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Téma bunécné smrti je vysoce aktualni a
intenzivneé studovaneé...

bunécéna smrt ve vyvoji organismu

« prenatalni i postnatalni vyvoj
bunééna smrt - zachovani homeostazy mnohobunééného organismu
bunééna smrt ve zdravi a nemoci

« deregulace bunééné smrti versus vyvoj ruznych typu
onemochneéni

vyuziti poznatkt a praktické aplikace — rada obort:

« vyvojova biologie, bunééna a molekularni biologie, fyziologie,
patofyziologie, medicina, toxikologie, mikrobiologie... a mnohé
dalsi...
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Apoptoza - znaky

morfologie:
m  zmenseni bunky
m  bobtnani plazmatické membrany

= kondenzace a fragmentace (Grisham et al., 2014)
jaderného chromatinu

m tvorba apoptotickych télisek

Cell shrinkage

Mucleus fragmenting {karyorrhexis)

{l ¢ = udrzeni integrity bunécnych Fro-shoptotic
e organel =
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Apoptotic body CEEpases
it biochemie: ..
(http:/len.wikipedia.org/wiki/Apoptosis) - aktlva,ce SpeCIfI,CkyCh enzymu o Effector
kaspazy, nukleazy.. caspases

= zmény ve struktufe a funkci 006
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(Podcheko, 2015) = Phosphatidylserine



Apoptoza
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(Gespach, 2012)
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Apoptoza a nemoci
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Cystic fibrosis

(Walensky, 2006; Schulze-Osthoff et al., 2010)
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signaling

Deregulating
cellular

Apoptoza a nadory

Evading
growth
Suppressors

Avoiding
immune
"a%* destruction

@%
‘I
)

s Hallmarks Enabling
replacative
cell death of Cancer immorality
k=
Genome \ % Tumor-
instability & X promoting
mutation inflammation
quucing . Activating
angiogenesis invasion &
metastasis

(Hannahan, Weinberg, 2011)

intenzivni vyzkum apoptdzy — nové poznatky - pokroky v 1écbé nadort

http://holistichealthmastery.com
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Bunécna smrt (apoptoza)
ve védeckeé literature
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Jakeé jsou konkrétni molekularni mechanismy
zodpovédné za prubéh apoptozy?

chemotherapeutic INTRINSIC EXTRINSIC
drugs TRAIL "
\ Mltocolldrlal stress Llpuo: m
Bcl-2 family '
Mitochondrion . FADD
DISC
° osaio Procaspase-8
Cytochrome ¢
Qoo
o

(according to Calvino-Fernandez et al., 2010)



Metody detekce apoptozy



Detekce apoptdézy na ruznych urovnich v bunce

a Death ligand

Death receplor —~
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Detekce apoptozy a souvisejicich zmén
na urovni plazmatické membrany

- béhem apoptézy dochazi k charakteristickym zménam v lokalizaci
fosfatidylserinu v plazmatické membrané (translokace z vnitfni strany
membrany na vnéjsi)

- translokovany PS Ize detekovat s vyuzitim annexinu V (fluorescenéné znaceny)
- prutokova cytometrie

Annexin V
Accessible PS
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www.promega.com



Annexin V Conjugates

Annexin V ST

5. ps P Annexin V

protein with high affinity for PS

. . . | ':F.% \ PS "ps Annexin V
PS binding dependent on calcium
detection of membrane PS

| e ————
psnl ps » Annexin V
conjugation with fluorescence probes ps" \rs 3 Annexin V

~—

F'U°'°F{°Te Healthy Cell Apoptotic Cell

54, Qe—

X “j—li\AnnexinV _ @ 4

Extracellular

Plasma
Membrane

Intracellular

https://cz.pinterest.com/pin/293085888223404525/

www.biovision.com
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Annexin V staining: phosphatidylserine exposure
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Kaspazy

- cysteinové proteazy, specificky stépi
proteinové substraty v misté kyseliny

asparagoveé

- kliéova uloha v prenosu apoptotického signalu

Precursor Active enzyme

prodomain large  small ’
waw B |
Asp } X Asp { X / ‘ » |

low high /

Sequence homology among caspases catalytic sites

(Thornberry, Lazebnik, 1999)

- Vv inaktivni formé (proenzymy, pro-kaspazy) v cytoplazmé

Stépenim vznika aktivni kaspaza schopna dale stépit tzv. ,,death

substraty” a vyznamné se tak podilet na Sifeni apoptotického

signalu a

Initiator

Apoptosis

Executioner

(Opdenbosch, Lamkanfi, 2019)
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Detekce aktivace kaspaz

Death ligand
Death receptor

W

ANTIBODIES EI]H

1. Antibody-

based .\.\V Oix
detection of ‘& o G |
SpeCifiC =
caspase ) |
4 rion Bc:-;z
fragments | i ? r—(
B 1APs l Bax o
p, l (Bak
g | ®chc
L L J P )
. v : 5 Apat-1\hi’- )
2. Antibody-based @ W
detection of N\ »
e 1 Apoptosome
endogenous
caspase - SUbs.rr‘aTe LaminA Actin Gas2 Fodrin Gelsolin PKC
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S 7 g

.? Apoptosis
(Lavrik et al., 2005)

kaspazy jsou klicové molekuly pro prabéh apoptézy, stimuluji apoptotické
signalovani a stépi radu substrata — proteint dulezitych pro zivot bunky

SUBSTRATES/
INHIBITORS

3. Labelled
synthetic
substrate-based
detection of
caspase activity

4. Labelled synthetic
inhibitor-based
detection of caspase
activity

pratokova cytometrie
fluorescen¢ni mikroskopie
fluorimetrie



Detection of caspase-3 cleavage
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Detekce apoptozy a souvisejicich zmeén na urovni jadra

+ kondenzace a fragmentace jaderného chromatinu — morfologie jadra

Phase contrast Hoechst

Merge

pratokova cytometrie
fluorescenéni mikroskopie
agaroézova elektroforéza

apoptosis of anti-Fas-treated HCT116 cells

(Taylor et al., 2008)
(Arrora 2017)



Detekce apoptozy a souvisejicich zmén
na urovni mitochondrii

Inner
Membrane

vyliti proapoptotickych

mediatoru z \

mitochondrii do

cytoplazmy @

Caspase-3| —— |Caspase-9

v ¥'9 .
aktivace
APOPTOSIS AN proapoptotickych
proteint z rodiny Bcl-2
aktivace kaspaz
za_pOJenych.\{ re’gul’am zmény
mitochondrialni srahy . S .
. . . . mitochondrialniho
pratokova cytometrie apoptozy . ,
fluorescenéni mikroskopie membranového

potencialu



Nekréza versus apoptoza

cell
injury

necrosis

cell
suicide

o=
=

apoptosis

Loss of memtrzne Integrity

Membrane blebbing, noloss of Intagrity

Begins with swelling of cytoplasm and mritochondria;
ends with total cell lysis

Begins with shrinking of cytoalasm and condensation
of nucleus; ends with the cell fragmentation into
smaller bodies

Blebs form and the structure of th2 nuclzus changes;
no organelles are located in the blebs

The nucleus breaks apart, and DNA breaks into small
regular pieces. The organelles are locatad in the blebs

Tne cell membrane breaks and releaszs the cell
contents.

The cell membrane kreaks into several apoptotic
bodies.

(Priante et al., 2019)



Nekréza — moznosti detekce

morfologie

vyliti proteinti z buriky

vitalni barveni

/
eosin LDH
trypanova modf G6PDH
propidium jodid HMGB1
DAPI prokaspazy
7-AAD substraty
Sytox Blue/Red kaspaz

Live/Dead

(Priante et al., 2019)



APOPTOSIS

Fas Activation
(Extrinsic Pathway)

Injurious Stimuli
(Intrinsic Pathway)
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(Choi et al., 2019)



Autofagie (makroautofagie)

(Chen,Klionsky 2012)

. . 4, ERC N Cell survival
- ,,eating oneself, katabolicky l
plrovce:;, degrva_:l’ac? bunecnych B i
slozek s vyuzitim lysosomu \‘ —
(type Il PCD)

- dynamicky, regulovany, evolucne . .....:
konzervovany proces u
eukaryotickych bunék (kvasinky
— €loveék)

v zavislosti na podminkach mize
pusobit jako:

* mechanismus zajist'ujici prezit
* mechanismus bunééné smrti

Membrane expansion

.Permease

Lysosome

\ Fusion

=L - 3
; .

Microautophagy
o2

Autophagosome

(www.wikimedia.org)



Autofagie :

morphologické znaky

= formace autofagozomu
—  (dvoumembranové utvary, elektronova mikroskopie)

Autophagosome Autolysosome
Upstream £ -
signals —> ( Weo~ —
1) Assembly  2) Membrane 3) Fusion  4) Degradation
L elongation
N

http://myweb.sabanciuniv.edu/dgozuacik/research/

biochemické znaky

 lipidace proteinu LC3 (western bloting)
» relokalizace LC3-GFP (fluorescenéni microskopie)
« degradace p62 (western bloting)

B Starvation
Time(h): 0 05 2 4 6
LC3-11 Time(h): 0 05 2
LC3-11 -—

PO2 { — —

Tubulin -| - — ——

nedostatek Zivin, hladovéni

(Klionsky et al., 2009)



(\\(\(\5’\0 apoP'oS® SR ap"p’os/s
\S ’17/0)
o,
o K
Other types... s ...of cell death
®
%

(] @,
] @

3
= g

.
R &
%y g\‘:‘o
%,,7
Moty cell death Panhana
Immunogenic cell death
G. Kroemer Oxeiptosis
Lysosomal cell death : : A. Pichimair
J. Franko NETosis Entosis Ferroptosis O
A. Zychlinsky J. Brugge B. Stockwell
Apoptosis Alkali i
X aliptosis
J. Kerr Pyroptosis N . Parthanatos D. T’:ng
A. Wyllie B. Cookson ecroptosis V. L. Dawson Autosis @)
A. Currie T J. Yuan T B. Levine

e 1972 == 2000 == 2001 == 2004 == 2005 == 2007 == 2009 == 2012 == 2013 == 2018 ==

(Tang et al., 2019)

(Galluzzi et al, 2018)



Jakeé jsou konkrétni molekularni mechanismy

zodpovédné za prubéh bunécné smrti?

JINE NEZ APOPTOZA:
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Membrane rupture

Necroptosis

Infection and injury

NAPDH

|

ROS

v

Histone citrullination

Netotic cell death
(Tang et al., 2019)
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Kdy je mozné povazovat bunku za mrtvou?

« pokud je splnéno alespon jedno z techto kriterii:
« poskozena integrita plazmatické membrany
« fragmentace bunky vcetne jadra

* bunky nebo jejich fragmenty pohlceny okolnimi
bunkami

 za téchto podminek uz neni ,,cesty zpeéet“...



Oddéleni cytokinetiky

. 4 4 P >
Jakou zvolit konkrétni metodu~ (Biofyzikalni ustav AV €R Brno)

modern methods of
analytical cytometry

modern methods of

cell and molecular biology cancer cell

flow cytometry
confocal microscopy..

molecular mechanisms of:
- cancer cell death

BFU ‘;, - anticancer drug action
| Akademie véd
Oddéleni cytokinetiky - Ceské republiky




Modelove priklady



TRAIL (tumor necrosis factor-related apoptosis inducing ligand)

- €len rodiny TNF, objeven v roce 1995, na zakladé sekvenéni homologie s TNFa and CD95L

(Pitti et al, 1996; Wiley et al, 1995)

- selektivni induktor apoptézy u nadorovych bunék, in vitro a in vivo

- spusténi apoptdzy nezavisle na p53 (raviet al, 2004)

B

\.

~

Transmembrane
Domain

Glycosyl-
Phosphoinositol
Anchor

TAPE repeat

Death Domain

Cysteine-Rich

(Ashkenazi et al, 1999; Walczak et al, 1999)

TRAIL-R3 TRAIL-R4 OPG
(DcR1) (DcR2)

Domain j

VR FUUE - QUM

(Lemke & Walczak, 2014)



Platinové komplexy

cisplatina
— cis-diamminedichloroplatinum(ll) Cl NH3
e . . N/
— desetileti v klinice Pt
+ lécba rady typl nadoru VAN
* mechanismy ne zcela objasnény Cl NH3

vazné vedlejsi u€inky
problém rezistence nékterych nadoru

LA-12

(OC-6-43)-bis(acetato)(1-adamantylamine)amminedichloro platinum(IV)

prekonava rezistenci k cisplatiné u nékterych typu nadorovych bunék
(Kozubik et al., 2005; Horvath et al., 2006)

OCOCH
vySSi u€innost nez jiné platinové komplexy u nadoru tlustého streva H.N ol ’
. . N7
(Svihalkova Sindlerova et al., 2010) Pt
T - . H cl

vice lipofilni, snadnéjsi vstup do bunky 2

(Kvardova et al., 2010) OCOCH,
specificky moduluje prichod bunéénym cyklem nadorovych bunék

(Horvath et al., 2007; Vondalova Blanarova et al., 2013)
uloha specifickych molekul v regulaci jejiho cytotoxického pusobeni
* p53, p21 (vondalova Blanarova et al., 2013; Roubalova et al., 2010)
* PTEN (Laukovaet al., 2015)
* Chkl (Herudkova et al., 2017)

(2ak et al., 2004)



Cisplatin and a potent platinum(IV) complex-mediated enhancement of TRAIL-induced

cancer cells Killing is associated with modulation of upstream events in the extrinsic
apoptotic pathway

Olga Vondalova Blanarova', Iva Jelinkova', Arpad Szoor'',
Carcinogenesis vol.32 no.l pp.42-51, 2011 Belma Skender, Karel Soucek, Viktor Horvith,
doi: 10.1093/carcin/bgq220

I 1 Alena Vaculova, Ladislav Andéra®, Petr Sova®,
Advance Access publication October 29, 2010 CIS p I a.tl n

Janos Szollosi', JiFina Hofmanova, Gyorgy Vereb' and Alois
LA-12 Kozubik®

(Calvino-Fernandez et al., 2010, upraveno)
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LA-12 — zcitlivéni nadorovych bunék tlustého stieva k apoptéze indukované TRAILem — mechanismus?



cisplatina

LA-12 o) 1 aktivace kaspazy-8 a tvorba
TDR5 MRNA . komplexu DISC (IPs)
TRAIL = *+ « & = +
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0~ I T
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(Vondalova Blanarova et al., 2011) kolokalizace DR4/5 a LR, fluorescenéni mikroskopie



| Pharmacology 92 (2014) 41

Platinum(IV) complex LA-12 exerts higher ability than cisplatin to

Contents lists available at ScienceDirect
Biochemical Pharmacology ﬁ enhance TRAIL-induced cancer cell apoptosis via stimulation of
= mitochondrial pathway

Iva Jelinkova *°, Barbora Safafikova®®, Olga Vondalova Blanaiova ?, Belma Skender

Jifina Hofmanova®®, Petr Sova“, Mary Pat Moyer ¢, Alois Kozubik *°, Zdenék Kolar¢,

Jifi Ehrmann®, Alena Hyrslova Vaculova *"*

journal homepage: www.elsevier.com/locate/biochempharm

a,b
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c-Myc
Mitochondnion
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(according to Calvino-Fernandez et al., 2010)
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Klicova uloha mitochondrii a proteinu Bax v posileni apoptozy
indukované TRAILem prostrednictvim platinovych latek
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Platinové latky zvysuiji citlivost nadorovych bunék prostaty
k apoptdze indukované TRAILem
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Kooperativni cytotoxické plsobeni platinovych latek a TRAILu —
nadorové bunky - biopsie prostaty
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Vyzkum protinadorového pusobeni TRAILuU — nas pfinos...
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