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กลวิธานทางชีวเคมีในกระบวนการตายของเซลล
ปนัดดา โรจนพิบูลสถิตย

º·¤Ñ´Â‹Í
¡ÃÐºÇ¹¡ÒÃμÒÂ¢Í§à«ÅÅ�à»š¹¡ÃÐºÇ¹¡ÒÃ·Õèà«ÅÅ�ãªŒμÍºÊ¹Í§μ ‹ÍÊÔè§àÃŒÒ·Õèà»š¹ÍÑ¹μÃÒÂ¢Í§à«ÅÅ� áº‹§ä Œ́ËÅÒÂáºº

·Ñé§μÒÁÅÑ¡É³Ð¡ÒÃà»ÅÕèÂ¹á»Å§ÀÒÂã¹à«ÅÅ �·ÕèàËç¹ä´Œ̈ Ò¡¡ÅŒÍ§¨ØÅ·ÃÃÈ¹ �ÍÔàÅç¡μÃÍ¹ áººÊ‹Í§¼‹Ò¹áÅÐ/ËÃ×Í¨Ò¡¡Åä¡·Ò§ªÕÇà¤ÁÕ

·Õèà¡ÕèÂÇ¢ŒÍ§ â´ÂÊÃØ»áº‹§à»š¹¡Åä¡·Õèà¡Ô´¨Ò¡¡ÒÃ¡ÃÐμ ØŒ¹ÀÒÂã¹à«ÅÅ �àÍ§ (intrinsic pathway) «Öè§àÃÔèÁμ Œ¹¨Ò¡ÁÕ¡ÒÃÃÑèÇäËÅ¢Í§

ä«âμâ¤ÃÁ C ÍÍ¡¨Ò¡äÁâμ¤Í¹à´ÃÕÂ ÂÑ§¼ÅãËŒà¡Ô´¡ÒÃ¡ÃÐμ ØŒ¹àÍ¹ä«Á � caspase-9 ã¹·ÕèÊØ´ Ê‹Ç¹¡Åä¡·Õèà¡Ô´¨Ò¡¡ÒÃ¡ÃÐμ ØŒ¹

¨Ò¡ÀÒÂ¹Í¡à«ÅÅ � (extrinsic pathway) ¹Ñé¹ àÃÔèÁ¨Ò¡¡ÒÃ¡ÃÐμ ØŒ¹¼‹Ò¹·Ò§μ ÑÇÃÑº¨íÒà¾ÒÐ·ÕèÍÂÙ‹º¹¼ÔÇà«ÅÅ �ª¹Ô´ death receptors 

àª‹¹ ¡ÒÃ¡ÃÐμ ØŒ¹¢Í§ Fas ligand áÅŒÇÊ‹§¼Åμ ‹ÍÁÒ·íÒãËŒà¡Ô´¡ÒÃ¡ÃÐμ ØŒ¹àÍ¹ä«Á � caspase-8 ËÃ×Í caspase-10 ã¹·ÕèÊØ´ ¹Í¡¨Ò¡¹Õé 

ÂÑ§ÊÒÁÒÃ¶áº‹§ä´ŒÍÕ¡áººμÒÁ¡ÒÃ¡ÃÐμ ØŒ¹¢Í§àÍ¹ä«Á � caspase à»š¹¡Åä¡¡ÒÃμÒÂ¢Í§à«ÅÅ�·Õèμ ŒÍ§ÍÒÈÑÂ¡ÒÃ·íÒ§Ò¹¢Í§àÍ¹ä«Á � 

caspase (caspase dependent PCD) ËÃ×Í·ÕèÃÙŒ¨Ñ¡¡Ñ¹´Õã¹¹ÒÁ¢Í§ apoptosis PCD áÅÐ ¡Åä¡¡ÒÃμÒÂ¢Í§à«ÅÅ�·ÕèäÁ‹μ ŒÍ§ÍÒÈÑÂ

¡ÒÃ·íÒ§Ò¹¢Í§àÍ¹ä«Á � caspase (caspase independent PCD) «Öè§áº‹§Â‹ÍÂä Œ́ÍÕ¡à»š¹ autophagy PCD áÅÐ apoptosis-like PCD 

ËÃ×Í Paraptosis PCD ÍÂ‹Ò§äÃ¡ç´Õ à«ÅÅ�¨Ðà¢ŒÒÊÙ‹¡ÃÐºÇ¹¡ÒÃμÒÂáººã´¹Ñé¹¢Öé¹ÍÂÙ‹¡Ñºμ ÑÇ¡ÃÐμ ØŒ¹áÅÐÅíÒ´Ñº¢Ñé¹¢Í§¡Åä¡·ÕèμÒÁÁÒ 

áÅÐäÁ‹ä´Œà¡Ô´¢Öé¹â´ÂÍÒÈÑÂá¤‹à¾ÕÂ§¡Åä¡ã´¡Åä¡Ë¹Öè§à·‹Ò¹Ñé¹ áμ ‹à«ÅÅ�¨ÐÍÒÈÑÂ¡ÒÃ¡ÃÐμ ØŒ¹¼‹Ò¹·Ò§ËÅÒÂæ ¡Åä¡ä»¾ÃŒÍÁæ ¡Ñ¹

à¾×èÍªÑ¡¹íÒμ ÑÇàÍ§à¢ŒÒÊÙ‹¡ÃÐºÇ¹¡ÒÃμÒÂ à«ÅÅ�·ÕèμÒÂáÅŒÇàËÅ‹Ò¹Õéâ´Â¸ÃÃÁªÒμ Ô¡ç¨Ð¶Ù¡¡íÒ¨Ñ´μ ‹Íâ´Â¡ÅØ‹Á phagocytic cells ·Ñé§ËÅÒÂ

ã¹Ã‹Ò§¡ÒÂ áμ ‹ËÒ¡¡Åä¡àËÅ‹Ò¹Õé¼Ô´»Ã¡μ Ôä» ¹Ñè¹áÊ´§Ç‹Òà«ÅÅ�ÊÒÁÒÃ¶ÃÍ´ªÕÇÔμ¨Ò¡ÊÔè§¡ÃÐμ ØŒ¹ãËŒμÒÂä Œ́áÅÐ¡ÅÑºà¨ÃÔÞàμ Ôºâμμ ‹Í

ä» ¨¹¡ÅÒÂà»š¹à«ÅÅ �ÁÐàÃç§ã¹·ÕèÊØ´¹Ñè¹àÍ§

¤íÒÊíÒ¤ÑÞ : ¡ÃÐºÇ¹¡ÒÃμÒÂ¢Í§à«ÅÅ�, ÍÐ¾Í¾â·«ÔÊ, ¡ÃÐºÇ¹¡ÒÃμÒÂ¢Í§à«ÅÅ�áºº·ÕèàËÁ×Í¹ÍÐ¾Í¾â·«ÔÊ, ¾ÒáÃ¾â·«ÔÊ, 

  ÇÔ¶Õ¾Öè§¤ÒÊà»Ê, ÇÔ¶ÕäÁ‹¾Öè§¤ÒÊà»Ê

º·»ÃÔ·ÑÈ¹ �

º·¹íÒ
Programmed cell death (PCD) à»š¹¡Åä¡ÊíÒ¤ÑÞ¢Í§

à«ÅÅ �ã¹¡ÒÃμÍºÊ¹Í§μ ‹Íμ ÑÇ¡ÃÐμ ØŒ¹ËÃ×ÍÊÔè§àÃŒÒ·Õèà»š¹ÍÑ¹μÃÒÂ

¢Í§à«ÅÅ� à¾×èÍ·íÒãËŒÍÇÑÂÇÐ·Õèà«ÅÅ �àËÅ‹Ò¹Ñé¹»ÃÐ¡ÍºÍÂÙ‹ÂÑ§¤§

ÊÒÁÒÃ¶´íÒÃ§¤ÇÒÁà»š¹»Ã¡μ ÔäÇŒä´Œ ËÒ¡¡ÃÐºÇ¹¡ÒÃ¹Õé¶Ù¡

ÂÑºÂÑé§ ¡ç¨Ð·íÒãËŒà«ÅÅ �¹Ñé¹æ à»š¹ÍÁμÐ Ê‹§¼Åμ ‹ÍÁÒ¡ç¤×Í·íÒãËŒ

ÊÒÁÒÃ¶à¨ÃÔÞàμ Ôºâμä´ŒÍÂ‹Ò§äÁ‹ÁÕ¢Ṍ ¨íÒ¡Ñ́  ̈ ¹·íÒãËŒÍÇÑÂÇÐ·ÕèÁÕ

à«ÅÅ �¹Ñé¹æ ÍÂÙ‹ ¾Ñ²¹Òà»š¹ÁÐàÃç§ã¹·ÕèÊØ´

PCD ÊÒÁÒÃ¶áº‹§ä Œ́ËÅÒÂáºº·Ñé§μÒÁÅÑ¡É³Ð¡ÒÃ

à»ÅÕèÂ¹á»Å§¢Í§ organelle ·Ñé§ËÅÒÂ·ÕèàËç¹ä´Œ¨Ò¡¡ÅŒÍ§

¨ØÅ·ÃÃÈ¹ �ÍÔàÅç¡μÃÍ¹áººÊ‹Í§¼‹Ò¹áÅÐ/ËÃ×Í¨Ò¡¡Åä¡·Õè

à¡ÕèÂÇ¢ŒÍ§ â´ÂÊÃØ»áº‹§à»š¹ caspase dependent PCD ËÃ×Í·ÕèÃÙŒ̈ Ñ¡

¡Ñ¹´Õã¹¹ÒÁ¢Í§ apoptosis PCDñ,ò â´Â¹Í¡¨Ò¡¨Ð¾ºÅÑ¡É³Ð

¢Í§ chromatin condensation ·Õèà»š¹ÃÙ»·Ã§·Ò§àÃ¢Ò¤³Ôμ·Õè

ªÑ´à¨¹ (ÍÒ¨à»š¹ globular, crescent-shaped ¡çä Œ́) áÅŒÇÂÑ§¾º

DNA fragmentation, membrane blebbing Ã‹ÇÁ¡Ñº cytoplasmic

shrinkageó áÅÐ/ËÃ×ÍÁÕ¡ÒÃ form apoptosis bodies with nu-

clear fragments ãËŒàËç¹ã¹à«ÅÅ �·Õèà¡Ố  apoptosis PCD ÍÕ¡´ŒÇÂ

ã¹·Ò§μÃ§¢ŒÒÁ PCD ÍÕ¡¡ÅØ‹ÁË¹Öè§¹Ñé¹à»š¹ PCD ·Õèà»š¹ caspase 

independent PCD «Öè§áº‹§Â‹ÍÂä Œ́ÍÕ¡à»š¹ autophagy PCD 

(self-digestion in Greek)ô,õ «Öè§¨Ð¾ºÅÑ¡É³Ð¡ÒÃà»ÅÕèÂ¹á»Å§¢Í§

organelle ·Ñé§ËÅÒÂ·Õèáμ¡μ ‹Ò§¨Ò¡·Õè¾ºã¹ apoptosis PCD 

¡Å‹ÒÇ¤×Í¨Ð¾º Sequestration of bulk cytoplasm áÅÐ¾º 

dense organelle-containing vacuoles áμ ‹äÁ‹¾º chromatin 

condensation ́ Ñ§àª‹¹·Õè¾ºã¹ apoptosis PCD ́ Ñ§àª‹¹·Õè Motyl

áÅÐ¤³Ðö ä Œ́ÈÖ¡ÉÒà»ÃÕÂºà·ÕÂº morphology ¢Í§à«ÅÅ �àμ ŒÒ¹Á

ÊÒ¢ÒªÕÇà¤ÁÕ Ê¶Ò¹ÇÔ·ÂÒÈÒÊμÃ �¾ÃÕ¤ÅÔ¹Ô¡ ¤³Ðá¾·ÂÈÒÊμÃ � ÁËÒÇÔ·ÂÒÅÑÂ¸ÃÃÁÈÒÊμÃ �



148 ¸ÃÃÁÈÒÊμÃ�àÇªÊÒÃ »‚·Õè ñò ©ºÑº·Õè ñ »ÃÐ í̈Òà´×Í¹Á¡ÃÒ¤Á-ÁÕ¹Ò¤Á òõõõ

¢Í§ÇÑÇ·Õèà¡Ố ¡ÒÃμÒÂáºº apoptosis PCD à·ÕÂº¡Ñº autophagy

PCD ã¹ÃÙ»·Õè ñ

ÃÙ»·Õè ñ áÊ´§ morphology ¢Í§à«ÅÅ �àμ ŒÒ¹Á¢Í§ÇÑÇ·Õè    

     à¡Ô´¡ÒÃμÒÂáºº apoptosis PCD (a, b) à·ÕÂº¡Ñº 

     autophagy PCD (c, d) (¨Ò¡ Motyl et al, 2006ö)

ÊíÒËÃÑº caspase independent PCD ÍÕ¡ª¹Ô´Ë¹Öè§ 

ä´Œá¡‹ Paraptosis PCD (Paraptosis á»ÅÇ‹Ò next or related 

to apoptosis)÷-ñð à»š¹ apoptosis-like PCD ·Õèà¡Ô´¨Ò¡¡ÒÃ

¡ÃÐμ ØŒ ¹μ Ñ ÇÃÑºª¹Ô´ TNF receptor fami ly member 

TAJ/TROY (TNF receptor family member toxicity

and JNK inducer TNF Receptor family member 

expressed in embryonic skin and hair follicles)ù ËÃ×Í 

IGFIR (insulin-like growth factor I receptor)÷ «Öè§Ê‹§¼Å

ãËŒà¡Ố ¡ÒÃ¡ÃÐμ ØŒ¹¼‹Ò¹·Ò§ mitogen-activated protein kinases 

ÁÕÅÑ¡É³Ðà´‹¹ªÑ́ μÃ§·Õè̈ Ð¾º vacuole ¡ÃÐ¨ÒÂàμ çÁ cytoplasm 

¢Í§à«ÅÅ� (cytoplasmatic vacuolation) Ã‹ÇÁ¡ÑºÁÕ¡ÒÃºÇÁ¢Í§ 

mitochondria áÅÐ Endoplasmic reticulum (ER) â´Â·ÕèäÁ‹¾º 

apoptosis bodies áÅÐ/ËÃ×Í nuclear fragmentation ´Ñ§àª‹¹

·Õè¾ºã¹ apoptosis PCD ́ Ñ§áÊ´§ÅÑ¡É³Ð·Ò§ morphology ¢Í§

à«ÅÅ �·ÕèμÒÂáºº Paraptosis PCD ã¹ÃÙ»·Õè ò ÍÂ‹Ò§äÃ¡ḉ Õ ¾ºÇ‹Ò

à«ÅÅ�»Ã¡μ ÔÊÒÁÒÃ¶¶Ù¡¡ÃÐμ ØŒ¹ãËŒà¢ŒÒÊÙ‹ programmed cell death 

ä´ŒËÅÒÂ·Ò§ã¹àÇÅÒà´ÕÂÇ¡Ñ¹ â´Â¼Å·ÕèàËç¹ä´Œ¹Ñé¹¨ÐÁÒ¨Ò¡¡Åä¡

·Õèà¡Ô´ä´ŒàÃçÇáÅÐÁÕ»ÃÐÊÔ·¸ÔÀÒ¾·ÕèÊØ´ññ-ñó 

(a) late stage of apoptosis «Öè§¨Ð¾º chromatin

condensation 

(b) áÊ´§ apoptosis bodies (AP) ã¹«Ò¡à«ÅÅ �·Õè

μÒÂ¨Ò¡ apoptosis PCD

(c) early stage of autophagy áÊ´§ãËŒàËç¹¶Ö§

disorganize ¢Í§ cytoskeletal element (ÅÙ¡ÈÃªÕé)

(d) late stage of autophagy áÊ´§ãËŒàËç¹¶Ö§

dense organelle-containing vacuoles (ÅÙ¡ÈÃªÕé)

ÃÙ»·Õè ò áÊ´§ morphology ¢Í§à«ÅÅ � Dictyostelium
discoides ·Õèà¡Ô´¡ÒÃμÒÂáºº apoptosis-like 

PCD (Paraptosis)(¨Ò¡ Wyllie and Golstein, 2001ñô)

(¢ÇÒ) áÊ´§ãËŒàËç¹¶Ö§ vacuoles àμ çÁ cytoplasm à·ÕÂº¡Ñº

normal control («ŒÒÂ)

¹Í¡¨Ò¡¹Õé ËÒ¡¨ÐÍ¸ÔºÒÂ PCD ¼‹Ò¹·Ò§¡Åä¡ÃÐ´Ñº

à«ÅÅ�¹Ñé¹ ÊÒÁÒÃ¶Í¸ÔºÒÂä Œ́à»š¹ ò ·Ò§ãËÞ‹æ ¨Ò¡¼Å¢Í§

¡ÒÃ¡ÃÐμ ØŒ¹ãËŒà«ÅÅ�ÁÕ¡ÒÃμÒÂâ´Â¼‹Ò¹ËÃ×ÍäÁ‹¼‹Ò¹ caspase 

¡Å‹ÒÇ¤×Íà»š¹ caspase dependent PCD ËÃ×Í apoptosis PCD 

áÅÐ caspase independent PCD ËÃ×Í apoptosis-like PCD 

caspase dependent PCD ËÃ×Í apoptosis PCD 
»ÃÐ¡Íº´ŒÇÂ 2 pathway ãËÞ‹æ ¤×Í Extrinsic pathway 

ËÃ×Í death receptor pathway áÅÐ intrinsic pathway ËÃ×Í 

mitochondrial pathwayô,ñõ 

Extrinsic pathway: àÃÔèÁμ Œ¹¨Ò¡ÁÕμ ÑÇ¡ÃÐμ ØŒ¹ (death sig-

nal)ñö-ñø àª‹¹ TNF-α (tumor necrosis factor-α), Fas L (Fas 

ligand) Trail/Apo2L (TNF-related apoptosis-inducing ligand: 

also called Apo2L), Apo3L ÁÒ¨Ñº·Õè receptor «Öè§ÍÒ¨àÃÕÂ¡ãËŒ
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à©¾ÒÐà¨ÒÐ¨§Ç‹Òà»š¹¡ÅØ‹Á¢Í§ death receptor «Öè§à»š¹¡ÅØ‹Á¢Í§

integral membrane protein ·ÕèÁÕÊ‹Ç¹ conserved motif ·ÕèàÃÕÂ¡Ç‹Ò

death domain (DD) ¾Ò´à¢ŒÒÁÒã¹Ê‹Ç¹ cytoplasm ¢Í§à«ÅÅ � 

«Öè§Ê‹Ç¹¢Í§ DD ·Õè¾Ò´à¢ŒÒÁÒã¹ cytoplasm ¹ÕéÊ‹§¼ÅμÒÁÁÒ¡ç¤×Í

·íÒãËŒà¡Ố  death inducing signal complex (DISC) (áÊ´§´ŒÇÂ

ËÁÒÂàÅ¢ ñ ã¹ÃÙ»·Õè ó) «Öè§à»š¹ÊÒÃ»ÃÐ¡Íº·Õèà¡Ô´¢Öé¹¨Ò¡¡ÒÃ

ÃÇÁμ ÑÇ¡Ñ¹¢Í§ (homotypic interaction) death domain ¢Í§¡ÅØ‹Á

receptor àËÅ‹Ò¹Õé äÁ‹Ç‹Ò¨Ðà»š¹ Tumor Necrosis Factor Receptor-1

(TNFR-1), Fas receptor ¡Ñº TRADD (TNF Receptor-Associated

Death Domain), FADD (Fas-associated death domain protein) 

«Öè§à»š¹ adaptive molecule ¢Í§â»Ãμ Õ¹àËÅ‹Ò¹Õé Ê‹§¼Åμ ‹ÍÁÒ

â´Â·Õè DISC ·Õèà¡Ô´¢Öé¹¹ÕéÊÒÁÒÃ¶¨Ðä»¡ÃÐμ ØŒ¹ procaspase-8 

ãËŒÍÂÙ‹ã¹ÃÙ»Ç‹Í§äÇ¤×ÍÃÙ»¢Í§ caspase-8 ̈ Ò¡¹Ñé¹ active caspase-8

ÊÒÁÒÃ¶ä»ÍÍ¡Ä·¸Ôìä´Œ ò ·Ò§¢Öé¹ÍÂÙ‹¡Ñºª¹Ô´¢Í§à«ÅÅ� â´Â

·Ò§áÃ¡ active caspase-8 ¨Ðä»¡ÃÐμ ØŒ¹ caspase-3 ãËŒÍÂÙ‹

ã¹ÃÙ»Ç‹Í§äÇÍÕ¡·Í´Ë¹Öè§ (áÊ´§´ŒÇÂËÁÒÂàÅ¢ ò ã¹ÃÙ»·Õè ó) 

caspase-3 à»š¹àÍ¹ä«Á �¡ÅØ‹Á cysteine protease ·ÕèÁÕË¹ŒÒ·ÕèÂ‹ÍÂ

â»Ãμ Õ¹μ ‹Ò§æ â´ÂÍÒÈÑÂ nucleophilic group ¢Í§μ ÑÇàÍ§ª‹ÇÂ

ã¹¡ÒÃ¨Ñ´¡ÒÃ¡Ñº substrate áÅÐμ Ñ´¾Ñ¹¸Ðà»»ä·´ �·Ò§ÊÒÂ 

carboxyl end ºÃÔàÇ³ aspartic residues ¢Í§ substrate ¹Ñé¹æ

¼Å Ö̈§à¡Ô´ proteolysis ¢Í§â»Ãμ Õ¹μ ‹Ò§æ ¨¹·ŒÒÂÊØ´¨Ö§·íÒãËŒ

à«ÅÅ�à¢ŒÒÊÙ‹ apoptosis ã¹·ÕèÊǾ  Ê‹Ç¹ÍÕ¡·Ò§Ë¹Öè§ active caspase-8

·Õèà¡Ô´¢Öé¹¹Õé ¨Ð¡ÃÐμ ØŒ¹ãËŒà¡Ô´ intrinsic pathway â´Âä»μ Ñ´

ÊÒÂâ»Ãμ Õ¹ Bid (Bcl-2 interacting domain death)ñù «Öè§à»š¹

Ë¹Öè§ã¹â»Ãμ Õ¹¡ÅØ‹Á BH3-family (Bcl-2 homology region 3) 

ÂÑ§¼ÅãËŒä´Œà»š¹ truncated protein ·ÕèàÃÕÂ¡Ç‹Òâ»Ãμ Õ¹ tBid 

(truncated BH3 interacting domain death) (áÊ´§´ŒÇÂËÁÒÂàÅ¢ 4-1

ã¹ÃÙ»·Õè 3) «Öè§¨Ðä»ÁÕ¼Å»ÅØ¡Ä·¸Ôìâ»Ãμ Õ¹ Bax (Bcl-2–associ-

ated X protein) áÅÐ/ËÃ×Í Bak (Bcl 2 antagonist killer) 

â´Â·íÒãËŒÍÂÙ‹ã¹ÃÙ» oligomerize form ·íÒãËŒâ»Ãμ Õ¹´Ñ§¡Å‹ÒÇ

ÊÒÁÒÃ¶¨Ð migrate ¨Ò¡ cytoplasm ä»ÂÑ§ mitochondria 

áÅŒÇä»¨Ñº·Õè mitochondria membrane ·íÒãËŒà¾ÔèÁ permeability 

¢Í§ outer membrane ¢Í§ mitochondria ÂÑ§¼ÅãËŒà¡Ô´¡ÒÃ

»Å´»Å‹ÍÂ Cytochrome c (Cyt c) ÍÍ¡ÁÒã¹ cytoplasm 

(áÊ´§´ŒÇÂËÁÒÂàÅ¢ 4-2 ã¹ÃÙ»·Õè 3) ¼Åâ´ÂÃÇÁμ ‹ÍÁÒ¡ç¤×Í

ªÑ¡¹íÒãËŒà«ÅÅ�à¢ŒÒÊÙ‹¡ÃÐºÇ¹¡ÒÃ apoptosisòð-òò ¹Í¡¨Ò¡¹Õé

ÂÑ§¾ºÇ‹Ò DISC ·Õèà¡Ô´¢Öé¹¹Í¡¨Ò¡¨Ðà¡Ô´¨Ò¡¡ÒÃÃÇÁμ ÑÇ¢Í§

â»Ãμ Õ¹ËÅÒ¡ËÅÒÂª¹Ô´ ÃÇÁ·Ñé§ Fas ligand ¡Ñº TRADD 

áÅÐ/ËÃ×Í¡Ñº FADD ́ Ñ§¡Å‹ÒÇ¢ŒÒ§μ Œ¹áÅŒÇ ÂÑ§¾ºÇ‹Ò Fas ligand 

ÊÒÁÒÃ¶ÃÇÁμ ÑÇ¡Ñºâ»Ãμ Õ¹ DAXX (Death-Domain-Associated 

Protein) á·¹ FADD áÅŒÇÊ‹§¼ÅãËŒà¡Ô´¡ÒÃ¡ÃÐμ ØŒ¹àÍ¹ä«Á � 

Apoptosis-Signal-Regulated Kinase-1 (ASK-1) «Öè§¨Ðä»¡ÃÐμ ØŒ¹ 

C-Jun N-terminal kinases (JNK) (áÊ´§´ŒÇÂËÁÒÂàÅ¢ ó 

ã¹ÃÙ»·Õè ó) Ê‹§¼ÅãËŒ¡ÃÐμ ØŒ¹ intrinsic pathway ·Õè¨Ðä´Œ¡Å‹ÒÇ

ã¹ÃÒÂÅÐàÍÕÂ´μ ‹Íä» ¼ÅÊØ´·ŒÒÂ¨Ö§·íÒãËŒà«ÅÅ �à¡Ô´¡ÒÃμÒÂ

áºº apoptosis PCD 

Intrinsic pathway: àÃÔèÁ¨Ò¡ÁÕμ ÑÇ¡ÃÐμ ØŒ¹ª¹Ô´μ ‹Ò§æ 

àª‹¹ activated JNK, pro-apoptosis protein, ÀÒÇÐ·ÕèÁÕ¡ÒÃ

·íÒÅÒÂ DNA (DNA damage), oxidative stress, heat shock 

·Ñé§ËÅÒÂàËÅ‹Ò¹Õé ̈ ÐÁÒ¡ÃÐμ ØŒ¹¡ÒÃ·íÒ§Ò¹¢Í§â»Ãμ Õ¹¡ÅØ‹Á Bcl-2 

family ·Õèà»š¹ pro-apoptosis proteins ãËŒÍÂÙ‹ã¹ÃÙ»Ç‹Í§äÇ ÍÒ·Ô 

Bax (Bcl-2–associated X protein), Bad (Bcl 2 Antagonist 

of Cell Death), Bak (Bcl 2 Antagonist Killer), Bid (Bcl-2

interacting domain death) áÅÐ translocate μ ÑÇàÍ§¨Ò¡ cytoplasm

ÁÒÂÑ§ mitochondria à¡Ô´ oligomerize ¢Öé¹·Õè outer membrane

¢Í§ mitochondria ·íÒãËŒà¡Ô´à»š¹ channel ¢Öé¹ ÂÑ§¼ÅãËŒ 

mitochondria ÁÕ permeability à¾ÔèÁ¢Öé¹ (Mitochondrial Outer 

Membrane Permeabilization, MOMP) ·íÒãËŒâ»Ãμ Õ¹¡ÅØ‹Á 

pro-death molecule àª‹¹ Cyt c ËÃ×Í â»Ãμ Õ¹¡ÅØ‹Á·ÕèÁÕÄ·¸Ôì
ÂÑºÂÑé§¡ÒÃà¡Ô´ apoptosis ÍÒ·Ô Smac/Diablo (Second 

Mitochondria-derived activator of caspases/ Direct IAP-binding

protein with low pI), HtrA2/OMI (High-temperature requirement

protein A2) «ÖÁÍÍ¡¨Ò¡ mitochondria ÁÒÍÂÙ‹·ÕèºÃÔàÇ³ cytoplasm

ä Œ́ ¨Ò¡¹Ñé¹ Cyt c ¨Ðä»ÃÇÁ¡Ñº Apaf-1 (Apoptosis protease
activating factor-1)òó â´ÂÍÒÈÑÂ ATP (ATP dependent) 

ÂÑ§¼ÅãËŒ Apaf-1 ÊÒÁÒÃ¶à¡Ô´ oligomerize ä´Œ â´ÂÃÙ» 

oligomerize Apaf-1 ¹Õé·íÒãËŒ procaspase-9 ÊÒÁÒÃ¶ÁÒÃÇÁμ ÑÇ

μ ‹Í¡Ñ¹ÍÕ¡·Í´Ë¹Öè§â´Â¼‹Ò¹·Ò§ CARD domain (Caspase 

Recruitment Domain) ·Õè¾º·Ñé§ã¹â»Ãμ Õ¹·Ñé§ ò ª¹Ô´¹Õé ·íÒãËŒ

ä Œ́à»š¹ apoptosome complexòô (áÊ´§´ŒÇÂËÁÒÂàÅ¢ 5 

ã¹ÃÙ»·Õè 3) «Öè§·íÒãËŒ caspase-9 ÍÂÙ‹ã¹ÃÙ»Ç‹Í§äÇ áÅÐ¨Ðä»¡ÃÐμ ØŒ¹

caspase-3 ãËŒÍÂÙ‹ã¹ÃÙ»Ç‹Í§äÇÍÕ¡·Í´Ë¹Öè§ (áÊ´§´ŒÇÂËÁÒÂàÅ¢ 6

ã¹ÃÙ»·Õè 3) «Öè§¹Í¡¨Ò¡ active caspase-3 ¨Ðà»š¹àÍ¹ä«Á �

·ÕèÁÕË¹ŒÒ·ÕèÂ‹ÍÂâ»Ãμ Õ¹μ ‹Ò§æ ̈ Ö§·íÒãËŒà«ÅÅ �à¡Ố  apoptosis PCD 

ã¹·ÕèÊØ´áÅŒÇ active caspase-3 ·Õèà¡Ô´¢Öé¹¹Õé ÊÒÁÒÃ¶ä»¡ÃÐμ ØŒ¹ 

downstream cascade reaction â´Âä»»ÅØ¡Ä·¸ÔìàÍ¹ä«Á �¡ÅØ‹Á 

caspase Í×è¹æ äÁ‹Ç‹Ò¨Ðà»š¹ caspase-2, caspase-6 «Öè§¨Ðä»»ÅØ¡Ä·¸Ôì

caspase-8 áÅÐ caspase-10 μ ‹Í ¼ÅÊØ´·ŒÒÂ¨Ö§·íÒãËŒà«ÅÅ �

à¡Ô´¡ÒÃμÒÂã¹ÅÑ¡É³Ð¢Í§ apoptosis PCD ´Ñ§áÊ´§ÀÒ¾

â´ÂÃÇÁã¹ÃÙ»·Õè ó

¨ÐàËç¹ä Œ́Ç‹Òâ»Ãμ Õ¹¡ÅØ‹Á Bcl-2 familyòõ «Öè§»ÃÐ¡Íº´ŒÇÂ

â»Ãμ Õ¹ËÅÒ¡ËÅÒÂª¹Ô´·Ñé§·ÕèÁÕÄ·¸Ôìà»š¹ anti-apoptosis (ä´Œá¡‹ 
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Bcl-2, Bcl-X
L
, Bcl-w, Mcl-1, A1/Bfl -1, Boo/Diva, Bcl-B/

Bcl-2L-10/Nrh) áÅÐ pro-apoptosis proteins (ä´Œá¡‹ Bax, 

Bak, Bok/Mtd, Bcl-X
S
, Bcl-G

L
, Bad, Bid, Bik/Nbk à»š¹μ Œ¹) 

´Ñ§¡Å‹ÒÇ¢ŒÒ§μ Œ¹¹Ñé¹ ·íÒË¹ŒÒ·Õèà»š¹ÊÐ¾Ò¹àª×èÍÁ (bridging signal) 

ÊÑÞÞÒ³ÃÐËÇ‹Ò§ death receptor pathway ËÃ×Í extrinsic 

pathway ¡Ñº mitochondrial pathway ËÃ×Í intrinsic pathway

â´Â·Õèâ»Ãμ Õ¹¡ÅØ‹Á pro-apoptosis member ¨Ð·íÒË¹ŒÒ·Õè

à»š¹àËÁ×Í¹μ ÑÇ sensor ̈ Ò¡ death signal ÀÒÂ¹Í¡·Õèä Œ́ÃÑºÁÒ

¨Ò¡¹Ñé¹¨Ö§·íÒ¡ÒÃ¡ÃÐμ ØŒ¹â»Ãμ Õ¹Í×è¹æ downstream à»š¹¢Ñé¹æ 

¨¹¡ÃÐ·Ñè§·íÒãËŒà«ÅÅ �à¢ŒÒÊÙ‹ apoptosis ã¹·ÕèÊØ´ ã¹·Ò§μÃ§¢ŒÒÁ 

â»Ãμ Õ¹¡ÅØ‹Á anti-apoptosis member ¡ç¨Ð·íÒË¹ŒÒ·ÕèÂÑºÂÑé§

¡ÃÐºÇ¹¡ÒÃ apoptosis äÁ‹ãËŒà¡Ô´¢Öé¹ 

¡Å‹ÒÇâ´ÂÊÃØ» àÁ×èÍ caspaseòö ¶Ù¡¡ÃÐμ ØŒ¹ãËŒ·íÒ§Ò¹

áÅŒÇ¹Ñé¹ à¹×èÍ§¨Ò¡ caspase à»š¹àÍ¹ä«Á �¡ÅØ‹Á Cysteine protease

¡ç¨Ðä»ÍÍ¡Ä·¸ÔìÂ‹ÍÂâ»Ãμ Õ¹ËÅÒ¡ËÅÒÂª¹Ô´ ÍÒ·Ô Â‹ÍÂÊÅÒÂ

â»Ãμ Õ¹ÂÑºÂÑé§ CAD (Caspase-Activated DNase)ò÷ ·íÒãËŒ 

enzyme CAD ÊÒÁÒÃ¶·íÒ§Ò¹ä´Œ ¼Å¡ç¤×Í ¾º chromatin 

condensation, Â‹ÍÂÊÅÒÂâ»Ãμ Õ¹ lamins ¼Å¡ç¤×Í¾º nuclear 

shrinkage, Â‹ÍÂÊÅÒÂâ»Ãμ Õ¹¡ÅØ‹Á cytoskeletal protein 

¼Å¡ç¤×Í¾ºÅÑ¡É³Ð¢Í§ cytosolic reorganization/ cytoplasmic 

shrinkage áÅÐÂ‹ÍÂÊÅÒÂâ»Ãμ Õ¹ p21-activated kinase-2

/Rho-activated serine/threonine kinase ¼Å¡ç¤×Í ·íÒãËŒàËç¹ 

membrane blebbing áÅÐÂ‹ÍÂÊÅÒÂâ»Ãμ Õ¹Í×è¹æ ¨¹·íÒãËŒ

ÊÒÁÒÃ¶àËç¹¡ÒÃ formation à»š¹ apoptosis bodies ·ÕèÁÕ 

nuclear fragments ä´ŒªÑ´à¨¹ ´Ñ§ä Œ́Í¸ÔºÒÂáÅÐáÊ´§ãËŒàËç¹

´Ñ§ÃÙ»·Õè ñ ¢ŒÒ§μ Œ¹

ÃÙ»·Õè ó áÊ´§ intrinsic áÅÐ extrinsic pathway ¢Í§ apoptosis PCD áÅÐ apoptosis-like PCD

Abbreviation: Apaf, Apoptosis protease activating factor-1; ASK-1, Apoptosis-Signal-Regulated Kinase-1; Bax/Bak, Bcl-2–associated 
X protein/ Bcl 2 antagonist killer; Bcl2, B-cell lymphoma 2; Bid, Bcl-2 interacting domain death; Cyt c, Cytochrome c; DAXX, Death-Domain-
Associated Protein; DD, Death Domain; DISC, Death Inducing Signal Complex; FADD, Fas-Associated Death Domain protein; HtrA2/OMI, 
High-temperature requirement protein A2 /OMI; IAPs, Inhibitor of Apoptosis Proteins; JNK, C-Jun N-terminal Kinases; MAPK, Mitogen-Activated 
Protein Kinase; MOMP, Mitochondrial Outer Membrane Permeabilization; RIP, Receptor Interacting Protein; Smac/Diablo, Second mitochondria-
Derived activator of caspases/ Direct IAP-binding protein with low pI; TAJ/TROY, TNF receptor family member toxicity And JNK inducer/
TNF Receptor family member expressed in embryonic skin and hair follicles; PCD, Programmed Cell Death; tBid, truncated BH3 interacting 
domain death; TNFR-1, Tumor Necrosis Factor Receptor-1; TRADD, TNF Receptor-Associated Death Domain.



Thammasat Medical Journal, Vol. 12 No. 1, January-March 2012 151

caspase independent PCD ËÃ×Í apoptosis-like 
cell death

¾ºÇ‹ÒÁÕ¡Åä¡¡ÒÃ¡ÃÐμØŒ¹ä Œ́ËÅÒÂ·Ò§ ·Ñé§¨Ò¡¡ÒÃ¼‹Ò¹·Ò§ 

TNF receptor family member TAJ/TROY (TNF receptor 

family member toxicity and JNK inducer/ TNF receptor 

family member expressed in embryonic skin and hair follicles) 

«Öè§à»š¹¡ÅØ‹Á¢Í§ TFR family ·Õè¾º overexpress ã¹ embryo 

áÅÐà»š¹¡ÅØ‹Á¢Í§μ ÑÇÃÑºμ ‹Í TNF ·ÕèäÁ‹ÁÕÊ‹Ç¹¢Í§ death domain 

Â×è¹Å§ÁÒã¹ cytoplasm àËÁ×Í¹μ ÑÇÃÑº¨íÒà¾ÒÐ¡ÅØ‹ÁÍ×è¹æ ·Õè¡Å‹ÒÇ

ä»¢ŒÒ§μ Œ¹ ¨Ò¡¹Ñé¹¨Ö§Ê‹§¼ÅãËŒà¡Ô´¡ÒÃ¡ÃÐμ ØŒ¹àÍ¹ä«Á � MAP

kinase (M i togen-Act ivated protein K inase)÷,ù,òø-òù 

(Sperandio et al, 2004; Wang et al, 2004; Eby et al, 
2000; Kojima et al, 2000) (áÊ´§´ŒÇÂËÁÒÂàÅ¢ ÷-ñ 
ã¹ÃÙ»·Õè ó) «Öè§Ê‹§¼ÅãËŒà¡Ố ¡ÒÃ¡ÃÐμ ØŒ¹àÍ¹ä«Á �¡ÅØ‹Á JNK ¡‹ÍãËŒà¡Ố

cascade reaction μÒÁÁÒ ¹Í¡¨Ò¡¹Õé ÂÑ§¾ºÇ‹Ò apoptosis-like cell

death ËÃ×Í paraptosis ¹ÕéÂÑ§ÍÒ¨¡ÃÐμ ØŒ¹¼‹Ò¹·Ò§ IGFIR 

(Insulin-like Growth Factor I Receptor)óð (Sperandio et al, 2000)
ä´ŒÍÕ¡´ŒÇÂ «Öè§äÁ‹Ç‹Ò¨Ð¡ÃÐμ ØŒ¹¨Ò¡·Ò§ã´¡çμÒÁ ¼Å¾ºÇ‹Ò cascade

reaction ·Õèà¡Ô´¢Öé¹¹Ñé¹ ÁÕ¼Å·íÒãËŒâ»Ãμ Õ¹¡ÅØ‹Á Bcl-2 family ·Õè

¶Ù¡¡ÃÐμ ØŒ¹ãËŒÍÂÙ‹ã¹ÃÙ»Ç‹Í§äÇ áÅŒÇä»ÁÕ¼Åμ ‹Í lysosome ·íÒãËŒ 

lysosome ÁÕ permeability à¾ÔèÁ¢Öé¹ (Lysosomal Membrane 

Permeabilization, LMP) ́ ŒÇÂ¡Åä¡à ṌÂÇ¡Ñ¹¡Ñº·Õè·íÒãËŒ mitochondria

ÁÕ permeability à¾ÔèÁ¢Öé¹´Ñ§·Õèà¤Â¡Å‹ÒÇäÇŒ¢ŒÒ§μ Œ¹ ¡Å‹ÒÇ¤×Í Bid 

(Bcl-2 interacting domain death) ¶Ù¡μ Ñ́ ÊÒÂà»»ä·´ �ºÒ§Ê‹Ç¹

ÍÍ¡ä Œ́à»š¹ truncated protein ·ÕèàÃÕÂ¡Ç‹Òâ»Ãμ Õ¹ tBid (truncated

BH3 Interacting Domain death) «Öè§¨Ðä»ÁÕ¼Å»ÅØ¡Ä·¸Ôìâ»Ãμ Õ¹ 

Bax (Bcl-2–associated X protein) áÅÐ/ËÃ×Í Bak (Bcl 2 

Antagonist Killer) ·íÒãËŒâ»Ãμ Õ¹´Ñ§¡Å‹ÒÇÊÒÁÒÃ¶¨Ð migrate 

¨Ò¡ cytoplasm ä»ÂÑ§ lysosome à¡Ố  oligomerize ¢Öé¹·Õè outer 

membrane ¢Í§ lysosome ·íÒãËŒà¡Ố à»š¹ channel ¢Öé¹ ÂÑ§¼ÅãËŒ

lysosome ÁÕ permeability à¾ÔèÁ¢Öé¹óñ-óó (Heinrich et al, 2004;
Werneburg et al, 2004; Stoka et al, 2001) (áÊ´§´ŒÇÂ
ËÁÒÂàÅ¢ 7-2 ã¹ÃÙ»·Õè 3) ̈ Ö§·íÒãËŒàÍ¹ä«Á �μ ‹Ò§æ ã¹ lysosome

«Öè§ÃÇÁ¶Ö§àÍ¹ä«Á �¡ÅØ‹Á cathepsin (àª‹¹ cathepsin B, C, D) 

«Öè§à»š¹ cysteine protease ÃÑèÇäËÅÍÍ¡ÁÒÊÙ‹ cytoplasm àª‹¹¡Ñ¹

â´Â¾ºÇ‹Ò cathepsin B ÊÒÁÒÃ¶ä»Â‹ÍÂÊÅÒÂâ»Ãμ Õ¹Í×è¹æ 

ä´ŒËÅÒ¡ËÅÒÂ·Ñé§äÁ‹¨íÒà»š¹μ ŒÍ§¼‹Ò¹áÅÐ/ËÃ×Í¼‹Ò¹¡ÒÃ·íÒ§Ò¹

¢Í§ caspase-3 ¡çä´Œóô-óõ (Guicciardi et al, 2000; Foghsgaard
et al, 2001) (áÊ´§´ŒÇÂËÁÒÂàÅ¢ 8 ã¹ÃÙ»·Õè 3) ¹Í¡¨Ò¡¹Õé
ÂÑ§¾ºÇ‹Òã¹Ê‹Ç¹¢Í§ MOMP ·Õèà¡Ố ¢Öé¹¹Ñé¹ ¹Í¡¨Ò¡¨Ðà¡Ố ¨Ò¡

¼Å¢Í§¡ÒÃ¡ÃÐμ ØŒ¹ãËŒà¡Ố  oligomerization ¢Í§ Bax/Bak channel

´Ñ§·Õè¡Å‹ÒÇáÅŒÇ ÂÑ§à¡Ô´ä Œ́¨Ò¡¡ÒÃ·íÒ§Ò¹¢Í§ cathepsin D ·Õè

ÃÑèÇÍÍ¡ÁÒ¨Ò¡ lysosome ÍÕ¡´ŒÇÂ μÃ§¨Ǿ ¹Õé ̈ Ö§à»š¹àËÁ×Í¹¡ÒÃ

àª×èÍÁμ ‹ÍÃÐËÇ‹Ò§ caspase-dependent áÅÐ caspase-independent

pathway «Öè§Ê‹§¼Åμ ‹ÍÁÒ¡ç¤×Í·íÒãËŒÁÕ¡ÒÃÃÑèÇäËÅ¢Í§ Cyt c ÍÍ¡ÁÒ

¨Ò¡äÁâμ¤Í¹à´ÃÕÂã¹·ÕèÊØ´ «Öè§Ê‹§¼ÅãËŒà¡Ô´ downstream 

activation ¢Í§ caspase ́ Ñ§·Õè¡Å‹ÒÇäÇŒã¹Ê‹Ç¹¢Í§ caspase de-

pendent pathway ÍÂ‹Ò§äÃ¡ḉ Õ caspase-independent pathway

·Õèà¡Ố ¢Öé¹¹Õé ¹Í¡¨Ò¡¡ÃÐºÇ¹¡ÒÃËÅÒ¡ËÅÒÂ·Õè¡Å‹ÒÇ¢ŒÒ§μ Œ¹áÅŒÇ

ÂÑ§¾ºÇ‹ÒÁÕ¡ÒÃÃÑèÇäËÅ¢Í§â»Ãμ Õ¹¡ÅØ‹Á AIFs (Apoptosis Inducing

Factors) àª‹¹ Smac/Diabloóö áÅÐ HtrA2/OMI ̈ Ò¡ mitochondria

ÍÍ¡ÁÒÍÂÙ‹ã¹ cytoplasm ÍÕ¡´ŒÇÂ «Öè§â»Ãμ Õ¹¡ÅØ‹Á´Ñ§¡Å‹ÒÇÁÕÄ·¸Ôì

ä»ÂÑºÂÑé§â»Ãμ Õ¹¡ÅØ‹Á IAPs (Inhibitor of Apoptosis Proteins)óö 

ÍÕ¡·Í´Ë¹Öè§ ·íÒãËŒâ»Ãμ Õ¹¡ÅØ‹Á¹ÕéÍÂÙ‹ã¹ÃÙ»à©×èÍÂ Ö̈§äÁ‹ÊÒÁÒÃ¶

ÂÑºÂÑé§ apoptosis ·Õè¡íÒÅÑ§´íÒà¹Ô¹ÍÂÙ‹ä´Œ Ö̈§à»ÃÕÂºàËÁ×Í¹

à»š¹¡ÒÃÊ‹§àÊÃÔÁãËŒà«ÅÅ �à¢ŒÒÊÙ‹ apoptosis-like PCD ä´Œ¹Ñè¹àÍ§ 

´Ñ§áÊ´§ÀÒ¾â´ÂÃÇÁà»ÃÕÂºà·ÕÂº¡Ñº apoptosis cell death 

ã¹ÃÙ»·Õè 3 ÊíÒËÃÑºã¹¡Ã³Õ·Õè¡ÃÐμ ØŒ¹¼‹Ò¹ caspase independent 

pathway ¾ºÇ‹Ò¼Å·ÕèμÒÁÁÒ¡ç¤×Í ªÑ¡¹íÒãËŒà«ÅÅ �à¢ŒÒÊÙ‹¡ÒÃμÒÂ

â´ÂÁÕÅÑ¡É³Ð·Ò§¡ÅŒÍ§ Ø̈Å·ÃÃÈ¹�ã¹ÅÑ¡É³Ð¢Í§ apoptosis-like

PCD ËÃ×Í paraptosis cell deathóõ, óø (Bröker et al, 2004;
Foghsgaard et al, 2001) ´Ñ§áÊ´§ãËŒàËç¹´Ñ§ÃÙ»·Õè ò 

ÊÃØ»
ÍÂ‹Ò§äÃ¡ḉ Õ ̈ ÐàËç¹ä´ŒÇ‹Ò pathway ·Ñé§ËÅÒÂäÁ‹ä´Œà¡Ố ¢Öé¹

â´ÂÍÒÈÑÂà¾ÕÂ§ÇÔ¶Õã´ÇÔ¶ÕË¹Öè§à·‹Ò¹Ñé¹ áμ‹¡ÅÑº¾ºÇ‹ÒàÁ×èÍÁÕÊÔè§¡ÃÐμØŒ¹

·Ñé§¨Ò¡ÀÒÂã¹áÅÐ/ËÃ×ÍÀÒÂ¹Í¡à«ÅÅ � à«ÅÅ�̈ ÐÍÒÈÑÂ¡ÒÃ¡ÃÐμ ØŒ¹

¼‹Ò¹·Ò§ËÅÒÂæ ¡Åä¡ä»¾ÃŒÍÁæ ¡Ñ¹à¾×èÍªÑ¡¹íÒμ ÑÇàÍ§à¢ŒÒÊÙ‹

¡ÃÐºÇ¹¡ÒÃμÒÂáººã´áººË¹Öè§¢Öé¹¡Ñºμ ÑÇ¡ÃÐμ ØŒ¹·ÕèÊÑè§¡ÒÃ

Å§ÁÒã¹à«ÅÅ � ́ Ñ§áÊ´§ÀÒ¾â´ÂÃÇÁã¹ÃÙ»·Õè ô ËÒ¡¡ÃÐºÇ¹¡ÒÃ

´Ñ§¡Å‹ÒÇà»š¹ä»â´Â»Ã¡μ Ô à«ÅÅ�·ÕèμÒÂáÅŒÇàËÅ‹Ò¹Õé¡ç̈ Ð¶Ù¡¡íÒ¨Ñ́

μ ‹Íâ´Â¡ÅØ‹Á phagocytic cells ·Ñé§ËÅÒÂã¹Ã‹Ò§¡ÒÂ áμ ‹ËÒ¡

¡Åä¡àËÅ‹Ò¹Õé¼Ô´»Ã¡μ Ôä» ¹Ñè¹áÊ´§Ç‹Òà«ÅÅ �ÊÒÁÒÃ¶ÃÍ´ªÕÇÔμ

¨Ò¡ÊÔè§¡ÃÐμ ØŒ¹ãËŒμÒÂä Œ́ áÅÐ¡ÅÑºà¨ÃÔÞàμ Ôºâμμ ‹Íä» ̈ ¹¡ÅÒÂ

à»š¹à«ÅÅ �ÁÐàÃç§ã¹·ÕèÊØ´



152 ¸ÃÃÁÈÒÊμÃ�àÇªÊÒÃ »‚·Õè ñò ©ºÑº·Õè ñ »ÃÐ í̈Òà´×Í¹Á¡ÃÒ¤Á-ÁÕ¹Ò¤Á òõõõ

àÍ¡ÊÒÃÍŒÒ§ÍÔ§
ñ. Wyllie AH, Kerr JF, Currie AR. Cell death: the signifi cance

 of apoptosis. Int Rev Cytol 1980;68:251–306.

ò. Kerr JF, Wyllie AH, Currie AR. Apoptosis: a basic 

 biological phenomenon with wide-ranging implications 

 in tissue kinetics. Br J Cancer 1972;26:239–57.

ó. Wyllie AH, Morris RG, Smith AL, Dunlop D. Chromatin

 cleavage in apoptosis: association with condensed 

 chromatin morphology and dependence on macromolecular

 synthesis. J Pathol 1984;142:67–77.

ô. Maiuri MC, Zalckvar E, Kimchi A, Kroemer G. Self-eating

 and self-killing: crosstalk between autophagy and 

 apoptosis. Nat Rev Mol Cell Biol 2007;8:741-52.

õ. Leist M, Jäättela M. Four deaths and a funeral: from 

 caspases to alternative mechanisms. Nat Rev Mol 

 Cell Biol 2001;2:589-98.

ö. Motyl T, Gajkowska B, Zarzyńska J, Gajewska M, 

 Lamparska-Przybysz M. Apoptosis and autophagy in 

 mammary gland remodeling and breast cancer 

 chemotherapy. J Physiol Pharmacol 2006;57:17-32.

÷. Sperandio S, Poksay K, de BI, Lafuente MJ, Liu B, 

 Nasir J, Bredesen DE. Paraptosis: mediation by MAP 

 kinases and inhibition by AIP-1/Alix. Cell Death Differ 

 2004;11:1066-75.

ø. Sperandio S, de BI, Bredesen DE. An alternative, 

 nonapoptotic form of programmed cell death. Proc Natl

 Acad Sci USA 2000;97:14376-81.

ù. Wang Y, Li X, Wang L, Ding P, Zhang Y, Han W, 

 Ma D. An alternative form of paraptosis-like cell death, 

 triggered byTAJ/TROYand enhanced by PDCD5 

 overexpression. JCell Sci 2004;117:1525-32.

ñð. Henics T, Wheatley DN. Cytoplasmic vacuolation, 

 adaptation and cell death: a view on new perspectives 

 and features. Biol Cell 1999;91:485-98.

ññ. Unal-Cevik I, Kilinc M, Can A, Gursoy-OzdemirY, 

 DalkaraT. Apoptotic and necrotic death mechanisms 

 are concomitantly activated in the same cell after 

 cerebral ischemia. Stroke 2004;35:2189-94.

ñò. Bursch W. The autophagosomal-lysosomal com

 partment in programmed cell death. Cell Death Differ 

 2001;8:569-81.

ÃÙ»·Õè ô áÊ´§¡Åä¡â´ÂÊÃØ»¢Í§¡ÒÃ¡ÃÐμ ØŒ¹ãËŒà¡Ô´¡ÒÃμÒÂ¢Í§à«ÅÅ�



Thammasat Medical Journal, Vol. 12 No. 1, January-March 2012 153

ñó. Chi S, Kitanaka C, Noguchi K, Mochizuki T, Nagashima Y,

 Shirouzu M, et al. Oncogenic Ras triggers cell suicide 

 through the activation of a caspase-independent 

 cell death program in human cancer cells. Oncogene 

 1999;18:2281–90.

ñô. Wyllie AH, Golstein P. More than one way to go. 

 Proc Natl Acad Sci USA 2001;98:11-3.

ñõ. Arya R, Mallik M, Lakhotia SC. Heat shock genes – integrating

 cell survival and death. J Biosci 2007;32:595–610.

ñö. Wajant H. The Fas signaling pathway: more than 

 a paradigm. Science 2002;296: 1635–6.

ñ÷. Chen G, Goeddel DV. TNF-R1 signaling: a beautiful 

 pathway. Science 2002;296:1634–5.

ñø. Gonzalvez F, Ashkenazi A. New insights into apoptosis 

 signaling by Apo2L/TRAIL. Oncogene 2010;29:4752-65. 

ñù. Kluck RM, Esposti MD, Perkins G, Renken C, Kuwana T,

 Bossy-Wetzel E, et al. The pro-apoptotic proteins, 

 Bid and Bax, cause a limited permeabilization of 

 the mitochondrial outer membrane that is enhanced 

 by cytosol. J Cell Biol. 1999;147:809-22.

òð. Gogvadze V, Robertson JD, Zhivotovsky B, Orrenius S.

 Cytochrome c release occurs via Ca2+-dependent and 

 Ca2+-independent mechanisms that are regulated 

 by Bax. J Biol Chem 2001;276:19066-71.

òñ. Green DR, Reed JC. Mitochondria and apoptosis. 

 Science 1998;281:1309-12.

òò. Ravagnan L, Roumier T, Kroemer G. Mitochondria, 

 the killer organelles and their weapons. J Cell Physiol 

 2002;192:131-7.

òó. Cande C, Cohen I, Daugas E, Ravagnan L, Larochette N,

 Zamzami N, et al. Apoptosis-inducing factor (AIF): 

 a novel caspase-independent death effector released 

 from mitochondria. Biochimie 2002;84:215-22.

òô. Chinnaiyan AM. The apoptosome: heart and soul of 

 the cell death machine. Neoplasia 1999;1:5–15.

òõ. Cory S, Adams JM. The Bcl2 family: regulators of 

 the cellular life-or-death switch. Nat Rev Cancer 

 2002;2:647–56.

òö. Cohen GM. Caspases: the executioners of apoptosis. 

 Biochem J 1997;326:1–16.

ò÷. Enari M, Sakahira H, Yokoyama H, Okawa K, Iwamatsu A,

 Nagata S. A caspase-activated DNase that degrades 

 DNA during apoptosis, and its inhibitor ICAD. Nature 

 1998 1;391:43-50.

òø. Eby, M. T., Jasmin, A., Kumar, A., Sharma, K. and 

 Chaudhary, P. M. TAJ, a novel member of the tumor 

 necrosis factor receptor family, activates the c-Jun 

 N-terminal kinase pathway and mediates caspase-

 independent cell death. J Biol Chem 2000;275:15336-42.

òø. Kojima T, Morikawa Y, Copeland NG., Gilbert DJ, 

 Jenkins A, Senba E, Kitamura T. TROY, a Newly 

 Identifi ed Member of the Tumor Necrosis Factor 

 Receptor Superfamily, Exhibits a Homology with Edar 

 and Is Expressed in Embryonic Skin and Hair Follicles. 

 J Biol Chem 2000; 275: 20742-47.

óð. Sperandio S, de BI, Bredesen DE. An alternative, 

 nonapoptotic form of programmed cell death. Proc 

 Natl Acad Sci USA 2000;97:14376-81.

óñ. Heinrich M, Neumeyer J, Jakob M, Hallas C, Tchikov V,

 Winoto-Morbach S, et al. Cathepsin D links TNF-induced

 acid sphingomyelinase to Bid mediated caspase-9 

 and -3 activation. Cell Death Differ 2004;11:550-63.

óò. Werneburg N, Guicciardi ME, Yin XM, Gores GJ. 

 TNF-a-mediated lysosomal permeabilization is FAN and 

 caspase 8/Bid dependent. Am J Physiol Gastrointest 

 Liver Physiol 2004;287:G436-43.

óó. Stoka V, Turk B, Schendel SL, Kim T-H, Cirman T, 

 Snipas SJ, et al. Lysosomal protease pathways to 

 apoptosis. Cleavage of bid, not pro-caspases, is the most

 likely route. J Biol Chem 2001;276:3149-57.

óô. Guicciardi ME, Deussing J, Miyoshi H, Bronk SF, 

 Svingen PA, Peters C, et al. Cathepsin B contributes 

 to TNF-a-mediated hepatocyte apoptosis by promoting

 mitochondrial release of cytochrome c. J Clin Invest 

 2000;106:1127-37.

óõ. Foghsgaard L, Wissing D, Mauch D, Lademann U, 

 Bastholm L, Boes M, et al. CathepsinB acts as 

 a dominant execution protease in tumor cell apoptosis 

 induced by tumor necrosis factor. J Cell Biol 

 2001;153:999-1010.



154 ¸ÃÃÁÈÒÊμÃ�àÇªÊÒÃ »‚·Õè ñò ©ºÑº·Õè ñ »ÃÐ í̈Òà´×Í¹Á¡ÃÒ¤Á-ÁÕ¹Ò¤Á òõõõ

óö. Du C, Fang M, Li Y, Li L, Wang X. Smac, a mitochondrial

 protein that promotes cytochrome c-dependent caspase 

 activation by eliminating IAP inhibition. Cell 2000;

 102:33–42.

ó÷. Deveraux QL, Reed JC. IAP family proteins—suppressors

 of apoptosis. Genes 1999; 3:239–52.

Abstract
Biochemical mechanism in Programmed Cell Death: An Overview

Panadda Rojpibulstit

Biochemistry, Faculty of Medicine, Thammasat University

Programmed cell death (PCD) is the cellular process in response with any cellular dangerous stimulus. It can 

be divided into several types depend on ultra-structural changes detected by electron transmission microscope and 

biochemical pathway involving in the processes. In conclusion, two main pathways relying on an initiating point has been 

proposed, i.e. intrinsic and extrinsic pathway. Intrinsic pathway is initiated by the mitochondrial permeabilization resulting 

in cytochrome c releasing out which then activated the caspase-9. While an extrinsic pathway is started off after cell 

surface death receptor bound with the death signal for example Fas ligand. This event fi nally triggers the activation 

of caspase-8 or caspase-10. In addition, PCD can be divided into another two pathway according to an involvement 

of enzyme caspase i.e. caspase dependent or apoptosis-PCD and caspase independent- including autophagy and 

apoptosis-like or Paraptosis-PCD. Cells will, however, be turned to be death via which pathway depend on the type 

of stimuli and its cascade reaction. Actually, it does not rely on only one mechanism but depend on multi-mechanism 

instead. Naturally, the death cells will then be removed by those of the phagocytic cells in the body. On the other hand,

if the apoptosis mechanism in any cell has been dismissed, it will lead that cell having its own talent to be still grown without

dying till reaching an immortal situation i.e. fi nally being to be cancer. 

Key words: Programmed cell death (PCD), apoptosis, apoptosis-like PCD, paraptosis, caspase dependent pathway, caspase 

 independent pathway
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 Kruyt FA, Giaccone G. Cathepsin B mediates 

 caspase-independent cell death induced by microtubule 

 stabilizing agents in non-small cell lung cancer cells. 
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