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~For every cell,
there is a fime to live and a time to die."

Bi8 120 Aplikovand bunécnd biologie - jaro 2011 - 02/ 2.3.




Program predndsky:

e typy bunécné smri

e nekréza

e autofagie

e apoptdza

e metodickeé pristupy ke studiu apoptdzy
e apoptdza a medicinské aspekty
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TYPY BUNECNE SMRTI
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Plvodni déleni zptisobt bunécné smirti:

o smrt v dusledku plisobeni skodliveho vnéjsiho
faktoru:

ndhodnd (accidental) bunécna smrt
= hekroza

e smrt jako indukovand sebevrazda:

programovanad (programmed) bunécnd smrt
= apoptdza

* onkéza
e postapoptotickd nekroza
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Bunécnad smirt:

e katastrofickd bunécnd smrt
> nhekroza

e fyziologickd bunécnd smrt
> apoptdza
(programmed cell death type |, PCDI)
e kaspdza-dependentni
e kaspdza-independentni
> autofagie
(programmed cell death type Il, PCDII)
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Programmed cell
death pathways .

2 ~.

APOPTOSIS NECROSIS

Caspase actihation Fro-inflamrmatory
Inhibition of mRMNA signaling and cytaking
tanslation production

Condensation of el and  Swelling of the cell and
arganciles organelles

,"t‘q Chromatin condensation Mottled chromatin
DA fragmentation condensation

Loss of membrane Loss of membrane
asymmetry ASYIMIMEDnY

Membrane remains Rapid loss of membrans
Irmpermeamle permeability

. Cell-membrane
Cell falls apart into explodes

apoptotic bodies Remains stay together -
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Dissolution of
cellular structures

Chromatin condenses
Membranes compromised:

‘ Cells and organelles swell
fluid rushes In

@ Elsevier. Pollard et al: Cell Biology 2e - www.studentconsult.com
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Cell blebs violently
Chromatin condensation

Microvilli contract
Intercellular junctions break
Chromatin begins to condense

Apoptotic bodies phagocytosed
by neighboring cells an
roving ma

© Elsevier. Pollard et al: Cell Biology 2e - www.studentconsult.com
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KATASTROFICKA
(NEPROGRAMOVANA)
BUNECNA SMRT

NEKROZA
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Indukce nekrozy

a) rozsahlé poskozeni, pfi némz uz nemohou byt
aktivovdny mechanismy apoptdzy

b) pusobeni stresovych faktor(

zmény koncentrace iontu, pH...
vycerpadni zdroju energie

zmeny teploty

poskozeni buriky nebo jejich organel

Bi8 120 Aplikovand bunécnd biologie - jaro 2011 - 02/ 2.3.

11



Priznaky a pribéh nekrozy:

* poskozeni mitochondridini membrdny
e pronikdni iontdl Ca?* do mitochondrii
e zakulaceni a prasknuti mitochondrii

e ztrata regulace transportu iont
 zakulaceni bunky (swelling)

 lyze bunky

e vznik nekrotického loziska

 invaze makrofagl

* zAnétlivd reakce
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nekrotické lozisko ve tkani
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FYZIOLOGICKA
(PROGRAMOVANA)
BUNECNA SMRT
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PROGRAMOVANA BUNECNA SMRT
(Programmed Cell Death, PCD)

e indukovany, regulovany a selektivni
proces pro vyrazovani urcitych bunék

Apopidza (apoptosis, type | PCD)
e kaspdzy
* kalpainy, katepsiny, granzymy

Autofagie (autophagy, type Il PCD)
e qautofagozomy/autolysozomy
(lysozomalni protedzy)
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DEVELOPMENT AND PATTERNS OF CELL DEATH

4—/\/—— cytotoxic death signals

hormonal death signal

APOPTOSIS } HAGI DEAT
swelling
condensation autophagic vacuoles
’ .7'.||_

l

fragmentation pyknosis
post mortemn
@ Y degenerative
o ‘ changes,
inflammation

o

no
inlammation

no
inflammation

phagocytosis
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AUTOFAGIE (PCDII)

Bi8 120 Aplikovand bunécnd biologie - jaro 2011 - 02/ 2.3.

18



Prabéh autofagie

1. indukce (napf. inhibice MTOR signdini drahy)
2. vwytvoreni autofagosomu (nejasny pavod, ER?)
3. vazba a fuze s lysosomem

4. rozpad autolysosomdalniho veziklu

 (cast savCich homologu genu Atg (kvasinky)

Typy autofagie:

e mikroautofagie (fransfer do lysosomu pfimou
invaginaci)

* makroautofagie (vznik autofagosomu)

e chaperon-mediated autofagie (CMA) - selektivni
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Starvation or other stresses Cell survival

7 N

Protein synthesis ATP
Autophagy induction A T
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Autolysosome
Autophagosome Autophagic cell death

Can. J. Physiol. Pharmacol. 88: 285-205 (2010)
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(ATEE - ATG1 2 Complen feonsits LCY) 3. Docking and fusan
e (AT - fpcine- | Compies| with the kysosyme

Muireni Depledon
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APOPTOZA (PCDI)

Bi8 120 Aplikovand bunécnd biologie - jaro 2011 - 02/ 2.3.

24



Ker, J.ER., Wyllie, AH., Currie, A.R.

Apoptosis: A basic biological phenomenon with wide

ranging implications in tissue kinetics.
British Journal of Cancer (1972) 26, 239.
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2002 - Nobelova cena za fyziologii a lekarstvi:

Sydney Brenner John E. Sulston
W e !

H. Robert Horvitz

za vyzkum genetickeé regulace vyvoje organl a
programované bunécné smrti
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Caenorhabditis elegans

e 959 somatickych bunék = dospély hermafrodit,
z toho 131 podiéhd apoptdze

e regulace apoptodzy - 14 genu Ced:
Ced-3, Ced-4 - indukce
Ced-9 - represe
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Prabéh apoptozy:

U

normdaini smrstovani rozpad apoptotickda
burika (fragmentace) téliska
(apo-bodies)
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Priciny apoptdzy

1. Apoptdza je nezbytnd pro Fddny vyvoj organismu:
e resorpce ocdsku béhem metamorfozy pulce v
zAabu
e Odstranéni tkné mezi prsty béhem
embryogeneze

e odstranéni nadbyteCnych neurond pfi vytvareni
synapsl v mozku

e uvoliovani endometria na pocatku
menstruace
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nerve cells _dead n::e.lls

CELL DEATH
MATCHES
MUMBER

UF NEEWE CELLS
TO NUMEBER OF
TARGET CELLS

survival factor
target cells released by target cells
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syndaktylie (defekt apoptdzy)
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Priciny apopiozy

2. Apoptdza je nezbytnd pro likvidaci bunék,
které predstavuiji ohrozeni integrity organismu
e bunky infikované viry

o efektorove buriky imunitnino systemu po
odeznéni imunitni odpovédi

e burky s poskozenim DNA
zvysend produkce proteinu p53
(induktor apoptdzy)

e ndadorové fransformované buriky

Bi8 120 Aplikovand bunécnd biologie - jaro 2011 - 02/ 2.3.

34



Morphology

Apoptosis and Cell Proliferation in Tissue Homeostasis
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proliferation of cells

necplasia

regeneration of cells

naoplasia

aquilibrium

dystrophy

dystrophy
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Indukce apoptdzy

Odstranéni pozitivniho signalu
e rustové faktory - neurony
* [nterleukin 2 (IL-2) - lymfocyty

activated gene regulatory protein

activated
recepltor

activated becl-2 gene

- * B cell death
—A RIDSTEN
survival @ 0
factor Q@ m—]
®e
Bcl-2 apoptosis
protein
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Indukce apoptdzy

Pfijeti negativniho signalu
e zvySeni hladiny oxidacnich latek v bunce

e poskozeni DNA (volné radikaly, UVR, gama
zAreni, chemoterapeutika)

 molekuly (death activators), které se napoju;ji
na specifické receptory (death receptors)
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Morfologické a biochemické priznaky apoptdzy

zmenseni (smrsténi) buriky

poruchy mitochondrii a uvolnéni cyt-C
blebbing plazmatické membrdny
zmény v plazmatické membrdné
kolaps jadra (degradace chromatinu)
zvysena aktivita transglutamindzy
aktivace kaspdz, proteolytické stépeni
rozpad buriky na apoptotickd téliska
fagocytdza apoptotickych télisek

O NOOAOD =
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Roche Molecular Biochemicals
Hallmarks of Apoptosis

Decrasing Mitochondrial Potential

Activation of Caspases

Phosphatidylserine Exposure

Morphological Changes

DMNA Fragmentation

120 Time (min)
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Metodicke aspekty studia apoptdzy

* morfologicke pfiznaky (1972)

blebbing membrdany, kondenzace chromatinu, kolaps
jadra, vznik apo-bodies

* fragmentace DNA (1987)
fragmenty: ladder, zZlomy v fetézcich: TUNEL

e aktivace proteolytické kaskaady (1995)
produkty proteolytickeho stépeni

e zmeény plazmatické membrdany (1997)
externalizace fosfatidylserinu: annexin-V

e zmeény mitochondrii (1998)

zmeény permeability mitochondridini
membrdany, detekce Cytochomu C a AlF
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Blebbing plazmatické membrdny

« degradace kortikdiniho cytoskeletu
(fodrin, aktin)
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Motoneuron disease: an apoptopic neuron seen by scanning
electron microscopy
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Zmény v plazmatické membrdané

o externalizace fosfatidylserinu
(,eat me” signal)

Phosphatidylserine “Flip”

membrona asymmetry phasphatidylserine redisiribution
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Apoptosis
Indueed

8

betors
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Zmény v plazmatické membrdané
* detekce fosfatidylserinu — Annexinem V

Annexin V Conjugates Flow Chart of the Annexin V Assay

Collect cells by centrifugation

W PS "ps P Annexin V

Add annexin V conjugate in 1X
binding buffer

l Incubate 5 min in the dark

Analyze by flow cytometry or
fluoresence microscopy

rs  Annexin V Cy5

~ —
‘.

ps 2 P5 P Annexin V
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/mény v plazmatické membrdané

* detekce fosfatidylserinu — Annexinem V
e flow cytometrie
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0 100 1 M 20 10” 10* 10°
FSC-A 1) AnnexinVFITc
Legend. Jurkat T-cells were UV-B irradiated and incubated overnight.
Cells were labelled with AnnexinVF™® for 15 min at RT with 5 pg/mIPL
AnnexinV positive-Plnegative events are apoptotic (4.5%) with double
positive events showing deadcells (9%) and double negative cells being

Alive.Courtesy ofthe Flow Cytometry Core Facility, ICMS, 4 Newark Street,
London E1 2AT.
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Kolaps jadra (degradace chromatinu)

e kondenzace chromatinu na perifernich oblastech jadra

e intfernukleosomdalni Stépeni DNA - zeb
e fragmentace jadra
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ficek (ladder)

DN A fragmentation by CAD during apoptosis

ICAD
CAD ICAD .
- Oy — SEP
" ICAD T
™
0 _CcADmMRNA f y
~ CAD

activation of caspases

DNA fragmentation|
i

apoptotic stimuli

CAD - kaspdzou aktivovand Dndza
ICAD - inhibitor CAD
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Detekce stépeni DNA:

TUNEL: Terminal deoxynucleofidyl transferase
dUTP nick end labeling

In situ end labeling (TUNEL)
(template independent)

+ lermingl transferase
+ X-dNTP [ m)

II]II'II
| { [ [ ]
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Aktivace proteolytickeho stépeni

Kaspdzy
e cysteinove protedzy, stépici na karboxyskupiné
kyseliny asparagove

e caspases = cysteinyl-asparfic-acid-proteases

e 14 druhu kaspdz (u Cloveka):
iniciaCni (apikaini - 8, 9, 10 a 12)
efektorove (exekucni - 3, 6 a 7)
pro-inflamatorni

Katepsiny, kalpainy, granzymy
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Aktivace proteolytickeho stépeni

Substraty kaspdz

o ,cell death" proteiny (Bcl-2,Bcl-XL, prokaspdzy..)
 reguldtory b. cyklu (MDM2, p21, Rb, cykiin A..)
» cytoskelet (aktin, fodrin, keratiny, laminy..)

* DNA metabolismus (ICAD, PARR.)

* RNA metabolismus

e signdini drahy

e TF

e proteiny spojené s neurodegenerativnimi
chorolbami
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Aktivace kaspdz, proteolytické stépeni

prokaspdza

kaspdaza

aktivni
kaspdza

32-53 kDa
Asp-X Asgp-X
N c
pro-domain large subunit small subunit
(3-24 kDa) (17-21 kDa) (10-13 kDa)

= active site

Eﬁme subunit'small subunit

heterodimers

ﬂ active tetramer
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Aktivace kaspdz - fluorescencni mikroskopie

a-tubulin / DAPl  gktivovand kaspdza 3
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Aktivace kaspdz — detekce (WB)
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Rozpad bunky na apoptotickd téliska

e Ucast nové formované aktinové 3D
struktury a nesvalového myosinu

o apoptotickd téliska obsahuiji zbytky jadra,
organely a ¢dsti cytoplazmy
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Fagocytdéza apoptotickych télisek

e pohlceni apoptotickych télisek okolnimi
bunkami

(makrofdgy, dendritické buriky)

o fagocytujici bunky vylucuji cytokiny, které
zabranuiji zanétu ve tkdani
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Apoptdza vyvoland vnitrnimi signaly:

zdrava bunka exprimuje na vnéjsi membrdné mitochondrii
protein Bcl-2, vdzany k Apaf-1

pfi vnitfnim poskozeni buriky protein Bcl-2:

e uvolni Apaf-1

prestane zadrzovat cytochrom ¢ v mitochondriich
e vznikd apoptosom:

Apaf-1

Cytochrom C (Apaf-2)

prokaspdza 9

(dATP)

vznikd aktivni kaspdza 9 (iniciacni), kterd stépenim aktivuje
dalsi kaspdzy (efektorové)
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First stage of apoptosome formation

Recruitment of
procaspase-9

procaspase-9

Caspase Activation
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Growth Factor Withdrawal
Genotoxic Insult
UV Irradiation

Pro-Apoptotic Bcl
Family Proteins

Anti-Apoptotic Bcl
Family Proteins

Mitochondria

Caspase-9

P {

Apoptosis
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Zmény mitochondrii

zmena permeability
mitochondridini
membrany

detekce cytochomu C

(A) CONTROL

cytochrome-c-GFP mitochondrial dye

Fn " L
- ,'L-)n - ’
- . :‘ 4 v
: i

| I |
(B) UV TREATED 10 pm

cytochrome-c-GFP

anti-cytochrome ¢

&
o

| I—|
25 um

Figure 18-7 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Apoptdza vyvoland vnéjsimi signdly:

« aktfivaéni molekuly (death activators) se hapojuji na
specifickeé receptory v plazmatické membrdné (death
receptors):

Tumor necrosis factor a (TNF-a) - TNF receptor
Lymphotoxin (TNF-b) - TNF receptor
Fas-ligand (Fasl) - Fas receptor (CD95)

e prenos signdlu do cytoplasmy aktivuje prokaspdzu 8
(iniciacni),

e akiivovand kaspdza 8 stépenim dalSich prokaspdz
spousti proteolytickou kaskddu
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DISC
death-inducing
signaling complex

ligand

receptor
adaptorové proteiny
prokaspdza-8
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membrane

Death
Domain

FADD

Pro-caspase 8 4‘

Il

TNFo

|

Apoptotic
Pathway

Signalling
Pathway

TNFRI
receptors

TRADD

TRAF-2
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Death receptor pathway Mitochondrial pathway

Other stimuli

Granzyme B
Plama ?0ther proteases
membrane
Truncated
- Bid bid
: ® Db

arp . © Cytochrome ¢

&
%
I l Active caspase-9 A Apaf-1
L]

[+ 4 7 Procaspase-9
2 R @
Active _| Apoptosome
caspase-8

O— W

Active [ Procaspase-6
caspase-3

Active
DXXD polypeptides caspase-6

Cleaved substrates
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Apoptdza a nadory

Chemo- a radio- terapii indukovand bunéénd smrt
strategie:

« zabrdnit neregulovanému bunécnému déleni
nadorovych bunék

« ovlivnéni bunécného cyklu a DNA syntézy u rychle se
délicich bunék
- antimetabolity
- genotoxické Iatky zpUsobuji apoptdzu
- mitotické inhibitory

« defekty v apo drdhdch negativné ovliviuiji IéCbu
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Chemo- a radio- terapii
indukovand bunécnd smrt - signalizace

 indukce poskozeni DNA — (DNA damage signal)

« prenos z DNA vazebnych proteind na kindzy PI3K rodiny
(ATM, ATR) - funkce v kontrolnich uzlech

« fosforyluji efektorove kindzy (Chk1, Chk2 a c-Abl)

« fosforylace TF - p53, p73, E2F.

« zvySeni exprese genul — skupiny reparace DNA, zdstava

bunécného cyklu a apoptdza
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Vztah p53 a apoptdzy

«aktivuje mitochondridini apopotickou drdhu
upregulace proapoptotickych gent (Bax, Bid,
Noxa, Pumaq)
downregulace antiapoptotickych genu
(Bcl-2, Mcl-1)

«aktivuje receptorovou apoptotickou drahu
upregulace death receptoru (Fas, DR4, DRS)

*nezdvisle na transkripci
translokace p53 do mitochondrii a vazba na Bcl-2
a Bcl-XL
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Apoptdza a nadory

Inhibice apopidzy nddorovych bunék
bez UCasti vir:

¢ naru$eni apoptdzy aktivované receptory u nddorovych bunék

-nedostatecnad aktivita iniciCnich kaspdz (8,10) — z dlivodu metylace

promotoru, delece nebo mutace genu pro kaspdzu-8
(neuroblastom, plicni karcinom, Ewinguv sarkom, melanomy)

- sekrece ,decoy” molekuly, kterd se vdze na FasL a brani jeji
vazbé na Fask (nddory plic a streva)

- sekrece FasL nddorovymi burnkami indukuje apoptdzu
cytotoxickych lymfocytl

* naruseni apoptdzy spousténé mitochondriemi u naddorovych bunék
- delece a/nebo metylace genu pro Apaf-1 (melanom)
- nedostatecnd aktivita inicicni kaspdzy 9 (nddory ovariaq)
- overexprese Bcl-2 z diivodu translokace (leukémie)
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Apoptdza a nadory

Viry, inhibujici apoptdzu transformovanych bunék:

tvorba proteint blokujicich apoptdzu na rliznych
urovnich

* receptorovd apoptdza

e mitochondridini apoptdza

 pb&3

e podpora proliferac¢nich signdlnich drah

*  Human papilloma virus (HPV):

exprese proteinu E6 - inaktivdtor proteinu p53
e Epstein-Barrové virus (EBV):

produkuje protein, podobny proteinu Bcl-2
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When Cells Die Il:
R. A. Lockshin, Z. Zakeri
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Apoptdza a imunitni systém

« nutnost odstranéni aktivovanych lymfocyti
« produkuji protilatky a cytokiny, jsou cytotoxické

Regulace apopitdzy

« omezeni rastovych faktoru (IL-2) - protihd¢ Bel-2

pro T buriky reaguijici na vnéjsi a prechodné
antigeny

« pomoci ,death molekul (Fas ligand)
pro T buriky reaguijici na vnitini a trvalé antigeny
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Apoptdza a imunitni systém

defekty v indukci apoptdzy a autoimunitni choroby

« neschopnost navozeni apoptdzy a prezivani
auto-reaktivnich lymfocytu

- mutace ve Fas receptoru (CD95) nebo Fas
ligandu —> lymfadenopatie (zvétseni uzlin),
akumulace lymfocytu

« UcCast ,death” receptord a ligandu v poskozeni
tkdné
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Defekty v indukci apoptdzy a autoimunitni

choroby
systémovy lupus erythematodes,
lupenka,
revmatoidni artritida,

Hashimotovo struma...

/icleus MFG-E8 ‘ DNase |I .

Fas ligand . b % lysosomes
\ DNA fragmentation =S
.
I FADD CAD/ICAD PS exposure 8
Caspase 8 / :
Sngn -

PS .

nucleus

Caspase 3

CTL Apoptotic cells macrophages
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Apoptdza a imunitni systém

Sekondary
: H 4 NHD ) \"Ecms's Danger SLE
Autoimunitni o /" Sionon
[
CRP “~ @
PS—>a @ . .——"'J
choroby: et o Qg e T Gy
|
R2GPI o g0 / @ Antigen
t V4 V4 I '*; .‘;- T
systémovy lupus > D JED
(1 it i
erythematodes e
d:l_ i Deficient macrophage
Pleural Butterfly rash MackRnage
effusions
= Clearance of apoptotic cells = Clearance of apoptotic cells by
Heart by macrophages is efficient Macrophages is impaired
problems =» Cells don't become secondary = Danger signals released by
necrotic and danger signals are secondary necrotic cells

not released

Lupus

nephritis = Accessibility of autoantigens and

- Mo establishing of autoantigens

Symptoms of and no inflammation I Rann
Seﬁﬁgrﬁal;[;ﬂg Tolerance Chronic Autoimmunity

~ Arthritis

may vary widely
with the individual Fig. "Defects in the ciearance of apoptotic cella ks a posablie pathway to autolmmune dissase”
CRP — C-reactive profein, PS5 — phosphatidylsaring, iohd — immunogiobwiin M, 82550 —+ 12 giscoprotein 1,
SLE — siaternic ous endharmatosus, NHD = nowmal healthy donor

.\ Raynaud's
¢ phenomenon

FADAM.
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Apoptdza a imunitni systém

AIDS:
pokles CD4+ T-lymfocytu
« pouze Cast infikovana HIV, vétsina umird apoptdzou

infikované buriky produkuiji virové proteiny

(Tat, gp 120, Nef, Vpu),

« Blokuiji Bcl-2, aktivuji pro-kaspdzu 8

« zmeény v expresi cytokinu (1 IL-4, IL-10; | IL-12, INF-y)

« vViry ajejich proteiny v extraceluldrni prostoru aktivuiji
apoptdzu v okolnich lymfocytech
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Apoptdza a degenerativhi onemocnéni

Alzheimerova choroba
Parkinsonova choroba
Huntingtonova choroba

nejasné mechanismy indukce apoptdzy:

e volné radikdly

e nedostate¢nd hladina nervovych ristovych
faktoru

e vysokd hladina neurotransmiteri
e vnitrobunécénd akumulace toxickych protein(
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Apoplosis you say?
Mo wonder | don™
feal 50 good!
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