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Ana hatlar 

Ç9wΣ ƴŀǎƤƭΣ ƴŜ ȊŀƳŀƴ ǎǘǊŜǎŜ ƎƛǊŜǊΚ  

Ç{ǘǊŜǎƭŜ ƴŀǎƤƭ ōŀǒ ŜŘŜǊΚ  

Ç{ǘǊŜǎƛƴ ǸǎǘŜǎƛƴŘŜƴ ƎŜƭŜƳŜȊ ƛǎŜ ǎƻƴǳœƭŀǊƤ ƴŜƭŜǊ ƻƭǳǊΚ  

Ç.ǳ ǎƻǊǳƭŀǊƤƴ ȅŀƴƤǘƭŀǊƤ ȅŀǒƭŀƴƳŀ ǾŜ ȅŀǒƭŀƴƳŀ ƛƭŜ ƛƭƛǒƪƛƭƛ 

ƘŀǎǘŀƭƤƪƭŀǊ ŀœƤǎƤƴŘŀƴ ǀƴŜƳƛ ƴŜŘƛǊΚ 
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¸! [!ba! 
Å "4ŜǾǊŜǎŜƭ ŦŀƪǘǀǊƭŜǊŜ uyum ǎŀƐƭŀȅŀōƛƭƳŜ ȅŜǘŜƴŜƐƛƴƛƴ ŀȊŀƭƳŀǎƤέ 

Å aƻƭŜƪǸler ǎŜǾƛȅŜŘŜƴ ƻǊƎŀƴƛȊƳŀ ǎŜǾƛȅŜǎƛƴŜ ƪŀŘŀǊ ƘŜǊ ŀǒŀƳŀŘŀ   

Å̧ ŀǒŀ ōŀƐƭƤ ƻƭŀǊŀƪ ōŜŘŜƴƛƴ ŎŀƴƭƤƭƤƐƤƴƤ ȅƛǘƛǊŘƛƐƛΣ ǘŜƳŜƭ ƛǒƭŜǾƭŜǊƛƴƛ ȅŜǊƛƴŜ ƎŜǘƛǊƳŜ 
ƪŀǇŀǎƛǘŜǎƛƴƛ ƪŀȅōŜǘǘƛƐƛ ǾŜ ƪŀœƤƴƤƭƳŀȊ ƻƭŀǊŀƪ ǀƭǸƳƭŜ ǎƻƴǳœƭŀƴŀƴ ǎǸǊŜœ 
ōƛȅƻƭƻƧƛƪ ȅŀǒƭŀƴƳŀ 

Å.ƛȅƻƭƻƧƛƪ ȅŀǒƭŀƴƳŀ ŦƛȊȅƻƭƻƧƛƪ ōƛǊ ƻƭŀȅŘƤǊΣ  ōǸȅǸƳŜ ǾŜ ƎŜƭƛǒƳŜƴƛƴ  ŘŜǾŀƳƤ 

Å[ŀǘƛƴŎŜ άsenescenceέ   ΤƻƭƎǳƴƭŀǒƳŀŘŀƴ ǀƭǸme ƪŀŘŀǊ ƎŜœŜƴ ōǸǘǸn ǎǸreyi 
ƛŦŀŘŜ ŜŘŜǊΦ ά 

 
 

Y[TbTY .T¸hYTa¸! ¦½a!b[!wL 59wb9FT YhbDw9-2021  

{ƻƴ ȅƤƭƭŀǊŘŀ ŘǸƴȅŀŘŀ ȅŀǒƭƤ ƴǸŦǳǎǳƴ ƎŜƴœ ƴǸŦǳǎŀ 
ƻǊŀƴƤ ƘƤȊƭŀ ŀǊǘƳƤǒǘƤǊΣ ōǳ ŘŜƐƛǒƛƳƛƴ ƎŜƭŜŎŜƪ 
ȅƤƭƭŀǊŘŀ Řŀ ŘŜǾŀƳ ŜŘŜŎŜƐƛ ǀƴƎǀǊǸƭƳŜƪǘŜŘƛǊ. 
 

 

 

ÅмфΦ ȅȅ ƻǊǘŀƭŀǊƤƴŘŀ ǘƻǇƭŀƳ 
ŘǸƴȅŀ ƴǸŦǳǎǳƴǳƴ  

    ҈мрΩƛ  ғ р ȅŀǒ ƛƪŜƴΣ 

    ҈ рΩƛ  Ҕ ср ȅŀǒ 

Å2020-нлол ȅƤƭƭŀǊƤ ŀǊŀǎƤƴŘŀ 
ŘǸƴȅŀ ƎŜƴŜƭƛƴŘŜ Ҕ ср ȅŀǒ 
ƴǸŦǳǎǳ ғ р ȅŀǒ œƻŎǳƪ ƴǸŦǳǎǳƴǳ 
ȅŀƪŀƭŀȅŀŎŀƪǘƤǊΦ 

Å2050-нлсл ȅƤƭƭŀǊƤ ŀǊŀǎƤƴŘŀ ƛǎŜ 
ǘƻǇƭŀƳ ŘǸƴȅŀ ƴǸŦǳǎǳƴǳƴ  

    ҈ рΩƛ  ғ р ȅŀǒ ƛƪŜƴΣ 

    ҈ мрΩƛ  Ҕ ср ȅŀǒ 
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¸ŀǒƭŀƴŀƴ ¢ǸǊƪƛȅŜ 
Å¢ǸǊƪƛȅŜ ŘŜ ȅƤƭƭŀǊŀ ƎǀǊŜ 
ȅŀǒ ǇƛǊŀƳƛŘƛ 
ǇǊƻƧŜƪǎƛȅƻƴƭŀǊƤ 

 

 

 

 

Å2050 ȅƤƭƤƴŘŀ ¢ǸǊƪƛȅŜ 
ƴǸŦǳǎǳƴŘŀ 16 Ƴƛƭȅƻƴ ȅŀǒƭƤ 
ƻƭŀŎŀƐƤ ǀƴƎǀǊǸƭƳŜƪǘŜŘƛǊΦ 
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¸! [L[LY 

Å1960 5{m ȅŀǒƭƤƭƤƪ 3 ŘǀƴŜƳΤ 

ÅhǊǘŀ ȅŀǒƭƤƭƤƪ ό45-59 ȅŀǒύ 

Å̧ ŀǒƭƤƭƤƪ ό60-74 ȅŀǒύ 

ÅTƭŜǊƛ ŘŜǊŜŎŜ ȅŀǒƭƤƭŀǊ ό75 ve Ǹzeri) 

{ƻƴ ǎƤƴƤŦƭŀƳŀƭŀǊΤ 

Å65-75 ȅŀǒ Υ DŜƴœ ȅŀǒƭƤƭƤƪ Τ mƴŜƳǎƛȊ  ŦƻƴƪǎƛȅƻƴŜƭ  ƪŀȅƤǇ 

Å75-85 ȅŀǒ Υ hǊǘŀ ȅŀǒƭƤƭƤƪΥ  ƎǸɉƴƭǸɉk ŀƪǘƛǾƛǘŜƭŜǊŘŜ ǎƤƴƤǊƭƤƭƤƪ  

Å>85 ȅŀǒ ΥTƭŜǊƛ ȅŀǒΥ ǒƛŘŘŜǘƭƛ ŘŜǊŜŎŜŘŜ ȅŀǇŀƳŀƳŀȊƭƤƪ durumu 
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9b ¦½¦b ¸! !a !w![LFL h[!{L[LFL  
(Maximum Life Span Potential,MLSP) 

¢ǸǊƭŜǊŘŜ ƪŀȅƤǘƭŀǊŀ ƎŜœƳƛǒ Ŝƴ ȅǸƪǎŜƪ ǀƭǸƳ ȅŀǒƤΤ 
ǇƻǇǸƭŀǎȅƻƴǳƴ ǾŜȅŀ ǘǸǊƭŜǊƛƴ Ŝƴ ǳȊǳƴ ȅŀǒŀȅŀƴ 
ǸȅŜƭŜǊƛȅƭŜ belirlenir.    

Madam Jeanne Calment, Fransa,  122 y  

Shigichio TȊǳƳƛ 120 y, 

Mortenson, San Francisco,  ABD.115 y  
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CŀǊƪƭƤ ƘǸŎǊŜƭŜǊ ŦŀǊƪƭƤ ƳƤ ȅŀǒƭŀƴƤȅƻǊΚ 

ÅPostmitotik ƘǸŎǊŜƭŜǊ 
ÅbǀǊƻƴ ǾŜ ƪŀǎ ƘǸŎǊŜƭŜǊƛ (ŀǒƤƴƳŀ ǾŜ ȅƤǊǘƤƭƳŀ) 

ÅMitotik  ƘǸŎǊŜƭŜǊ 
Å {ƤƴƤǊƭƤ ōǀƭǸƴƳŜ ǇƻǘŀƴǎƛȅŜƭƛ ƻƭŀƴ ƘǸŎǊŜƭŜǊ 
ÅFibroblastlarΣ ŘǸȊ ƪŀǎ ƘǸŎǊŜƭŜǊƛΣ endotel ƘǸŎǊŜƭŜǊƛΣ epidermal 

keratinositler, T-lenfositler, lens epitel ƘǸŎǊŜƭŜǊƛΣ melanositler, 
adrenokortikal ƘǸŎǊŜƭŜǊ ǾōΦ  
Å̧ ŀǊŀ ƛȅƛƭŜǒƳŜǎƛ ǾŜ menstruel siklusta endometriumda ƻƭŘǳƐǳ Ǝƛōƛ ǀƭŜƴ 
ƪƻƳǒǳ ƘǸŎǊŜƭŜǊƛƴ ȅŜǊƛƴƛ ŘƻƭŘǳǊƳŀƪ ƛœƛƴ ōǀƭǸƴǸǊƭŜǊΦ (ƘǸŎǊŜ ȅŀǒƭŀƴƳŀǎƤΣ 
replikatif ȅŀǒƭŀƴƳŀΣ -telomer ƪƤǎŀƭƳŀǎƤ-) 

ÅbŜǊŜŘŜȅǎŜ ǎƤƴƤǊǎƤȊ ōǀƭǸƴƳŜ ǇƻǘŀƴǎƛȅŜƭƛ ƻƭŀƴ ƘǸŎǊŜƭŜǊ 
ÅYǀƪ ƘǸŎǊŜƭŜǊ -epitel doku 
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Mitokondiyal
disfonksiyon

DNA
hasarą

Telomer
erozyonu

Epigenetik	
faktoȃrler

Besin	sinyal	
disfonksiyonu

Kronik	
enflamasyon

Proteostatik
disfonksiyon

Stem cell
tİkenmesi

Yaĸlanma

Balch , et al., 2008  

Lagunas-Rangel, 2019 
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Proteostaz ŀƐƤ 

Proteotoksisiteyi ǀƴƭŜƳŜƪ 
ve ƪŀǘƭŀƴƳŀƳƤǒ veya ȅŀƴƭƤǒ 
ƪŀǘƭŀƴƳƤǒ proteinlerin 
sitotoksik ƪǸƳŜƭŜǊŘŜ 

birikmemesini ǎŀƐƭŀƳŀƪ ƛœƛƴ 
kalite kontrol sistemleri 
ǘŀǊŀŦƤƴŘŀƴ ǎƤƪƤ bir ǒŜƪƛƭŘŜ 

koordine edilir  

PROTEOSTAZ

Ubikitin-
proteozom

sistem
Otofaji
yolaƐƤ

IsƤ-ǒok 
yanƤtƤ 

UPR

Entegre 
stres 
yanƤtƤ

ERAD

Mit-UPR

Redoks 
denge 

kontrolǸ

Protein sentezi

Katlanma 

TrafiƐi-

Sekresyon

YƤkƤlƤmƤ
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ERAD 
1. TIŀǘŀƭƤ ƪŀǘƭŀƴƳƤǒ ǇǊƻǘŜƛƴ ǘŀƴƤƴƤǊ-   Man 
8-ōŀƐƭƤ lektin ǎƛƴȅŀƭ ǘŀƴƤȅƤŎƤ ŦŀƪǘǀǊ   
2. Kalneksin (CNX) ve kalretikulin (CRT), 
9w ŘƛǊŜƴœƭƛ lektin-benzeri ǒŀǇŜǊƻƴƭŀǊ 
ƘŀǘŀƭƤ ƪŀǘƭŀƴƳƤǒ ptoteinlere ōŀƐƭŀƴƤǊƭŀǊΦ  
3. Sitozole ǘŀǒƤƴƳŀ  
4. Ubikutine ōŀƐƭŀƴƳŀ 
5. 26S proteozom ǎƛǎǘŜƳƛƴŘŜ ȅƤƪƤƭƤǊ 

APOPTOZ 

h¢hC!WT 

 ŀǇŜǊƻƴƭŀǊ 

 

 

 

Grp78: BIP 
Oligomerik ŦƻǊƳ ŘŜǇƻ ǒŜƪƭƛƴŘŜŘƛǊΦ  
Monomerik formu ise ǒŀǇŜǊƻƴ  
ER, nukleus ve mitokondri 
¦tw 5ǸȊŜƴƭŜȅƛŎƛǎƛ 
HSP 70 ailesinden bir ATP az 

Grp94 
tǊƻǘŜƛƴ ƪŀǘƭŀƴƳŀǎƤƴŘŀƴ ǎƻǊǳƳƭǳ-9wΩŘŜ en 
fazla bulunan protein  
tǊƻǘŜƛƴ ƪŀǘƭŀƴƳŀǎƤƴƤ ǾŜ ƪŀǘƭŀƴŀƳŀȅŀƴ 
ǇǊƻǘŜƛƴƭŜǊƛƴ ȅƤƪƤƳŀ ƎǀƴŘŜǊƛƭƳŜǎƛ  
YŀƭǎƛȅǳƳ ōŀƐƭŀƴƳŀǎƤΣ apoptoz 
ŘǸȊŜƴƭŜƴƳŜǎƛΣ ƛƳƳǸƴƛǘŜ (antijen 
sunumu) 

Foldazlar 
9wΩŘŜ lokalize ǒŀǇŜǊƻƴ benzeri enzimlerdir. 
5ƛǎǸƭŦƛǘ ōŀƐ ƻƭǳǒǳƳǳΣ ǇǊƻǘŜƛƴ ƪŀǘƭŀƴƳŀǎƤ ǾŜ 
ƪŀǘƭŀƴƳŀƳƤǒ ǇǊƻǘŜƛƴƭŜǊƛƴ ǘŀƴƤƴƳŀǎƤ ǾŜ ȅƤƪƤƳƤ 
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TƴƻȊƛǘƻƭ Gerektiren Kinaz 1                                                                
Protein Kinaz RNA benzeri ER Kinaz                                           
!ƪǘƛǾŜ 9ŘƛŎƛ ¢ǊŀƴǎƪǊƛǇǎƛȅƻƴ CŀƪǘǀǊǸ 6 

 
                                                                 

 
 

¦tw Ǹœ ŦŀǊƪƭƤ ȅƻƭŀƪǘŀƴ 
meydana gelir.  

!ƳŀœΥ   9w ǎǘǊŜǎƛ Ŝƴ ŀȊŀ ƛƴŘƛǊŜǊŜƪ 
ƘǸŎǊŜƴƛƴ ȅŀǒŀƳƤƴƤ ŘŜǾŀƳ ŜǘǘƛǊƳŜƪ 

{ǘǊŜǎ ŀƭƎƤƭŀȅƤŎƤ ŘƻƳŀƛƴ ǾŜ ǎƛƴȅŀƭ 
ŜŦŜƪǘǀǊƭŜǊƛƴƛ ŀƪǘƛŦƭŜǒǘƛǊŜƴ sitozolik 
bir domaine sahip  

ER stres cevap elementi (ERSE) 
YŀǘƭŀƴƳŀƳƤǒ ǇǊƻǘŜƛƴ ŎŜǾŀǇ ŜƭŜƳŜƴǘƛ 

(UPRE) 
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¢w!CнΣ ¢bC ǊŜǎŜǇǘǀǊǸ ƛƭŜ ƛƭƛǒƪƛƭƛ ŦŀƪǘǀǊ нΤ !{YмΣ  
apoptoz ǎƛƴȅŀƭ ŘǸȊŜƴƭŜȅƛŎƛ kinaz 1; JNK, c-jun N-terminal kinaz;  
C/EBP homolog proteinini  

IŀǘŀƭƤ ƪŀǘƭƤ 
 protein 

IŀǘŀƭƤ ƪŀǘƭƤ 
 protein 

ER  ŀǇŜǊƻƴƭŀǊ 
ERAD 

!ƴǘƛƻƪǎƛŘŀƴ ȅŀƴƤǘ 
!! ƳŜǘŀōƻƭƛȊƳŀǎƤ 
CHOP 

ER ǒŀǇŜǊƻƴƭŀǊ 
XBP1, CHOP 

Sitoplazma 

bǸƪƭŜǳǎ 

Global 
Translasyon 

APOPTOZ 

Regulated  IRE 1  
dependent  manner   

Growth Arrest and  
DNA Damage  
 Ķnducible Gene   
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PERK, IRE1ʰΣ !¢C6 ve IPR3 ŀǊŀŎƤƭƤƐƤȅƭŀ 
9w ǎǘǊŜǎ ŀǊŀŎƤƭƤ otofaji ƛƴŘǸƪǎƛȅƻƴǳ.  
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OTOFAJI  
Mikrootofaji , ƘǸŎǊŜ ƛœƛ proteinlerin 
ve organellerin ŘƻƐǊǳŘŀƴ 
ōƻȊǳƭƳŀǎƤ 
Makrootofaji, stres ƪƻǒǳƭƭŀǊƤƴŀ 
uyum ǎŀƐƭŀƳŀƪ ve ƘǸŎǊŜǎŜƭ 
ƘƻƳŜƻǎǘŀȊƤ korumak ƛœƛƴ 
mitokondri (mitofaji) ve ER 
ǾŜȊƛƪǸƭƭŜǊƛ (ER-faji), sitozolik 
proteinler ve ƘŀǎŀǊƭƤ organelleri 
ortadan ƪŀƭŘƤǊŀƴ bir toplu 
ǇŀǊœŀƭŀȅƤŎƤ yoldur.   
Makrootofaji, lizozomlar veya 
endozomlarla ƪŀȅƴŀǒŀƴ œƛŦǘ/ œƻƪƭǳ 
zar ǾŜȊƛƪǸƭƭŜǊƛƴƛƴ (otofagozomlar) 
ƻƭǳǒǳƳǳ 

Atg-; Autophagy related 

¢bC ǊŜǎŜǇǘǀǊǸ ƛƭŜ ƛƭƛǒƪƛƭƛ ŦŀƪǘǀǊ 2 

APOPTOZ 

Atg6 analoĵu 

Fosfoinozit 3 kinaz 

17.10.2021 

IP3R;Fosfotidil inozitol 3 kinaz ǊŜǎŜǇǘǀǊ 

SERCA; Sarco/endoplasmik retikulum Ca2+-ATPase 

https://en.wikipedia.org/wiki/Sarcoplasmic_reticulum
https://en.wikipedia.org/wiki/Endoplasmic_reticulum
https://en.wikipedia.org/wiki/Calcium
https://en.wikipedia.org/wiki/ATPase
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Y[TbTY .T¸hYTa¸! ¦½a!b[!wL 59wb9FT YhbDw9-2021  ttps:// doi.org/10.1016/j.phrs.2019.104516 

aƛƪǊƻwb!ϥƭŀǊƤƴΣ 9w ƪŀȅƴŀƪƭƤ pro-
adaptif/pro-apoptotik ƳƻƭŜƪǸƭŜǊ ƎŜœƛǒ 
ǸȊŜǊƛƴŘŜ ǀƴŜƳƭƛ ōƛǊ ŜǘƪƛȅŜ ǎŀƘƛǇ ƻƭŘǳƐǳ 
ƎǀȊƭŜƴƳƛǒǘƛǊΦ  
UPR'nin IRE1 ŘŀƭƤƴŘŀ ȅŜǊ ŀƭŀƴ miRNA'lar 
anti-apoptotik ǀȊŜƭƭƛƪƭŜǊ ƎǀǎǘŜǊƛǊƪŜƴΣ 
PERK veya ATF6 ŘŀƭƤ ƛƭŜ ƛƭƎƛƭƛ ƻƭŀƴƭŀǊ 
ŘŀƘŀ ŘŜƴƎŜƭƛ ŜǘƪƛƭŜǊ ƎǀǎǘŜǊƛǊΦ  
TƭƎƛƴœ ōƛǊ ǒŜƪƛƭŘŜΣ ¦twϥƴƛƴ ƘŜƳ 
ƳƻŘǸƭŀǘǀǊƭŜǊƛ ƘŜƳ ŘŜ ŜŦŜƪǘǀǊƭŜǊƛ olarak 
ƎǀǊǸƴŜƴ ōƛǊœƻƪ miRNA ǾŀǊŘƤǊΦ 
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