ECM�|Å{�Ê»��ËY�§Y� ,|À¯�µZ¼�Y� �Y{�½Z�¿� Ã|�� ¹Zn¿Y�cZ ·Z�»�dËÂ¬e� �{� ZÅ�µÂ¸��ÊËZ¿YÂe� Ä¯�d�Y� Ã{

�µZ¼�Y�ZÅÁ�Ì¿�¾ËY�Ä¯�d�Y�Ê¿Z°»��{�½�ÌÅ{Y�µZ¯Â§�¶Ì°�e�Ä]�Ã|��µZ¼�Y��Y|ËZa�ÉZÅÁ�Ì¿�Ä]�x�Za��{�½Z�{Ây
�Ê¬ËZ«{�ZË�ZÅ�ÄÌ¿Zi�¾Ì·ÁY��{�Ê´¼Å�ZÅ�½�ÌÅ{Y�µZ¯Â§�ÉZÅ�ÃZ´ËZm�Á�\Ì¯�e�,Ã�Y|¿Y��{�cY�ÌÌ¤e�¾ËY�,|¿Y�Ã|�

]�ÉZÅ���f�Y�µZ¼�Y��Y��a|Å{�Ê»�w��µÂ¸��Ä]�Ê¿Á�Ì���ÉZÅÁ�Ì¿�Ä¸Ì�Á�Ä]�Ã|��LZ¬·Y�½�ÌÅ{Y�µZ¯Â§�¶Ì°�e
�É�Z��µZ §�ªË��� �Y�Ê°Ì¿Z°»GTPase��®qÂ¯Rho�ÃY�¼Å� �ZÀÌ¯�ÊÀ Ë�½M�d�{�¾ÌËZa�¥Y|ÅY� ÁRho �

(ROCK)�Á� mDia�{Â��Ê»�d�Z�Á(Reveline et al.,2001)�ROCK ��Ä¸Ì�Á�Ä]�Y��½�ÌÅ{Y�µZ¯Â§�¶Ì°�e
¿�� ½ÂÌ�ÔË�¨�§¾Ë�ÂÌ»� ®^�� Ã�Ìn(MLC)�� ¶¼�� �Y� d ¿Z¼»� ªË��� �Y� ÁMLC��Ê»� �Ìa� �ZeZ¨�§

{�](Kimura et al., 1996)�Á�|Å{�Ê»��ËY�§Y� Y��µÂ¸��Ê�Z^¬¿Y�dÌ¸]Z«�ÁmDia���Ë��e� Y��½ÂÌ�Y�Ë�»�Ê¸a
|À¯�Ê»(Watanabe et al.,1999 ; Matthews et al.,2005)�Ä¸Ì�Á� Ä]� Ä¯� Ã|¿Â��|Ë|�e�Ê·Â¸��x�Za� ,

�¾Ë�Á�Ìe� ½|�� µZ §���Âe� ZÅ� ½�ÌÅ{Y� µZ¯Â§� �¼ne� Ä]Z�»� {Â��Ê»� LZ¬·Y� ZÅ�¾Ë�´fÀËY� {�Â»� �{� Á�Ì¿� µZ¼�Y

                                                 

1 . Focal adhesions 
2 . Membrane tearing 
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�ZeZ¨�§SHP2��ZÀÌ¯�¾Ë�Á�Ìe�{Ây�Ä]Â¿�Ä]�ºÅ�½M�Ä¯�{Â��Ê»�d�Z�ÁSrc�|À¯�Ê»�µZ §�Y�(Felsenfeld et 

al., 1999; von Wichert et al., 2003)� ��ÉZÅ�µZ¿Z¯�,ZÅ�¾Ë�´fÀËY�Ä]�Á�Ì¿�µZ¼�Y�c�Â���{�¾ËY��]�ÃÁÔ�
�dÌ¸]Z«� |¿YÂe�Ê»�º�ÔaÂfÌ�� Ä]� ºÌ�¸¯� {Á�Á� ÄnÌf¿� �{Á�|¿Â��Ê»�µZ §�Ê°Ì¿Z°»�ÉZÅÁ�Ì¿� Ä]��Z�u�Ê¿ÂË

¾Ì·Á{Â¼·Z¯� ¾�¯Y�fÀËY� ªË��� �Y� Y�� µÂ¸�� Ê�Z^¬¿Y
�ÊÅ|¿Z»�Z�� Ä¿ÓZ §� ÄnÌf¿� �{Á� |À¯� ¶Ë| e� ½Â¼�|·Z¯
·Â¸��d¸°�YÊ(Sokabe et al.,1997)�|ÀÅ{�Ê»��Y�«��ÌiZe�dve�Y��Ê·Â¸���Zf§��Á(Halfman et al.,1999)��

�Á� ­�ve� dÌ¸]Z«� ,�ÓÂ¸�� [Z�� �À¯Y�a� ,\Ì¯�e� ,É�Â·Â§�Â»� d¨³� ½YÂe� Ê»� cY|ÅZ�»� ¾ËY� |ÌËZe� �{
|�Z]�Ê»�®Ì»ZÀË{�Á�½�Á�fÅ�c�Â��Ä]� ZÅ�½�ÌÅ{Y�µZ¯Â§�Ê°Ì¿Z°»�cZÌ�Â�y(Matthew et al.,2005)��

�®ÌeZf�Y�Ê°Ì¿Z°»�ÉZÅÁ�Ì¿�Ê]Ây�Ä]�®Ì»ZÀË{�ÉZÅÁ�Ì¿�Ä]�ZÅ�µÂ¸��Ä¿Â´q�Ä¯�\¸�»�¾ËY�½{Y{�½Z�¿�¾ËY�]ZÀ]
��{ECM�d�Y�É�Á���É�»Y�|ÀÅ{�Ê»�x�Za�|¿Â��Ê»�dËY|Å�¾Ë�´fÀËY�ÉZÅ�Ã|¿�Ì³�ªË����Y�Ä¯�� �

� �

�������µÂ¸��Ê°Ì¿Z°»�dËY|Å�Ê·Â°·Â»�Ê¿Z^»��
Á�Ì¿�cY�ÌÌ¤e�µÂ¸��Å�,�¿�Â¿Z³�Y�½Z»���{�ÉZÅ�µZÀ´Ì��Ä]�Y��ZÅ�½M�Á�|ÀÀ¯�Ê»��u�Y��Ê°Ì¿Z°»�ÉZÅ

�Ä¯�d�Y�Ê·Â¸���ËZ¼e�Á�c�mZÆ»�,|���,dÌ^�«�,¶°���{�ÊeY�ÌÌ¤e�½M�ÄnÌf¿�Ä¯�|ÀÀ¯�Ê»�¶Ë|^e�Ê·Â¸��¶yY{
d�Y�É�Á���d§Z]�¾ËÂ°e�ÉY�]���µÂ¸���]�Ã|��µZ¼�Y�ÉZÅÁ�Ì¿�ZÅ�½M�\mÂ»�Ä]�Ä¯�Ê·Â°·Â»�ÉZÅ�º�Ì¿Z°»

Â¸��Ê¼Ì�ÂÌ]�,Ã|¿��ÉZÅ�Ä]��ÂÀÅ�|Àf�Å�É�Á���¾ËÂ°e�|ÀËY�§�µ�fÀ¯�ÉY�]�Á�|ÀÅ{�Ê»��ÌÌ¤e�Y��½��½ZÌ]�Á�µ
�d�Y�Äf§�³�c�Â��É{ZË��ÉZÅ�d§��Ìa�Äf�~³�ÄÅ{�Á{��{�ÄÀÌ»��¾ËY��{�Äq�³Y�|¿Y�Ã|�¿�ÄfyZÀ��¶»Z¯��Â�

(Ingber,2006; Orr et al.,2006)� � ��Ä¯�µÂ¸��t���Ê³|À^�q�ÉZÅ�Ã|¿�Ì³�Ä¯�d�Y�Ã{Y{�½Z�¿�cZ ·Z�»
�Ê·Â°·Â»�ÉZÅ�Ì�»�,|ÀÀ¯�Ê»�¶�f»��ÁZn»�ÉZÅ�µÂ¸��Á�Ê·Â¸��k�Zy��°Ë�eZ»�Ä]�Y��Ê·Â¸��¶yY{�d¸°�Y

|ÀÅ{�Ê»�ÄWY�Y�µÂ¸��t���ªË����Y�Ê°Ì¿Z°»�ÉZÅ�µZÀ´Ì��µZ¬f¿Y�dÆm�Y��Ê»|¬»���Á�ZÅ�µÂ¸��Ä¯�Zm�½M��Y
�ªË����Y�ZÅ�µÂ¸��¾Ì]�Ã|��¶¬fÀ»�ÉZÅÁ�Ì¿�|Àf�Å�º°v»�Ê��¯���¿��Y�ZÅ�d§Z]ECM��Ê·Â¸��¾Ì]�cZ�Z^e�Y�Á

�µZÀ´Ì��µZ¬f¿Y�¾ËY�½Z»|¿Y��Á�|¿Â��Ê»�¶¬fÀ»�µÂ¸����Y����{�Ê·Â¸��d¸°�Y�cÓZ�eY��{�ÃZ´ËZm�¾Ë|Àq�Ä]
�Ê»�ºÌ�Àe�Ê°Ì¿Z°»���¯�Ã�Y|¿Y�½Z¼Å�Ä]� Y��Ê·Â¸��x�Za�Á�d�Y��Z�u�µÂ¸��Ê��¯�¹Z°vf�Y�t���Ä]

|À¯(Wang et al., 2001; Wang et al., 2009)��°»�ÉZÅÁ�Ì¿�Ê³|À^�q�ÉZÅ�Ã|¿�Ì³��]�Ã|��µZ¼�Y�Ê°Ì¿Z
�Ä]�Ê·Â¸��¶°��cY�ÌÌ¤e�ªË����Y�|À¿YÂe�Ê»�Ê·Â¸��d¸°�Y�ÉZÅ�dÀ»ÔÌ§�{Y|f»Y��{�,ZÅ�µZ¿Z¯�Á�µÂ¸��t��

Ê �Z¬e�ÉZÅ��°¸b¼¯�ZË�µÂ¸��t����{�Ê·Â°·Â»�ÊËZÌ¼Ì�ÂÌ]�cY�ÌÌ¤e����°¸b¼¯�,ZÅ�½�ÌÅ{Y�µZ¯Â§�|À¿Z»
µÂ¸��Ê³|À^�q�ÉZÅ��µÂ¸���¿Â��¶Ë|^e�µZj»�½YÂÀ��Ä]�|Ë|m�Ê·Z�eY�ÉZÅ�ÃZ´ËZm��]��iY�Z]�Y��¶¼��¾ËY�Ä¯��|

                                                 

1 . Junctional complexes 



� 

��{p130Cas�|ÀÅ{�Ê»�¹Zn¿Y�¾Ìf°¿Á�^Ì§�Á�¾Ì·Ze�,(Brown and Discher, 2009; Gee et al., 2008; del 

Rio et al., 2009)�Y�Y��ZÅ�½ÂË�}Â¨¿�ZË�|ÀÅ{�Ê»��ÌÌ¤e�Y��Ê·Z�eY��Ì£�ÉZÅ�®ÌfÀÌ¯�ZË�Ê·Z�eY�ÉZÅ�µÂ°·Â»�Á��
|ÀÅ{�Ê»��ÌÌ¤e�ÊËZ�£�ÉZÅ�µZ¿Z¯�ªË��(Thodeti et al.,2009)��� �

�Ä¯�ÊËZm�ÊÀ Ë�|¿Â���¯�¼f»�Äf�Å��{�d�{��Á{�ÉZÅ�ÃZ´ËZm��{�d�Y�¾°¼»�¾ÌÀq�ºÅ�ZÅÁ�Ì¿�¾ËY
ZÅ�µÂ¸��Ê´ÀË{ZÌÀ]�d�Â¿���Á�ZÅ�½��dÌ·Z §�|À¿YÂe�Ê»�ZÅ�½M���Y�ªË����Y��ÉY�Äf�Å�Ê¿ÂË�ÉZÅ�µZ¿Z¯�¶Ë| e

(Itano et al.,2003)�� ÉY� Äf�Å� µZ¬f¿Y� ZËÀ¿Z»�²ÀÌ·ZÀ´Ì��É|Ì¸¯�ÉZÅ� µÂ°·Â»|�â-catenin �(Kahn et 

al.,2009)� |À¿Z»� Ê�ËÂ¿Á�� ÉZÅ�Âf¯Z§� ZËTFII-I�� ZËGata2�(Mammoto et al.,2009)� ��¾ÌÌ e� �Â�À»� Ä]
|ÀÅ{��ÌÌ¤e�d§Z]�¾ËÂ°e�Á�Ê·Â¸��d�Â¿��� ��¯�t���Ä]� Z¼Ì¬f�»� ZÅÁ�Ì¿�µZ¬f¿Y�ÊËY�Z¯� ,�´Ë{�¥����Y��

{�Y{�Ê´f�]�Ê·Â¸��d¸°�Y�®Ë�f»Á�ËY�� �

� �

��������Ê°Ì¿Z°»�ÉZÅÁ�Ì¿�ÄËZa�Êf�Ë��Ã|ÀÀ¯�ºÌ�Àe�®Ë�½YÂÀ��Ä]�Ê·Â¸��d¸°�Y���¯��

�d�Y�¾°¼»�Ê·Â¸��d¸°�Y��ZfyZ��Á�µÂ¸��¶°��Ä¯�|���Ê»���¿�Ä]�|��Äf¨³�ÓZ]��{�Ä¯��Â��½Z¼Å
Ê·Â¸��k�Zy��°Ë�eZ»�Ê°Ì¿Z°»�dÌ¸]Z«�,µÂ¸��Ê�Z^¬¿Y�t����ÌÌ¤e�Z]�Ê°Ì¿Z°»ÂÌ]�ÊËY�M�Z]�ªË����Y��c|��,

µÂ¸��ÉZÅ�Ê³|À^�q��µÂ¸��Á�µÂ¸���ECM�®Ë��{�Äf§�³��Y�«�ÉZÅ�µÂ¸��Ã�Y|¿Y�Á�{Y| e�Á��d§Z]��Y�ºnu
�®Ë�Ä¸Ì�Á�Ä]�Ä¯ECM�|]ZË��ÌÌ¤e�,|Àf�Å�¶�f»�ºÅ�Ä]�dz��Zf^�¿�¶°��������Ä]�Äf§�³�c�Â��cZ ·Z�»

�Ä]�½|Ì^�q�Ä]�Z¬]�ÉY�]�Ä¯�Ã|À^�q�ÉZÅ�µÂ¸��®¼¯ECM��Á�Ê·ZÌ¸eÁ|¿Y�É{ZÌÀ]�ÉZÅ�µÂ¸��|À¿Z»�|¿�Y{�kZÌfuY
��|À¿Z»�Ê·Â¸��d�Â¿����{�cY�ÌÌ¤e�Ä¯�d�Y�Ã{Y{�½Z�¿�Ê¼Ì�¿Y�»�Ä¸Ì�Á�Ä]�|¿YÂe�Ê»��ÂfaÂaM�Á��ËZ¼e� ,|�

�ÊfÌ�Ìf�ÓY� ,Ê·Â¸��d¸°�Y�ÉZÅ� µÂ]ÂeÁ�°Ì»� ZË� ¾Ìf¯Y� ,µÂ¸��¶°�� |À¿Z»� Ä]Z�»�ÉZÅ�f»Y�Za� �ÌÌ¤eECM�,
� ZË�Êf§Z]�ÉZÅÂ´·YRho/ROCK�{Â�� µ�fÀ¯�²ÀÌ·ZÀ´Ì���Ê·ZÌ¸eÁ|¿Y� {�¨À»�ÉZÅ� µÂ¸��Êf«Á� ,µZj»� ½YÂÀ�� Ä]

�cZ �«�ÉÁ�ECM���]� Ã|�� ÄfyZ�� Ã|À^�q�±(>1500 mm2) ��{� |À]ZË�Ê»� �Ìj°e� ,|À]ZË�Ê»���f�³
�e�®qÂ¯�cZ �«�ÉÁ��Ä¯�Ê¿Z»��Ä¯�Ê·Zu(<500 mm2)��|ÀÀ¯�Ê»�É�Ì³Â¸m�ZÅ�µÂ¸����f�³��Y�Ä¯

�|¿Â��Ê»�Ã{Y{�d�¯��e���Âf»�cZ �«�ÉÁ��Ä¯�Ê»Z´ÀÅ�Á�|¿Â��Ê»��ÂfaÂaM��Zq{�|¿Â��Ê»�Ã{Y{�d�¯
|¿Â��Ê»��ËZ¼e�|ÀËY�§�{�YÁ��e��Ë��(Mammoto and Ingber, 2010)� 

                                                 

1 . Stem cell fate 



�� 

� �
�¶°�����Ê·Â¸��d�Â¿���Ê°Ì¿Z°»�µ�fÀ¯���¾Ì]�Ä¯�Ê°Ì¿Z°»�ÉZÅÁ�Ì¿��{�cY�ÌÌ¤eECM��µÂ¸��Á

��ÌÌ¤e� Y��½��½ZÌ]�Á�Ê·Â¸��½Á�{�Ê¼Ì�ÂÌ]�|À�Z]�Ê»�µ{Z e��{�¦·Zz»�Ê·Â¸��d¸°�Y���ZÀ��Á�ÄËZ�¼Å�ÉZÅ
�d�Â¿��� Á�|ÀÀ¯�Ê»�dË�Ë|»� Y��ÊËZÆ¿�ÊËZÌ¼Ì�ÂÌ]�ÉZÅ�x�Za�Ê°Ì¿Z°»�ÉZÅ���f�Y�¾ÌÀq�ºÅ� ,|ÀÅ{�Ê»

Ã|¿�Ì³�ÉÁ���]�Ã|��µZ¼�Y�Ê°Ë�Ì§�ÉZÅÁ�Ì¿�¾ËY�Á�|ÀÀ¯�Ê»�¾ÌÌ e�Y��Ê·Â¸���Z¼Ì¬f�»�Êv���Ê³|À^�q�ÉZÅ
�Ä]�,¾Ë�b�¿�|À¿Z»�,Äf�Å�Á�Ê·Â¸��d¸°�Y�Ã|ÀÀ¯�¶�f»�ÉZÅ�µÂ°·Â»�Á�Ê·Â¸��d¸°�Y�ÉZÅ�dÀ»ÔÌ§�ªË����Y

|¿Â��Ê»�¶¬fÀ»�Äf�Å(Mammoto and Ingber,2010)�� �

 

�dËY|Å�ÉY�]� Ä¯�|ÀÀ¯�Ê»�µZ¼�Y� �f�]�ÉZÅ�Ê³|À^�q�ÉÁ��Ê°Ì¿Z°»�ÉZÅÁ�Ì¿�Ê^���ÉZÅ�µÂ¸�
Å�ÊeZÌu�Ê^���ÄÌuZ¿��Y|¬»�Á� ZÅÁ�Ì¿�¾ËY��À¯Y�a�Á�|Àf�ECM��¶°��ZÅ�µÂ¸����f�³�ÉY�]���f�{��{

|ÀÀ¯�Ê»�dË�Ë|»�Y��¢·Z]�Ê^���ÉZÅ�Ä°^��{�°¸¼��Á�É�Ì³(Anava et al., 2009; Moore et al., 2009; 

Wilson et al., 2007)���µÂ°Ë�Á��¼ne�Á�É�Ì³�¶°��ÉY�]�ÔÌ§Á�Á�{�ÉZÅ�½Â�¯Y�½Á�{�Ê°Ì¿Z°»���¯
ÉZÅ���fÌ¼�¿Y�eÉ�Á������Y{�a�{�°¸¼��Á�É�Y|Æ´¿�ÉY�]�Ê°Ì¿Z°»Á�°Ì»��Ìv»�Ä¯�|À¯�Ê»�{ZÆÀ�Ìa�Á�d�Y

d�Y�É�¯�»�Ê�¬¿�ÉY�Y{�Ê^���cZ�Ô�Y(Siechen et al.,2009)����ËÂ e�Ê°Ì¿Z°»�µ�fÀ¯�|���Ê»���¿�Ä]
½Z»{Á{ �ÉZÅ�µÂ¸��µZj»�½YÂÀ�� Ä]�|À¯�Ê»� Z¨ËY�É{ZÌÀ]�ÉZÅ�µÂ¸���ËZ¼e� �{�É|Ì¸¯�Ê�¬¿�Ê¼Ì�¿Y�»�É{ZÌÀ]

�ÉZÅ�¾ÌXeÁ�a�Z]�Ä¯�¦¸fz»�ÉZÅ�Êfz��Z]�Á�Ê�ÂÀ�»�|Ì»ÔË�¯Y�Ê¸a�ÉZÅ�µ��ÉÁ��Ã|��Ã{Y{�d�¯ECM�
a� Z]� Y��{Ây�d�Â¿���|¿Y�Ã|��Ã|Ì�Â��Â�u��{�Ä¯�Ê¿Z»��Êfu�|ÀÀ¯�Ê»�¾ÌÌ e�½Z��f�]�ÄfÌ�Ìf�ÓY�Ä]�ÄmÂe



�� 

µ�fÀ¯�¹�Ì¿Z°»�¾ËY�Á�|¿Â��Ê»�Ã{Y{�d�¯�µÂ¸v»�ÊËZ¬·Y�ÉZÅ�Âf¯Z§��Ê·Â¸��d¸°�Y���¯�{ZnËY�Ä]�Ê°Ì¿Z°»
�Ä]�Äf�]YÁRho�{�Y{�Ê´f�](Mcbeath et al.,2004)���ÉÁ���]�Ä¯�Ê¿Z»��ZÅ�µÂ¸��,ÄmÂe�¶]Z«��Â��Ä]ECM�

��ËY����{�Äq�½M�Z]�Ä]Z�»�Ê°Ì¿Z°»�Êfz��Z]�ÊËZÅin vivo��,|¿Â��Ê»�Ã{Y{�d�¯|f§Y�Ê»�©Z¨eY�µÂ¸��ÉY�]
�ËZ¼e� Y�n»�ÉZÅ�µÂ¸���YÂ¿Y� Ä]� ZvÌm�e�|À]ZË�Ê»�½YÂzf�Y�Á�ÄrÌÅZ»�¥Ôy�]�½Á�Â¿�µZj»�½YÂÀ��Ä]� ���µÂ¸�

�Ä]�|Àf�Å��Z�u�Ê°Ì¿Z°»�ÉZÅÁ�Ì¿�Ä]�É{ZË��½Y�Ì»�Ä]�|���Ê»���¿�Ä]��Â»�Äf§ZÌ¿��ËZ¼e�ÊÀÌÀm�É{ZÌÀ]�ÉZÅ
�Ê»��ÌÌ¤e� Y��½Z��Ê°Ì¿Z°»�dÌ¸]Z«� Z Ë���|¿�Ì³�Ê»��Y�«�Ê°Ì¿Z°»�ÉZÅÁ�Ì¿��� »��{�Ä¯�Ê¿Z»��Ä¯�ÉÂv¿

qÁ� |ÀÅ{½Z�� Ê¿YÂe� |À��|À]ZË� Ê»��ÅZ¯�� ½�� ½ZÌ]� [Â¯��� Ä¯� Ê»Z´ÀÅ� Ôj»Oct3/4�|�� É�Ì³� Ã�Y|¿Y��
(Chowdhury et al.,2009)� ��ÄË� Ê¨Ë��� �Â�� Ä]� É{ZÌÀ]� ÉZÅ� µÂ¸�� Ä¯� |À¯� Ê»� {ZÆÀ�Ìa� ZÅ� Äf§ZË� ¾ËY

��Á�É{ZÌÀ]�µÂ¸��|���µ�fÀ¯�ÉY�]�Ê°Ì¿Z°»�ÉZÅ�µZÀ´Ì��Á�|Àf�Å��Z�u�½Z�§Y��Y�Ê°Ë�Ì§��Ìv»Á�°Ì»�¶¼
|Àf�Å�ºÆ»��ZÌ�]�µÂ¸v»�ÉZÅ�Âf¯Z§�½YÂÀ��Ä]�ZÅ�½M�� �

Ê]�ÉZÅ�Äf§ZË �Ê°Ì¿Z°»�ÉZÅÁ�Ì¿�Ä¯�d�Y�Äf°¿�¾ËY�Ã|ÀÅ{�½Z�¿�|��Ã�Z�Y�ZÅ�½M�Ä]�ÓZ]��{�Ä¯��Z¼�
�ÊÀËÂ°e�µ�fÀ¯��{�Ê°Ë�Ì§�¶»YÂ��¾ËY�dÌ¼ÅYÁ�|ÀÀ¯�Ê»�É�Z]�Êf§Z]�É�Y{�]Â´·Y�Á��¿�Â§�Â»��{�É|Ì¸¯�Ê�¬¿

�¿�ÂË�^»Y�¶uY�»�¹Z¼e�d�Y�ÊËZÌ¼Ì��¶»YÂ��Ã�Y|¿Y�Ä]���Á�µÂ¸��¶°���ÌÌ¤e��{�Ê°Ë�Ì§�ÉZÅÁ�Ì¿�d¯���Äq�³Y
�Ã{Y{�½Z�¿� Ä¯� Ã{Â]� �ÌyY�cZ¬Ì¬ve��¬§� Z»Y� ,d�Y� Ã|���z�»�Ä¯�d�Y�½�«�®Ë��Y��Ì]�¾ÌÀm��{�d§Z]
��{� Y�� ÉY� Ã�ËÁ�cY�ÌÌ¤e� Á� |ÀÀ¯� Ê»� ¶¼��cZ�Ô�Y� ÉÁZu� ÉZÅ� µZÀ´Ì�� ½YÂÀ�� Ä]� Ê°Ì¿Z°»� ÉZÅ���f�Y

¼Ì�ÂÌ]|ÀÀ¯�Ê»�{ZnËY�Ê°Ì¿Z°»�dËY|Å�|ÀËY�§�ªË����Y�½��½ZÌ]�Á�Ê·Â°·Â»�Ê���Êy�]��{�Äq�³Y�,¾ËY�]�ÃÁÔ�
��z�»�Ã�Á�»Y�Z»Y�|¿Â��Ê»�{ZnËY�Ã|ÀÅ{�¶Ì°�e�ÉZÅ�µÂ¸��¶¼���Y�Ê°Ë�Ì§�ÉZÅÁ�Ì¿�,¾ÌÀm�¾ËÂ°e�sÂ��

ÀËY�§�¾ËY��Y�É�ZÌ�]�d�a��{�Ä¯�d�Y�ÉY�Ä¸�Zu�ÉÁ�Ì¿�Ê·Â¸��d¸°�Y���¯�Ä¯�d�Y�Ã|��Ê°Ì¿Z°»�ÉZÅ|
Ê°Ì¿Z°»�dËY|Å�Á�É|Ì¸¯��{�Y{��Y�«�ÊËZÌ¼Ì����ÊËZ¿YÂe�ÉZÀ^»��]�Y��Ê°Ì¿Z°»�ÉZÅ�µZÀ´Ì��cY�ÌÌ¤e�ZÅ�µÂ¸�

�Á�Ê·Â¸��d¸°�Y�ÊËY�M�Z]�Z¬·Y�Á�Ê¼Ì�ÂÌ]��ÌÌ¤e��{�½Z�ECM����f�³�Z»Y�|ÀÀ¯�Ê»��u�Ê·Â°·Â»�t����{
Á�µÂ¸�� ��Y��� �{�Ê°Ì¿Z°»�µZÀ´Ì��ÊËY�Z¯�µZ¬f¿Y� Á�x�Za�¾ËY��ZË�®Ë�f»Á�ËY���¯�t��� Ä]� Äf�]� Äf�Å

|]ZË�Ê»�µZ¬f¿Y�Ê·Â¸��d¸°�Y��Z^¬¿Y�dÌ¸]Z«���ÉZÅ�µZÀ´Ì��µÂ¸��Ã|��|Ì·Âe�Ê��¯�ÉÁ�Ì¿�,½Z»��ºÅ��Â��Ä]
��{�Ê¼�¿�Ê]�®Ë�{ZnËY�½M��]�ÃÁÔ��Á�,|ÀÅ{�Ê»��ÌÌ¤e� Y��|¿Â��Ê»�dËY|Å�ZÅ�µÂ¸��Ä¸Ì�Á�Ä]�Ä¯�ÊËZÌ¼Ì�

�ÉZÅ�µÂ°·Â»�Á��ÁZn»�ÉZÅ�µÂ¸�ECM��Ê»�dËY|Å�Ê¿ÓÂ��¶�YÂ§��{� Y��ÊËZÌ¼Ì�Â¿Z°»�ÉZÅ�µZÀ´Ì��Ä¯
�Ê»��Y�«��ÌiZe�dve�¾ÌÀm�¹Z¼e��{� Y��¹Y|¿Y�É�Ì³�¶°��Á�Êf§Z]�É�Y{�]Â´·Y�ÄnÌf¿��{�,|ÀÀ¯�Ê»�{ZnËY�|ÀÀ¯

|ÀÅ{(Mammoto and Ingber,2010)���

                                                 

1 . Pluripotency 



�� 

��������®ÌeZf�Á�|ÌÅ��Z�§���

�f»Y�Za�®Ë�½YÂÀ��Ä]�®ÌeZf�Á�|ÌÅ��Z�§��Y� Ã{Z¨f�Y���{��Z]�¾Ì·ÁY�É�Â·ÂÌ]�ÄÀÌ»���{�Ê°Ì»ZÀË{Â»�e
{�ZÀ³��Ä¸Ì�Â]�ºÅ{�Â¿�½�«��yYÁY(Regnard,1884)� ,�ËÁ�(Royer,1895)�dÌÅÁ(Hite,1899)�|��¹Â��»��
� ÉZÅ� µZ�� ¾Ì]� �{� �b������������Êf��a��� Ä]� Z°Ë�»M� �{� Ê°Ë� Ã|¼�� ºÌe� Á{

¾¼nË�](Bridgman,1914,1949)�]�Êf��a���Ä]� Ä�¿Y�§� �{�É�´Ë{�Ád�Z(Basset,1927)��½Z�ËZÅ�Z¯��{
�ÄÀÌ»���{�Ê�ZÀ��d�Ë��¾Ì¬¬v»�ÄmÂe�Äf�~³�µZ��d�Ì]��{�Á�|¿{�¯��Â¯Â§�¾ËÂ°e�Z]���Z^e�YÁ��Z�§��]
�Ã|Ë{�³� Ê°��a� Á� Êf�Ë�� ÄÀÌ»�� �{� ½M� ÉY�]� ZÅ{�]�Z¯� �Y� Ê Ì�Á� ¦Ì�� \mÂ»� ®ÌeZf�Á�|ÌÅ� �Z�§

d�Y(Revalian et al.,2010)�� �

ËZ»�M� cZ ·Z�»� ¾Ì·ÁY� �«YÁ� �{�dÌ ¼m� ÉÁ�� �]� ÓZ]� ®ÌeZf�Á�|ÌÅ� �Z�§� �iY� {�Â»� �{� ÊÅZ´�
��¬¿�Á�ÓZ]��Z�§�Z]�ZÆ¿M���Z��Ê´¿Â´q�Á�d§�³�c�Â��[M�ª¼���{�¾¯Z��¶Ì§Á�Z]�ÉZÅ�º�Ì¿Z³�YÁ�°Ì»

d§�³� �Y�«� Ä ·Z�»� {�Â»�cZÌu��ËY|Ìa� �{� �Z�§� Ã�ËÁ(Daniel et al.,2006 ; Hazen et al.,2002 ; 

Pradillon and Gaill,2007)����Z�§� �Â�y� Ä]� Ê°Ì¿Z°»� ÉZÅ� ��f�Y� �iY� {�Â»� �{� É| ]� cZ ·Z�»
d§�³� ¹Zn¿Y� Ê¿ÂË�ÉZÅ� µZ¿Z¯� Á�Ê¸¯� ZÌ���Y� �Ì�¿� ÊËZÅ� É�f¯Z]� ÉÁ�� �]� ,®ÌeZf�Á�|ÌÅ(Martinac et 

al.,1987)�d§���Ìa�Ê·Â°·Â»�Á�Ê·Â¸��ÉZÅ�ZfyZ��d¼��Ä]�cZ ·Z�»�¾ËY�Äf§��Äf§��Á� ��|À¿Z»�ÊeZ¬Ì¬ve
Ê·ZÌ¸eÁ|¿Y� ÉZÅ� µÂ¸�� �{� Ê°Ë�Â·Â§�Â»� cY�ÌÌ¤e� Á� ºÌ�¬e�®Ë�ve� �{� �Z�§� �iY� Ä ·Z�»(Soumpio et 

al.,1994)�Ì^«� ¾ËY� �Y� Ê¿Z�¿Y� d�Ô]Â¨À·� �{� �ÂfaÂaM� {ZnËY� �{� ®ÌeZf�Á�|ÌÅ� �Z�§� �ËY�§Y� �iY� Á�¶
d�Y(Takano et al.,1997)���Êf�Ë��ÉZÅ�ºf�Ì���]�®ÌeZf�Á�|ÌÅ��Z�§�ÉZÅ�iY�ÄÀÌ»���{�Ê¿ÂÀ¯�cZ¬Ì¬ve

�Ê°Ì¿Z°»���f�Y�®Ë�½YÂÀ��Ä]�ZÅ�µÂ¸���]��Z�§�Ê Ì^���Ì£��ËY�§Y��Y�Ê�Z¿�Ê�ZÀ��\Ì�M�{�°ËÁ��Z]��f�Ì]
{Â��Ê»�µZ^¿{��ÌÅ��Z�§�Z]�¹ÁY|»��Z¼e�¶Ì·{�Ä]�½M�ÉZÅ�µÂ¸��Á�Ê^���ÃZ´f�{�Ä¯�ÊËZÅ�É�Z¼Ì]�Á�®ÌeZf�Á�|

|Àf�Å�ÄmÂe�{�Â»��ZÌ�]�|ÀËM�Ê»�{ÂmÂ]�Ê^���ÃZ´f�{��{��Z�§�½Y�Ì»�µÂ¼ »�Ã�Y|¿Y��Y��Ì]��ËY�§Y��iY��{��
�¾ËY�Ä¸¼m��Y�Ê^���`ÌeÂÀ§� Z]�ÊËZÅ�µÂ¸���]�®ÌeZf�Á�|ÌÅ��Z�§��iY�ÄÀÌ»���{��¿Y�Z°¼Å�Á��Z³M�cZ ·Z�»

|�Z]�Ê»�cZ¬Ì¬ve(Agar et al.,2000,2006)�� 

�Á�dÌ·ZÌ���{�,®Ë�Â·ÂË�Ì§�sÂ����{�,Ê°Ì¿Z°»�ÉZÅÁ�Ì¿��YÂ¿Y��Y�Ê°Ë�½YÂÀ��Ä]�®ÌeZf�Á�|ÌÅ��Z�§
{�Y{��¬¿�ZÅ�d§Z]�É�Zf�Â¼Å(Moller et al., 2002)� ��¦¸fz»�ÉZÅ�d¼�«��{�®ÌeZf�Á�|ÌÅ��Z�§�½Y�Ì»

d�Y�cÁZ¨f»�½|]���{Á|u��{�É�Z�§��� »��{�,�¤»�Ê^���ÉZÅ�µÂ¸�����¥����Y�Ä¯�|Àf�Å�ÃÂÌm��f»�Ê¸Ì»
�É�¤»��ËZ»±��¾Ì]�É�Z�§�c�ÂWM�µZÌ¸eÁ|¿Y�ÉZÅ�µÂ¸��Á�{Â��Ê»�{�YÁ�ZÆ¿M�Ä]�Ê�Zz¿��������ÃÂÌm��f»�Ê¸Ì»

|ÀÀ¯�Ê»�¶¼ve�Y���Y�¹Y|¯��Å��{�d·Zu�{ZnËY�\mÂ»��Z�§��ËY�§Y�Á�|¿�Z³�Z���Z�§�Z]�ZÅ�µÂ¸��{�YÂ»�¾ËY��



�� 

½Z���\Ì�M�ÉZÅ�®Ë�Â·ÂeZa���{�YÁ��Z�§��ËY�§Y�µZ^¿{�Ä]��Ë�Á�¸°�YÁ�e�M�É�Z¼Ì]�µZ^¿{�Ä]�Ôj»�{Â��Ê»
Z»Â¯Â¸³�É�Z¼Ì]��{�Á�|]ZË�Ê»��ËY�§Y�½Ây��Z�§�,µZÌ¸eÁ|¿Y�ÉZÅ�µÂ¸���]�Ã|��ÃZÌ��[M��yY{��Z�§��ËY�§Y�¶

� �Y� º�q� Ã�¯���Ze���{Â�� {�§�É�Â¯�\mÂ»�ÊÅZeÂ¯�c|»�¥���|¿YÂfÌ»� ÃÂÌm� �f»�Ê¸Ì»(Guyton et 

al.,2000)���

�µÂ��,Ê·Â¸��d¸°�Y�¾Ìf¯Y�,Ê·Â¸��º°v»�cÓZ�eY�ÉÁ���]�®ÌeZf�Á�|ÌÅ��Z�§�½ZË{Y�³��{��ÌÌ¤e
ZÅ� µÂ¸�� ¾Ì]� Ê¿ÂË� µZ¬f¿Y� ,µÂ¸�(Takada et al.,2009)�¾Ì·Â]Âe� t��(Zimmerman et al.,2000)��Á

� �fÀ�Á� ½ZÌ]� ¾ÌÀr¼ÅNCAM�� ZÅ(llic et al.,2000)d�Y� �Y~³� �ÌiZe� ���Z�§� Ä¸¼m� �Y� Ê°Ì¿Z°»� ÉZÅÁ�Ì¿
�Ê·Â¸��k�Zy��°Ë�eZ»�¾ÌÀr¼Å�Á�ZÅ�µÂ¸��t���Ê°Ì¿Z°»�ÄrË�{�Ê¿ÂË�ÉZÅ�µZ¿Z¯��]��iY�Z]�®ÌeZf�Á�|ÌÅ

Z��ÉZÅ�Zf§���{��ÌÌ¤e�\^�|¿Â��Ê»�ZÅ�µÂ¸��É{�°¸¼��Á�É�Zfy(Tan et al.,2006)���Á�®ÌeZf�Á�|ÌÅ��Z�§
��]�Ê·Â¸��k�Zy��°Ë�eZ»�ªË����Y��f�Ì]�|Àf�Å�½|]�®Ë�Â·ÂË�Ì§�ÄÀ»Y{��{�Ä¯��e�ºËÔ»�Ê°Ì¿Z°»�ÉZÅÁ�Ì¿
�¥Y��Y��{�Ê°Ë�Ì§�d�]�Y{�®Ë�½YÂÀ��Ä]�Ê·Â¸��k�Zy��°Ë�eZ»� ,|¿�Y~³�Ê»��iY�µÂ¸��ÊeZÌu�ÉZÅ�Zf§�

�ZÅ�µÂ¸�(Geiger et al.,2002)��Ä��YÁ��{�Ê·Â¸��±�»�Á��ËZ¼e,�Ìj°e�|À¿Z»�ÊeZÌu�ÉZÅ�¹ZÌa��Y�É�ZÌ�]�µZ¬f¿Y
|ËM� Ê»� �Z¼�� Ä]� ZÅ� µÂ¸�(Giancotti,1997; Darlne et al.,2003)� ��Ä]� Ê·Â¸�� k�Zy��°Ë�eZ»�dÌ¼ÅY

�ZÅ�½�ÌÅ{Y�µZ¯Â§���Âe�Ä¯�Ê·Â¸��k�Zy��°Ë�eZ»�Á�µÂ¸��\�ZÀ»��À¯�ºÅ��]�½Y|¬§�Ä¯�d�Y�ÉY�Ã�Y|¿Y
�nÀ»�|Å{�Ê»�w��{Â��Ê»��Ì°ËÂ¿M�¹Z¿�Ä]��ÂfaÂaM�Ê�Â¿��Á�]�Ä](Gilmore,2005)� 

�±�»�¾ËY�º�Ì¿Z°»�Ä¯�{Â��Ê»�Ê·Â¸��±�»�Ä]��nÀ»�ÓZ]��Z�§�Z]�½Y�Y|¿Zf�a�ÉZÅ�µÂ¸��½{�¯��Z¼Ìe
{�Y{�Ê´f�]��Z�§�t���Ä]�Ze|¼��Ê·Â¸�(Revalain et al.,2010)�� �

� {Á|u� �Z�§�ÉY�]MPa�����{� Á� �ÂfaÂaM� �Â¿� �Y� Ê·Â¸��±�»��Y� �eÓZ]� �Z�§MPa�����±�»
|f§Y�Ê»� ©Z¨eY�®ÌeÁ�°¿� Ä^�� ¶»Z��®Ë�¶Ì·{� Ä]� Ê·Â¸�(Aertsenet et al.,2009; Frey et al.,2008; 

Yamaguchi et al.,2008)����Z�§�®Ë�Z]�½{�¯��Z¼Ìe��Y�| ]�ÓÂ¼ »��ÂfaÂaMMPa�����¾ËYÁ�|f§Y�Ê»�©Z¨eY
� ¶j»� Ê·Â¸��ÉZÅ� ¾ËÓ� �Y� É�ZÌ�]� �{� |ÀËY�§MEL Cells� ,Ê¿Z�¿Y�d�Ô]Â¨À·� ,B35� ,PC12��ÉZÅ�¾ËÓ� Á

ÄÌ°^�� ½ÂÌ¸´¿Z³� Ê·Â¸�(RGCs)�d�Y� Ã|�� Ã|ÅZ�»(Agar et al.,2006; Takano et al.,1997; 

Yamaguchi et al.,2008)� ��½|��µZ §�¶Ì·{�Ä]�ÓZ]��Z�§�Ä¸Ì�Á�Ä]�Ã|��Z¬·Y��ÂfaÂaMcaspase-3��ªË����Y
d�Y�Êm�Zy�Á�Ê¸yY{�ÉZÅ�Ì�»���|¿Z´Ì·�µZ�eY�Ä¸Ì�Â]�Êm�Zy��Ì�»Fas���Âfb���Ä]Fas��t���Ê·Â¸��±�»

�¹Á�¯ÂfÌ��Ä¯�{Â��Ê»�µZ §�Ê¿Z»��Ê¸yY{��Ì�»�Ä¯�Ê·Zu��{�{Â��Ê»��z�»�µÂ¸�c��½Á�{�É�|À¯ÂfÌ»��Y
d�Y� ÄfyZÀ�Z¿� �ÂÀÅ� �ÂfaÂaM�­�v»� ¾ËY�]ZÀ]Á� {Â�Ì»� {Y�M� µÁ�ÂfÌ�(Yamaguchi et al.,2008)���ÄnÌf¿



�� 

µÂ¸�� ½|�� �¼m� �ÂfaÂaM�¾ÌeZ»Á�¯� ½|�� º¯Y�f»� ,��Ê·Â¸��±�»�dËZÆ¿� �{Á�Ê¸ËÁÁ�°Ì»� ½{Y{�d�{�Y� ,
d�Y(Takano et al.,1997; Yamaguchi et al.,2008)�� �

��Y��eÓZ]��Z�§��� »��{�c�Â���{�½Y�Y|¿Zf�a�ÉZÅ�µÂ¸���{MPa�����½|��Ã�Á�°¿�¾f§�³��Y�«
|f§Y�Ê»�©Z¨eY(Takano et al.,1997; Frey et al.,2008)����nÀ»Á�{�Y|¿��Zb�Z¯�½|��µZ §�Ä]�Ê´f�]��Á�°¿

µÂ¸��½|��¹�Âf»�Ä]�ZÅ�¶¿Z³�Y�¶Ì¸ve�,��½Á�{�ÉZÅ�½ÂË�d�¸£��ÌÌ¤e�Á�É�|À¯ÂfÌ»�d�³�]�¶]Z«��Ì£�\Ì�M�,
{Â��Ê»�µÂ¸��cZËÂfv»�½|��{Y�M�Á� Z�£�¾f��³�ºÅ��Y�\mÂ»��ZiM�¾ËY�dËZÆ¿��{�Á�{Â��Ê»�µÂ¸���Ä¯

{Â��Ê»�[ZÆf·Y�®Ë�ve�h�Z](Takano et al.,1997; Yamaguchi et al.,2008)�� �

� �

� �

� �

� �

� �

� �

� �

� �

� �

� �

� �

                                                 

1 . Cell shrinkage 
2 . Condensation of chromatin 
3  �Cellular swelling 
4 . Organelle degradation 



�� 

������Ê·Â¸��±�»��

d�³�]�¶]Z«��Ì£��Z§�¾Ì·ÁY��Y�Ä¯�Ê¿Z»�� Ze� Ä¯�|Àf�Å��Ì³�{�É|ÀËY�§��{�±�»�µZu��{�ÉZÅ�µÂ¸� ���Â^�
d�Y� d�³�]� ¶]Z«� |¿Y� Ã{�°¿� �µZ §� Ä¸Ì�Á� Ä]� Ä¸u�»� ¾ËY� Ä¯� {Â�� Ê»� �Â�e��ÉÓZ]� É�Z�

�Zb�Z¯(Cohen,1997)½Y|¬§� , ÄØm�(Green and Kroemer,1998)��Êm�Zy�ÉZ�£�¶»Z¯�É�Ë~a}Â¨¿� ,
É�|À¯ÂfÌ»  (Green and Kroemer,2004)�¾Ë���¶Ë|ÌeZ¨�§�ÉZÅ� Ã|¿Z»�Ê«Z]�½|���Z°�M� ZË(PS) � ��Ä¯

{Â��Ê»��z�»�,|ÀÀ¯�Ê»�¥~u�Y��ÄËZ�¼Å�µZ»�¿�ÉZÅ�µÂ¸��ÉZÅ�µZÀ´Ì����µZj»�Äq�³Y�{ÂmÁ�É{| f»�ÉZÅ
� |Àf�Å� µZ §� �Ì¿� É�ËZ¼e� ÉZÅ�Ì�»� Á� Ã|À�¯� �Ì£� ÉZÅ|ÀËY�§� ¾f»� �{� ZÅ�Zb�Z¯� Ä¯� |¿�Y{(Galluzzi et 

al.,2008; Garrido and Kroemer et al.,2004)� �½Á|]�Ä�¬¿��{�Ä¯�ÉY�Ã�ËÁ�ÊËZÌ¼Ì�ÂÌ]��ËZ«Á�[ZÌ£��{
�,{Â��Ã|ÅZ�»�|¿YÂe�Ê»�Ê·Â¸��±�»�d�³�Z]NCCD�|À¯�Ê»�{ZÆÀ�Ìa��Ã{�»� Y��µÂ¸��®Ë�|ËZ]�Ê¿Z»��Ä¯

{Â��Ã{Z�»��Ë��Ê·Â°·Â»�Á�Ê°Ë�Â·Â§�Â»�ÉZÅ��ZÌ »��Y�Ê°Ë�Ä¯�|Ì»Z¿�� �

� �

��� ÊeZÌu� ÉZÅ�²¿�� Z]� Ä¯� É�Â�� Ä]� {Â�� Ê»� µÔfyY� �Zq{� Ê·Â¸�� ÉZ�£�|À¿Z»PI� ���ËY��� �{
d�Y��z�»�ÊÅZ´�ËZ»�M� 

���ÊËY�n»�¹Z�mY�Ä]�Á�Ã|��Ä �«�Ä �«�¶»Z¯��Â��Ä]�ZÅ�µÂ¸��Äf�Å�YÉ�ÂfaÂaM�¹Z�m�����Ê»�¶Ë|^e
{Â���ZË 

����ËY����{in vivo�{Â��Ê»�Äf§�³��]��{��ÁZn»�ÉZÅ�µÂ¸��Ä¸Ì�Á�Ä]�cZ �«�¾ËY�� �

 

���������ÂfaÂaM���

� Ä¸Ì�Á� Ä]� �Z]� ¾Ì·ÁY� �ÂfaÂaM� Ã�YÁ� ½ZÌ]Kerr�� ½Y�Z°¼Å� Á(Kerr et al.,1972)��Ä^Àm�¦Ì�Âe�ÉY�]
|�� Ã{�]� �Z¯�Ä]�Ê·Â¸��±�»�®Ë�Â·Â§�Â»�Z]� �ÂfaÂaM�[}Z¯�ÉZÅZa��Z^¬¿Y� ,µÂ¸��½|��ÉÁ�¯���ÅZ¯� ,

Ê·Â¸��ºnu��¾ÌeZ»Á�¯�½|��º¯Y�f»�,�Äf�Å�½|��Ä �«�Ä �«�,��®Ì¼�ÔaÂeÁ�a���ZÀ���{�ÊË�m�cY�ÌÌ¤e�,
                                                 

1 . Point of no return 
2 . Apoptotic bodies 
3 . Apoptosis 
4 . Psuedopodes 
5 . Pyknosis 
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ÊËZ¼�Ôa�ÉZ�£�½|��Ã|»M�]� ,Ê¼�ÔaÂfÌ��ÉZÅ�®»Y|¿Y��� ZÅ�dÌ�Â³Z§�Ä¸Ì�Á�Ä]�½|��Ã|Ì ¸]�Á(in vivo)�
d�Y�ÃY�¼Å���É{Y| e�Ä¯�{Á���Z¯�Ä]�Ê·Â¸��±�»��Y�Ê ËZ«Á�{�Â»��{�Y��vÀ»�|ËZ]��ÂfaÂaM�sÔ��Y�¾ËY�]ZÀ]

|Àf�Å� Y�Y{� Y�� Ã|�� Äf¨³�Ê°Ë�Â·Â§�Â»�ÉZÅ�Ê³�ËÁ� �Y� ��½{�]� �Z¯� Ä]� Ä¯�d�Y� |À¼���Y�\¸�»�¾ËY� ½ZÌ]
Â¸��Ã|��É�Ë��Ä»Z¿�]�±�»�Á��ÂfaÂaMµ(PCD)��»�Y�Ë��d�Ì¿�d��{�ÊÀ »�®Ë�Ä]�Ä¯�ÉÂv¿�Ä]�Ê·Â¸��±�

�½Z�¿� ºÅ� Y�� É�´Ë{� É�ÂfaÂaM� �Ì£� ÉZÅ� Ê³�ËÁ� |¿YÂe� Ê»� |f§Y� Ê»� ©Z¨eY� ®Ë�Â·ÂË�Ì§� ¾ËÂ°e� �{
|Å{(Baehreke,2002; Barkla and Gibson,1999)��� �

�½|��Ä �«�Ä �«DNA�Á� 
|�Z]�|Ì¨»��ÂfaÂaM��Ìz�e��{�d�Y�¾°¼»��Zb�Z¯�½|��µZ §� ZË� ��ºÅ
Z §��Y�Ã{Z¨f�Y�d�Y�¾°¼»�¾ÌÀq�±�»��Â¿��fÆ]�¦Ë� e��{�Ä°¸]��ÂfaÂaM��Ìz�e�ÉY�]�ZÆÀe�Ä¿��Zb�Z¯�½|��µ

�|�Z]�|Ì¨»�Ê·Â¸��ZÅ�ZÌ »��´Ë{��Y�Ã{Z¨f�Y�Z]�Äf^·Y��� �

�Á� É{�°¸¼�� ÉZÅ� Ê´ÀÅZ¼ÅZ¿� É{ZË�� ½Y�Ì»� Ä]� �ÂfaÂaM� ½ZÌ]� Ä¯� ºËÂ�� �ÁM{ZË� Y�� Äf°¿� ¾ËY� |ËZ]
|À¯�Ê»�½ZÆÀa� Y��ÊËZÌ¼Ì�ÂÌ]� ���Â¿�Ë��¾Ë|Àq(subtype)�n»��Zv·� �Y� Äq�³Y� Ä¯�{�Y{� {ÂmÁ��ÂfaÂaM��Y� Y�

�|¿Â�� �Z£M�ÊËZÌ¼Ì�ÂÌ]�¦¸fz»�©��� Ä]�|À¿YÂe�Ê»� Z»Y�|Àf�Å� Ä]Z�»�®Ë�Â·Â§�Â»��ÉZÅ�Ì�»�µZj»�½YÂÀ�� Ä]
Á� É�|À¯ÂfÌ»�d·Zy{� ½Á|]� ZË� Z]� ,Êm�ZyÁ� Ê¸yY{����(Danial and Korsmeyer,2004; Kroemer et 

al,2007)��� �

� �

��������É�Z§ÂeY��®Ë�Z§ÂeY�Ê·Â¸��±�»�Á���

�Ã{Âe�ÄË�ne��Â�À»�Ä]�ZÅ�¹Á�Â³Z§ÂeY�½Á�{�Ê¼�ÔaÂfÌ��{YÂ»�½|��Äf�Z^¿Y�É�Z§ÂeYÁ�¯Z»���Z]�Ê³�ËÁ
d�ZÅ�¹Á�Á�Ì·�Ä¸Ì�Á�Ä]�ÉY���ÄË�ne�ÉZÅ�®»Y|¿Y�ÉÂfv»�Á�ÄËÓ�Á{�ÊËZ�£�ÉY�Y{�ZÅ�¹Á�Â³Z§ÂeY�¦Ë� e�ª^�
�|Àf�Å�µÁ�ÂfÌ�Á� Ã|ÀÀ¯(Levine and Klionsky,2004; Levine and Kroemer,2008)��Ã�ZmY� Z»�Ä]� Ä¯

Ê·Z¬f¿Y�Ê¿Á�f°·Y�_Â°�Á�°Ì»� �ËÁZ�e� �{�|Å{�Ê»���½|�� Ã|»M�]� ZË� ZÅ� ¹Á�Á�Ì·� ,ZÅ� ¹Á�Á|¿Y� �Y� Y�� ZÅ� ½M
�ºÌÀ¯��ËZ¼f»�®ÌeÂfaÂaM�Ê·Â¸�(Tasdemir et al.,2008)���ZÅ�¹Á�Á�Ì·ÂeY�,ZÅ�¹Á�Á�Ì·�Á�ZÅ�¹Á�Â³Z§ÂeY�¹Z£{Y

�{� Ä¯�|À¯�Ê»�{ZnËY� Y���ÉZÅ�ÓÁ�|ÌÅ� Ä¸Ì�Á�Ä]�½M�µZÀÌ»Â·�cZËÂfv»�Á� �¹Á�Â³Z§ÂeY�Ê¸yY{�ÉZ�£� ZÅ�½M

                                                                                                                                                    

1 . Chromatin condensation 
2 . Karyorrhexis 
3 . Blebing 
4 . Autophagy 
5 . Autophagic cell death 
6. Transmission electron microscopy(TEM) 
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|Å{�Ê»�½Z�¿� Y�� �®Ë�Z§ÂeY� �Ì�»�½|��¶»Z¯�®Ì·Â]ZeZ¯�|ÀËY�§�¾ËY� Ä¯�|¿Â��Ê»�ÄË�ne� ¹Á�Á�Ì·�É|Ì�Y��
��{YÂ»��¼ne�ºÅ��Z]�É�Z§ÂeY��ZÆ»�¥Ôy�]�,{Â��Ê»�Ä¯Â¸]�¹Á�Á�Ì·�Á�¹Á�Â³Z§ÂeY�½|��\Ì¯�e�Ä¯�Ê¿Z»��Y

� d�Y{� ºÌÅYÂy(Levine and Kroemer,2008; Gonzalez et al.,2005)� ���Z¼�� �ËY�§Y� ¾ËY�]ZÀ]
�ÉZÅ�d�e�Ä]�É�Z§ÂeY�Ê���]�ÉY�]�Á�d�Y�Ã|��Z¬·Y�®Ë�Z§ÂeY��Ì�»�Ä¯�d�Ì¿�ÊÀ »�¾ËY�Ä]� ZÅ�¹Á�Â³Z§ÂeY

ºË�Y{��ZÌ¿�É{�]�Z¯���®Ë�Â·Â§�Â»���¿��Y�®Ë�Z§ÂeY�Ê·Â¸��±�»��°Ì»�Ä¸Ì�Á�Ä]�Ã�ËÁ�Ä]�Ê¿Á�f°·Y�_Â°�Á
Ê·Z¬f¿Y���Z]�ÃY�¼Å�Z»Y�|Å{�Ê»�w��¾ÌeZ»Á�¯�½|��º¯Y�f»�[ZÌ£��{�Ä¯�{Â��Ê»�Ê¬¸e�Ê·Â¸��±�»��Y�Ê�Â¿

½|��Ä¸WÂ¯YÁ��d�Y�º�ÔaÂfÌ���Ì�Á.(Kroemer et al.,2009)�� �

®ÌeÂfaÂaM�ÉZÅ�µÂ¸��¥Ôy�]��¾Ì¼�e�Ê»Á�Á�Ì·�ÄË�neÁ�½|��Ã|Ì ¸]�Ä¸Ì�Á�Ä]�ZÅ�½M�sÂ�Á�Ä¯
{Â��Ê»�¸�� ,�ZÅ�dÌ�Â³Z§� Z]� ÃY�¼Å�Ê¼¯�½Y�Ì»�Ä]� ZË�Ô�Y�|¿�Ì»�Ê»�®Ë�Z§ÂeY�É�Â·Â§�Â»� Z]� Ä¯�ÉZÅ�µÂ
�|Àf�Å(Baehrecke,2005 ; Clarke,1990)� �� ½ZÌ]� Äq�³Y��®Ë�Z§ÂeY�Ê·Â¸��±�»���½Z]��sÔ��Y�®Ë

{Z��Ä]�sÔ��Y�¾ËY�Z»Y�d�Y�Ã{Zf§Y�©Z¨eY�É�Z§ÂeY�Ä¸Ì�Á�Ä]�Ä¯�d�Y�Ê·Â¸��±�»��ÁZ]�ÉY�]�Ê�ZÀ��±�»�Ê³
�|À¯�Ê»�¦Ì�Âe�Y��É�Z§ÂeY�Ä¸Ì�Á�Ä]�Ê·Â¸�(Kroemer et al,2009)��� �

� �

��������Á�°¿���

µÂ¸��ºnu��ËY�§Y� Ä¸Ì�Á�Ä]�®Ë�Â·Â§�Â»���¿� �Y��Ë�Á�°¿� ZË�®ÌeÁ�°¿�Ê·Â¸��±�»��¹�Âf»� ,
��z�»�Ê·Â¸��¶yY{�cZËÂfv»�½{Y{�d�{��Y�dËZÆ¿��{�Á�ÊËZ¼�Ôa�ÉZ�£�½|��Äf��³�,ZÅ�®»Y|¿Y�½|�

{Â��Ê»���Z»Y�d�Y�Ã|�¿�µ�fÀ¯�Á�Ê§{Z�e�Ê·Â¸��±�»�®Ë�ZÆÀe��Á�°¿��Ä¯�|��Ê»��Â�e�Ê¿ÓÂ��½Z»��c|»
»� Ä¸Ì�Á� Ä]� Ê�Zy�d§Y��� Z]� d�Y� ¾°¼»�®ÌeÁ�°¿� Ê·Â¸��±�»� Ä¯� {Y{� ½Z�¿� cZ ·Z�»��Y� ÉY� Ä�Â¼n

� {Â�� µ�fÀ¯�®Ì·Â]ZeZ¯� ÉZÅ� ¹�Ì¿Z°»� Á� µZÀ´Ì�� dËY|Å� ÉZÅ�Ì�»(Golstein and Kroemer,2007 ; 

Festjens et al.,2006)� �� ±�»� ¾Ì»Á{� Z]� ÊËZÅ� Ã|¿�Ì³� d�Y� Ã|�� Ã{Y{� ½Z�¿� µZj»� ½YÂÀ�� Ä]��|À¿Z»
TNFR1,Fas/CD95��ÁTRAIL-R���ÉZÅ�Ã|¿�Ì³�ÁToll-like���|À¿Z»TLR3�Á�TLR4����Â�u��{�Ã�ËÁ�Ä]

|ÀÅ{� Ê»� ½Z�¿� Y�� �Á�°¿� ,�Zb�Z¯� ÉZÅ� Ã|ÀÀ¯� �ZÆ»� �� Ä��YÁ� Ä]� Ê·Â¸��±�»� |��� Ê»� ��¿� Ä]TNFR1�,
Fas/CD95�,TRAILR�ÁTLR3��Ä]�Ê´f�]RIP1�{�Y{��ZÀÌ¯(Holler et al.,2000)��Ä¸X�»�¾ËY�Ä¯�É�Â��Ä]

½Y{�­Z¿�Ä¸Ì�Á�Ä]�
¾ÌeZf�Á�°¿�Ä¸Ì�Á�Ä]��ZÆ»�ZËÁ�½M�½{�¯�cÁY�­Z¿����d�Y�Ã|��Ã{Y{�½Z�¿����{�Äq��³Y

                                                 

1 . Vacuolization 
2 . Necrosis 
3 . Oncosis 



�� 

�Ë�ÂfaÁ�°¿�sÔ��Y��Y�|¿Y�Ã{�¯�{ZÆÀ�Ìa�Êy�]�Z»Y�{�Y|¿�{ÂmÁ�Ê¸¯�ª§YÂe�®Ë�{�Â»�¾ËY���Ä¯�{Â��Ã{Z¨f�Y
�d�Y�Ã|��ºÌ�Àe��Á�°¿�Ã|ÀÀ¯�½ZÌ]�Ê§{Z�e�Ã�YÁ�¥Ôy��]�����Ë�ÂfaÁ�°¿�d�Y�¾°¼»�ÊËZÌ¼Ì�ÂÌ]�t����{

�{Â��¦Ë� e�Ê·Â¸��±�»��Y�Ê�Â¿�½YÂÀ��Ä]��ZÆ»�Ä¸Ì�Á�Ä]�½YÂe�Ê»�Ä¯RIP1�{�¯�É�Ì³Â¸m�½M��Â«Á��Y��Z]
ÊËÁ�Y{�Á�Ê°Ìf¿��ÉZÅ��Á�� (Degterev et al.,2005,2008)��Ã|ÀÀ¯�|�Z¬f»��ËZ¼e�ÄmÁ�®Ë�d�Y�¾°¼»�Á

|Å{�ÄWY�Y��Á�°¿�Ê§{Z�e�Á�Ã|��É�Ë��Ä»Z¿�]�µZ°�Y�¾Ì]��� �

{�®ÌeÁ�°¿�Ê·Â¸��±�»��{�Ê·Â¸��|ÀËY�§�Á�®»Y|¿Y�,Ä��YÁ�¾Ë|Àq��z�»��ÂÀÅ�Z»Y�|Àf�Å�¶Ìy
|ÀÀ¯�Ê»��Z¯�ºÅ�Z]�Ä¿Â´q�ZÅ�¾ËY�d�Ì¿���ÊËZË�|À¯ÂfÌ»�cY�ÌÌ¤e�¶»Z��Ä «YÁ�¾ËY��½|���Z]�|À¿Z»��Ä¿Â³�|Ì·Âe�,

� ÊÀ Ë� Ê·Z ¨¿Y� ½�Ì�¯Y� ÉZÅROS�Ä]Z�»� cZ^Ì¯�e� ZË� ®Ë�fÌ¿� |Ì�¯Y� Ä¸Ì�Á� Ä]� ÂÌeY|Ì�¯YÁ�fÌ¿� ��f�Y� ,
(Nicotera et al.,1999)�»�ÉZ�£�É�Ë~a}Â¨¿�Á�ÊÀ Ë�ÊËZË�|À¯ÂfÌMMP¾Ì¸Ì§Â¸°Ì��Ä¸Ì�Á�Ä]�\¸£Y�Ä¯�, 

D{Â��Ê»�µ�fÀ¯�Ê»Á�Á�Ì·�cY�ÌÌ¤e�,���|Ì·ÂeROS�Ê»Á�Á�Ì·�ÉZ�£�É�Ë~a}Â¨¿�Á�½ÂfÀ§��À¯YÁ�Ä¸Ì�Á�Ä]��,
�ÉY�Äf�Å�cY�ÌÌ¤e��½ÂÌ�YÂÌf¯Y�bËZÅPARP-1��Äf�ÂÌa��Ì·Á�|ÌÅ�ÁNAD+��ZÅ|ÌbÌ·�ÄË�ne�,��½|��µZ §�µZ^¿{�Ä]

Ì·�,ZÅ�ZbÌ·Â¨�§ZÅ�ZÀÌ¸Ì»Â´ÀÌ¨�Y�Á�ZÅ�Z¿�Ì�¯YÂb�µÁ�ÂfÌ��½Á�{�ºÌ�¸¯�½ÂË�d�¸£��ËY�§Y�,)�(ca2+��ÄnÌf¿�Ä¯
�É�Zb�Z¯� �Ì£�ÉZÅ� �ZXeÁ�a� ½|��µZ §� Á�É�|À¯ÂfÌ»� �Z]��ËY�§Y� ½M�ZÅ�¾Ì�beZ¯� Á� ZÅ�¾Ìb·Z¯�|À¿Z»� ��d�Y

(Golstein and Kroemer,2007; Nicotera et al.,1999)� ��Ê·Â¸�� ±�»� �Y� É{| f»� ÉZÅ� µZj»� �{
¾Ë���ÉY�]�ÊeZÌu�Ê�¬¿� ,®ÌeÁ�°¿
�¾Ì¿ÂW�e�ZÀÌ¯RIP1��d�Y�Ã|��Äf§�³���¿��{(Festjens et al.,2007)��

�tË���ÊËZ�ZÀ���Â�À»�Ä]�d�Y�¾°¼»�Ä¯�ÊËZÌ¼Ì�ÂÌ]�cY�ÌÌ¤e�ÉÁ��Ê¸¯�ª§YÂe�®Ë��Z¯�ÉZnÀËY�Ze�¾ËY�]ZÀ]
{�Y|¿�{ÂmÁ�{�Ì³�c�Â���Á�°¿� �®Ë�[ZÌ£��{���ÂÀÅ�®ÌeÁ�°¿�Ê·Â¸��±�»�,Ê»Â¼��ÊËZÌ¼Ì�ÂÌ]�k�z»

�Á�É�ÂfaÂaM�ÉZÅ�¯�Z»�|«Z§� Ä¯�{Á��Ê»��Z¯�Ä]�Ê·Â¸��±�»�{�Â»��{�sÔ��Y�®Ë�½YÂÀ�� Ä]� Ze|¼��ºÅ
|¿Â��Ê»�¶¼vf»� Y��ÊËZ¼�Ôa�ÉZ�£�É�Ë~a}Â¨¿�®Ë�ZÅ�µÂ¸��Ä¯�Ê¿Z»��Ã�ËÁ�Ä]�d�Y�É�Z§ÂeY� ��¾ËY�Ä]� ZÀ]

�ËÁ� É|À]� Ä¬^�� �{� |ËZ]� ,¶ËÓ{{Â]� �Zfv»� �Á�°¿� ½YÂÀ�� Ä]� ¾ÌeÁ�� Ê·Â¸��±�»� �YÂ¿Y� Ã(Kroemer et 

al.,2009)��� �

� �

� �

� �

                                                 

1 . Necroptosis 
2 . Uncoupling 



�� 

��������½|��ÊyZ����

��Zv·� �Y� Á�|Å{�Ê»�w�� ¹�|ÌaY� �{� Ä¯�d�Y�µÂ¸�� Ã|��É�Ë�� Ä»Z¿�]�±�»� �Y�Ê�Â¿�½|��ÊyZ�
d�Y�cÁZ¨f»��ÂfaÂaM��Y�ÊËZÌ¼Ì�ÂÌ]�Á�®Ë�Â·Â§�Â»���dÌ�ÂX¿�Â¯�É�Ì³�¶°��Ä]��nÀ»�Ä¸X�»�¾ËY�{Â��Ê»�ZÅ

� Ã�ËÁ� ÉZÅ� ¾ÌXeÁ�a� �Y� Ê^Ì¯�e� ¶»Z�� Ä¯� |Àf�Å� Ã{�»� ÉZÅ� dÌ�ÂÀÌeY�¯� �«YÁ� �{� Ä¯�|À¿Z» �,¾ÌeY�¯
,¾Ë�°Ë�Â·SPR�Á ¾Ë�¯Â·ÁÂÀËY��� ZÅ|ÌbÌ·�Á�ZÅ|Ì»M���Á�Ê]�q�ÉZÅ|Ì�Y���d�Âa�ÊyZ��ÄËÓ�¶¼��ÉY�]�Ä¯

��ZfyZ��dÌ^je� Á� [M� �§{� ,ÄfÌ�Ìf�ÓY� ,Ê°Ì¿Z°»� d»ÁZ¬»� �|�Z]� Ê»� É�Á��� ���{�YÂ»� �{� Y�� ½|�� ÊyZ
�|À»Z¿�Ê»�ÊyZ����Âa�¶Ì°�e�ZË�½|��Ã�ÌÀÌeY�¯�½YÂÀ��dve�É{Á|v»(Candi et al.,2005; Lippens et 

al.,2005)��d§Z]�{�Â»��{�Äq�½M�Ä]Z�»�ÊËZÆ¿��ËZ¼e�Ä»Z¿�]�®Ë�½YÂÀ��Ä]�½M��Y�Ä¯�d�Y�Ã|��Ã|ÅZ�»�Z»Â¼��Á
Äf�Å�|«Z§�ÉZÅ��«�ÉZÅ�µÂ^¸³�Á�Ê�|��¹ÂÌ¸fÌaY�|À¿Z»½Ây�¢·Z]��»���{Â��Ê»��Ì^ e�|f§Y�Ê»�©Z¨eY(Counis et 

al.,1998; Testa et al.,2004)�� �

��½M�Ê��Ä¯�|À¯�Ê»�µZ^¿{�Y��Ê·ZÌ¸e�ÊaY��ËZ¼e��Y�Ê�z�»�º�Ì¿Z°»�½|��ÊyZ�,Ê·Â°·Â»�t����{
Y��Êm�Zy��Ìv»��Y�½|]�Ã|ÀÀ¯�Y|m�Ê·ZÌ¸e�ÊaY�|��¾fyZ��ÉY�]�¹�Ó�ÉZÅY�f�]Â��Á�ZÅ�ºË�¿M�Ä¼Å�µÂ¸���Ê»

� Ã|ÀÀ¯�¶¼��ÉZÅ�ºË�¿M�Ê����µZ�eY��Y� Ä¸X�»�¾ËY� Á� {�Z����Â¿� �ZÀÌ»ZeÂ¸³��¿Y�e�|À¿Z»�,��Á�� ��ÉÁ���]
�Y�f�]Â��¾Ë|Àq�,¾Ë�¯�Â·�|À¿Z»SPR�Á�¾Ë�¯Â·ÂÀËY�,SP100���Ä]�Ä¯�Ê�Zy�ÉZÅ|ÌbÌ·��fÀ��Ê��Äq�½M�|À¿Z»

�É�Ë~aZ¿� }Â¨¿�ÉY�]� Ä¯�ÊËZÅ�ZXeÁ�a� Á�|¿Â��Ê»�{Y�M�Ê·Â¸��k�Zy�ÉZ�§�,|Àf�Å�¹�Ó�½~���¸§��¸§�Á
�{Â��Ê»�Ê�Z¿(Melino et al.,2000)�� �

 

���������É�ÂfÌ»�Ä mZ§����

�c|»�ZË�Ã|�¿�ºÌ�Àe� ZË�ª§Â»Z¿��ÂfÌ»�®Ë�Ê���{�ZË�Ä¯�d�Y�Ê·Â¸��±�»��Y�Ê�Â¿�É�ÂfÌ»�Ä mZ§
½ÂÌ�Ô¯Â¿�Á�°Ì»�|À¿Z»�®Ë�Â·Â§�Â»�cY�ÌÌ¤e� Z]�ÃY�¼Å�|¿YÂe�Ê»�Á�|Å{�Ê»�w��½M��Y��a�ÊÅZeÂ¯�����Ä¯

d�Y� �fy{� ÉZÅ� Äf�Å� ¾Ì]� Ê»Á�Â»Á�¯� cZ �«� ZË� ZÅ� ¹Á�Â»Á�¯� �]Y�]Z¿� ºÌ�¬e� ÄnÌf¿� \¸£Y� ��Êf·Â»� Á
½ÂÌ�Ô¯Â¿����Ê���«Z¿�ÊËY|m� ÄnÌf¿� Ä¯�½�Á�fÅ�ÉZÅ� Ã�Y|¿Y� Z]� ZË� Ä]Z�»� Äf�Å�É�f�Ì]� {Y| e� ZË� Á{� {ÂmÁ

d�Y� �ÀÌ¯ÂfÌ��|�Z].�Ô��Y�¾ËY� �Y� Ã{Z¨f�Y� {�Â»� �{�Ê Ì�Á� ��¿�©Z¨eY� Äf^·Y{�Y|¿� {ÂmÁ�s(Kroemer et 

                                                 

1 . Cornification 
2 . Mitotic catastrophe 
3 . Micronucleation 
4 . Multinucleation 



�� 

al.,2009)��É�Á�°¿� ZË� É�ÂfaÂaM� É�Â·Â§�Â»� ®Ë� Ä]� �nÀ»� |¿YÂe� Ê»� É�ÂfÌ»� Ä mZ§� ¾ËY� Á
{Â�(Vakifahmetoglu et al.,2008)�NCCD�|À¿Z»�ÉZÅ�½ZÌ]��Y�Ã{Z¨f�Y�Ä¯�|À¯�Ê»�ÄÌ�Âe��Ê·Â¸��±�»

½ÂÌ�Ô¯Â¿�Êf·Â»�Z]�¹|¬»���ZË��|Å{�Ê»�w���Z§Zf»�Ê���{�Ä¯�Ê·Â¸��±�»����e�ªÌ«{�ZÅ�¾ËY�Y�Ë��d�Y��fÆ]
|ÀÅ{�Ê»�Z»�Ä]�É�f�Ì]�cZ�Ô�YÁ�|Àf�Å��� �

� �

�������Ì°ËÂ¿M���

�½Z¼¿Zy�Ê]�ÊÀ »�Ä]�Ê¿Z¿ÂË�d¤·�®Ë��Ì°ËÂ¿M(homelessness)��Z¬·Y��ÂfaÂaM�®Ë��«YÁ��{�Ä¯�d�Y
d�Y� µÂ¸�� Ê�Z�fyY� �Ì£� Ê³|À^�q� ZË� Ê·Â¸�� Ê³|À^�q� ½Y|¬§� ¶Ì·{� Ä]� Ã|�(Frisch et al.,1994)��

��Y�«�Ê^�ZÀ»�ÃZ´ËZm��{�µÂ¸��ZËM�Ä¯�|À¯�Ê»�¾ÌÌ e�Á�d�Y�ºÆ»�É�»Y�Ê·Â¸��k�Zy��°Ë�eZ»�Ä]�½|Ì^�q
��Y�Êa��{�Ä¯��Ì°ËÂ¿M�,|¿Â��Ê»�Äf�Y{�]��ÂfaÂaM�|ÀËY�§�Ä¸Ì�Á�Ä]�Zm�Ä]�Z¿�Ê³|À^�q�Z]�ÊËZÅ�µÂ¸��Á�,Ä¿�ZË�{�Y{

Ä¯�d�Y�Ê°Ë�Â·ÂË�Ì§�É|ÀËY�§�d�Y��f�]�Ä]�µÂ¸��cÓZ�eY�½{Y{�d�{��Á�ZÅ�d§Z]�É�Zf�Â¼Å�,¾ËÂ°e��{
{�Y{��¬¿� ZÅ�É�Z¼Ì](Denial and Korsmeyer,2004; Gilmore,2005)� ���Ì°ËÂ¿M� Ã|¿�� {ÂmÂ»� ½|]� �{

�É�Ì³Â¸m�ZÅ�µÂ¸��½Á�Â»Z¿�|���Á�|Ë|m��°Ë�eZ»�®Ë�Ä]�Ã|��Y|m�ÉZÅ�µÂ¸��½|Ì^�q��Y�d�Y�¾°¼»
d�Y�Ã|¿��{ÂmÂ»�ÉY�]�dÌÀ»Y�\Ë���®Ë�¾ËY�Á�|À¯(Chiarugi and Giannoni,2008)���ÉZ¬]�ZÅ�¾Ë�´fÀËY

��Y�Ê�Z¿�Ê°Ì¿Z°»�ÉZÅÁ�Ì¿�|À¿YÂe�Ê»�Á�|ÀÀ¯�Ê»�ºÌ�Àe�Ê·Â¸��k�Zy��°Ë�eZ»�Z]�¾�¯Y�fÀËY�ªË����Y�Y��µÂ¸�
�µZ¬f¿Y�¶Ë| e� Ä]� �{Z«� Ä¯� |ÀÀ¯�¶Ë|^e�ÊËZÌ¼Ì�� µZÀ´Ì��®Ë� Ä]� Y��®Ë�ve�¾ËY� Á� |ÀÀ¯��u� Y���°Ë�eZ»

�d�Y� Ê·Â¸�� ½Á�{� µZÀ´Ì�(Giancotti,2000)� ��d�Y� Ã|��¦Ì�Âe� ZÅ� µÂ¸��¦¸fz»� �YÂ¿Y� �{� �Ì°ËÂ¿M
M� Ä]� �nÀ»� ÉZÅ�Ì�»� ½|�� µZ §� Z�À»� |��� Ê»� ��¿� Ä]� Äq�³Y{� �Ì°ËÂ¿� �d�Y� cÁZ¨f»� ZÅ� ½M� ���Z^e�Y

�µZ»�¿�Ê·ZÌ¸e�ÊaY�ÉZÆ·Â¸��Ä]�d^�¿�Ê¿Z����Ê·Â¸��ÉZÅ�Ã{��Ä¯�d¬Ì¬u�¾ËY�Ä¸Ì�Á�Ä]��Ì°ËÂ¿M�Ê°Ë�Â·ÂË�Ì§
Z�u��Ì°ËÂ¿M�Ä]�ÓÂ¼ »�d�Y�Ã|��d]Zi�,|Àf�Ì¿�����½|Ì^�q�Ä]�kZÌfuY�Z¬]�Á��Ìj°e�ÉY�]�ZÅ�½M�Ä¯�ÊÀ »�¾ËY�Ä]

�Ä]ECM�|¿�Y|¿(Chiarugi and Giannoni,2008)  ���É�Á����»Y�®Ë��ZÌ¿�¾ËY�Ä]�½|��Ã�Ìq�ÊËZ¿YÂe�¾ËY�]ZÀ]
d�Y�½Z����É�Zf�Zf»�ÉY�]� �À^�q�ÉZÅ�µÂ°·Â»��{��ÌÌ¤e� ,®Ë�ÔaÂX¿�ÉZÅ�µÂ¸���{��«YÁ��{µÂ¸��Ê³|���

��ÂfaÂaM�ÉZÅ�Ã|ÀÀ¯�ºÌ�Àe� ZË�¾Ë�´fÀËY� ÃY�¼Å�²ÀÌ·ZÀ´Ì��ÉZÅ�µÂ°·Â»� ,ZÅ�ZeZ¨�§�Á� ZÅ�ZÀÌ¯�¾ÌXeÁ�a� ,µÂ¸�
|Å{�Ê»�w���Ì°ËÂ¿M�Ê��Ä¯�{Â��Ê»�Ê°Ë�Â·ÂË�Ì§�cY�ÌÌ¤e�Ä]�d»ÁZ¬»�\mÂ»���|��Äf¨³�Äq�½M�Ä]�ÄmÂe�Z]

Zf�Zf»� Ê¿Z���� ÉZÅ� µÂ¸�� �Z�f¿Y� Ã�ZmY� Z¬]� Ê^Ì¯�e� µZÀ´Ì�� ®Ë|Å{� Ê»� Y�� ®Ë�(Reddig and 

Juliano,2005; Chiarugi,2005)�� �

                                                 

1 . Anoikis 


