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,For every cell,
there is a time to live and a time to die.”
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Program prednasky:

e typy bunécné smrti

e nekroza

e qutofagie

e apoptoza

e metodické pristupy ke studiu apoptozy
e apoptdza a medicinské aspekty
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TYPY BUNECNE SMRTI
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Puvodni déleni zpUsobu bunécné smrti:

e smrt v dusledku plsobeni Skodlivého vnéjsiho
faktoru:

nahodnd (accidental) bunéénd smrt
= nekroza

e smrt jako indukovana sebevrazda:

programovana (programmed) bunécna smrt
= gpoptoza

hodnoceni podle morfologickych zmeén
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Bunécna smrt:

e katastroficka bunécna smrt
> nekroza

e fyziologickda bunécna smrt
» apoptdza
(programmed cell death type |, PCDI)
e kaspaza-dependentni
e kaspaza-independentni
> autofagie
(programmed cell death type II, PCDII)

hodnoceni podle biochemickych zmén
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Kdy je bunika mrtva??

e rozruSeni plasmatické membrany (dukaz napr.
inkorporace Pl in vitro)

e rozpad bunky v€etné jadra na fragmenty
(apobodies)

e fragmenty jsou pohlceny jinymi burikami (in
Vivo)

rozdil mezi mrtvou a umirajici bunkou
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Programmed cell
death pathways .
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signaling and cytokine
tansiabion production l

& E condensation of cell and  Swelling of the cell and
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A { Chromatin condensation rottied chromatin
x DnA fragmentation condensation
Loss of membrans Loss of membrane
asymmetry asymmetny -L
Membrane remains FRapid loss of membrane -
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Cell falls apart into
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Necrosis
Dissolution of
cellular structures

Cells and organelles swell
Chromatin condansas
Membranes compromised: Inflammation .
H.O fluid rushes in H.0 : .- :
o

© Elsavier. Pollard et al: Cell Biology 2e - www.studentconsult.com
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Cell blebs violently

Chromatin condensation
continues

= ‘ i
' ‘ 2 o -’ - L v
Microvilli contract '
‘ Intercellular junctions break L_I."E oy e L

Chromatin begins 10 condense

| I

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

NEKROZA
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Indukce nekrdzy

a) rozsahlé poskozeni, pfi némz uz nemohou byt
aktivovany mechanismy apoptozy

b) puUsobeni stresovych faktoru
e zmény koncentrace iontd, pH...

a ViV nt 2drAai’l anarcio
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e zmeny teploty
e poskozeni buniky nebo jejich organel
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Priznaky a prubéh nekrozy:

e poskozeni mitochondrialni membrany
e pronikani iontd Ca?* do mitochondrii
e zakulaceni a prasknuti mitochondrii

e ztrata regulace transportu iontu

e zakulaceni buriky (swelling)

e |yze bunky

e vznik nekrotického loziska

e invaze makrofagu

e zanétliva 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

Apoptdza (apoptosis, type | PCD)
e kaspazy
e kalpainy, katepsiny, granzymy

Autofagie (autophagy, type Il PCD)
e autofagozomy/autolysozomy
(lysozomalni proteazy)
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DEVELOFMENT AND PATTERNS OF CELL DEATH

cytotoxic death signals

“—/\/— hormonal death signal
\—"h‘_‘

HAGI

autophagic vacuoles

fragmentation
post mortem
P . ¥ degenerative
G - changes,
inflammation

no
inflammation
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AUTOFAGIE (PCDII)
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Pribéh autofagie

1. indukce (starvace)

2. vytvoreni autofagosomu (nejasny puvod, ER?)
3. vazba a fuze s lysosomem

4. rozpad autolysosomalniho veziklu

e (cast savCich homologl genu Atg (kvasinky)

Typy autofagie:

e mikroautofagie (transfer do lysosomu pfimou
invaginaci)

* makroautofagie (vznik autofagosomu)

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

| 7R

Protein synthesis ATP
Autophagy induction A T
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Can. J. Physiol. Pharmacol. 88: 285-295 (2010}
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APOPTOZA (PCDI)
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Kerr, J.F.R., Wyllie, A.H., 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 lékarstvi:

Sydney Brenner John E. Sulston

J v

l ;

H. Robert Horvitz

za vyzkum genetické regulace vyvoje orgdnu a

programované bunécné smrti %imf»}
) :
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Caenorhabditis elegans

e 959 somatickych bunék = dospély hermafrodit,
navic 131 podléha apoptdze

e regulace apoptdzy - 14 gent Ced:
Ced-3, Ced-4 - indukce
Ced-9 - represe
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Bunsory nerves, und nunves
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Priciny apoptozy

1. Apoptoza je nezbytna pro radny vyvoj organismu:

e resorpce ocasku béhem metamorfozy pulce v zabu

e odstranéni tkané mezi prsty béhem embryogeneze

e odstranéni nadbytecnych neuront pri vytvareni

synapsi v mozku

e uvolnovani endometria na pocatku menstruace
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syndaktylie (defekt apoptdzy)
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Priciny apoptozy

2. Apoptoza je nezbytna pro likvidaci bunék, které
predstavuji ohrozeni integrity organismu

e bunky infikované viry

o efektorové bunky imunitniho systému po
odeznéni imunitni odpovédi

e bunky s poskozenim DNA
zvysena produkce proteinu p53
(induktor apoptozy)

e nadorove transformované bunky

3 4
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Morphology

Apoptosis and Cell Proliferation in Tissue Homeostasis

Proliferation

A poptosIs

Proliferation

Apoptosis

Proliferation

Apoptosis

Proliferation

Apoptosis

Proliferation

Apoptosis

proliferation of cells

necplasia

regeneration of cells

neoplasia

equilibrium

dystrophy

dystrophy
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Indukce apoptdzy

Odstranéni pozitivniho signalu
e rustové faktory - neurony
e Interleukin 2 (IL-2) - lymfocyty

activated gene regulatory protein

/
/

N G
f

activated
recepjtor

!
1

A /”/

2

activated bcl-2 gene

- * - cell death
o RNA program
survival O
factar > .. :
\\-\—_—_'_//__/ .
Bel-2 apoptosis
protein
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Indukce apoptozy

Prijeti negativniho signalu
e zvyseni hladiny oxidacnich latek v bunce

e poskozeni DNA (volné radikaly, UVR, gama zareni,

chemoterapeutika)

e molekuly (death activators), které se napojuji na

specifické receptory (death receptors)

3 4
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Prubéh apoptozy:

@

K e changes

normalni smrstovani rozpad
bunka (fragmentace)

apoptoticka
téliska
(apo-bodies)
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Morfologické a biochemické priznaky apoptozy

zmenseni (smrsténi) bunky

poruchy mitochondrii a uvolnéni cyt-C
blebbing plazmatické membrany
zmeny v plazmatické membrané

s e

kolaps jadra (degradace chromatinu)

V4

zvysena aktivita transgiutaminazy
aktivace kaspaz, proteolytické stéepeni

rozpad bunky na apoptoticka téliska

© 0 N O

fagocytoza apoptotickych télisek
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Roche Molecular Biochemicals
Hallmarks of Apoptosis

Cytochrome ¢ [ Apaf-1
..-.u Formation

Decrasing Mitochondrial Potential

Activation of Caspases

Phosphatidylserine Exposure

Morphological Changes

DNA Fragmentation

120 Time (min)
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Metodické aspekty studia apoptozy

e morfologickeé pfiznaky (1972)

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

e fragmentace DNA (1987)
fragmenty: ladder, zlomy v fetézcich: TUNEL

e aktivace proteolytické kaskady (1995)
produkty proteolytického stépeni

e zmény plazmatické membrany (1997)
externalizace fosfatidylserinu: annexin-V

e zmény mitochondrii (1998)

Bi8120 Aplikovana bunécna biologie -jaro 2012 -02 / 29.2.
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Blebbing plazmatické membrany

e degradace kortikalniho cytoskeletu
(fodrin, aktin)
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Notoneuron disease: an apoptopic neuron seen by scanning
electron microscopy
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Zmeény v plazmatické membrané

e externalizace fosfatidylserinu
(,eat me“ signal)

Phosphatidylserine “Flip”

phasphatidylserine redisiribution

IR RSN NN annn

Apoptosis
Induead

before
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Zmény v plazmatické membrané

o detekce fosfatidylserinu
e Annexin V + fluorochrom

Annexin V Conjugates Flow Chart of the Annexin V Assay
s rs® Annexin V l

Add annexin V conjugate in 1X
binding buffer

l Incubate 5 min in the dark

%, rs » Annexin V PE
: Analyze by flow cytometry or
rs 2P 3 Annexin V fluoresence microscopy

ﬂ PS "ps I Annexin V
,,J Cys

rs » Annexin V

L3

Bi8120 Aplikovana bunécna biologie -jaro 2012 -02/29.2.

45



Zmeény v plazmatické membrané

e detekce fosfatidylserinu — Annexinem V
e flow cytometrie

O 1 000

4.5%

Apoptoh

10"
AnnexinVF'T¢
Legend. Jurkat T-cells were UV-B irradiated and incubated over night.
Cells were labelied 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

VIV

e internukleosomalni stépeni DNA - Zebricek (ladder)

e fragmentace jadra

Diatonee Haon culs =
wulicie of LU Ease s

K s D by

= deciophoreas

Basa cairg

DNA fragmentation by CAD during apoptosis

CAD ICAD

“IcAD .

T q
_____CADmRNA f ]

/ e %
/ CAD

activation of caspases DNA fragmentation
4

apoptotic stimuli

ICAD

= 11,

CAD — kaspazou aktivovana Dnaza
ICAD — inhibitor CAD
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Detekce stépeni DNA:

TUNEL: Terminal deoxynucleotidyl transferase
dUTP nick end labeling

In situ end labeling (TUNEL)
(template independent)

+ Terminal transferase
+ X-gNTP ( m)

I||]II|II
1 1 1 111

TUNEL

DAPI
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Aktivace proteolytického stépeni

Kaspazy
e cysteinové proteazy, stépici na karboxyskupiné
kyseliny asparagové

e caspases = cysteinyl-aspartic-acid-proteases

e 14 druht kaspaz (u ¢lovéka):
iniciacni (apikalni- 8,9, 10 a 12)
efektorové (exekucni- 3,6 a 7)
pro-inflamatorni

Katepsiny, kalpainy, granzymy
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Aktivace kaspadz, proteolytické stépeni

prokaspaza

kaspaza

aktivni
kaspaza

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

= active site

rtarge subunit’small subunit
heteradimers

g active tetramer
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Aktivace proteolytického stépeni

Substraty kaspaz - proteiny

e ,cell death” proteiny (Bcl-2,Bcl-XL, prokaspazy..)
e regulatory b. cyklu (MDM2, p21, Rb, cyklin A..)
e cytoskelet (aktin, fodrin, keratiny, laminy..)

* DNA metabolismus (ICAD, PARP..)

e RNA metabolismus

e signalni drahy

o TF

e proteiny spojené s neurodegenerativnimi chorobami

Bi8120 Aplikovana bunécna biologie -jaro 2012 -02 / 29.2.

®
%%m%%

51



Aktivace kaspaz — fluorescencni mikroskopie

a-tubulin / DAPI aktivovana kaspdza 3

Bi8120 Aplikovana bunécna biologie -jaro 2012 -02 / 29.2.
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Aktivace kaspdz — detekce (WB)

) 10| - - E::p'::g_lg
Kaspaza-3
20 | - Cleaved
- - Fcasnasa-s
1 5 2 1 05 02.01 0 Staurosporine (pM)
Lamin A Poly (ADP-ribose) polymerase

kDa

75ﬂ o B

57 = @ wm == —PARP
465 | e - Gloaved Lamin A 123 a : »-w= __ﬂ;:;::]mnp

| | (Asp230)
375 60
50

76— = 40

E e laminA 30
465 s

20
375 - = = = Staurospornne
- = + = = [toposide
28 ~~ «mm» - Cleaved Lamin A - = = =+ CHVTNFa

Staurosporine
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Rozpad bunky na apoptoticka téliska

e Ucast nove formované aktinové 3D struktury a
nesvalového myosinu

e apoptoticka téliska obsahuiji zbytky jadra,
organely a Casti cytoplazmy

3
)
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Fagocytdza apoptotickych télisek

e pohlceni apoptotickych télisek okolnimi burikami
(makrofagy, dendritické bunky)

e fagocytujici bunky vylucuji cytokiny, které
zabranuji zanétu ve tkani

Bi8120 Aplikovana bunécna biologie -jaro 2012 -02/29.2.
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Apoptdza vyvolana vnitrnimi signaly:

zdrava bunka exprimuje na vnéjsi membrané mitochondrii protein
Bcl-2, vazany k Apaf-1

pri vnitrnim poskozeni buriky protein Bcl-2:
e uvolni Apaf-1
e prestane zadrzovat cytochrom-c v mitochondriich
vznika apoptosom:
Apaf-1
Cytochrom C (Apaf-2)
prokaspaza 9
(dATP)

vznika aktivni kaspaza 9 (iniciacni), ktera stépenim aktivuje dalsi

kaspazy (efektorové) ey
g ]
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First stage of apoptosome formation

- o
@ \

cytochrome C

Recruitment of
procaspase-9

&pmcaspas

Caspase Activation
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Mitochondrial pathway

Death receptor pathway

[
Fasl|
TSI Other stimuli .
Granzyme B E
Plama ?0ther pmteases
Fas|—|Fas| > membrane
Truncated
= ~ Bid bid
gf O _;.. D— Lp— — Ul

ATP © Cytochrome ¢

W
FADD

0

[ TJasofeaq]

Active caspase-9 - =
Procaspase-8 ¢ P ’ A Apaix
[+ W . 7 - Procaspase-9
1 @.. “‘ .
Active Apoptosome
caspase- "‘
Active [ Procaspase-6 XIAP Diablo/SMAC

caspase-3 A | o V

Active
DXXD polypeptides caspase-fi

Cleaved substrates
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Zmeny mitochondrii

zmeéna permeability
mitochondrialni
membrany

detekce cytochomu C

(A) CONTROL

cytochrome-c-GFP mitochondrial dye

| —
(B) UV TREATED 10 pm

cytochrome-c-GFP anti-cytochromec

| I—
25um

Figure 18-7 Molecular Biology of the Cell 5/e (2 Garland Science 2008)
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Apoptdza vyvolanad vnitfnimi signaly,

nezavisla na kaspazach

 probihad i pti aplikaci inhibitoru
kaspaz

e prabéh smrti je delSi

e ztrata mitochondrialniho
transmembranového potencialu

* inhibice respiracniho retézce
 Stépeni DNA pomoci AlIF a ENDOG

(apoptosis inducing factor,
endonukledza G)

‘-qL INTRACELLULAR STRESS
o

Cytoskeleton

. : ATP SYNTHESIS
Caspase-9 &5 \ | CESSATION
| L]

! / 3. : EXCESS ROS
Pro-caspase-3 C— 10 o, ¢

v * RESPIRATORY CHAIN
Caspase-3 == i INHIBITION
CASPASE-DEPENDENT } CASPASE-INDEPEMNDENT
APOPTOSIS APOPTOSIS
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Apoptdza vyvoland vnéjsimi signaly:

e aktivacni molekuly (death activators) se napojuji na specifické
receptory v plazmatické membrané (death receptors):

Tumor necrosis factor oo (TNF-a) - TNF receptor
Lymphotoxin (TNF-f3) - TNF receptor
Fas-ligand (FaslL) - Fas receptor (CD95)

e prenos signdlu do cytoplasmy aktivuje prokaspazu-8 (-10)
(iniciacni kapazy)

e aktivovana kaspaza-8 (-10) stépenim dalSich prokaspaz spousti
proteolytickou kaskadu

3 4
)
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DISC
death-inducing
signaling complex

ligand

receptor
adaptorové proteiny
prokaspaza-8

TNFa

TNFR1
TCCCDI()TS
aleaiin
plainsa -
membrane
Death
Domain
TRADD
TRAEF-2

Pro-caspase 8 4‘

L il |
Apoptotic Signalling
Pathway Pathway
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Mitochondrial pathway

Death receptor pathway

[
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TSI Other stimuli .
Granzyme B E
Plama ?0ther pmteases
Fas|—|Fas| > membrane
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= ~ Bid bid
gf O _;.. D— Lp— — Ul

ATP © Cytochrome ¢
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[ TJasofeaq]

Active caspase-9 - =
Procaspase-8 ¢ P ’ A Apaix
[+ W . 7 - Procaspase-9
1 @.. “‘ .
Active Apoptosome
caspase- "‘
Active [ Procaspase-6 XIAP Diablo/SMAC

caspase-3 A | o V

Active
DXXD polypeptides caspase-fi

Cleaved substrates

Bi8120 Aplikovana bunécna biologie -jaro 2012 -02/29.2.

63



Apoptdza vyvoland vnéjsimi signaly:

dependence receptotors (napf. DCC)

* rozdilna signalizace:

* pfi navazaném ligandu ->prezivani bunky

e po uvolnéni ligandu -> aktivace kaspazové kaskady

>
DCC | Dcc
5 __;\:
e  HC
] g—:.___ Caspase-3
GTPase l MAPK
activation activatien
(Rac-1) (ERK-1/2)
Survival Signal Death Signal
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Soucasné rozdéleni
regulované bunécné smrti

a) autofagicka bunécna smrt

b) apoptdza vyvolana vnitrnimi signdly, zavisla na kaspazach

c) apoptdza vyvolana vnitfnimi signdly, nezavisla na kaspazach

d) apoptdza vyvolana vnéjSimi signaly, aktivaci death receptors

e) apoptdza vyvolanad vnéjsimi signaly, (de)aktivaci dependence receptors

f) anoikis — smrt zplsobena ztratou kontaktu k podkladu nebo okolnim bunkam
(mechanismus vnitini apoptdzy)

g) cornification (keratinizace) - terminalni diferenciace epidermalnich bunék,
vznik vrstvy mrtvych keratinocytl (=stratum corneum)

h) entosis (bunécny kanibalismus) — pohlceni buriky stejnym typem (ne
fagocytem), postupna degradace ve fagozomu

3 4
= 3
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*._ Loricrin, prefilaggrin, tichahyalin,

irvolucrin, SPRs, S100A proteins

TG3, keratin-1, -2e, -9, =10,

Loss of TG1, TGS,
integrin

cornification

Cell-in—cell

single cells
(release)

entosis

http://www.sciencedirect.com/science/article/pii/S0092867407013943 .§-

desmoglein-1, desmocolin-1

desmoglein-2, -3, 4

Keratin-5, -14, TG2, BRAGT  °

BPAGZ/colagen-17
ugfly integrin, @minin-5

Cell division

Involucrin - T Lipids

Nature Reviews | Melecular Cell Biology

Cell death

-.u
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Soucasné rozdéleni
regulované bunécné smrti

i) mitotickd katastrofa — iniciace navozeni smrti v M-fazi bunééného cyklu vlivem
poskozeni mitotického aparatu

a _ b
G

Normal Mitotic

mitosis defect

ey, -y
Mitotic
arrest

DEATH

i) necroptosis (regulovanda nekréza) — smrt vyvoldna aktivaci death receptort pfi
soucasné inaktivaci kaspaz (8,10)

3
&h (‘
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k) netosis — odvozeno od NET (Neutrophil Extracelular Trap) = mikrobicidni
struktura sloZzend z chromatinu, histon( a antimikrobidlnich proteind
produkovana granulocyty

smrt specificka pro granulocyty, nezavisla na kaspazach; silna vakuolizace
cytoplazmy, dekondenzace chromatinu, rozpad membrany jadra a granuli —
podobnosti s autofagii a regulovanou nekrézou

Cranule protein

D
Trapped

&
MICrGOrQAnISm

1\? F‘ -
NET *

|) parthanatos — pri nadmeérné aktivaci PARP (poly ADP-riboza polymeraza),
tvorba PAR, nasledna degradace chromatinu; popsanu u mrtvice, diabetu a
neurodegenerativnich chorob

m) pyroptosis — plvodné popsano u makrofagl po infekci (S. tiphymurium),
typickym priznakem aktivace kaspazy-1->aktivace pyrogenniho IL-1[3

3
%h (‘
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Apoptdza a nadory

Chemo- a radio- terapii indukovana bunécna smrt
strategie:

e zabranit neregulovanému bunécnému déleni nadorovych

bunék
e ovlivnéni bunécného cyklu a DNA syntézy u rychle se délicich
bunék
- antimetabolity
- genotoxické latky zpUsobuji apoptdzu

- mitotické inhibitory

o defekty v apo drahach negativné ovlivnuji lécbu
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Chemo- a radio- terapii
indukovana bunécna smrt - signalizace

e indukce poskozeni DNA — (DNA damage signal)

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

o fosforyluji efektorové kindzy (Chk1, Chk2 a c-Abl)

e fosforylace TF - p53, p73, E2F..

e zvysSeni exprese genu — skupiny reparace DNA, zastava

bunécného cyklu a apoptdza

3
)
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Vztah p53 a apoptdzy
e aktivuje mitochondrialni apopotickou drahu
upregulace proapoptotickych genl (Bax, Bid, Noxa, Puma)

downregulace antiapoptotickych gent (Bcl-2, Mcl-1)

* aktivuje receptorovou apoptotickou drahu
upregulace death receptoru (Fas, DR4, DR5)

* nezavisle na transkripci
translokace p53 do mitochondrii a vazba na Bcl-2 a Bcl-XL

3
)
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Apoptodza a nadory

Inhibice apoptdzy nadorovych bunék
bez ucasti viru:

e naruseni apoptdzy aktivované receptory u nddorovych bunék
a) nedostatecna aktivita inici¢nich kaspaz (8,10) — z dlivodu metylace
promotoru, delece nebo mutace genu pro kaspdzu-8 (neuroblastom, plicni
karcinom, Ewingliv sarkom, melanomy)
b) sekrece ,decoy” molekuly, ktera se vaze na FasL a brani jeji vazbé na FasR
(nadory plic a streva)
c) sekrece FasL nadorovymi bunkami indukuje apoptdzu cytotoxickych
lymfocytu

e paruseni apoptdzy spousténé mitochondriemi u nadorovych bunék
a) delece a/nebo metylace genu pro Apaf-1 (melanom)
b) nedostatecna aktivita inicic¢ni kaspazy 9 (nadory ovaria)

c) overexprese Bcl-2 z dlvodu translokace (leukémie) _é__@
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Apoptdza a nadory

Viry, inhibujici apoptdzu transformovanych bunék:

tvorba proteinl blokujicich apoptdzu na rdznych drovnich

e receptorova apoptdza

e mitochondrialni apoptdza

e p53

e podpora proliferacnich signalnich drah

e  Human papilloma virus (HPV):

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

produkuje protein, podobny proteinu Bcl-2
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Cellular
ligands

bind to \ \
death

Cellular

growth factor
receptor receives
survival signal

receptors|

quoptosome:

itochondrial

Cytc + Caspase-9
+Apai-1

induce pro-deathj
gene expression |

“When Cells Die II-

R. A. Lockshin, Z. Zakeri
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Apoptdza a imunitni systém

e nutnost odstranéni aktivovanych lymfocytu
e produkuji protilatky a cytokiny, jsou cytotoxické

Regulace apoptozy

e omezeni rustovych faktoru (IL-2)
pro T bunky reagujici na vnéjsi a prechodné an

s

e pomoci,death” molekul (Fas ligand)
pro T bunky reagujici na vnitrni a trvalé antigeny

tigeny

L™ 2 J
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Apoptdza a imunitni systém

defekty v indukci apoptozy a autoimunitni choroby

e neschopnost navozeni apoptdzy a prezivani auto-
reaktivnich lymfocytu

- mutace ve Fas receptoru (CD95) nebo Fas ligandu

—> lymfadenopatie (zvétseni uzlin), akumulace
lymfocytl

e U(cast ,death” receptoru a ligandl v poskozeni okolni

tkané misto lymfocyt(
g M%E
1)
s
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Defekty v indukci apoptdzy a autoimunitni choroby

systémovy lupus erythematodes (SLE),
lupenka,

revmatoidni artritida,

Hashimotovo struma...

Pleural Butterfly rash
effusions =

systémovy lupus
erythematodes

Heart
problems

Castéji u Zen (90%)
motylovy erytém na obliceji
artritida

- zanét ledvin

nedokrveni periferii

Lupus
nephritis

Symptoms of
systemic lupus
erythematosus
may vary widely
with the individual

Raynaud's
¢ phenomenon

FADAM.
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Autoimunitni choroby: systémovy lupus erythematodes

= porucha funkce makrofagl

= vznik sekundarni nekrdzy

= yvolnéni prozanétlivych latek
= vystaveni autoantigend

= zanét

Sekondary
nerrnsls
NHD . \ Danyen 8SLE
Apoptosis ® Signals
CRP PS—ro ® -~ ® -
Complermnent o sill
T e \
o v . N
REGES ¢ e / @ Antigen
E 3 ANTay
" ? L X ) [] 3.1 @
9
2./ 28 Denditic call
B in Deficient macrophage
Macrophage

- Clearance of apoptotic cells
by macrophages i1s efficient

- Cellz don't hecome secondary
necrotic znd danger signals ars
not released

= Mo estahlishing of autoantgens
and na inflarmmiatian

Tolerance

- Clearance of apoptotic cells by
Macrophages is impaired

-2 Danger signzls relezsed by
seEndzEry el crells

= Accessibility of 2utoantigens and
inflarmmation

Chrenic Auteimmunity

Fig. “Defecls in the clearance of apopiotic cells is 2 posabie pethway to autoimmene disease"
CRP = C~eaciiw profein, PS — phosphaticiisanne, gl — immunogiobeninill, B2GPT — 12 gilcopiotein I,
SLE = syystemi Mpus slyifematosus, NAD = ponmal healify donar
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Apoptdza a imunitni systém

AIDS:
pokles CD4+ T-lymfocyt(
e pouze Cast infikovana HIV, vétSina umira apoptozou
e infikované bunky produkuji virové proteiny
(Tat, gp120, Nef, Vpu),
e blokuji Bcl-2, aktivuji pro-kaspazu 8
e zmény v expresi cytokint (1 IL-4, IL-10; ¢ 1L-12, INF-y)
e viry ajejich proteiny v extracelularni prostoru aktivuji

apoptozu v okolnich lymfocytech
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Apoptodza a degenerativni onemocneéni

Alzheimerova choroba
Parkinsonova choroba
Huntingtonova choroba

nejasné mechanismy indukce apoptozy:

e volné radikaly
e nedostatec¢na hladina nervovych rustovych faktorut

e vysoka hladina neurotransmitert
ﬁ\%é
)
s

e vnitrobunécna akumulace toxickych proteinu
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