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Vyznam regulace bunécného
cyklu

Bunécny cyklus a jeho regulace

Pokud bunka obdrzi nezbytné informace nebo mimobunécny podnét
(hormony, cytokiny, kontakt se sousedni bunkou nebo substratem) zacne
se délit. Jinak zlstava v klidovém stavu - GO.

Kontrolni body G1-S a G2-M

Regulacni molekuly

Proteinové kinazy - cyklin (regulacni jednotka) + cyklin dependentni kinazy
(katalyticka subjednotka):

Cyklin D + Cdk4 a Cdké6 - prechod G1-S

Cyklin E + Cdk2 - zacatek S faze

Cyklin A + Cdk2 - Sa G2

CyklinB + Cdk1 - prechod G2-M




Aktivita komplex{ je regulovana fosforylaci treoninovych a
tyrosinovych residui

Komplexy inaktivovany degradaci cyklinG
Inhibitory Cdk - 2 hlavni rodiny: p21, p27, p57 (SirSi specifita) a
p15, p16, p18, p19 - vazi se primp na Cdk2 a Cdk4 (specif pro

cyklin D zavislé kinazy)

Nékolik stupnl kontroly, funkce rliznych komponent jsou
vzajemné propojeny - cil pro mutace i epigenetické zmény

Cyklin E - aberantné exprimovan u fady nador{ prsu

Funkce cyklinu A ovlivhény spojenim s proteiny kodujicimi DNA
viry (papilloma virus - nadory délozniho Cipku)



Growth factors
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Bunécny cyklus s kontrolnimi faktory a hlavnimi kontrolnimi body pro prechod z jedné faze do druhé.

MPF = M-phase promoting factor (p34 a cyklin B);
SPF = S-phase promoting factor;

START = rozhodujici bod pro déleni nebo diferenciaci;
E2F = transkripcni faktor v syntéze DNA;

pl107 = protein ve vztahu k Rb;

p33 = cyklin-dependentni protein kinaza;
p53/Rb = inhibicni proteiny;

CDK = cyklin-dependentni kinaza;

PCNA = proliferating cell nuclear antigen.
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Schéma progrese normalniho bunécného cyklu.
Po ukonceni mitdzy mlze burika terminalné diferencovat, vstoupit do klidového
stadia nebo znovu vstoupit do bunécného cyklu. Progrese bunécnym cyklem je

regulovana rliznymi komplexy cdk-cyklin.
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Retinoblastoma protein pRB

Produkt “retinoblastoma susceptibility” genu Rb-1 - prvni klonovany
nadorove supresorovy gen - homozygotni mutace - retinoblastom

RB protein je substratem Cdks a jeho funkce je inhibovana fosforylaci
(na serinech a treoninech) nebo virovymi onkoproteiny.

Fosforylaci se uvolnuje transkripCni faktor E2F, ktery reguluje transkripci
gen( kritickych pro syntézu DNA a S-fazi.

Fosforylace vykazuje pravidelnou oscilaci v pr@ibéhu bun. cyklu. U
nesynchronizovanych bunék - half-life RB asi 30 min.

Rychly obrat naznacuje, ze RB je reverzibilné fosforylovan pomoci kinaz
a fosfatdaz. Behem G1 faze je RB fosforylovan - progrese bun. cyklu -
dilezZitost komplexu cdk2-cyklin E a cdk2a 4 a cyklin D



Antimitogeny a induktory diferenciace vedou k defosforylaci a podporuji
tak zastavu cyklu u proliferujicich bunéek.

“Electromobility shift assay” - fosforylovany RB migruje jako samostatny
band u klidovych bunék a jako soubor 4-5 band{ u proliferujicich bunék.

Fosforylace zpomaluje elfo mobilitu - horni bandy odpovidaji
fosforylovanému RB.

Protein p53

uloha v proliferaci a apoptdze

aktivovan poskozenim DNA (zareni, chem. latky, cytostatika) - aktivace
vyust'uje v apoptozu (pres bax) nebo zastavu bun. cyklu (p21) - ¢as pro
reparaci u nadorl Casto deficientni nebo mutovan - regulace E2F, p19

Fosforylace RB je ovlivhovana radou biologicky aktivnich molekul jako
jsou mitogeny, antimitogeny a induktory diferenciace. Mitogeny stimuluji
fosforylaci a klidové bunky prechazeji do cyklu.



Schéma aktivace E2F komplexem cdk-cyklin.
Cdk4 nebo cdk6 v komplexu s cyklinem D fosforyluji pRb, ktery
uvolfiuje E2F pro transkripci gendl nutnych k progresi bunécného

cyklu.
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Vztah mezi bunécnym cyklem a diferenciaci
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Zastava bunécneého cyklu indukovana poskozenim
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Figure 2. DNA damage-induced cell-cycle arrest in G-1 phase by p21. Increase in p53 activity in response to DNA damage leads to
transcriptional activation of several genes including p21. Upregulation of p21 inhibits cdk2-cyclin kinase activity. Phosphorylation of pRb in
late G-1 by cdk-cyclin kinases is necessary to release E2F transcription factors which then activate several genes that are important for G-1
to S phase transition. p21 prevents phosphorylation of pRb and causes G-1 arrest. DNA damage-induced G-1 arrest is defective in cells

from p21 null mice.

B

Pfi poskozeni DNA vzrlsta aktivita p53 — transkripcni aktivace p21 — inhibice aktivity cdk2
cyklin kinazy. Fosforylace Rb v pozdni G1 fazi cdk je nezbytna pro uvolnéni tr. Faktoru E2F
aktivujiciho fadu genl nutnych pro prechod G1-S. p21 zabranuje fosforylaci Rb a indukuje

zastavu v G1 fazi.
Mutace a nefunkcénost téchto molekul — deregulace bun. cyklu — podpora rozvoje nador(



Regulace prechodu G1/S faze
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Figure 3. Regulation of G-1/S transition. In quiescent cells the levels of p27 are high, whereas p21 levels are low. Mitogenic signals during
G-1 lead to an increase in p21 as well as in cyclin D by transcriptional activation. p21 (and p27) then promote the assembly of cdk-cyclin D
by forming complexes with the cdk-cyclin kinases. The resulting activation of cyclin D-dependent kinases phosphorylates pRb. The
sequestration of p21 (and p27) by cyclin D lowers the effective levels of p21/p27 available for inhibition of cyclin E-dependent kinase,
thereby facilitating cdk2-cyclin E activation in late G-1. Ectopic expression of catalytically inactive cdk4 leads to the activation of cyclin
E-dependent kinase activity, presumably by sequestering p21/p27 [140]. Activation of cdk2-cyclin E can complete the phosphorylation of

PRb, leading to its inhibition and the activation of E2F transcription factor. Finally, cdk2-cyclin E phosphorylates p27 to trigger its
destruction [141, 142]. These events allow cells to enter S-phase.



Model bunécného déleni stimulovaného mitogenem
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Figure 17-41 part 2 of 2. Molecular Biology of the Cell, 4th Edition.




Kontrolni body vstupu bunék do mitozy

Box 1| The M phase of the mammalian cell cycle.

Mitosis occurs in the indicated phases to duplicate chromosomal DNA and ensure that both daughter cells receive the
correct genetic complement. Cytokinesis then partitions the cytoplasmic components evenly between the daughter cells.
The integrity of M-phase progression is monitored by three main checkpoints: one that detects DNA damage (G2/M
arrest), one that detects mitotic-spindle malformations and one that detects incorrect positioning of the spindle. Defects in
genes that are required for inducing mitotic catastrophe can contribute to tumorigenesis. These genes include those that
encode the numerous kinases that are involved in mitotic regulation, such as polo-like kinase 1 (PLK1), the aurora kinase
family (aurora-A and aurora-B), and a regulator of the spindle checkpoint called BUB-related kinase (BUBR). In response
to genotoxic stress, ataxia teleangiectasia mutated (ATM) and ATM- and Rad3-related (ATR) become activated and, in
turn, activate the checkpoint kinases CHK2 and CHKI, respectively. These kinases phosphorylate and inactivate CDC25,
the molecule that is responsible for cyclin-dependent kinase 1 {CDK1) activation. When it is phosphorylated, CDC25is
translocated into the cytosol together with 14-3-3, and this blocks CDK1/cyclin activation, establishing G2 arrest.
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Kotrola pfi poSkozeni DNA (zastava G2/M), pri malformaci a nespravné pozici mitotického
vieténka. Poruchy genl indukujicich ,mitotickou katastrofu™ (PLK1, Aurora, BUBR) mohou
prispivat ke karcinogenezi.



DUIoha apoptozy v karcinogenezi
Univerzalni model: trojrozmérné znazorneni funkci
proliferace, apoptozy a diferenciace
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DVIiv rtizné intenzity apoptozy na homeostazu

Rychlost bunééné Intenzita (rychlost)
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Vliv naruseni (stimulace/inhibice) priibéhu apoptozy v ramci
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Rlizné typy bunécné smrti

Cell deaths

Controlled cell death

Uncontrolled cell death

Physiclogical cell death or

Necrotic cell death

Programmed cell death (Type IIT)
|
[ I
Nonlysosomal degradation  Cytoplasmic type
(Type I11A) of degradation
(Type 111B)
I 1 I
Autophagic cell death Apoptotic cell death Other cell death
(Type II) (Type I) Ubiquination-proteasome
Cathepsin{dependent MMPs
Cross-talk
[

I
Caspase-independent

i
Caspase-dependent

Death receptor-dependent
(Extrinsic pathway)

Death receptor-independent
(Intrinsic pathway)

Kontrolovana (programovana) a nekontrolovana (nekroticka) bunécna smrt.
Programovana bun. smrt — apoptdza a autofagie a dalsi typy.
Apoptdza — aktivace kaspaz — mozné prekryvy s autofagii



Vlastnosti rtiznych typti bunécné smrti

Table1 | Characteristics of different types of cell death

Type of
cell death

Apoptosis

Autophagy

Mitotic
catastrophe

Necrosis

Senescence

Morphological changes

Nucleus

Chromatin condensation;
nuclear fragmentation;
DNA laddering

Partial chromatin
condensation; no DNA
laddering

Multiple micronuclei;
nuclear fragmentation

Clumping and random
degradation of nuclear DNA

Distinct heterochromatic
structure (senescence-
associated heterochromatic
foci)

Cell
membrane

Blebbing

Blebbing

Swelling; rupture

Cytoplasm

Fragmentation
(formation of
apoptotic bodies)

Increased number
of autophagic
vesicles

Increased vacuolation;
organelle degeneration;
mitochondrial swelling

Flattening and
increased granularity

Biochemical features

Caspase-dependent

Caspase-independent;
increased lysosomal
activity

Caspase-independent
(at early stage)

abnormal CDK1/cyclin B
activation

SA-B-gal activity

Common detection methods

Electron microscopy; TUNEL
staining; annexin staining;
caspase-activity assays;
DNA-fragmentation assays;
detection of increased number
of cells in subG1/G0; detection
of changes in mitochondrial
membrane potential

Electron microscopy;
protein-degradation assays;
assays for marker-protein
translocation to autophagic
membranes; MDC staining

Electron microscopy;
assays for mitotic markers
(MPMZ2); TUNEL staining

Electron microscopy; nuclear
staining (usually negative);
detection of inflammation and
damage in surrounding tissues

Electron microscopy; SA-B-gal
staining; growth-arrest assays;
assays for increased pb3,
INK4A and ARF levels (usually
increased); assays for RB
phosphorylation (usually
hypophosphorylated); assays
for metalloproteinase activity
(usually upregulated)

CDK1, cycline-dependent kinase 1; MDC, monodansylcadaverine; MPM2, mitotic phosphoprotein 2; SA-B-gal, senescence-associated 3-galactosidase;
RB, retinoblastoma protein.

Okada H. and Mak TW, Nature Rev Cancer 2004



Rozdilné vlastnosti apoptozy a autofagie

TABILE 1
Differences in Characteristics between Type I and Type II Cell Death
Factor Apoptosis (type I) Autophagy (type IT)
Morphology
Nucleus Chromatin condensation Partial chromatin condensation
DNA laddering and fragmentation No DNA laddering and fragmentation
Pyknosis Sometimes pyknosis
Cytoplasm Cytoplasmic condensation Many large autophagic vacuoles
Fragmentation to apoptotic bodies Many autophagosomes
Increase in MMP Lysosomal activation
Activation of caspase cascade Caspase independent
Patential release of lysosomal enzyme Potential involvement of MMP
Organelles do not swell
Membrane Blebbing Blebbing
Primary proteases Caspases such as caspase 3 Cathepsins and proteasomal proteins
ATP requirement Yes Yes (AMPK, AMP/ATP ratio)
Inhibition Z-VAD-fmk 3-methyladenine (3-M4)
XIAP PI3K inhibitors
Bel-2/Bcl-xL PI3R-T/ Akt
Sometimes with actinomycin D Actinomyein D
Sometimes with cyclophosphamide Cyclophosphamide
Detection DNA laddering test Electron microscopy
Caspase activation and the substrate Lysosome activity test
TUNEL and annexin V staining Cytoplasmic sequestration test
FACS analysis LC3 associated with autophagosome membrane

Electron microscopy

MMP: mitochondrial membrane permeability; XIAP: X chromosome-encoded inhibitors of apoptosis proteins: PI3K: phosphoinositide 3-kinase; TUNEL: terminal
deoxynucleotidyl transferase nick-end labeling; FACS: fluorescence-activated cell sorting, AMPE: AMP-activated protein kinase; AMP: adenosine 5'-monophosphate;

ATP: adenosine 5'-triphosphate.




Vztah apoptozy a autofagie
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Figure 4 Apoptosis/autophagy connection in programmed cell
death context. (a) Autophagy may be indispensable for apoptosis
occurrence. (b) Autophagy may antagonize apoptosis (¢) Apoptosis
and autophagy may occur independent of each other. Inhibition of
apoptosis may convert cell death morphology to autophagic and
vice versa

Autofagie mlze byt nezbytna
pro apoptozu ¢i plsobit proti ni.

Autofagie a apoptdza mohou
rovnéz existovat nezavisle na
sobeé.

Inhibice apoptézy mlze zvratit
bun. smrt v autofagii a naopak.
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Drahy kontrolujici apoptozu a nekrozu. Aktivace receptort smrti (DRs), poskozeni DNA ztrata
rlstovych faktorl, radio- nebo chemoterapie mohou vyustit v aktivaci ,upstream" kaspaz,
aktivaci mitochondrii, uvolnéni cytochromu ¢, aktivaci Apaf-1, naslednou aktivaci
,downstream" kaspaz a konecné ve fragmentaci DNA a apoptdzu. KliCovou roli hraji anti-
apoptotickeé cleny rodiny Bcl-2 (Bcl-2, Bcl-X,) a inhibitory jako IAP (inhibitory apoptickych
proteinl). Mitochondridlni aktivace vyustuje v uvolnéni Ca**, tvorbu volnych radikald,
peroxidaci lipidd a vycerpani ATP, coz mlze vést k nekroze.




D Rodina proteinti Bcl-2

apoptosis

DUlezita je rovnovaha proapoptoticky a antiapoptoticky plsobicich proteinl

. Figure 9.27c The Biology of Cancer (© Garland Science 2007) a



RGzné podnéty indukujici apoptozu bunék

Radiation — Mitochondrial Dysfunctios

Chemicals

Cytochrome ¢ Release
-I- ¢ Apaf-1, dATP

Caspase 9
BCL-2 (Initiator)

Mitochondria

Growth Factor 1
Deprivation

BAX BID

Death Receptors
(Fas/TNF-R1/)

Indukovat apoptézu mlze zareni, riizné chemikalie (vc. [&Civ), nepfitomnost
rlstovych a viabilitnich faktord, specifické cytokiny aktivujici receptory smrti
(death receptors —DR)



Iniciace a regulace apoptozy po rtiznych podnétech

Receptor Mediated Events

Fas/APO1/CD95

Cytotoxic Stress

Radiation
Chemical Mutagens

Procaspase-8

Mitochondria
- Bax
tBid 4' e

Caspase-8

DIABLO |

Bcl2
Bcel-x

* ‘ Bid
L Cytochrome C

T Cytochrome C I

= | APAF-1

=

Procaspase-9

v

4 IAPH

Caspase-9

Effector Caspases
Caspases 3,6.7

- Cytoplasmic Targets

2
P53 | Nucleus
DNA Damage
N
> Nuclear Targets

« Lamins
« PARP
« DNA

Cytoskeletal proteins
Protein kinase C etc

~




Vnitrni (mitochondrialni, intrinsic) a vnéjsi (extrinsic) draha
apoptozy

Ligand
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Figure 1| Intrinsic and extrinsic pathways of apoptosis. a | Intrinsic apoptotic
stimuli, such as DNA damage or endoplasmic reticulum (ER) stress, activate B cell
lymphoma 2 (BCL-2) homology 3 (BH3)-only proteins leading to BCL-2-associated X
protein (BAX) and BCL-2 antagonist or killer (BAK) activation and mitochendrial outer
membrane permeabilization (MOMP). Anti-apoptotic BCL-2 proteins prevent MOMP
by binding BH3-only proteins and activated BAX or BAK. Following MOMP, release of
various proteins from the mitochondrial intermembrane space (IMS) promotes caspase
activation and apoptosis. Cytochrome ¢ binds apoptotic protease-activating factor 1
(APAF1), inducing its oligomerization and thereby forming a structure termed the
apoptosome that recruits and activates an initiator caspase, caspase 9. Caspase 9 cleaves
and activates executioner caspases, caspase 3 and caspase 7, leading to apoptosis.
Mitochondrial release of second mitochondria-derived activator of caspase (SMAC;
also known as DIABLO) and OMI (also known as HTRAZ) neutralizes the caspase
inhibitory function of X-linked inhibitor of apoptosis protein (XIAP). b | The extrinsic
apoptotic pathway is initiated by the ligation of death receptors with their cognate
ligands, leading to the recruitment of adaptor melecules such as FAS-associated death
domain protein (FADD) and then caspase 8. This results in the dimerization and
activation of caspase 8, which can then directly cleave and activate caspase 3 and
caspase 7, leading to apoptosis. Crosstalk between the extrinsic and intrinsic

pathways occurs through caspase 8 cleavage and activation of the BH3-only protein
BH3-interacting domain death agonist (BID), the product of which (truncated BID; tBID)
is required in some cell types for death receptor-induced apoptosis. FASL, FAS ligand;
TNF, tumour necrosis factor; TRAIL, TNF-related apoptosis-inducing ligand.
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. Tait SW and Green DR Nature Rev Mol Cell Biol 2010 a



Mitochondralni apopticka draha
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Figure 9.29 The Biology of Cancer (© Garland Science 2007)



Funkce cytochromu c u normalni a apoptické bunky.

Cytochrome ¢ and apoptotic peroxidation
Solubilized cytc,

electrostaticaly membrane
bound cyt ¢
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Scheme 2. Normal functions of cyt ¢ in normally functioning cells and apoptotic cells. Redox catalysis of oxidation of anionic
phospholipids—CL in mitochondria and PS in plasma membrane—triggering the formation of MPTP and PS-signaling pathways,
respectively.

Kagan VE et al. Free Rad Biol Med 2004



Funkce cytochromu c v mitochondriich
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Scheme 1. Schematic representation of cyt ¢ functions in mitochondria: pools participating in electron transport and acting as a
peroxidase activated during apoptosis are shown. Insert depicts the formation of oxoferryl Fe(IV)=0 form of cvt ¢ by H,0; or CL
hydroperoxides (CL-OOH).

Kagan VE et al. Free Rad Biol Med 2004



Receptory smrti (DRs) a jejich ligandy

Table 9.4 Death receptors and their ligands

Alternative names of receptors Alternative names of ligands
Fas/APO-1/CD95 FasL/CD95L

TNFR1 TNF-a
DR3/APO-3/SWL-1/TRAMP APO3L

DR4/TRAIL-R1 APO2L/TRAIL

DR5/TRAIL-R2/KILLER APO2L/TRAIL

Table 9.4 The Biology of Cancer (© Garland Science 2007)
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Aktivace, inhibice a interakce signalnich drah po plisobeni
rtistovych faktort, bunécného stresu, poskozeni DNA a induktorii
apoptozy
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Figure 9.37 The Biology of Cancer (© Garland Science 2007)
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Molekularni interak¢éni mapa drah spojenych s apoptozou, u nichz byly
pozorovany rozdily v genové expresi.

Molekuly podporuijici apoptdzu — Cervena

Molekuly potlacujici apoptozu — zelena

Exprese mRNA se méni o¢ekavanym smérem — , opacnym smérem - modre



Alteration

CASP8 promoter methylation
CASP3 repression
Survivin overexpression®

ERK activation

ERK activation

Raf activation

PI3K mutation/activation
NF-kB constitutive activation®
P53 mutation

p14°FF gene inactivation
Mdm2 overexpression
IAP-1 gene amplification
APAF1 methylation

BAX mutation

Bcl-2 overexpression
PTEN inactivation

IGF-1/2 overexpression
IGFBP repression
Casein kinase Il

TNFR1 methylation
FLIP overexpression

Akt/PKB activation

Stat3 activation
TRAIL-R1 repression
FAP-1 overexpression
XAF1 methylation®
Wip1 overexpression®

Table 9.5 Examples of anti-apoptotic alterations found in human tumor cells

Mechanism of anti-apoptotic action

inactivation of extrinsic cascade
inactivation of executioner caspase
caspase inhibitor

repression of caspase-8 expression
protection of Bcl-2 from degradation
sequestration of Bad by 14-3-3 proteins
activation of Akt/PKB

induction of anti-apoptotic genes

loss of ability to induce pro-apoptotic genes
suppression of p53 levels

suppression of p53 levels

antagonist of caspases-3 and 7

loss of caspase-9 activation by cytochrome ¢
loss of pro-apoptotic protein

closes mitochondrial channel

hyperactivity of Akt/PKB kinase

activates PI3K

loss of anti-apoptotic IGF-1/2 antagonist

activation of NF-xB

repressed expression of death receptor

inhibition of caspase-8 activation by death
receptors

phosphorylation and inactivation of
pro-apoptotic Bcl-2-like proteins

induces expression of Bcl-X,

loss of responsiveness to death ligand

inhibition of Fas receptor signaling

loss of inhibition of anti-apoptotic XIAP

suppression of p53 activation

Priklady antiapoptickych zmeén v lidskych nadorech

Types of tumors

SCLC, pediatric tumors
breast carcinomas

mesotheliomas, melanomas, many

carcinomas
many types
many types
many types
gastrointestinal
many types
many types
many types
sarcomas
esophageal, cervical
melanomas
colon carcinomas
~ of human tumors

glioblastoma, prostate carcinoma,

endometrial carcinoma
many types
many types
many types
Wilms tumor
melanomas, many others

many types

several types

small-cell lung carcinoma

pancreatic carcinoma

gastric carcinoma

breast and ovarian carcinomas,
neuroblastoma

aSurvivin is an inhibitor of apoptosis (IAP) in gastric, lung, and bladder cancer and melanoma in addition to the mesotheliomas indicated here.
The expression of a number of IAP genes is directly induced by the NF-kB TFs.

PInduces synthesis of c-IAPs, XIAP, Bcl-X,, and other anti-apoptotic proteins.

°XAF1 (XIAP-associated factor 1) normally binds and blocks the anti-apoptotic actions of XIAP, the most potent of the IAPs.

dWip1 is a phosphatase that inactivates p38 MAPK, which otherwise would phosphorylate and stimulate the pro-apoptotic actions of p53.

Table 9.5 T7he Biology of Cancer (© Garland Science 2007)



Vneéjsi i vnitrni stres indukuje preménu normalni bunky

v nadorovou \Vnéjsi stres — omezeni rlstovych
faktord, kysliku a zivin, imunitni
Natural tumorigenic stress odpovéd’

Extracellular stresses

Limitation of growth factors, Vnitrni stres — poskozeni DNA,

oxygen and nutrients aktivace onkogend, zkracovani
Immune responses telomer

Intracellular stresses , v. ,
DNA damage Mohou byt navozeny prirozenym
Oncogene activation zplisobem nebo plsobenim

Telomere shortening

Tumour progression

néjakych latek ¢i faktord.

-cgcle arrest
:‘E}'E{[r:epr?":' Obrana buriky — zastava bunééného
cyklu, reparace, senescence,

Vv Vv 7
— bunecna smrt
@ \ Cell death
i) p § Figure 1 | Responses of cells to natural and treatment-
DptDSIS induced tumorigenic stresses. Both extracellular and

MitDtiC GataSterhe intracellular stresses — generated by natural means or by

Aut(}p hﬂg‘y’ treatment — can induce tumorigenic changes in narmal cells.
. Cells then attempt to avoid transformation by undergoing

NGGI'DSIS and Oth ers either cell-cycle arrest or cell death. Cell-cycle arrest allows

time for the repair of DNA damage. If repair is successful, the

arrest is reversed and the cell divides. If the repair is
TrEﬂtmE“t-lndUCEd tu morlgenlc StrESS unsuccessful, the cell survives, but becomes senescent and
DNA damage does not divide. If the repair is unsuccessful and the cell does
MITDTIC failure not become senescent, cell death must be induced to prevent

tumorigenesis. Several pathways, which involve some of the

same signalling mediators, exist to carry out this function,
including those that lead to apoptosis, mitatic catastrophe,
autophagy and necrosis.

Okada H. and Mak TW, Nature Rev Cancer 2004



Regulace apoptozy zprostredkované p53
v odpovédi na stresovy signal /in vivo

Regulation of pS3-mediated apoptosis in vivo in response to stress signals

DNA damage and other stress signals

Group | Group 2 Group 3
PS3 1 apoptotic specie P53 | No increase in p53

activators of psl Apoptotic specific
(ASPPLASPPL, «— inhibitors of pS3
P63, p73. MY, (ASPP...)
Serdb-phospho. .. )  J v

Bax, DRE PIDD, Noxa

PUMALBID FAS...

1 l

A poptosis No apoptosis

Figure 3 A diagram to illustrate how the apoptotic function of
pS3 can be regulated in vivo in a tissue-specific manner in response
to various stress signals



D P53 indukuje apoptozu vazbou na DNA
nebo na mitochondrie

Pathways by which p53 induces apoptosis
I

DNA binding

v
Transactivate Transrepress Mitochondria

| | bind
Bax Bel2 l
PUMA MAP4
Noxa Bcl2
s Bel-XLL

| I

v
A poptosis

Figure 1 Pathways through which p53 induces apoptosis



Signalni drahy indukované p53 po apoptickém

signalu -
(PSS jd— Apoptotic signal

[PioD | / \‘ BCL-XL
Death receptors PUMA
| | ROS\ l m

|A[P1|

BID
CASPY APAF1

-.EASP 8
P
Fas) ——~|FLIP

DEATH|

Figure 3 Pathways downstream of p53 that can cause cell death. In
response to apoptotic signals, p53 protein is stabilized and activated resulting
in transcriptional activation of multiple target genes that cause apoptosis of
cells. These include death receptors such as Fas/APO1 or KILLER/DRS, or
proteins that act more directly on caspase activation including Bax, Bak, Noxa,
FUMA, AIP1, and APAF1. Death receptors contain extracellular cysteine-rich
ligand-binding domains (CRD) and intracellular death domains (DD). Other
targets including PIDD and P1G genes have been found to be activated by p53.
PIG genes lead to the generation of reactive oxygen species (ROS) which are
toxic to cells. The initiator caspases involved in p53 signaling of death include
caspases 8 and 9, whereas the downstream executioner caspases include
caspases 3, 6, and 7. Inhibitors of p53-dependent cell death include Bet-X,
and FLIP, which act on cytoplasmic or mitochondrial pathways of
death activation




apoptoza zavisla

| BAX a FAS na transkripci
| exprese BCL2

poskozeni DNA /

J aktivita cdk
4 exprese /
akumulace p21WAF : V ,
proteinu p53 —> (| MDM2 zastava apoptoza
cyklinuGa| | punééného
GADD45 cyklu
mutace p53 A
reparace
4 vazba p53 k DNA

transkripcénim —
replikacnim —

reparacnim faktortim
TFIH (XPB a XPD) | apoptdza nezavisla

na transkripci




Apoptoza indukovana onkogenem

Apoptosis

L
Rb
1

Oncogenes such as £IA and c-myc induce
apoptosis through p53-dependent and
independent pathways, and both pathways may
facilitate  cytochrome ¢ release  from
mitochondria. In any case, the Apaf-1/caspase-9
death effector complex appears important for
oncogene-induced death. Current evidence has
not ruled out the possibility that oncogenes
and/or p53 influence Apaf-1 and/or caspase-9
independent of cytochrome ¢, but this remains a
possibility. Components of the oncogene-induced
cell-death program that are mutated in human
tumors are shown in black, candidate tumor
suppressors are shown in gray.



Uloha survivinu v ochrané proti mitotické
katastrofe

Survivin

| :! |+'1

Figure 2 | Model for survivin-mediated protection against mitotic catastrophe. Cellular
stresses induce both DNA damage and defects in the mitotic machinery (mitotic damags). DNA
darmage can lead to cell-cycle arrest, apoptosis or aberrant mitosis. Mitotic damage can lead 1o
call-cycle arrest, apoptosis or mitctic catastrophe through aberrant mitosis. In situations in
which p53 activity has induced apoptosis, BCLZ expression can rescue cells from death. ps3 —
and its target genes that encode WAF1 and 14-3-3g — al=o help to prevent aberrant mitosis
and mitotic catastrophe. The nommal function of survivin is to maintain the integrity of the mitotic
spindle and promote mitotic progression. Loss of survivin induces cell-cycle arrest and cell
death by mitctic catastrophe in a manner that is independent of both p53 and BCLZ. However,
loss of survivin also induces p5s3 and WAR exprassion, perhaps indirectly triggering p53-
dependent apoptosis (dashed ling).

. Okada H. and Mak TW, Nature Rev Cancer 2004 m



Anti-apopticke signaly z NF-kB
Fas, Fasl. — p5_3 —» Bax, Noxa, pig3

k
Y
-

NF-xB —» Bclx, Bcl2 —— Mitochondria

' 4

cIAPs, XIAP — Diabo/Smac Cyto. C

| .-

Caspase-8 Caspase-3, 7 — Caspase-9<—_—] Apaf-1

v ‘J
Apoptosis ¢ AIF

Figure 2. Possible targeting point ol anti-apoptotic signals from NF-kB.
Intrinsic (open arrows ) and oxtrinsic (filled arrows) apoplosis pathways
are depicted, The effector caspases, such as caspase-3 and caspase-7, are

activated by upstream initiator caspascs, caspase-8 and caspase-9. The initi-
ator caspases themsclves are activated by either ligands binding to the death
receptor complex or cvtochrome ¢ released from dinmaged mitochondria. An
anti-apoptotic cffect of NF-kB is achieved through its up-regulation of IAPs
that inhibits caspases and Bel-xl that protects mitochondria from further
damaging.—, activation; =, inhibition.

Cile antiapoptického plsobeni NF-kB jsou soucasti vnitfni i vnéjsi drahy apoptdzy. NF-kB
zvysSuje expresi IAPs, které inhibuiji kaspazy a Bcl-xI chraniciho mitochondrie pred
poskozenim.



@(B activating signal

(a) (b)
Activation of Phosphorylation

IkB kinases of NF-kB
Phosphorylation, Conformationa
ubiquitination and | changes
degradation of IkB l
l Modulation of nuclear import, DNA
Nuclear translocation and binding, protein-protein interactions
DNA binding of NF-kB with coactivators or co-repressors,
\ effects on transactivation
/

NFkB-dependent gene expre@

Regulace aktivity NF-kB zavisla a nezavisla na IkB. (@) NFkB je aktivovan po
aktivaci IkB kinazy (IKK). Tyto kindzy fosforyluji IkB, coZz vede k jeho degradaci a
jaderné translokaci uvolnéného NF-kB. (b) Zaroven samotny NF-kB je fosforylovan
cytosolovymi nebo jadernymi protein kindzami, coz zvysuje UCinnost genové exprese
indukované NF-kB. IkB, inhibitor NF-kB; NF-kB, jaderny faktor kB.



Molekularni interakcni mapa NFkB/I kB
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U¢inky nesteroidnich antiflogistik (NSAIDs)
na signalni drahy ovlivnujici apoptozu

NSAIDs

:[||||||||H“ 1

M
@Mlllh .

PPARS target genes

Figure 2. (1) NSAIDs inhibit activity of IkB kinase p (IkK])
which inhibits NFkB signaling by blocking the degradation of
IkB and thereby, preventing the translocation of NFkB to the
nucleus. (2) NSAID (sulindac) can inhibit the DNA binding
activity of PPAROG. (3) NSAIDs trigger both the mitochondrial
and death receptor-mediated apoptotic pathways with resultant
cytochrome ¢ (cyt ¢) release and DRS up-regulation, respec-
tively. NSAIDs also inhibit the anti-apoptotic Bel- X; protein
resulting in an increase in the ratio of pro-apoptotic BAX:
Bel-X,



Vyuziti apoptozy v protinadorovée terapii

More apoptosis of
Cancer cells Less apoptosis of
‘ Normal cells

Eﬁicm%my
1

Increased efficacy + reduced toxicity = therapeutic benefit

Figure 1 Desirable strategy to achieve therapeutic benefit in cancer therapy.
Agents which effectively Kill cancer cells are useful to the extent that toxicity to
normal cells is tolerated. It is clear that therapeutic benefit can be achieved by
increasing apoptosis of cancer cells as well as by lowering toxicity to normal
cells upon exposure to anticancer therapy



Vyuziti selektivni cytotoxicity endogenniho
induktoru apoptozy TRAIL v chemoterapii

TRAIL

!

Decoys block TRAIL signal

Loss of DR4, casp 8

Decoys block TRAIL signal
DR5

mutation

Bel-XL
increase
Gancor cell | FLIP blacks TRAIL signal

Noermal cells

Transformed cell
l Resistant cancer cell

Apoptos Survival
poptosis Apopt osis

Survival
Chemotherapy — p53 — DRS5
+

TRAIL

Figure 4 Sensitivity and resistance to TRAIL-induced cell death. The cytotoxic ligand TRAIL kills cancer and transformed cells but not most normal cells. Normal
cells are believed to be protected from TRAIL because they tend to express higher levels of TRAIL decoy receptors (TRID or TRUNDD). Most cancer cells are
sensitive to TRAIL, but there are multiple mechanisms of resistance that have been described. Cancer cells can become resistant to TRAIL if they lose expression
of the proapoptotic TRAIL receptors DR4 or KILLER/DRS5. This can accur through homozygous deletion of DR4 or mutations in DR5. Inactivating DRS mutations
have been described in head and neck, lung and breast cancers. TRAIL resistance may develop if cells overexpress either FLIP or Be1-X,. Meuroblastomas can
become resistant to TRAIL through hypermethylation of caspase 8 which may be reversed by exposure to 5-aza-Cytidine. Chemotherapy or radiation can be
combined with TRAIL to achieve synergistic cell killing, in part through p53-dependent upregulation of KILLER/DRS expression

TRAIL indukuje apoptézu nadorovych nikoli normalnich bunék. Nékteré typy
nadorovych bunék jsou vsak k jeho ucinklim rezistentni — kombinovana terapie.



EGCG, LUTEOLIN
RESVERATROL, LUPEOL,
APIGENIN, GENISTEIN,CAPE|
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Indukce apoptozy dietetickymi faktory
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Fig. 1. Induction of apoplosis by dietary chemopreventive agents. The extrinsic pathway is initiated by ligation of transmembrane death receptors (CD95, TNF
receptor and TRAIL receptor) to activate membrane-proximal (activator) caspase-8 via the adaptor molecule FADD. This in turn cleaves and activates effector
caspase-3. Dietary agents block the death receptor and also target the caspases blocking the caspase cascade. This pathway can be regulated by ¢-FLIP, which
inhibits upstream activator caspases and IAPs, that affects both activator and effector caspases. The intrinsic pathway requires disruption of the mitochondrial
membrane and the release of mitochondrial proteins into the cytoplasm. Stress signals elicited by the dietary chemopreventive compounds regulate the
proapoplotic proteins and antiapoptotic proteins, leading to the release of cytochrome ¢ from the mitochondrial inner membrane. Cytochrome ¢ forms an
apoptosome with Apal-1 and caspase-9, thereby initiating the apoptotic caspase cascade, whereas Smac/DIABLO and high-temperature requirement protein-A2
bind to and antagonize TAPs. The activated caspases catalyze the dissolution of intracellular structure that leads to apoptotic cell death. The Bel-2 family proteins
regulate apoptosis as they form complexes that enter the mitochondrial membrane, regulating the release of cytochrome ¢ and other proteins. The activation of the
caspase cascade occurs by the TNF family receptor and it also causes activation of Bid that activates mitochondria-mediated apoptosis. Bax is activated and
releases cytochrome ¢ and other mitochondrial proteins. Dietary agents can also block growth factor-mediated antiapoptotic signals through the direct inhibition of
the binding of growth factors to the receptor or inhibition of the downstream phosphatidylinositol 3-kinase (PI3K)-Akt pathway. Blue color of dietary
chemopreventive agents denotes that both the in vive and in vitre effects have been demonstrated and red color denotes that only in vitro effects have been
demonstrated.

CASPASE

Khan N et al., Carcinogenesis 2007, 28:233 ﬂ



Stadia apoptozy (konfokalni fluorescencni mikroskopie)

Viabilni bunka

Rané stadium apoptozy
(zmensSovani bunky, tvorba
membranovych méchyrkd)

Stredni stadium apoptoézy
(kondenzace a fregmentace
chromatimu, tvorba apoptotickych
telisek)




5 5 6

Analyza

1

Fig. 4—Analysis of DNA fragmentation of apoptosis from three cell lines. (a) HL-60 cells. exposed to camptothecin (0-5 uM).
Lanes: M=marker lane containing a | kb ladder of DNA fragments from (-5 to 12:0 kb: 1 =control. time 0; 2= +camptothecin,
time 6 h: 3=+camptothecin. time 12 h: 4= +camptothecin, time 24 h; 5= +camptothecin, time 30 h; 6= +camptothecin. time 48 h.
(b) HL-60 cells exposed to EPA (100 um). Lanes: M =marker lane; 1=control, time 6 h: 2=+EPA., time 6 h: 3=+EPA. time 12 h;
4=+EPA. time 24 h; 5=+EPA, time 30 h; 6= +EPA. time 49 h: 7=control. time 49 h. (¢) c-myc-transfected fibroblasts after serum
withdrawal (lanes 1-5) and Mia-Pa-Ca-2 cells exposed to 100 um EPA (lanes 6 and 7). Lanes: M=marker lane as above:

2 2=fibroblasts attached at 48 h; 3=fibroblasts detaching between 35 and 48 h;

I =fibroblasts detaching between 23 and 35 h;
4=fibroblasts attached at 74 h: 5=fibroblasts detaching between 48 and 74 h; 6=Mia-Pa-Ca-2 cells detaching between 23 and 35 h

showing a ‘chromatin ladder” of apoptosis: 7=Mia-Pa-Ca-2 cells detaching between 35 and 48 h

fragmentace DNA béhem apoptozy

Tvorba zebricku — ,ladder"

po expozici leukemické linie HL-60
kampotecinem (a) nebo
eikospentaenovou kyselinou - EPA
(b).

c) Fibroblaty kultivované v médiu bez
séra (sloupec 1-5) a pankreatické
bunky po expozici EPA (sloupec 6,7).



Viabilni a apoptoticke buﬁbky v el. mikroskopu




Oxidativni stres jako mediator
apoptozy

Mnoho latek, které indukuji apoptdzu jsou bud’ oxidanty nebo stimulatory

bunécného oxidativniho metabolismu. Naopak fada inhibitor apoptézy ma
antioxidacni ucinky.

Mozné mechanismy:

-Bcl-2 protein (produkt bcl-2 onkogenu) - v mitochondriich, endopl.
retikulu a jaderné membraneé - regulace ROS

-Aktivace poly-ADP-riboso-transferazy a akumulace p53 - polymerizace
ADP-ribdzy s proteiny vyustuje v rychlou ztratu zasoby NAD/NADH, kolaps
zasob ATP a smrt bunky.

Oxidace lipidd v bun. membranach - mediatory apoptdzy HPETE (po
pUsobeni TNFa)

-Aktivace genll odpovédnych za apoptdzu pres aktivaci specifickych
transkripCnich faktor{ jako je NFkB — rozporna uloha.

-AP-1, antioxidant-responsivni faktor mtze také prispivat k regulaci
apoptozy.



Fyziologicky se ROS se tvori v:

Peroxisomech - rozklad mastnych kyselin (MK) - peroxid
Katalaza vyuziva peroxid v detoxifikacnich reakcich

Mitochondriich - respiracni cyklus a katabolismus MK. Mn superoxid
dismutasa a dalSi antioxidanta v mitochondriich udrzuji nizkou hladinu
téchto ROS. Byla prokazana silné inverzni korelace mezi produkci ROS
mitochondriemi a délkou existence savciho druhu.

Mikrosomalni systém transportu elektront (cytochrome P450) - vyzaduje
elektrony z NADPH k produkci ¢astecné redukovanych kyslikovych druhd.
ROS vznikaji jen za pritomnosti selektovanych xenobiotik - superoxidovy
radikal - konverze na reaktivnejsi hydroxylovy radikal

Mimobunécné déje - oxidativni vzplanuti aktivovanych makrofagl -
NADPH-oxidaza -superoxid.



Antioxidacni obranny systém:

- neenzymaticky: molekuly jako vit E, vit C a glutation pdsobici
primo na ROS

- enzymaticky: superoxid dismutaza (SOD), katalaza (CAT), GSH
peroxidasa (GSH-Px) a GSH S transferasa (GST). Mohou bud’
pfimo odstranovat ROS nebo plsobit recyklaci
neenzymatickych molekul.



Zdroje a mediatory oxidativniho stresu

Table 1. Mediators of Oxidative Stress

Reactive Oxygen Species
Free radicals
Hydroxyl radical (HO-)
Superoxide radical (O5--)
Nonradicals

Hydrogen peroxide (HoO9)

Singlet oxygen [1 05)

Lipid Peroxidation Products
Peroxyl radical (ROO-)
Alkoxyl radical {RO-)

Secondary Products
Malondialdehyde

4-Hydroxyalkenals




Reaktivni kyslikové metabolity (ROS)

Oz O, 1207 10
Molecular : Hydrogen Iypochloro
oxygen Superoxide peroxide ACIC

Antibody

Figure 1 | Reactive oxygen species. Superoxide is generated from various sources, which
include the NADPH oxidase (NOX) enzymes (such as the phagocyte NOX, Phox).

Two molecules of superoxide can react to generate hydrogen peroxide (H,0,) in a reaction
known as dismutation, which is accelerated by the enzyme superoxide dismutase (50D).

In the presence of iron, superoxide and H,O, react to generate hydroxyl radicals. In addition
to superoxide, H,0, and hydroxyl radicals, other reactive oxygen species (ROS5) occur in
biological systems. In inflamed areas, these include hypochlorous acid (HOCI), formed in
neutrophils from H,O, and chloride by the phagocyte enzyme myeloperoxidase (MPO); singlet
oxygen, which might be formed from oxygen in areas of inflammation through the action of
Phox and MPO-catalysed oxidation of halide ions®*; and ozone, which can be generated from
singlet oxygen by antibody molecules® %, The last reaction is likely to be important in inflamed
areas in which antibodies bound to microorganisms are exposed to ROS produced by
phagocytes. The colour coding indicates the reactivity of individual molecules (green,
relatively unreactive; yellow, limited reactivity; orange, moderate reactivity; red, high reactivity
and non-specificity). For further details see BOX 1.




Transmembranova topologie a doménova struktura NADPH
oxidaz (NOX) a dualnich oxidaz (DUOX)

91phox NOXS
ﬁ%xr Separate DUOX1

NOX3 peroxidase DUO X2
NOX4 (such as MPO) =]
Peroxidase
Fox domain v H-O2
0,

Haem
domain

Flavin
domain

Calcium-
binding domain

Figure 2 | Transmembrane topolegy and domain structure of NOX and DUOX enzymes. NADPH oxidase 1 (NOX1),
NOX32 and NOX4 are similar in size and domain structure to the well-studied gp21phox. also known as NOXZ2. They contain

an amine-terminal hydrophobic domain that is predicted to form six transmembrane «-helices. This region contains five
conserved histidine residues, four of which provide binding sites for two haems. Haem is an iron-containing prosthetic group
found in enzymes, electron transfer proteins and oxygen-binding pigments such as haemoglobin. The iron in haems is capable
of undergoing reduction and re-cxidation, thereby functicning as an electron carrier. The two haems are located approximately
within the two leaflets of the membrane bilayer, and together provide a channel for electrons to pass across the membrane,
The carboxy-terminal portion of the molecule folds into an independent cytoplasmic domain that containe binding sites for the
co-enzymes flavin adenine dinucleotide (FAD) and NADPH. The NOX enzymes catalyse the NADPH-dependent reduction of
oxygen to form superoxide, which can react with itself to form hydrogen peroxide (H,O,). For gp81phox, the H,O, serves as

a substrate for myeloperoxidase (MPO), but it is not known whether other NOX enzymes provide H,O, for separate peroxidase
enzymes. NOXS contains the same gp21phox-like catalytic core, plus an amino-terminal calcium-binding domain. The dual
oxidase (DUOX) enzymes build on the NOX5 structure by adding at the amino terminus an extra transmembrane o-helix
followed by a domain that is homologous to peroxidases such as MPO. This peroxidase-homology domain is predicted to

be localized on the outside of the membrane. where it can use ROS generated by the catalytic core to generate more powerful
cxidant species that then oxidize extracellular substrates (H).




Hlavni komponenty antioxidacni sité v bunce

NADPH NADP*

NADPH NADP*

Fig. 1. Schematic representation of the major players of the cellular anti-oxidant network. The superoxide anion (03 7) is dismutated by superoxide dismutase
(SOD), present in mitochondria and the cvtosol. The produced H,Os, which could give rise to the formation of the extremely noxious hydroxylradical, can be
neutralized by catalase (in the peroxysomes) and by the cytosolic and mitochondrial glutathione peroxidase (GPx). The latter enzyme removes H,O5 by
oxidizing glutathione (GSH) to GSSG, which is subsequently reduced to its original from by Glutathion Reductase (GR), at the expense of NADPH. A second
form of GPx can reduce more complex hydroperoxides, such as lipid-hydroperoxides (LOOH). Low molecular weight antioxidants or scavengers, such as
tocopherol, ascorbate and glutathione, can neutralize radicals (for instance the peroxylradical (LOO®) and other radicals (R®)) and are often subsequently
regenerated by one or more other antioxidants (AOX and GSH). Tocopherol (Toc) is an AOX that resides in cellular membranes (green circle), whereas other
AQXs, such as ascorbate and GSH, are located in the cytosol. For an extensive review of the cellular antioxidant network one is referred to Halliwell and

Gutteridge, 1999,
. Boonstra and Post, Gene 2004 ﬂ



Antioxidacni enzymy jsou vyuzivany u onemocneéni s
nadprodukci ROS

The use of anti-oxidant enzymes in reactive species overload diseases

Glutathione Catalase Superoxide
dismutase
IBD Glutathione and its Inhibits® Inhibits®

precursor inhibits®
Not examined®

Hepatitis N-acetylcysteine does not  Not examined
appear to have an effect
Gastritis Not exammed Not examined  Not examined
Pancreatitis ~ Glutathione and Inhibits® Inhibits®
N-acetylcysteine inhibit”
Esophagitis  Not examined Inhibits® Inhibits®
Prostatitis Not examined Not examined  Not examined
Cystitis Not exammed Not examined  Not examined

* Animal studies.
b Although a superoxide dismutase mimetic has been shown to inhibit FAS-

induced liver failure in mice [132].

Hofseth LJ and Ying L, BBA 2006, 1765:74 a



Pro- a protizanétlivé cytokiny u onemocnéni s nadprodukci ROS

Cytokines in the treatment of reactive species overload diseases

a) Vyuzivaji se rekombinantni antagonisté
nebo protilatky blokujici aktivitu
specifického cytokinu

b) Data ze studii na zviratech (colitis —
ulcerativni kolitida nebo Crohnova
nemoc)

c) IFNgamma m{ze byt vyuzit jako
antivirova latka proti virové hepatitidé
B v kombinaci s dalSimi IFN

d) Rekombinantni cytokiny nebo metody
stimulace protizanétlivych cytokint

Cytokine  Disease

Examples of cancer pathways affected

. a
Pro-inflammatory

IL-1 Colitis®, Pancreatitis,
Hepatitis, Cystitis
IL-6 Colitis”
(Crohn’s in humans)
[L-7 Colitis”
[L-12 Colitis”
(Crohn’s in humans),
Hepatitis
IL-16 Colitis®
(Crohn’s in Humans)
IL-18 Colitis®, Hepatitis
TNF-a  Colitis®
(Crohn’s in humans),
Hepatitis, Cystitis
[FN-y Hepatitis®
MIF Colitis”
Chemokines

CCR1/5 Colitis”

IP-10
Mig

Hepatitis
Hepatitis

. d
Anti-inflammatory

IL-2 Colitis”

[L-4 Gastritis

[L-10 Colitis®
(Crohn’s in humans),
Hepatitis, Pancreatitis,
Gastritis

IL-11 Colitis”
(Crohn’s in humans)

[FN-a Hepatitis, Colitis”
(UC in humans)
Pancreatitis

IFN-p Colitis” (UC in humans),

Hepatitis

Induces nitric oxide synthase (INOS);
induces COX-2; mhibits DNA repair
Antagonize p53; pRb
hyperphosphorylation; induces Bel-2
and Bel-XL; inhibits apoptosis
Induces myc transcription

Inhibits apoptosis and induces
nucleotide excision repair;

induces iNOS and NF-xB

Induces kinase signaling cascades

Induces NF-xB
Induces NF-kB, iNOS and COX-2

Activates fas-mediated apoptosis;
induces iNOS and COX-2;
induces DNA repair
Antagonizes p53

Affects proliferation in a
p53-dependent manner

Unknown in hepatocytes
Unknown in hepatocytes

Induces fas-mediated apoptosis
Induces pRb hypophosphorylation;
decreases cyclin D1 and myc
Inhibits proliferation

Promotes pRb dephosphorylation

Activates p53, Inhibits proteasomal
degradation of survivin; promotes
TRAIL and fas-mediated apoptosis;
inhibits proliferation

Induces apoptosis

Hofseth LJ and Ying L, BBA 2006, 1765:74



Néktereé

klicové drahy u nemoci s vysokym

oxidativnim stresem vedouci ke karcinogenezi

Apoptosis
Cell cycle arrest
/ DNA repair
i p53
Chronic /
Inflammation DNA Damage

-~ ~a A

Cytokines —>—— = Free Radicals

A

COX-2
NF-kB pRb-P -%-Kinase
* activation
E2F1

'

Cell cycle entry
| Apoptosis

Hofseth LJ and Ying L, BBA 2006, 1765:74



Vyuziti protizanétlivych latek s mnoha cili u
onemocneéni s nadprodukci ROS

The use of anti-inflammatory agents with multiple targets in reactive species overload diseases

NSAIDs Vitamins Trace minerals
IBD 5-ASA inhibits® Vit. C and E inhibit Selenium® and zinc may inhibit;

Other NSAIDs tested Crohn’s oxidative stress” iron may exacerbate®

may exacerbate® Folate may inhibit®
Hepatitis May exacerbate” Vit. E inhibits viral Zinc inhibits™®

Hepatitis” Iron and copper exacerbate™®
Gastritis Contradicting results p-carotene and vit. C° Selenium may inhibit®
Pancreatitis May exacerbate® Vit. C* and Combination treatment™" Selenium inhibits®"
Calcium may exacerbate®

Esophagitis May inhibit® Combination treatment™® Selenium may inhibit®
Prostatitis May inhibit Not examined Zinc may inhibit®
Cystitis May inhibit Vitamin A© Not examined

* Evidence is stronger for ulcerative colitis than Crohn’s disease [6].
" Randomized prospective trial has been done (see text for citation).
© Data comes only from animal studies or retrospective human trials; no prospective human trial has been done for ulcerative colitis or Crohn’s.

Except when used in conjunction with IFN-e.

L N

Enhances the response to interferon-a therapy.
" Combinations included: selenium, p-carotene, and vitamins C and E [45], methionine, vitamin C and selenium [28]; selenium, p-carotene, vitamin C, vitamin E
and methionine [29] or sulphadenosyl-methionine, Vitamin C, Vitamin E and Vitamin A [26].
£ [(-carotene, vitamin E and retinol [36].
" In combination with other antioxidants.

IBD — ,inflammatory bowel disease"™ — zanétliva onemocnéni streva
NSAIDs — nesteroidni protizanétlivé latky

Vitaminy

Stopové prvky

Hofseth LJ and Ying L, BBA 2006, 1765:74



Oxidativni stres

Aktivace Trvaly oxidativni
karcinogentl stres
Poskozeni DNA: Inhibice Abnormalni Abnormalni Rezistence
zmény struktury mezibunécné genova exprese enzymaticka k chemoterapii
a mutace genti komunikace aktivita
Bunécna proliferace Apoptoza
Dédicné mutace Expanze klont Metastaze a invazivita
Iniciacni stadium —  Stadium promoce E— Stadium progrese



Schematicky prehled Glohy reaktivnich kyslikovych radikalt

v karcinogenezi. SOD, superoxid dismutaza; .OH, hydroxylovy radikal;
ADF, adult T-cell leukemia-derived factor; GTS, glutathione S-transferase;
GHS, glutathione.

Antioxidacni enzymy (katalaza, SOD)|

) \
Jadro H,0, O,- T

o

H
Poskozeni \
NF-kB | DNA v Poskozeni
FOS/JUN | Lipidova proteini
j peroxidace :
! Poskozeni
Mutace Antioxidanta|  inhibitor( proteaz
(ADF, GST-p, GSH etc.) i
Proteazy T
Aktivace

onkogenu Genomova Rezistence Invaze
nestabilita k chemoterapii Metastazy




Plazmaticka
membrana

v/gz or O,-

NO ROS, ONOO”

—

Nitrozace OX|dace Nitratové komplexy Metalové komplexy

Proteinové kinazy Proteinové fosfatazy
SAPK, p38, JAK, ERK MKP-1, PTP

RAS

\Jédro
Transkripcni faktory

/ NFkB, AP-1, C/EBP, Sp-1, RXR \

Genova transkripce

Hypotetické schéma ilusturujici modulaci signalii oxidem dusiku (NO) vedouci

ke zméné aktivity transkripcnich faktorli a exprese genl. (4p-1 activator protein 1, FRK
extracellular signal-regulated kinases, JAK Janus protein kinases, MKP-1 mitogen-activated protein kinase phosphatase-1,
NFkB nuclear factor kB, VO nitric oxide, O,- superoxide, ONOO peroxynitrite, p38 p38 mitogen-activated protein kinases,
PTP protein tyrosine phosphatase, Ras small GTP-binding protein, ROS reactive oxygen species, RXR retionid X receptor,
SAPK stress-activated protein kinases)



Model interakci indukovanych oxidativnim stresem
v karcinogenezi

Environmental &
Stress via

Carcinogens

é’ X,

. \\Agxxxxxxxxxxx

Gene expression, Growth, Mitogenesis
Nucleus Inflamation, Apoptosis, Fibrosis

Figure 2. A putative model for oxidative stress induced interactions in carcinogenesis. Reactive oxygen species (ROS) mediated oxidative stress
either by environmental carcinogens such as UV and ionizing radiation or by mitochondrial metabolism exerts several effects on DNA damage and
generation of oxidative lesions, gene expression, growth regulation mitogenesis, inflammation, apoptosis and fibrosis leading to genomic instability and
cancer progression. Chemical signals generated by dietary chemopreventive agents, anticancer agents, antioxidants and antioxidation enzymes, cause
Nrf2 nuclear translocation that sets in motion a dynamic machinery of coactivators and corepressors that might form a multimolecular complex with
Nrf2 for modulating transcriptional response through the antioxidant response element, ARE producing several phase Il detoxification enzymes as
stimulation of cellular defense system during stress. Oxidative stress might also cause release of NFkB from IxB and stimulate NFxB nuclear transloca-
tion to modulate transcriptional response through the NFxB response element. Several members of the MAPK family may act in concert with Nrf2
and NFxB with multiple interactions between the members of the putative complex to elicit the chemopreventive and pharmacotoxicological events
against carcinogenesis.

Environmentalni karcinogeny, zareni nebo mitochondrialni metabolismus indukuji oxidativni stres —
poskozeni DNA, zmény genové exprese, mitogenezi, zanét, apoptozu a fibrozu vedouci ke genomové
. nestabilité a progresi nadord. Acharya A et al. Oxidative medicine and Cellular Longevity 3:23, 2010 a



Ovlivnéni prenosu signald a acinky ROS na bunéény cyklus
a bunécnou smrt. Ucinky jsou zavislé na davce a délce expozice

necrosis
4 Signal transduction
N € krOza DNA, protein and lipid damage G1/s/G2/M
p53/p21 4 arrest

Apoptdza

( Signal transduction A

AP-1/Sp1 9 p21 A SIG2/M arrest ]
Signal transduction transient—— permanent

DNA damage G1 arrest
permanent ]
“senescence”

Zastava bun. p53 S p214
cyklu
G1."SJGE arrest J
transient

Signal Prolonged
transduction 7 signal
tranduction 4

Diferenciace

G1 arrest
permanent

“differentiation”

Enhanced

Proliferace | proiteration

Fig. 3. Scheme, representing the multitude of effects that ROS can have on signal transduction and cell evele progression. For a given cell and ROS type the
effects depend on the amount of ROS and the duration of exposure of the cells to ROS. A short exposure to relatively low doses results in an activation or
enhancement of signal transduction pathwayvs leading to (enhanced) cell proliferation. Prolonged exposure to these ROS concentrations will result in prolonged
activation of these signal transduction pathways, comparable to the effects ol differentiation factors, which will result in a G1 arrest. At higher concentrations
and possibly depending on the cellular localization of the ROS, damage to DNA might occur, resulting in an induction of p53 activity and consequently in
expression of p21. During the subsequent cell cycle arrest DNA repair will occur after which cell proliferation will resume. Altematively p21 may become
expressed due to the AP-1 or Spl sites, which are redox sensitive, resulting in a transient or permanent G 1 arrest. If the amounts of ROS are again higher, either
due to increase concentrations or prolonged exposure, all changes described above will take place, together with structural damage to proteins and lipids. Under
these conditions, cells will arrest in all phases ol the cell cyvele, especially in the G1 and G2 phases and the cells will undergo apoptosis. Upon sever damage the
cells may directly undergo necrosis.

Boonstra and Post, Gene 2004



Oxidativni stres a redoxni nerovnovaha ve streve

| Lipid peroxide I

Subtoxic dose

v

Cytotoxic dose

Oxidative stress

v

~

|Thio| redox imbalancel

Mild Substintial

¥

Necrosis

Modulates NF-kB activity

c-myc, cyclins, cdk

1~pro|iferative genes l
retinoblastoma

p53, p21, bax, bcl-

l 1‘ apoptotic genes

2

Proliferation

Apoptosis

Hypotéza bunécné proliferace a apoptozy indukované
lipidovou peroxidaci. NF-kB, jaderny transkripcni faktor kB.




D Oxidativni stres a redoxni nerovnovaha ve streve

Growth ——>

Quiescence

Proliferation

Apoptosis

Necrosis

Transformed

-

\

-

~—

Mitotic
competent / Stimulus
Differentiated a
<€ Redox status >
Reductants Oxidants

Bunécna odpovéd’ na oxidativni stres a oxidacné-redukcni
(redox) stav. Krivky predstavuji terminalné diferencované, mitoticky
kompetentni a transformované bunécné typy.



Pravdépodobny mechanismus chemopreventivniho

F \Im

ucinku vitaminu C v karcinogenezi

karcinogenni poskozeni

potenciace systému antioxidacnich
enzymi (GPx, GST, QR, SOD, CAT, atd.)

primeé ‘ ‘
zhaseée — > inaktivni produkty
ROS

iniciace promoce
— G
normalni iniciovana preneoplastické neoplasticke
bunka \bunka bunky w bunky
~

modifikace epigenetického plsobeni

-----



DVVznam NO a ROS pro vneéjsi a vnitrni drahu
regulujici apoptozu

Intrinsic Pathway Extrinsic Pathway

Death

receptors:
TNFR
Fas

NO

;
,

NFkB
IAROROSE | i

. Roberts RA, Toxicol Sci 2009 m

DNA damage —» p53fI —>



Mastné kyseliny a oxidativni
metabolismus
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D.G.Cornwell and N.Morisaki, Free Radicals in Biology. Vol.6, 1984
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Uloha fosfolipaz v oxidativnim stresu, uvolfiovan

kyseliny arachidonové a tvorba prostaglandinii

H;0,

PKC | trca? IMEK-1

"

ERK-1/2

Fig. 1. Role of Ca® -dependent PLA s in oxidative stress. H>O, exposure of the
cells results in the activation of intracellular kinase cascades and Ca®'
mobilization. Both of these signals converge at the cPLAsa, which is the
dominant enzyme in AA mobilization. When present, sPLA; may amplify AA
release by potentiating ¢PLA, activation, perhaps via PKC. Alternatively,
c¢PLA;a may modulate the action of sPLA,, and the latter may also directly
effect AA release by directly hydrolyzing membrane phospholipids. PKC,
protein kinase C; ERK1/2, extracellular signal-regulated kinases 1/2; MEK,
ERK kinase.

Resting Conditions H.0,

Fatty Acids Fatty Acids
Ny

PGE, 2

Fig. 2. Role of iPLA; in oxidative stress. The continuing action of iPLA;
membrane phospholipids under resting conditions helps maintaining the steady-
state levels of lysoPC and results the liberation of low levels of free fatty acids
such as AA (left panel). When the cells are exposed to H>0,, the hydrolytic
activity of the iPLA- increases as result of lipoperoxidation, this leading to
increased levels of free AA. Free AA under these conditions may be utilized for
prostaglandin synthesis or be used for other cellular functions (right panel).

M.A. Balboa, J. Balsinde / Biochimica et Biophvsica Acta 1761 (2006) 385-391 m



Lipotoxicita

V netukovych bunkach
< wwoPHoxiaas,  zplisobuje nadbytek SFA
nucleus oxidativni a ER stres
Pl zplsobeny lipidovymi
" metabolity a signalnimi

\

drahami.
\ Dysfunkce mitochondrii a ER
— FFAl— stres jsou kliCcové déje, jimiz

je pfi nadbytku lipid{
indukovana bunécna smrt.

Nasmeérovani nadbytecnych
ER Stress ROS mastnych kyselin do
eEF1A-1 /add? IIpIdOWCh dl‘Op'Etfl ma

ochranné ucinky.
y
RS

Figure 1. The lipotoxic-response

In non-adipose cells, excess saturated FFAs induce oxidative and ER stress through lipid
metabolites and signaling pathways. Dysfunction of mitochondria and the ER are key steps
through which excess lipid induces cell death. whereas channeling of excess FFAs to lipid
droplets is cytoprotective.

- Brookheart RT et al Cell Metab 2009, 10:9 a



Plisobeni nasycenych (SA) a nenasycenych
(MUFA) mastnych kyselin na rozdéleni lipidti a

lipotoxicitu
Lipotoxicity

+ ! i
\
SFA — ! g el
/
I 7
I " Sacos - \
Ceramides 4
* L MUFA
- DAG / +
SFA —¥ \ % PL %
\ CL o
MUFA_ 4+ - MUFA
. Labile \ .5 *X

/’ /“\ Pool

Fatty acid FFA

oxidation

Detoxification “Safe” storage
FFA
-Dietary
-Serum

Figure 1 Model depicting effects of saturated fatty acids (SFA) compared to monounsaturated fatty acids (MUFA] on lipid partitioning and
lipotoxicity. SFA are less well incorporated into triglycerides (TG) than are MUFA, as the enzyme diacylglycerol acyltransferase (DGAT) preferentially
incorporates monounsaturated acyl-chains. SFA are also required for ceramide synthesis. SFA lead to greater accumulation of diacylgycerides (DAG)
and a pattern of phospholipids (PL) with reduced cardiolipin (CL) production. This SFA pattern of lipid partitioning is associated with greater lipotoxicity.
MUFA are well incorporated into TG and into lipid droplets that form a safe means of lipid storage. In this way fatty acids are removed from the
functionally active labile pool of lipids. MUFA rather than SFA also activate the nuclear transcription factors PPARc and PPARy which respectively
promote lipid detoxification via fatty acid oxidation and safe fatty acid storage. Importantly, MUFA promote the safer partitioning of SFA into TG and

fatty acid oxidation pathways.
Nolan Ch] and Larter CZ J Gastroenterol Hepatol 2009, 24:830 a
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Mastné kyseliny a jejich metabolity funguji jako
aktivatory PPARs

a Lipoxygenase

12-,15-Lipoxygenase

@ Figure 1 | Schematic representation of the PPAR
signalling pathways. a | Endogenous agonists of

— peroxisome-proliferator-activated receptors (PPARs). PPARs
are ligand-inducible receptors, which can be activated by fatty
acids — such as arachidonic or linoleic acids — and their
derivatives. The fatty-acid metabolites that activate PPARs are
mainly derived from arachidonic or linoleic acids through the
cyclooxygenase or the lipoxygenase pathways. The best
characterized at the moment are leukotriene B4 (LTB4) and
85-HETE (hydroxyeicosatetraenoic acid), which preferentially
activate PPARw; 15-deoxy-prostaglandin J2 (15-dPGJ2) and
15-HETE, which are PPARy-selective ligands; and the
prostaglandin 2 (PGI2, also called prostacyclin). which is
probably a PPARB/S natural ligand. PPARyis also activated by
9-HODE (hydroxyoctadecadienoic acid) and 13-HODE, either
derived from lincleic acid or as components of oxidized low-
density ipoprotein (oxLDL). b | PPARs function as
heterodimers with their cbligate partner, retinoid receptor
(RXR). The dimer probably interacts with co-requlators, either
co-activators (CoAct) or co-repressors (CoRep). Inthe
unliganded form, PPARB/6-RXR heterodimer, in contrast to
PPARc-RXR and PPARy-RXR heterodimers, recruits co-
repressors and represses the activity of PPARo and PPARY
target genes by binding to the peroxisome proliferator
response element (PPRE) that is present in their promoters®.
In their liganded form, the PPAR-RXR heterodimers interact
with co-activators, bind to the PPRE that is present in the
promoters of their target genes and activate their transcription.

Michalik L et al., Nature Rev Cancer 2004 ﬁ



Peroxisome
proliferators \(<>I=I * \
I v
(fibrates, phtalates, etc.) op \f (\D \
> ¥ RXR
iti > >
Nutrition / CPAR EXR
Fatty acids
(PGJ2, LTB4) PPRE Target genes
\ \ Transcription
Cell specific responses M
. . Differentiation -
Proliferation and maturation Apoptosis
v v v

Medical relevance

Clonal expansion of
preadipocytes pro-
moting adipogenesis
(participation on
PPARg.)
*Hypothetical risk in
man of cell growth
stimulation by
activation of
PPARSs.

*Monocyte / macro-phage
differentiation
(implication of PPARQ)
leading to accelerated
atherosclerosis.

Protective effects of
PPARa.

«Adipocyte differen-tiation
responsible of obesity
and other related
disorders (implication of
PPARa.)

*Enhanced PPARg
expression could lead to
tumoral cell apoptosis
and represents a
therapeutical approach
in malignant disease.

Importance of
PPARs in cell
proliferation,
differentiation

and apoptosis.

After activation,
PPAR and RXR form
heterodimers which
bind to DNA regulato-ry
sequences of target
genes through
interaction with PPRE.
The control by PPARs of
the transcriptional
activity af target ge-nes
gives rise to bio-logical
effects which may have
consequen-ces for
human health. LTB4,
leukotriene B4; PGJ2,
prostagladin J2; PP,
peroxisome proliferator;
PPAR, peroxisome
prolifera-tor-activated
receptor; PPRE,
peroxisome proliferator
respon-sive element; 9-
cis-RA, 9-cis-retinoic
acid; RXR, 9-cis-retinoic
acid receptor.



Peroxisomové
proliferatory
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Y / XN | PPAR RXR
Mastné kyseliny
(PGJ2, LTB4) UPPR s Cilove geny
\ \ Trankrlpce j/
v
Proliferace Diferenciace a zrani Apoptoza
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* Klonalni expanze
preadipocytd
podporujici
adipogenesi (Ucast
PPARY.)

* Hypotetické riziko
bunécné rlstové
stimulace aktivaci
PPARS.

* Diferenciace monocytt /
macrofagl (podil
PPARy)vedouci k
urychlené ateroskleroze

* Ochranné ucinky
PPARa.

* Diferenciace adipocytl
odpovédna za obezitu a
dalSi poruchy (podil
PPARG.)

* ZvysSena exprese
PPARy by mohla vést k
apoptoze nadorovych
bunék a predstavuje
mozny terapeuticky
protinadorovy pristup

Dllezitost PPARS v
bunécné proliferasci,
diferenciaci a
apoptoze.

Po aktivaci, PPAR a
RXR tvori
heterodimery, které
Sse vazou na
regulacni sekvence
cilovych genl
prostrednictvim
PPRE na DNA.

Kontrola transkripcni
aktivity cilovych
genl PPAR vede k
biologickym Gcink@im
ovliviujicim lidské
zdravi.

LTB4, leukotrien B4;
PGJ2, prostagladin
J2; PP, peroxisom.
proliferator; PPAR,
receptor aktivovany
PP; PPRE, respon-
sivni element pro
PP; 9-cis-RA, 9-cis-
retinova kyselina;
RXR, receptor pro 9-
cis RA.



Schéma signalnich drah PPAR

PPARs funguji jako heterodimery s jejich obvyklym partnerem — retinoidnim
receptorem (RXR)

CoRep korepresor, Co Act koaktivator,RXR receptor pro retinovou kyselinu X, PPRE responsivni element pro PP



Signalni drahy a funkce PPARs a jejich ligandii
i, [BEBIINIEBIN coox

PPARy

ligands Non genomic/off target effects

B
TNE- Apoptosis
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TRAIL
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PPAR Research
Volume 2008, Article 10 436455, 10 pages
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Transcription of
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FIGURE 1: Peroxisome proliferator-activated receptor-y and ligands: pathways and functions. PPARy protein exhibits a structural organization
consisting of three functional domains: an N-terminal domain, a DNA-binding domain (DBD) and a carboxy-terminal ligand binding
domain (LBD). PPARy forms heterodimers with a second member of the nuclear receptor family, the retinoic X receptor (RXR). Unliganded
PPARy suppresses transcription (pathway A) either by interfering with key transcription factors (pathway Al) or through recruitment
of corepressors (CoRep) on a PPRE element (pathway A2). Ligand binding to PPARy (pathway B) triggers conformational changes that
lead to dissociation of corepressors (CoRep) and subsequent association of coactivators (CoAct). The complex is binding to PPREs and
triggers transcription (pathway B). PPARs ligands can also exert their action through PPARy-independent mechanisms also (pathway C).
For instance in NSCLC cell lines activation of TNF-TRAIL induce apoptosis, while PGE; degradation, trough 15-hydroxyprostagladin
dehydrogenase induction, results in enhanced epithelial differentiation. In endothelial cells PPARy ligands can markedly boost expression
P of CD36 which functions as the receptor of endogenous antiangiogenic molecule thrombospondin-1, thereby potentiating the apoptotic

response. (PFAs: polyunsaturated fatty acids, TZDs: thiazolidinediones, PPRE: peroxisome proliferator response element, TNF: tumor o
necrosis factor, TRAIL: TNF-related apoptosis-inducing lieand, NSCLC: non-small cell lung carcinoma). Sainis I et al" PPAR Research 2008
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Fig. 2. Ligand-dependent corepressor/coactivator exchange. Certain PPAR targel genes are maintained in an inactive state in the absence
of ligand by the constitutive association of a PPAR/RXR heterodimer bound to corepressors (—LIGAND). These corepressors associate
with histone deacetylases (HDACs) which maintain histone tails in a hypoacetylated state. The nuclear corepressor exchange factors
(NCoEx) TBLI and TBLR1 are also bound to the receptors. Upon ligand binding, NCoEx recruit the E2 ubiquitin conjugating enzyme
UbcHS and the ubiquitylation machinery to induce ubiquitylation and subsequent proteasomal degradation of corepressors (+LIGAND:
step 1). Thus, NCoEx facilitate the clearance of corepressors, which allows efficient coactivator recruitment and transcriptional activation
(+LIGAND: step 2). This model is derived from [26,124].

Feige JN et al., Progress in Lipid Res 2006, 45:120 m



Hlavni metabolické funkce regulované PPARs
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Feige JN et al., Progress in Lipid Res 2006, 45:120



Funkce PPARs ve vztahu ke karcinogenezi
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Figure 3 | PPARB/3 and PPARYfunctions that relate to their carcinogenic properties.

a | As demonstrated in a mouse-skin wound-healing model, Pparp/a inhibits keratinocyte
proliferation and participates in inflammation-induced keratinocyte differentiation, which are anti-
carcinogenic actions. However, it also increases both migration and keratinocyte resistance to
Tnf-a-induced apoptosis. b | PPARyis implicated in the differentiation of pre-adipocytes to
adipocytes and of monocytes to macrophages. In the presence of PPARy and retinoid receptor
(RXR) ligands, myeloid-cell precursors become resting macrophages, which can be turned to
lipid-loaded macrophages, when PPARyand RXR ligands are maintained. PPARy can also

withdraw liposarcoma-derived cells from cell division to trigger their differentiation to adipocytes.
P 99 pocyt Michalik L et al., Nature Rev Cancer 2004 Q




Mechanizmy plisobeni n-3 PUFAs v zanétu streva
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N-3 PUFAs aktivuji PPARY,
ktery inhibuje signalni drahu
NFkB a mohou inhibovat toll-
like receptor 4 (TLR4).

Mohou také modulovat sloZeni
membranovych fosfolipid{
vedouci ke snizeni produkce
prozanétlivych eikosanoid(
odvozenych od AA a zvySeni
resolvind.

Tyto regulacni drahy snizuji
produkci prozanétlivych
cytokin® a expresi adhezivnich
molekul

To vede ke snizeni zanetu
streva.

Marion-Latellier R et al., Gut 2009, 58:586



Prirodni zdroje modulatorii PPARYy a GCinky u zanétlivych
onemocnéni streva

Table 3 Peroxisome proliferator-activated receptor gamma (PPARy) modulators which have shown some efficacy in inflammatory diseases of the

human intestine

Nutrient Dose and duration Patients Main results
Butyrate™ 4 g/day for 8 weeks 13 patients with mildly to moderately active Decrease of CDAI after 4 and 8 weeks of treatment
Crohn’s disease Decrease of mucosal levels of NF-xB and IL1p
Curcumin® 1.1 g/day for 1 month 5 patients with ulcerative colitis, and 5 with Reduction of concomitant medications for 4/5 patients
Crohn's disease with ulcerative colitis
1.65 g/day for 1 month Reduction of CDAI score for 4/5 patients with Crohn's
disease
Curcumin® 2 g/day for 6 month 89 patients with quiescent ulcerative colitis: Reduction of relapse rate

Saccharomyces boulardii™ 1 g/day for 6 months

VSL#43® 2 sachets/day for 4 weeks

VSL#3% 2 sachets/day for 4 weeks

Table 2 Dietary sources of natural peroxisome
proliferator-activated receptor gamma (PPARv)

modulators

Name

Dietary source

s-Linolenic acid
Capsaicin

Conjugated linoleic acid
Curcumin
Docosahexaenoic acid
Eicosapentaenoic acid
Epigallocatechin gallate
v-Linolenic acid
Ginsenosides
Hesperidin

Kochujang
\-Baptigenin
Resveratrol

Leafy green vegetables, flax
Cayenne pepper

Beef, bovine milk

Turmeric powder

Fish

Fish

Green tea

Vegetable oils and blackcurrant
Ginseng

Citrus fruits

Korean fermented red pepper paste
Plants (red clover and hen's eye)
Grapes, wine, peanuts

45 curcumin/44 placebo

32 patients with Crohn’s disease in clinical
remission

lleal pouch—anal anastomasis for ulcerative
colitis

23 patients with active mild pouchitis (ulcerative
colitis)

Improvement of CAl and El
Reduction of clinical relapse rate

Reduction of PDAI score

Reduction of IL1 3 mRNA expression
16/23 patients in remission
Decrease of PDAI score
Improvement in the quality of life

Marion-Latellier R et al., Gut 2009, 58:586 m



Mutace PPARYy v lidskych nadorech a ucinky
agonistdl PPARy u riiznych bunécnych typi

Table 1 | Mutations found in PPARY in human tumours

Tissue Frequency Mutation References
Sporadic colon tumaors 4/55 Loss of function 112
Follicular thyroid carcinomas  5/8 Chromosomal translocation; 113
PAX8-PPARyfusion protein;
dominant-negative inhibitor
of PPARY
Follicular thyroid carcinomas  5/9 Chromosomal translocation; 114
PAXB8-PPARy fusion protein
Follicular thyroid adenomas ~ 2/16 Dominant-negative inhibitor
of PPARY
Follicular thyroid carcinomas  13/33 Chroemosomal translocation; 115
Follicular thyroid adenomas ~ 1/23 PAXB-PPARyfusion protein
Follicular thyroid carcinomas  6/17 Chromosomal translocation; 116
Follicular thyroid adenomas ~ 6/11 PAX8-PPARyfusion protein
Prostate tumours 8/38 Hemizygous deletion of PPARy 59
11 cancer cell lines; 0 Mo mutation found 117

326 clinical cancers (colon,
prostate, breast,lung cancers,
osteosarcomas, leukaemias)

Mutations that decreased the activity of the receptor were described in the PEARYy gene in some
hurman tumours of various origins. Overal, these mutations are rather rare, indicating that decreased
activity of PPARy might contribute to carcinogenesis, but is probably not causal to the pathaology. For
the sake of clarity (different approaches), each publication cited in the table is listed separately.

Table 2 | Effects of PPARY agonists in various cell types

Consequence of the treament Cell type

Growth arrest

Cell differentiation

Apoptosis

Decrease of spontaneous
immortalization

References
Human colorectal cancer 118
Breast cancer 53,54
Prostate cancer h9
Myeloid leukaemia 119
Human neuroblastoma 120
Human hepatoma 121
Vascular smooth muscle 122
Human gastric cancer 123
Thyroid carcinoma cells 124
Uterine leiomyoma smooth-muscle cells 125
Oligodendrocyte-like cells 126
Pancreatic cell line 68
Calon cancer cell lines 45
Macrophages 127
Prostate cancer cells 58
Non-small-cell lung carcinoma 74,128
Liposarcomas 18,79
Oligodendrocyte-like cells; rat 126
spinal-cord-derived oligodendrocytes
Human colon cancer cellline 129
Breast cancer cells h4
Macrophages 130
B-lineage cells 131
Human liver cancer cells 132
Choriocarcinoma cells 133
Adipocytes 134
Li-Fraumeni-syndrome-derived 135

human mammary epithelial cells

This table summarizes the effects of treatment with PPARy agonists in various cell types, with
regards to cell cycle. In most of the studies, treatment of the cells with a PPARy agonist has anti-
carcinogenic consequences. Most of these results remain to be confirmed i wivo and their clinical
relevance is not yet proven. Additionally, it is important to note that PPARy agonists might also have
PPARy-independent effects (see Box 2) that were not separated from the PPARy-dependent effects

in most of the studies.

Michalik L et al., Nature Rev Cancer 2004



Dlilezité signalni drahy a molekuly indukované Ci
inhibované PPAR

J ' PTEN

| [f-catenin

aki Cyelin D it
J \ / /pzr

Cell cycle
Caspase QI arrest

PPARy indukuje fosfatazu PTEN vedouci k inhibici kinazy Akt.
Akt ma antiapoptické Ucinky (inhibice kaspazy-9).
PPARYy zpUsobuje zastavu bun. cyklu represi cyklinu D, indukci p18, p21,

p27 a interakci s Rb. PPARy rovnéz potlacuje beta-katenin a COX-2
podporujici karcinogenezi kolonu.

Voutsadakis IA, J Cancer Res Clin Oncol 2007, 133:917



Vnitrni a parakrinni ucast NFkB v prezivani a
proliferaci nadortl.

NF-=xB activity in the tumor microenvironment leads to production of
pro-inflammatory cytokines that promote tumor cell growth

LA 2 Y N |
NF-xB activity in tumor  The necrotic core of the tumor

cells confers resistance  elicits an innate immune response
to apoptosis

Aktivace NFkB vede k rezistenci k apoptdze, Bunky na okraji rychle rostouciho
nadoru podléhaji nekrdze, kdyZz chybi ATP. Nekrotické nadorové burky uvolniuji
prozanétlivé faktory. Tyto faktory aktivuji imunitni odpovéd’ nadorového
mikroprostredi, ktera vede k syntéze prozanétlivych cytokinli zavislé na NFkB ,
coz podporuije rlst nadoru.
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