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Programli hucre olumu
ya da
Hucresel intihar

A) Neden intihar? Yoksa cinayet mi?
B) Neden programli? Programsiz hucre olumu var mi?
Genetik olarak kontrollG

Vakti planli
Yeri planli



Hucre olumu yasami nasil sekillendiriyor?

a Organ sekillenmesi ¢ Hucre sayisi kontrolij
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Hucre olum bozuklugu hucre sayisinda artisa yol acgiyor

bax+-, bak+/-

bax +/-, bak -/- AR "
Dax-/-, bak+/-

bax -, bak -

Bax/Bak KO

Caspase-9 KO



Hucre olum bozukluklari hastaliklara yol acabiliyor

Hlicre gogalma hizi

Hiicre olum hizi

Fazla hticre birikimi

(6rn. kanser;
otoimmun hastaliklar)

Hucre kaybi
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o(0rn. noérodejeneratif
hastaliklar, iskemiye bagl
hastaliklar)




Klasik programli hucre olum mekanizmasi
Apoptoz

- Kromatin yogunlagsmasi

- Kaspaz aktivasyonu

- Apoptotik cisimciklere parcalanma
- Fagositoz

Baloncuklanma




Kaspazlar- Apoptozun uygulayicilari

A Sequence Function
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Evrimsel olarak korunmus
homologlar (Casp 14)

Inaktif zimogenler

Kaspazlar:

1) Uyarici
Kaspaz 2,8,9,10 (4,5)
2) Uygulayici

Kaspaz 3,6,7




Kaspazlarin yapisi ve hedefleri

Prokaspaz = Aktif enzim

prodomain large small
v v

—
Asp § X Asp { X / B
low high ' /

Sequence homology among caspases

catalytic sites

- Oliimii 6nleyici proteinler : Bcl-2, Akt

- Hucre siklus proteinleri: Cyclin A, Cdc 27,
Topol

- Buyumeyi duzenleyen proteinler: Raf,
Ras GAP, Calpastatin

- Hucrenin yapisal proteinleri: Lamin, Aktin,
Keratin, Vimentin

- DNazlar baskilayan proteinler: ICAD




Temel apoptoz yolaklari
Oliim almaclari ya da mitokondri yolag:
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Oliim almaglari ve uyaranlar

OPGI

TRAIL-RT  TRAIL-R2 DR6 APO-1 TNF-R1

DR4 DRS Al %'_)3 FAS
APQ-2 KILLER y

TNFa : TNF-R1 (ana R)
(ve cozunur molekul) TNF-R2
CD95L : CD95 (Fas/Apo-1)
(FasL/Apo-1L) DcR3/TR6
TRAIL : DR4 (TRAIL-R1)
DR5 (TRAIL-R2)
OPG

DcR1 and DcR2



Oliim almaclarindan hiicre igine sinyaller

Duizenleyenler

Bilesenler

Geg olaylar

Btk?
DAXX?
Dap3?

Ezrin
FAP-1?

FAF1
FLASH?

Fyn?

Raf-1

RIP

Sentrin

SHP-1
TRAF1
TRAF2

uUBC9

{

pro-CASP-8

*

c-FLIPL

pro-CASP-10 c-FLIPg

CASP-8 CASP-10|

Bid
RIP
pro-CASP-3
Plectin
etc.

Hucre igine Klatrin’e
bagh alim

¥

?



Mitokondriye bagli apoptoz yolagi

dATP
\4 Apaf-1 Apoptoz uyarani
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Apoptoz sirasinda mitokondriden salinan diger molekuller




Bcl-2 protein ailesi

anti-apoptotik

Bcl2
Belx,
Bclw
Mcl1
A1/Bfl1
Boo/Diva
Nr13

pro-apoptotik
Cok bolgeli

Bax
Bak
Bok/Mtd

Sadece BH3 bolgeli
Bid
Bad
Bik/Nbk
Blk
Hrk
Bim/Bod
Bnip3
Nix
Noxa




Sadece BH3 bolgesi iceren Bcl-2 proteinleri
Hucre ici stres bekcileri

Mikrotubuller
Mikrotiibiil hasari v /\/r/
Sitokin eksikligi

P53 aktivasyonu Fas ligandi
(Genotoksik hasar) Q TNFoL
Onkogen aktivasyonu)

—

Hormon-buyume
faktoru eksikligi

Kalsiyum akisgi

—— NOoXxa, Puma




Anti-apoptotik ve proapoptotik Bcl-2 proteinleri
ve mitokondri gecgirgenlik gozenedgi

(a)
Dogrudan uyarim modeli
Duyarhlastirici Uyarici
Bim
Bad tBid
Puma

|

(b) _
Dolayli uyarim modeli
Segici Segmeyen AFM analizi
Bim
Bad tBid
Puma

Mitokondri dis zarinda
Bax/Bak gozenekleri

Current Opindon in Immunclogy

-Duyarlilastirici BH3 proteinleri uyaricilarin
anti-apoptotik Bcl-2 proteinlerinden
ayrilmalarina yol acar.

- Uyarici BH3 proteinleri Bax/Bak’in
Go6zenek olugturmasini dogrudan uyarir.

-Secici ya da segmeyen BH3 proteinleri
sadece anti-apoptotik Bcl-2 proteinlerine
baglanir.

-Bcl-2 proteinlerinden serbest kalan
Bax/Bak gozenek olusturabilir.



Baskin olum uyarim yolaklarina gore hucreler
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Kanserin alametleri

Sirekli buyume
sinyalleri
Oliime direng Biyime
' baskilayicilardan
SEZETE . kurtulma

Damarlanma Yayilma ve
uyarimi metastaz uyarimi

Replikatif
olumsuizluk
etkinlesmesi

Hanahan D, Weinberg, Cell, 2011



Kanserde hucre ¢cogalma-olum
dengesinin bozulmasi

Hucre ¢cogalmasi

Hucre olumu
(apoptoz)

Ras | Proto-onkogenler Anti-apoptotikT
myc T molekuller
E2F |

p53 | Tumor baskilayici Pro-apoptotik |

molekuller



Onkogen aktivasyonu sonucu
uyarilan hucre olum yolagu:
P53 - ARF yolagi

—'as

ARF mRNA

—> Uzaklastirma-yikim

a .
P53 birikimi



p53 aktivasyonu sonrasi olum-kalim meseleri

ASPP
. E2F1
Actwsn;:d 263,973
' PB18A

JHY
Zac-1
Y, Serds phosphorylation

P21/ Wal Bax, IGF-BP3,Fas,
1433 o killer/DR5, Noxa, PIG3,

p53AIP1, PIDD, Puma,
GADD4S, PERP, Apafi, CABC1

Other genes f ete, ete, efe
Growth arrest




Kanserde p33 islev kaybi mekanizmalari

islev kaybi nedeni

*DNA baglayici bolge mutasyonlari

*C-ucu kuntlesmesi
(nonsense veya kayma mutasyonlari)

P53 gen silinmesi

Mdm?2 ifade artisi
*ARF ifade kaybi

*p53 uyaricilarin mutasyonu
uyarsizlagsma

(e.g. Chk2)

p53’e etkisi

DNA'ya baglanamaz
Aktif tetramer olusturamaz

Protein ifade kaybi

Inaktivasyon ve yikim
Yikiminda artig

stres tarafindan aktivasyona



Virus proteinleri tarafindan p53
Inaktivasyonu

Virusler kanserlerin % 30-40’inda rol oynuyor

Virus:

SV40
HPV
(Human

PapillomaVirus)

Adeno

Tag

E6

E1B

Tag

E1B

Tag: p53’u inaktif
halde stabilize eder

EG6AP: E3 Ub ligaz
p53 yikimina yol agar

E1B: p53
inaktivasyonu,

p53 transkripsiyon
uyaricidan
baskilayiciya
donusturdur.



Virus proteinleri tarafindan diger
apoptoz proteinlerinin inaktivasyonu

Protein ve virus Hedef apoptoz proteini

p35 (Baculovirus)

BHRF1 (Ebstein-Barr Viriisii) Bcl-2
LMWS5 HL (African Swine Fever Virus) Bel-XL
p19 (E1B) (Adenoviriis) Mcl-1

Ebstein Barr Virus BHRFI proteini
Ebstein Barr Virus LMP-1 proteini

Kaspaz
iInhibisyonu



Diger hucre olum proteinlerinde
kanserle baglantili degisiklikler

Apoptoz anormalligi

TNFR1 metilasyonu

TRAIL-R1 baskilanmasi

FLIP artigi

Kaspaz 8 promoter metilasyonu
Kaspaz 8 baskilanmasi
Survivin artis

Bcl-2 artisi

IAP-1 gen ¢ogalmasi

APAF1 gen metilasyonu

Bax mutasyonu

PTEN inaktivasyonu

AKT/PKB aktivasyonu

Tumor tipi

Wilms tumoru

SCLC

Melanoma ve bazi diger tumorler
SCLC, pediatrik tumorler

Meme kanseri

Mesotelyom, melanom, karsinom
Bircok kanser turu

Esofagus ve serviks kanseri
Melanomlar

Kolon kanseri

Glioblastoma, prostat ca,
endometrium ca

Bircok kanser turu



Bagisiklik sisteminin tumore saldirisi - Attack

Granzyme B

CTL/ NK cell

Target cell

& GranzymeB Substrate proteolysis
@ Cytotoxic granules and cell death

® Perforin -




Bagisiklik sistemine tumor geri saldirisi - Counterattack
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Hucre olumune diren¢ metastaza katkida bulunuyor

Akciger metastazlari
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Days post-injection

Anoikis’e diren¢
Acliga direng
Kan akimindaki hasara diren¢

Inbal B et al. Nature, 1997



Apoptozu artiran ilaclarla kombinasyon
kemoterapide sinerjistik etki yaratiyor

(a) (b)
Resistant tumor: high Mcl-1

ABT- 737

c®9 ¢
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© Apoptosus

Sensitive tumor: high Bcl-2 and Bim
ABT-737

S-CO 9

Curren t Opinion in Immunology

Sensitive tumor: low Mcl-1
ABT- 737

Apoptosis

Mean tumour volume (cm?)

—&— Solvent control
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ABT-737, Bcl-2 baskilayici ilag

Yumurtalik kanserinde
ABT-737-karboplatin kombinasyonu

[tumor graft modeli]




Apoptozla alakali proteinlerin ifade farkhiliklari
kanser prognozunu etkiliyor

. Artmig Bcel-2 —----———--- - Kotu prognoz
. Artmis FasL —--------------——-- CTL sayisinda azalma
. FasL uyarimi (with Doxorubicin)---------------- Kemoterapi

yanitini belirliyor

. Artmis Bax---------------- Kemoterapi basarisini artiriyor

. p53 antikorlari -------------——---- Kotu prognoz?
cisplatin + 5-Fluorouracil ile
kemoterapiye direng



Hucre olumunu uyaran dogal sitokinlerin ila¢ olarak kullanimi

TRAIL ligand
(extrinsic death signal)

Decoy
receptor

 TRAIL
receptor

Extracellular

2. 0. .5 B

Homophilic
'death effector
domains'

adaptor

Cytoplasm
Procaspase-8

Active
caspase-8

Ozellikle kanserli hiicreleri dldiriyor.
p53 anormallikleri olan hucrelere de etkili

Normal hucreler daha az hassas
-Kapan [decoy] almacglar
- Anti-apoptotik protein Bcl-2 vb daha fazla




Apoptoz yolaklari hedefli ilaglar:

TRAIL almag¢ uyaranlari ve IAP inhibitorleri

TRAIL almag uyaranlari

Reagent Target Description Company Clinical Status
Apo2 L/ TRAIL DR4/5 thTRAIL Amgen/Genentech Phase I'TL
HGS-ETR1 DE4 fully human MAB Human Genome Sciences Phase I'IT
HGS-ETR2 DR5 fully human MAB Human Genome Sciences Phase I'IT
HGS-TR2J DR5 fully human MAB Human Genome Sciences Phase I
CS-1008 (TRA-8) DR5 humanized mouse MAD Daiichi Sankyo Phase I
AMG 655 DRSS fully human MAbB Amgen Phase I'TI
Apomab DR5 fully human MAbB Genentech Phase 11T
LBY135 DRS humanized MAD Novartis Phase I
IAP inhibitorleri
Organization Compound Condition Clinical
name stage
Genentech GDC-0152 Locally advanced or metastatic solid Phase |
malignancies, or non-Hodgkin’s
lymphoma without leukaemic phase
Novartis LCL161 Advanced solid tumours Phase |
Pharmaceuticals
Tetralogic TL32711 Solid tumours and lymphomas Phase |
Pharmaceuticals
Ascenta AT-406 Advanced solid tumours and Phase |
Therapeutics lymphomas
Human Genome HGS1029 Advanced solid tumours and Phasel

Sciences

IAP. inhibitor of apoptosis.

lymphomas




Programli hucre olum cesitleri

Convicted Killers New Suspects
Types > (Innocent until proven guilty)
= = = Calcium- AIF/PARP- =
Apoptosis | Autophagic Paraptosis e dlated Gependent Oncosis
S ®
Characteristics |
7
Chromatin
condensation 3 ER swelling : .
’ Autophagic : =2 Membrane Mild chromatin Cellular
Morphology fragrr]#g:i:{ion, vacuoles mlt;);gﬁir;]c:;rlal whorls condensation swelling
apoptotic bodies
Death receptors, s
trophic factor ami(re\r;”:éid
. withdrawal, : . Calcium entry, DNA damage, Ischemia,
Triggers DNA damage, starvation, Trophotoxicity deg mutants glutamate, NO excitotoxicity
viral infections profoih
otc ’ aggregates
. Caspases, ;
Mediators BH family, JNK? MKK7? ERK2, Nur77 Calpains, PARP, AIF JNK
ate. Atg orthologs cathepsins
L Caspase Calreticulin, o
Inhibitors inhibitors, UNK inhibitors? | | Y128 (MEK). 1 some calpain | PARP inhibitors | JNK inhibitors
BH family, etc. urt? inhibitors?
Examples Type | pcd, Type Il pcd Type Il pcd, C. elegans _Some Ischemic pcd
nuclear pcd cytoplasmic pcd deg mutants excitotoxic pcd

* necroptosis Bredesen, Stroke 2007



INTERNATIONAL CELL DEATH SOCIETY PRESENTS
“Mechanisms of cell death ”

DATE: June 6" -June 9t , 2013
PLACE: Fuengirola, Malaga Spain
LIMIT: 300 (First Come First Serve)
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