MECHANISMY PUSOBENI
MASTNYCH KYSELIN VE STREVE A JEJICH
VZTAH K ZANETLIVYM A NEOPLASTICKYM
ONEMOCNENIM
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NADORY KOLOREKTA (CRC)

Vyskyt

industrializované zeme (zivotni styl, vyziva)

CR (tfeti nejéastjsi pfigina umrti na rakovinu)

vékova distribuce (muzi narust pfipadu od 60 let; Zeny od 70
let)

Epitel kolorekta

strevni krypty (Cast proliferacni a diferenciacni)

vymena epitelu (zrani bunek, odumirani apoptozou-anoikis
(detachment-induced apoptosis)

koncentrace rustovych faktoru v kryptach (v proliferaéni ¢asti
vice bunek produkujicich GF)

Kolorektalni karcinogeneze

poruseni rovnovahy mezi proliferaci a diferenciaci v krypte
hyperproliferativni krypta, adenom, adenokarcinom,
karcinom, metastazy
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Figure 1 | Colorectal cancer incidence in males in the
European Union. Rates of colorectal cancer by incidence, per
100,000 people, and mortality during 1996. Data were
collected from Eucan — a service that provides data on the
incidence and mortality of 24 key cancers in 15 member states
of the European Union?.
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Rovnovaha mezi proliferaci, diferenciaci a apoptézou ve strevni krypte
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Homeostaza ve tkanich

je udrzovana

integrovanym systémem komunikacnich mechanismu
(mimo-, vnitro- a mezibunécnych)

a reguluje chovani bunék predevsim s ohledem na schopnost proliferace,
diferenciace, adaptivni odpovédi a apoptozy.

Iniciovaneé preneoplastické bunky jsou udrzovany v latentnim stavu v
dusledku pusobeni téchto "pfirozenych" regulacnich mechanismu.

V podpurné (promocni) fazi rozvoje nadoru se uplatriuji

latky pusobici negenotoxickymi (nebo epigenetickymi)
mechanismy, tzv. nadorove promotory, které zpasobuiji zmény
chovani bunék v dusledku deregulace zminénych procesu.

Zasahy, které vedou ke zménam v expresi genu a k porucham homeostazy
se odehravaji v bufice na riznych urovnich a ruznymi mechanismy.
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€ kontinualné se obnovujici bunééné
populace

€ fada zasadnich fyziologickych funkci

€ dynamicka rovnovaha mezi
prirustkem bunék na bazi krypty
(proliferace) a ubytkem (apoptoza-
anoikis) na povrchu

€ regulace endogennimi faktory
(hormones and cytokines), ale rovnéz
slozkami diety pritomnymi v lumen
stfeva

C!::.E:::%.':E

NioFyzikaln oskav AVMER, BANG

DIFFERENTIATION

PROLIFERATION

Fully differentiated
terminal cells

Proliferating /differentiating
cells

I:l Stem cells

-
‘G Endogenous

regulators

REPLICATION
STAGES




Loss of cel anchorage \

-.-..l.--....
II'IF".'-.".' Ty Hpg,
_‘---.-l---
) ey

| R,

.f' —-“"*\\

Hﬂ survival sugnals | i:'><
.f;’f

e

| caspase-.?

DNA-fra gmentation —- cell death




yourvival signalling pathways" aktivované pfi kontaktu burika-bunka a burika - ECM

Figure 1. (a) Survival signaling pathways activated by cell-cell and cell-matrix anchorage. [Focal Adhesion-Kinase (FAK), Integrin-linked
Kinase (ILK), caveolin (cav), phosphoinositide-3-OH kinase (PI1-3K), phosphatidelinositide- (3,4,5) triphosphate 3 (PIP3), Frotein kinase B
(PKB/AKT), ras-extracellular signalregulated kinase (ERK), Jun-MHz-terminal kinase (JNK) /mitogen activated protein kinase (MAPK),
p70 ribosomal protein S6 kinase [S6K), lympheoid enhancer factor (LEF)/T-cell factor (TCF), Glycogen synthase kinase-3 (GSK-3),
adenomatosis coli gene product (APC), caspase (Casp), growth-factor receptors (GF-R), FLICE-inhibitory protein (Flip), Fas-associated
death domain protein (FADD)]. (b) Signal transduction following loss of cell anchorage leading to ancikis. [MAP/ERK Kinase Kinase
1 (MEKK-1), Caspase (casp), cytochrome c (cyt ¢), Fas-Ligand (Fas-L), FLICE-inhibitory protein (Flip), Fas-associated death domain

protein (FADD), DNA fragmenting factor (DFF)].
({Continued on next page.)
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Pfenos signall po ztraté kontaktu vedouci k indukci anoikis
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Vliv naruseni (stimulace/inhibice) prubéhu apoptézy
VvV ramci procesu vicestupnove karcinogeneze
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Karcinogeneze vSsak znamena vic nez jen mutagenezi

Kromé genovych a chromozomalnich mutaci (genotoxicita) zahrnuje i
NEGENOTOXICKOU SLOZKU (EPIGENETICKE DEJE)
zmeény v expresi genetické informace
na transkripc¢ni, translac¢ni nebo postranslacni urovni

Geny jsou zapinany a vypinany

» béhem vyvoje

» béhem bunééného cyklu, kdyz burika proliferuje

» kdyz bunka diferencuje

» kdyz je diferencovana bunka stimulovana k adaptivni odpovedi

Iniciovana kmenova bunka je_.omezena v dalSim rustu okolnimi normalnimi
bunkami.

Po expozici nadorovym promotorem nebo promoc¢nimi podminkami
(bunécna smrt nebo odstranéni bunék) suprimujici u€inek okolnich
bunék prostrednictvim kontaktni inhibice mizi.




Hlavni mechanismy charakterizujici
negenotoxickou karcinogenezi

ovlivnéni mechanismu signdlové transdukce

aktivace specifickych receptort

produkce reaktivnich kyslikovych radikalt (ROS, RNS)
zmeny GJIC

zmeny v metylaci DNA nebo v acetylaci histont

ovlivnéni exprese onkogentl, nadoroveé supresorovych genu a
genu bunééneho cyklu

B zmcény bunécného cyklu

B zmcny proliferace (regenerativni nebo mitogenni)

B zmcny v apoptoze

B zmény v rovnovaze vyustujici ve zmeénu obratu bunék ve tkani




VYZIVA
hraje roli pt1 vzniku v aterosklerdzy, nadort a fady dalSich onemocnéni.
Mechanismy jsou predmétem vyzkumu
Je prokazano, Ze
vysoky prijem kalorii a tvorba tukovych zasob je rizikovym faktorem.
Pfijem, absorpce a metabolismus velkého mnoZstvi potravy vyzaduje oxidativni

metabolismus a produkuje vice reaktivnich kyslikovych radikald, které poskozuji
DNA.

Ukazalo se, ze prijem tuku, zeyména Zivoc¢iSnych zvysuje riziko aterosklerdzy a
nadort.

Epidemiologické studie predpokladaji

pozitivni korelaci mezi pfijmem tuku a nadory prsu, kolonu a prostaty.
Navzdory dlouh¢ historii studii tukt a nadort, ziistava fada protikladu.

Ukazuje se, ze nejen kvantita, ale 1 kvalita tuku hraje diilezitou roli, a Ze se
zde uplatnuji 1 rostlinne oleje a rybi olej, zejména

vysoce nenasycene mastne kyseliny (VNMK, PUFAs)

ttid n-3 a n-6




Cocosahexsanoic aod

Zdroje tuku

71voCisne a rostlinné

R Mastné Kyseliny

» s kratkym retézcem — 6-12 C (SCFA)

kys. maselna,propionova

» nasycen¢ — 12 a vice C

kys. palmitova, stearova

» mononenasycene — 16 a 18 C, 1 dvojna vazba
kys. palmitoolejova, olejova

» polynenasycene (PUFA) — 18 a vice C, 2 a vice
dvojnych vazeb

kys linoleova, alfa-linolenova — esencialni MK




Zmény membranovych fosfolipidu pfimo ovliviui
syntézu lipidovych mediatoru typu eikosanoidu, PAF a
sekundarnich prenasecu diacylglycerolu a ceramidu.
Lipidove mediatory ovliviiuji produkei a funkei cytokini. [
To ma dilezity dopad na fadu imunitnich a e
bunécnych funkci vCetné€ proliferace, diferenciace a apoptozy

Imbalance v lipidovém metabolismu hraje roli u mnoha
zavaznych onemocnéni

P Vysoka hladina cholesterolu je spojena s kardiovaskularnimi
chorobami, které jsou nejCast€jsi pricinou tmrti v populaci.
P Lipidy produkované buitkami imunitniho systému jsou

zahrnuty v zanctlivych onemocnénich jako je revmatoidni
artritida, sepse, astma, zanctlivé onemocnéni stieva.

P Lipidy hraji ulohu také v psychickych a neurodegenerativnich
onemocnénich (deprese, schizofrenie, Alzheimerova choroba)

P Lipidy ovliviiuji pocatek a rozvoj nadorovych onemocnéni




Relativni procento ruznych mastnych kyselin v potravé a zmény

zpusobené prumyslovym zpracovanim potravin
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Fig. 1. Hypothetical scheme of fat. fatty acid (w6, w3, trans and total) intake (as percentage of calories from fat) and intake of vitamins E and © {mg/d).
[ata were extrapolated from cross-sectional analyses of contemporary hunter-gatherer populations and from longitudinal observations and their putative
changes during the preceding 100 years [75].




VYSOCE NENASYCENE MASTNE KYSELINY

(Polyunsaturated fatty acids - PUFAs) - mastné kyseliny s 2 i1 vice dvojnymi vazbami.

Tt1 hlavni skupiny PUFAsS:

n-3 (omega-3), n-6 a n-9, podle polohy dvojné vazby nejblizsi ke koncovému
metylovanému uhliku.

Tyto jsou metabolizovany stejnym zpusobem alternativnimi desaturacnimi a
elonga¢nimi enzymy.

NOMENKLATURA:

Napi. kyselina arachidonova, 20:4, n-6

20 - pocet uhliku

4 - pocet konjugovanych dvojnych vazeb

n-6 - poloha prvni dvojné vazby od metylovaného konce molekuly

Témét vSechny dvojné vazby jsou ve viceméné stabilni cis - konfiguraci.

Zivodichové nedovedou syntetizovat n-3 a n-6 PUFAs de novo ani nedovedou pfeménit
jednu sérii v druhou.

Tyto ESENCIALNI MASTNE KYSELINY musi byt obsaZeny v potravé podobné
jako vitaminy. Jsou Zivotn¢ dllezité jako slozka vSech membran a permeabilni bariéry
pokoZzky a jako prekursory eikosanoidu a s nimi souvisejicich latek, ktere hraji dilleZitou
regulacni lohu ve tkanich.

Zdrojem jsou rostlinné oleje (n-6 PUFA) a rybi olej (n-3 PUFA)




VYSOCE NENASYCENE MASTNE KYSELINY (VNMK)
(Polyunsaturated fatty acids - PUFAs) - mastné kyseliny s 2 i vice dvojnymi
vazbami. Esencialni prekurzorove kyseliny rady n-6 a n-3

18:2n-6 18:3n=3
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Dulezity je pomér n-3: n-6 VNMK!!!

Kys. linolova (18:2, w-6)

kyselina arachidonova (AA, 20:4), rostlinne oleje

zdroj eikosanoidu (prostaglandiny, leukotrieny) vyznam u
ruznych nadoru.

V experimentalnich systémech ¢asto podpurny ucinek pro
vznik a rozvoj nadoru

Kys. alfa-linolenova (18:3, w-3)

kys. eikosapentaenova (20:5) a dokosahexaenova (22:6)
z rybich a nékterych rostl. oleju (pupalka, len, rakytnik)
V experimentalnich systemech Casto inhibiCni ucinek pro
vznik a rozvoj nadoru




TUKY Z POTRAVY z potravy ovlivnuji pocatek a rozvoj rady onemocnéni
vCetne nadorovych. Existuji v zasadne dveé urovné ovlivnéni:

zmeny slozeni mastnych kyselin (MK) v bunéénych membranach

pfima kontrola procesu v jadie na urovni transkripce genu

n-3 a n-6 PUFA jsou metabolicky i funkcne odlisSné. Jejich rovhovaha je
dulezita pro homeostazu a normalni vyvoj. Efekty jsou pleiotropni.

Zatimco proteiny jsou geneticky determinovany, slozeni bunecné membrany s
ohledem na lipidy (a tim i fada bunécCnych funkci jako je aktivita
membranovych enzymu a pfenasecl, vazba hormonud, mechanismy
signalové transdukce) je z velké €asti zavislé na prijmu z potravy.

n-3 a n-6 PUFA mohou ucinné a pfimo fidit transkripci specifickych genu (napfr.
geny kodujici lipogenni proteiny, delta desaturazy atd.).

Tak muUZze pfiznivy a nepfiznivy uc€inek tukd na ruzné choroby zahrnovat
kombinaci interaktivnich regulacnich mechanismu:

» akutni, rychla a pfima regulace exprese genu

» dlouhodoba adaptivni modulace slozeni membran, ktera mize pfimo
ovlivnit prijem a prenos signalt hormonu, cytokint, produkci
eikosanoidu apod.

Béhem pramyslové revoluce se drasticky pomér n-6:n-3 PUFA.
V tzv. zapadni dieté je dnes misto 1:1 az 10-25:1. CL
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PREVENCE

Epidemiologické studie — snizena
incidence nadoru (kolonu) v
populacich konzumujicich velké
mnozstvi w-3 VNMK z morske
stravy

Experimentalni studie
e w-3 VNMK inhibuji karcinogeny-
indukovanou karcinogenezi

e redukuiji rust transplantovanych
nadoru u laboratornich zvirat

e snizuji proliferaci a indukuiji
apoptdézu u nadorovych bunék
kolonu in vitro.

Klinické studie — EPA a DHA
inhibuji proliferaci epitelialnich

bunék kolonu u pacientl s adenomy

a vysokym rizikem nadoroveho
onemocneéeni

TERAPIE

Pri chirurgickych zakrocich
predoperacni peroralni nebo
pooperacni enteralni Ci parenteralni
dieta s w-3 VNMK zlepsSuje
postoperacni zanétlivou a imunitni
odpovéd a snizuje infekci.

Dieta s w-3 VNMK zlepsuje
nadorovou kachexii a kvalitu zivota

Kombinace se standartni terapii
(chemoterapie, zareni)

e dieta s w-3 VNMK netoxicky zpUlsob
zvySeni u€inku terapie

e samotné pouziti w-3 VNMK
uzitecny pristup, jestlize je vylouCena
toxicka standartni terapie.




Uginek rdiznych typu olejd na rast nadort tlustého stfeva u atymovych mysi
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Fig. 1. Effect of dietary fatty acids (corn oil, menhaden oil, golden algae oil) on the growth of WiDr tumor in athymic mice. Tumor weights were
estimated using the formula (tumor weight in mg = A X B x (V2) where A, B, C represent the three perpendicular diameters of the wmor in
millimeters. Each data point represents the mean = SEM from 5 to 6 animals. P-values were compared to 24% corn oil. Label keys: #

P =005, %% P = 0.01 at day 53; —, 24% corn oil treated; B, 8% corn oil treated; &, 8% cornoil and 16% menhaden o1l reated; ©, 8% corn oil
and 16% golden algae oil treated.

Kato T. et al., Cancer Letters 2002




» v plazmé nadorovych pacientu

» u pacientu se zanétlivym onemocnénim stfeva (IBD — ulcerativni
kolitida, Crohnova nemoc)

» v nadorove tkani a bunkach ve srovnani s nenadorovymi

Zejména snizeni obsahu w-3 VNMK (DHA) ve srovnani s w-6 (kys.
linolova a arachidonova), zmény v expresi genu lipidového
metabolismu, zmény aktivit enzymu (fatty acid syntaza — FAS)

S protekci urcitych typld nadoru (napf. prsu) spojen slozeny indikator
kombinujici zvySené mononenasycené MK a nizky pomér omegat/omega 3.
Tento lipidom by se mohl stat templatem pro detekci rizika nadort prsu ve

vztahu k dieté.
(Bougnoux P. et al, Diet, Cancer and Lipidome
Cancer Epidemiol Biomarkers Prev 15, 2006)




» zmény vilastnosti bunéénych membran (fluidita, lipidové rafty)

» suprese biosyntézy eikosanoidu odvozenych od AA — zména
imunitni odpovedi a modulace zanétu, proliferace, apoptozy, tvorby
metastaz a angiogeneze

» ovlivnéni signalové transdukce, aktivity transkripcnich faktoru
(NFkB, PPARY) a genové exprese — zmeny metabolismu, bunécneho
rustu a diferenciace

» zmény metabolismu estrogenu — redukce estrogeny stimulovaného
rustu

» zvySena nebo snizena produkce volnych radikalu (kysliku, dusiku)

» mechanismy zahrnujici citlivost k insulinu




Slozky lipidového metabolismu
SIGNAL v bunéénych signalizacich
(napf. cytokiny) - = ,
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Phospholipid structure and the orientation of
phospholipids in membrane
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Figure 2-22. Molecular Biology of the Cell, 4th Edition.
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Extracellular
fatty acid carrier
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, Fatty acid transporter
albumin and activator?
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fatty acid
Proposed models for FA internalization in neurons. In the diffusion model of FA internalization, FAs are
released from albumin and, owing to their hydrophobicity, partition into the outer leaflet of the plasma
membrane. The FAs then “flip-flop” from the outer leaflet to the inner leatlet of the plasma membrane,
where they can dissociate or be extracted by FABPs or Acsl proteins. FAs bound to FABPs are ultimately
transterred to Acsl proteins, which catalyze the reaction that converts the free FAs to their CoA
derivative. The FA-CoA cannot repartition into the membrane owing to the presence of the hydrophilic
CoA. Additionally, FA internalization may be mediated by FATPs. FATPs may increase the rate or
efficiency of FA “flip-flop” or increase FA stability in the inner leaflet, which increases the opportunity
for FAs to interact with either FABPs or Acsl proteins. It remains controversial whether FATPs
themselves convert the FAs to their FA-CoA derivative.




FATTY ACID TRANSLOCASE (FAT/CD36)

Protein v plasmatické (mitochondrialni?) membrané

CD36 — multifunkéni adhezni receptor pro trombospodin a kolagen a
scavenger receptor pro LDL exprimovany na plateletech, monocytech
ale i jinych typech bunek.

Nové prokazana funkce pfri transportu VNMK i jeho pritomnost v

bunkach gastrointestinalniho traktu (Lobo MVT et al., J Histochem Cytochem
2001, Campbell SE et al, J Biol Chem 2004, Drover VA, J Clin Invest 2005)

Extracellular

y

FA.CoA

Fig. 1. Schematic representation of the membrane topology of
fatty acid (FA) transport protein.




Pohl J et al., Proc Nutr Soc, 2004
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Lipid raft

fof 117111

Fig. 3. Proposed model for cellular fatty acid uptake. Fatty acid transport protein (FATP, []),
stabilization of lipid rafts (—) by acylated very-long-chain fatty acids (VLCFA) and fatty acid
translocase (FAT)/CD36 incorporation into lipid rafts could cooperate to facilitate efficient
long-chain fatty acid (LCFA) uptake. Intracellular VLCFA are esterified to their acyl-CoA and
thereafter bound to sphingolipids in the outer leaflet of the biomembrane of lipid rafts. This
process might indirectly facilitate ‘on-demand’ recruitment of FAT/CD36 from an intracellular
compartment to lipid rafts located on the plasma membrane and result in augmented uptake
of LCFA. TGN, trans-Golgi network; (7), caveolins; (e=), fat; (~~), fatty acid, [?},
phospholipid; (€), cholesterol; (I ), sphingolipid.
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Expression of CD36 antigen in HCT116 cells after
treatment with AA, DHA, NaBt or their combinations
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Phospholipase A5

Drug Discovery Today

Figure 1. Phospholipid structure with phospholipase A,
cleavage site.




Fosfolipaza A2

Enzym ucastnici se lipidového metabolismu, dilezity pro fadu bunéénych
procestl.

T11 skupiny:

» sckretovana PLA2 (sPLA2),
» na vapniku nezavisla PLA2 (1IPLA2),

» na vapniku zavisla cytosolova PLA2 (cPLA2).

Kromé ulohy v bunéfném signalovani souviseji PLA2 s riznymi
patologickymi stavy, vCetné zanétu, tkanove reparace a nadoru.

U fady nadort jsou hladiny sPLA2 a cPLA2 zvySeny.

PLA2 jsou také cilem protinadorové terapie
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Drug Discovery Today

Figure 2. sPLA, participating in an inflammatory response. (1) Pro-inflammatory
cytokines such as tumour necrosis factor a (TNF-a) or interleukin 15 (IL-13) induce
cellular expression of sPLA,. (2) Activating factors cause release of sPLA, from
secretory granules into the extracellular matrix. (3) In the presence of millimolar
concentrations of Ca2+, sPLA, hydrolyzes membrane-bound phospholipids of
neighbouring cells. Released fatty acids, such as arachidonic acid, are further metabolized
into eicosanoids, generating an inflammatory response in neighbouring cells.

sPLA2
v zanétlive odpovédi

Prozéanétlive cytokiny
indukuji expresi sSPLA2.
Aktivacni faktory uvoliuji
sPLA2 ze sekreCnich granul
do ECM. Za ptitomnosti Ca2+
sPLA2 hydrolyzuje
membranové fosfolipidy
sousednich bunék. Uvolnéni
AA anéasledna tvorba
eikosanoidll indukuje zanét.
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Dirug Discovery Today

Figure 3. Activation of cPLA,-c.. (1) Pro-inflammatory cytokines including tumour
necrosis factor o induce expression of cPLA,-c. (2) Activation leads to
mitogen-activated protein kinase-pathway-directed phosphorylation of cPLA, -c.

(3) Extracellular influx or mobilization of intracellular stores of Ca2+ bring about
cPLA,-o translocation from the cytosol to perinuclear membranes. This brings
cPLA.-c in close proximity to both its substrate and enzymes involved with
eicosanoid synthesis. (4) Activated cPLA,-o lyses membrane phospholipids providing
arachidonic acid (AA) to a range of enzymes involved with eicosanoid synthesis,
specifically COX and LOX.

Aktivace cPLA2

Prozanétlive cytokiny indukuji expresi cPLA2. Nasleduje fosforylace zprostredkovana
MAP kindzami. Ca2+ zplsobuje translokaci cPLA2 z cytosolu do perinuklearni membrany,
kde je take jeji substrat a enzymy nutné k tvorbé eikosanoidii. Aktivovana cPLA2 lyzuje
membranové fosfolipidy a uvoliiuje AA, ktera je metabolizovana COX a LOX.




Model konstitutivni overexprese cPLA2 a COX-2 u nadorovych bunék

Pro-inflammatory cytokine
(e.g. TNF-o)

|
= N

G-Proteins Phospholipid

Y

MAPKinase
cascade

Overexpression

/ » Transcription

Drug Discovery Today

Figure 4. Model of constitutive overexpression of cPLA, and COX-2 in tumour cells
(reviewed in [4]).




Interakce n-3 PUFAs s AA oy
syntéze eikosanoidu s prozanétlivou aktivitou

kyselina linoleova (LA) kyselina linolenova (LNA)
(18:2 n-6) (18:3 n-3)
metabolismus DIETA metabolismus
kyselina arachidonova (AA) kyselina eikosapentaenova (EPA)
(20:4 n-6) (20:5 n-3)
TXA2 PGE2 LTB4,LTC4,LTD4 TXA3 PGE3 LTB5,LTC5,LTD5
faktor mediatory zanétu slabsi slabsi zanétliva aktivita
agregace faktor
desticek agregdce

desticek




Cyklooxygenazove drahy

kyselina arachidonova endotoxin
Kti cytokiny
aktivace mitogeny
'o10) & COX-2 inhibice glukokortikoidy
konstitutivni indukovatelna
l l selektivni inhibitor COX-2
zaludek mista zaneétu
strevo - makrofagy
ledviny - synovialni bunky

krevni desticky




Cell surface

Cytoplasm

Fig. 5. The EP1 receptor signals via coupling to an as vet uncharacterised G
protein. The blocked amrow indicates the potential inhibitory effect on PGE;
signalling through a varniant EP1 receptor such as found in the rat (see text).




EP2 Signalling EP4 Signalling




Prenos signalt PGE2 prostrfednictvim receptort EP1 - 4

S. Chell et al. / Biochimica et Biophysica Acta 1766 (2006) 104119

PGH,

Prostaglandin E Synthases

Cyloplasm

CA¥ 1P3 PIvivI{ \

PKA pERK Akt

Fig. 4. PGE; can signal through any single (or combination of) EP receptor. Signalling depends upon the enzymatic machinery and receptors present in the tissue or cell
type in question. Signalling via the EP1 receptor subtype activates IP3 and mobilises intracellular Ca>*, through an as vet uncharacterised G protein [110]. The EP2 and
EP4 receptors activate adenylyl cyclase activity through binding Gs proteins (EP4 also has the capacity to modulate MAPK signal cascades). The predominant EP3
receptor splice variant (of which four have been identified in humans) induces the inhibition of adenylyl cyclase, and hence inhibits cAMP activation, although this
receptor subtype can also couple to Gs and G12. Arrows indicate activation by phosphorylation, whereas blocked arrows indicate mhibition of activation.




COX-2 1 5-LPO stimuluji bun€cnou proliferaci, inhibuji
apoptozu a indukuji neoangiogenezi

Cancer cell
proliferation




Table 1. COX2 expression in malignant or premalignant

human tumours

Fremalignant or malignant lesion

Colorectal

Gastric

Cesophageal

Hepatocellular {liver cirrhosis)
Pancreatic

Head and neck

Mon-small-call lung cancer
Ereast (ductal carcinoma-in-situ)
Prostatic

Bladder

Canix

Endometrial

Cutanaous bazal cell

Cutansous squamous cell
pPNET

Glioblastoma multiforme
Anaplastic astrocytoma (low grade)

COX2 expression (%)
80-90

80

70

67
80
70

86
43

a7

05

80
100
71-74
44 (30)

References available at httpeddmage. thelancet.comdendras/O3oncl20bwebfr. pdf
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Mechanismy acinkii exprese COX-2 na vyvoj
kolorektalnich nadoriu:

U¢inky nezavislé na produkci prostaglandint (PGE2):
Aktivace karcinogenti

Produkce malondialdehydu

Redukce hladiny volné AA

U¢inky zavislé na produkci PGE2:
Indukce bunécne¢ proliferace
Inhibice apoptozy

Indukce angiogeneze

ZvySeni bunécné motility

ZvysSen¢ metastatického potencialu
Indukce lokalni imunosuprese




Model interakce mezi nadorovymi bunkami, endotelialnimi bunnkami
a infiltrujicimi zanétlivymi bunikami v misté nadoru
Uloha COX-2. PG a anétlivvch molekul v angiogenezi

-From constitutive low expression of COX-1

T Angiogenesis factor secretion ——— from all cell types
T COX-2 and PG production — — S~ -From transient high expression COX-2
— from inflammatory cells and tumor cells.

T anti-apoptotic factors

Macrophages
Inflammatory cells

Pro-inflammatory molecules

-positive feedbacks increase the

T Migration secretion of pro-inflammatory
T Permeability molecules

T Neovascular formation

Fig. 1. COX-2 in angiogenesis. This figure models the interactive relationship among cancer cells, endothehal cells and infiltrating
inflammatory cells at the site of tmmmorigenesis. The prostaglandin pool is contributed to by all three different cell types and occasionally stromal
cells. The positive feedback through prostaglandin receptors increases COX-2 expression and ensures the continued generation of
prostaglandins. In the cancer cell, prostaglandin signaling also results in the production of multiple angiogenesis factors, through which they
stimulate neovascular formation at the site of tumorigenesis. In inflammatory cells, prostaglandin signaling stimulates the generation of pro-
inflammatory molecules such as IL-2, which further recruits additional circulating monocytes and amplifies the inflammatory response. As a
response to increased levels of prostaglandins, angiogenesis factors and pro-inflammatory molecules, endothelial cells proliferate, migrate and
undergo tubal formation, providing additional nutrients for oncogenesis as well as a potential route for metastasis.




Rada nadordl ma zménény metabolismus nenasycenych MK a produkuje zvy$ené mnozZstvi metabolitti
AA, které indukuji rist a invazivitu (epitelialni nadory - prsu, kolonu, plic, prostaty)

 Frekvence exprese jednotlivych typl enzymua (COX1, COX2, 5-, 12- 15- LOX, FLAP, P450) se liSi
podle typu a histologického stupné nadoru

» Mitogenni a viabilitni faktory (EGF, HGF atd.) a prozanétlivé cytokiny (TNF-a, IL-1) indukuji uvolhovani
AA a tvorbu eikosanoidu, které slouzi jako pfenasece nebo modulatory signall regulujicich proliferaci a
apoptézu

* Nesteroidni antiflogistika (NSAID - aspirin, sulindac, indometacin, ibuprofen , piroxicam) inhibuiji
aktivitu COX a maji preventivni a terapeutické u€inky na rozvoj nadort, zejména kolonu - vyuZziti
inhibitord COX2 (inducibilni)

* NSAID - snizuji proliferaci a indukuji apoptézu mechanismy zavislymi i nezasvislymi na aktivité COX

« Uginky mohou byt pfimé nebo nepfimé - zprotfedkované napf. zmé&nami aktivity imunitniho systému

* Inhibitory LOX (NDGA, esculetin, MK-886) inhibuiji proliferaci a indukuji apoptézu frady nadorovych linii

 Produkty 5-LOX funguiji jako ,second messengers” fady rastovych a viabilitnich faktor(

* Produkty 12-LOX se uplathuji v procesu invaze a tvorby metastaz - ovlivnéni exprese proteaz,
adhezivnich molekul - vyuziti inhibitor(




Molekularni mechanismy COX-2 a NSAIDs

Cell membrane

phospholipids

Apoplosis

L f Arachadonic acid
il

PGH, = POE2 S

_‘i‘:" TXAq Prostaglandin
Receptor

pengz = !
=] 1

lulp _ﬁ

G Protein

|

:
v

:

Fig. 4. Molecular mechanisms for COX-2 and NSAIDs. The right part of the model illustrates the prostaglandin synthesis pathway as well as the
subsequent receptor signaling—the specific prostaglandin receptors as well as the non-canonical EGF receptor pathway. As the result of
inhibiting COX enzymes, accumulation of arachadonic acid would directly promote apoptosis and attenuation of positive feedback to
proliferation and survival through receptors. The rest of the figure demonstrates several COX-2 independent mechanisms proposed for NSAIDs.

Since, notall NSAIDs are able to act through these mechanisms in every cell type, a brief table is attached to summarize the particular NSAIDs
used in each experiment as well as the cell lines involved.




Microarray analyza CaCo-2
bunék po pusobeni DHA
(48h)

[=]
5

DHA treated CaCo-2 cells
(Cy5 Signals) .
- >
= =]

10 100 1000 10000
Control CaCo-2 cells

(Cy3 Signals) Control - GAPDH

I NFkB p50
=
_~_|iNOS

—c

—S lcoxa2

~ ] NF-kBpBS

—=

i _‘] PPAR «
Fig. 2. 4, scanned image of hybridized human oligoarrays con- =

taining 3.8 k genes. Tofal RNA from CaCo-2 cells, treated with - ] RXR

DHA for 48 h, was used for microarray analysis as described in |

“Materials and Methods.™ A red color image of spors represents —c

induced genes, green spors indicate repressed genes B, scatter plot __|:] P53 induced protein

view of gene expression. Expression intensity Cy5:Cy3 ratios of

uatreated versus DHA-treated CaCo-2 cells. The ranos (Cy-5:Cv-3) _C]

of genes that have =2-fold expression are considered induced, and — -] AP2

those with =0.5-fold expression are comsidered repressed. Approx-

imately 504 of 3800 genes (13%) were expressed m DHA-treated - =

cells. __1] Bcl2

— o per

==
_ - P21war1/cip1)

—
_lrcER1

Fig. 3. RT-PCR validation of selected genes listed in Table 1. Differential expres-
sion of potential molecular targets modulated by DHA in CaCo-2 cells 15 shown on 2%
agarose gel.

Narayanan BA et al., Cancer Res 2003




Docosahexaenoic Acid

4 2

. L
conl:;zr EI { iNOS I] __._[ cGMP ]

Proinflammatory NF-kB
;- Genes - +
- 921 (Waf1/Cip1)
; :qpt:;sptnaia FZ?
Caspases 3
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% of cells
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Differentiation ‘/\b Apoptosis

Potencialni molekularni mechanismy

Untreated D-A 2.5

oHA%0 48 pusobeni DHA na nadorové bunky
bl bbbt bl

condensarion and DNA strand breaks for apoptosis were counted from 10 identical fields
using a fluorescence microscepe (Olympus) with =40 magnification: bars, =5D.

Narayanan BA et al., Cancer Res 2003



Peroxisome proliferators

(fibrates, phtalates, etc.)ﬂ

Nutrition ——>f

{09 cis-RA

~

XA

Fatty acids
(PGJ2, LTB4)

[ )
v

e
PAR&

Transcrlptlon

N

Target genes

)

CELL SPECIFIC RESPONSES v

Proliferation

Differentiation
and maturation

Apoptosis

v

\

\

MEDICAL RELEVANCE

* Clonal expansion of
preadipocytes pro-
moting adipogenesis
(participation on
PPARY.)

* Hypothetical risk in
man of cell growth
stimulation by
activation of PPARs.

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

* Protective effects of
PPARGa.

* Adipocyte differen-
tiation responsible of
obesity and other
related disorders
(implication of PPARAQ.)

* 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.




VLAKNINA

Table 1. Possible mechanisms for the protective action of
dietary fibre on colorectal oncogenesis

Physical

Increased bulk and dilution of carcinogen
Decreased contact time due to more rapid transit
Binding of carcinogen

Binding of bile salts

Prebiotic and metabolic action of flora

Alteration of colonic microflora; numbers and species balance
Inhibition of carcinogen activation

Stimulation of flora to increase bulk

Alteration of bile salt metabolism to reduce conversion to second-
ary bile salts

Fermentative

Lowering of pH

Reduced solubility of bile salts

Increased production of SCFAs, especially butyrate

Metabolic
Reduced insulin resistance and hyperinsulinaemia




stné kyseliny s kratkym rFetézcem— BUTYRAT

P produkovan anaerobni mikrobialni fermentaci =% wt,
vlakniny ve streve \ SR T

» zdroj energie pro normalni kolonocyty

Psyll ium

» vyznamny pro udrzeni homeostazy ve strevni tkani
regulaci exprese genu spojenych s regulaci proliferace,
diferenciace a apoptozy (microarray analyza — zmeny
exprese 19 400 genu), exportni protein MCT1

» butyrat sodny (NaBt) snizuje proliferaci a indukuje
diferenciaci a apoptézu neoplastickych kolonocytu in vitro
a in vivo

Prevence NADORU TLUSTEHO STREVA




Uéinky butyratu na epitelialni buriky kolonu

v prubéhu rozvoje adenom-karcinom

Normal

Mucosa

v

Hyper-

proliferation

v

Early

Adenoma

v

Intermediate

Adenoma

v

Late

Adenoma

v

Carcinoma

v

Metastases

—

Stimulation of proliferation
in the basal crypt

Inhibition of proliferation
in the upper crypt

Induction of apnptnD

Inhibition of proliferation
Stimulation of differentiation

Hyperacetylation of histones

Alterations in gene expression

Effects on extracellular matrix

Regression of carcinomatosis in vivo

(acetate, propionate,
butyrate)

(butyrate)

(butyrate)

(butyrate, propionate)

(butyrate)

{butyrate)

(butyrate)

(interleukin-2 + butyrate)




Uginky butyratu na nadorové buriky:

Inhibice proliferace — blok v G1 nebo G2/M, indukce p21,
Cyklin D1,D3, downregulace c-myc

Indukce diferenciace a apoptozy — genové arrays

Inhibitor histon deacetylaz — zmény exprese genu
Ovlivnéni specif. kinaz, aktivace PPAR gamma, inhibice NFkB
Inhibice c-Src, FAK, INOS, COX-2

@® ALKALINE PHOSPHATASE
m E-CADHERIN PROTEIN
/// F-ACTIN (Stress fibers)

L/
. ) 5
Period of culture (d)

Fig. 1. Dose-dependent inhibition of rat non-tumoural intestinal epi-
Growth inhibition thelial cells (IEC-8) by butyrate as assessed in vitro. Cells were cul-
tured without (<; control) or with butyrate (O, 0-5mmM; &, 1mm;

Proliferated

&
cell arrest in G1-phase of the cell > 2, 2 mm: =, 5 mM) and cell number was measured after 3, 5 and 7 d.
TIME OF BUTYRATE TREATMENT




Znaky diferenciace indukované butyratem

® ALKALINE PHOSPHATASE EXPRESE KARCINOEMBRYONALNIHO
ANTIGENU

m E-CADHERIN PROTEIN
/// F-ACTIN (Stress fibers)

L/
=
Growth inhibition

Proliferated &

cell arrest in G1-phase of the cell '
TIME OF BUTYRATE TREATMENT




Short-chain fatty acids

Butyrate

Tob1 21/Cip1
(APROB) P P

N

Cyclin D1-cdk4 »

Cyclin D3?

S

Fig. 4. Overview of the different pathways leading to inhibition of cell proliferation and the blocking of the G1 stage of the
cell cycle (for details, see p. 104). NF-kB, nuclear factor kappa B; Rb, retinoblastoma protein; cdk, cyclin-dependent kinases;
p21/cip1, amember of the Cip/Kip family which bind to the cyclin—cdk complex to inhibit its activity; Tob1 (APROE), a member
of the anti-proliferative family APRO, members of which control cyclin D1 transcription.

Blottiere HM et al., Proc.Nutr. Soc. 2003




LIPIDOVE SLOZKY VYZIVY

VICE, NEZLI JEN ZDROJ ENERGIE!!!!

€ strukturalni a regulacni uloha

€ dopad na fyziologické funkce organizmu
» Ucinky na imunitni system

» regulace proliferace, diferenciace a apoptoézy

» uloha v karcinogenezi

(etiologie nadoru tlustého stfeva, prostaty, prsu)

Cl;ﬁ'iﬂi’.';‘!ﬁ'é‘s'




Spolu s cytokiny a hormony funguji jako
intra- i intercelularni mediatory a modulatory bunecné
signalizacni site

Pomer obsahu w-6 a w-3 esencialnich vysoce nenasycenych
mastnych kyselin (VNMK) ovliviuje

vlastnosti membran, zejména jejich fluiditu a produkci latek
vznikajicich hydrolyzou membranovych fosfolipidu.

Tyto zmény pak ovlivauji vazbu cytokinu, aktivitu receptoru i
funkci na membranu vazanych signalnich molekul (G proteinu,
fosfolipaz atd.).




Patologické zmény v produkci a funkci cytokinu a
eikosanoidu prispivaji k rozvoji nadorovych onemocnéni
zejména ovlivnenim imunitniho systému a bunecné kinetiky

Metabolismus a obrat fosfolipidu v membranach
| oxidativni metabolismus nadorovych bunek se zasadné lisi
od bunek nenadorovych.

Nadorové bunky kolonu vykazuji:
€ zmény ve spektru a koncentraci VNMK ve srovnani s normalni tkani
€ zvySenou periferni utilizaci VNMK z potravy
€ zmény v oxidativnim metabolismu a antioxida¢ni ochrané
€ zvySenou aktivitu enzymu metabolismu kys. arachidonové (COX2,
12-LPO...) a produkci eikosanoidu
€ snizenou citlivost k endogennim inhibitorim rastu (TGF-31),
induktorum apoptozy (TNFa, FasL, TRAIL) a diferenciace (butyrat)




CYTOKINY

Dulezité endogenni faktory ovliviiujici kolorektalni karcinogenezi
TNF-family (TNF-a, Fas ligand, TRAIL — TNF relating apoptosis inducing
factor)

TGF-family (TGF-[3)

EGF — epidermalni rustovy faktor

Tumour necrosis factor-alpha (TNF- a), interleukiny

» multifunkCni cytokin

» jeden z hlavnich mediatort zanétu

» TNF- a je produkovan makrofagy a dalsimi bunkami imunitnihp systému
» koncentrace TNF- a v kolonu je zvysena béehem chronického zanétu
(ulcerativni kolitida nebo Crohnova choroba)

» uloha v nadoroveé kachexi

» existuje interakce mezi cytokiny a dietetickymi faktory — mastne kyseliny
a eikosanoidy




I I infekce

vyzivovy status f\éer;?otlazie
proteiny \
lipidy
vitaminy
mineraly /‘ produkce a uvoliovani cytokint ‘
— }

‘ lipidové mediatory ‘ [ I

PG biologicka funkce cytokinu
LTd imunitni odpoved
atd. odpovéd akutni faze
horecka
\ anorexie

zménény metabolismus

Vzajemneé vztahy mezi vyzivou a infekchimi a zanétlivymi
chorobami zprostredkovanymi cytokiny




(FasL 3

anti-Fas
antibod

TRADD FADD FADD

TYPE I CELLS

extrinsic pathway TYPE Il CELLS
intrinsic pathway

potentiation effects \

substrate cleavage




INTERACTIONS OF DIETARY FACTORS AND ENDOGENOUS REGULATORS SUPPOSED TO AFFECT
CYTOKINETICS OF COLONIC EPITHELIAL CELLS

GUT-LUMEN I I

DIETARY PUFAs DIETARY

(n-3, n- 6) FIBRE

C ?l EICOSANOIDS 4—} BUTYRATE
\ EPITHELIAL ¢?

CELLS

\ 4
CYTOKINES
(TNF-o, FasL, TRAIL)

PROLIFERATIVE

Kovafikova M. et al. Eur J Cancer 2000 Hofmanova J. et a. Eur J Nutr 2005

Kovarikova M. et al. Differentiation 2004 Hofmanova J. et al. Cancer Letters 2005
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ZMENY BIOFYZIKALNICH VLASTNOSTI
BUNECNYCH MEMBRAN

P provazeji procesy diferenciace a apoptdzy savéich bunék

» pozorovany rozdily u

 nadorovych a normalnich bunek

e nadorovych bunék senzitivnich a rezistentnich
K cytostatikam

P souviseji do znacné miry s modulacemi ve slozeni,
strukture, symetrii a metabolismu bunecnych lipidu.




Detekce techto zmen
a jejich korelace s dalsimi parametry
odrazejicimi diferenciaci a apoptozu
prispiva k objasneni

» posloupnosti a regulace jednotlivych
kroku téchto déju

 rozdill mezi normalnimi a nadorovymi
bunkami

* pricin rezistence nadorovych bunek k
terapii




PARAMETRY DETEKOVANE v LC

€ strukturalni zmény lipidd v bun. membranach,
tzv. ,lipid packing” (merocyanine 540, FCM)

€ membranovy potencial (DiOC5, FCM)

®exprese transportniho proteinu pro mastné kyseliny - FAT/CD36, MCT1
(FCM)
@ akumulace triglyceridd (lipid droplets) v cytoplazmé bunék (Nile red, FCM)

€ zmény mitochondrialniho transmembranového potencialu (TMRE, FCM)
& produkce reaktivnich kyslikovych metabolitti -ROS (DHR-123, FCM)

CYTOKINETIKA

Proliferace - pocty bunék, bunécny cyklus, regulacni proteiny

Diferenciace — aktivita alkalickeé fosfatazy (ALP), CEA, E-kadherin, F-aktin
Bunécna smrt (apoptdza)— viabilita, % plov.bunék, subG0/G1, MMP, Apo2.7,
kaspazy, Stepeni PARP, Bcl-2 rodina, morfologie jader (DAPI)...




DALSI PARAMETRY

€ Fluidita membran — polarizace fluorescence
TMA-DPH (trimethylammonium diphenylhexatriene)

€ Analyza fosfolipidll a spektra mastnych kyselin
Cele bunky, membranova frakce, mitochondrie (kardiolipin)

€ Detekce specifickych typu lipidovych molekul
(ceramid, eikosanoidy....... )

®Lipidovy metabolismus - inhibitory AA, exprese a
aktivity spec. enzymu (PLA, COX, LOX,....),
Oxidativni metabolismus — produkce ROS, NOS
peroxidace lipidu,

glutation, enzymove aktivity - INOS, MnSQOD atd.




MEROCYANIN 540 (MC540)

» Lipofilni, negativne nabity heterocyklicky chromofor
m. v. 570 D, pouzivan ve fotodynamicke terapii

» Vaze se preferencnée na biologické membrany a lipozomy
a je citlivy ke strukturalnim zménam lipidd

» Rozsah vazby a nasledné intenzita fluorescence je
ovlivhovana

* zmenou tzv.,lipid packing®
* membranovym potencialem

* pritomnosti séra, pH a iontovou silou




VYUZITI MC540

Pomoci MC540 Ize monitorovat

P strukturalni zmény membranovych fosfolipidd (zmény
asymetrie) behem proliferace, diferenciace a apoptozy

P jemné rozdily membranovych lipidd u podobnych bunék
(nadoroveé vs. nenadorove, senzitivni vs. rezistentni)
FL-2

"looser lipid packing” (rozvolnovani) 4 zvysena fluorescence

"more tight packing” (upevrnovani)  snizena fluorescence




»LIPID DROPLETS*

AKUMULACE LIPIDU V CYTOPLAZME
Nile Red

» akumulace lipidovych kapének (lipid droplets) v
cytoplazmé bunék (pusobeni lipidovych latek, indukce
diferenciace a apoptozy )

» obsahuji neutralni lipidy (obvykle triacylglyceroly nebo
estery cholesterolu)

za normalnich podminek - zasobarna energie a
cholesterolu

» souvislost s regulaci procesu diferenciace a apoptozy
neni zcela objasnéna

» fluorescencni barvivo Nile Red ( a )

citliveé vitalni barveni lipidovych kapenek
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Martin S. and Parton RG, Nature Rev 7, 2006

Cytosol

t=0min 1= 30min

Phospholipid
monolayer

Triacylglycerols and
cholesteryl esters

PAT protein

Figure 1 | The formation of lipid droplets. a | The formation of lipid droplets (LDs) as monitored by
the use of a caveolin-truncation-mutant—green-fluorescent-protein fusion protein (Caw3"-GFP),
Before fatty acid addition (t = 0 min), Cav3"-GFP localizes to the endoplasmic reticulum (ER) and
Golgi region (the image has beeninverted to show dark staining for GFP). After fatty acid addition,
LDs appear throughout the cellwithin minutes (the t = 30 min image is shown here). For a movie of
this process, see the Furtherinformation. b | In the current model of LD formation, neutral lipids are
synthesized between the leaflets of the ER membrane. The mature LD is then thought to bud from
the ER membrane to form an independent organelle that is bounded by a limiting monolayer of
phospholipids and LD-associated proteins. Some of the best understood LD-associated proteins
are members of the PAT (perilipin, ADRF and TIP47-related protein)-domain family of proteins.
Part a modified with permission from REF 8 © (2004) The American Society for Cell Biology.




malé oblasti proteinu a lipidu v membrané s unikatnim
slozenim lipidu — bohaté na cholesterol.

Tyto struktury jsou funkCne zahrnuty

v kompartmentalizaci, modulaci a integraci bunecnych
signalu a tak moduluji dulezité procesy jako

bunéény rust, preziti a adhezi.

VNMK jsou zakladni slozkou lipidovych raftu a predpoklada
se, ze napr. DHA muze CasteCné pusobit zvysenim fazove
separace lipidu v membrané.

Strukturalni integrita LR a caveolae jsou zakladni pro
prijem VNMK. Caveolin-1 a FAT/CD36 jsou vazany v LR




0000

Lipids

Glycosylphosphaticylincsitol (GPI) O 8Protens ? Zholesterol
Q Carbohydrate

Figure 2 | The Fluid-Mosaic-Model of the cell membrane. Like a mosaic, the call membrane is a complex structurs made up of
many different parts, such as proteing, phospholipids and cholesteral. The relative amounts of these components vary from
membrane to membrane, and the types of lipids in membranes can also vary.



(CININ S

Liquid-ordered phase Liquid-disardered phase

Free energy is directly proportional to
the boundary length

Fig.2 | Mismatch of hydrated phospholipids and the intercalation of
cholesterol as a driving force for a phase separation into liquid-ordered and
-disordered phases. (Figure courtesy of P. Kinnunen.)




Modulace lipidu (DHA)- lipidové rafty — modulace signalu TNFR
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Figure 2. Examples of How Lipid Rafts Can Modify Early Events In TNFR Family Signaling

{A) In activated CD4' T cells, Fas Is excluded rom Npld rars. Outside of lipld raits, Fas Is likely 10 be monomeric. After engagement by FasL,
although FADD and caspase-8 are recruited to Fas, they do not signal efficiently for death. Upon TCR restimulation, Fas translecates into
lipid rafts where It tends to preassociate. Within lipid rafts, upon FasL binding, FADD and caspase-8 are recrulted to Fas where caspase-8
can autoactivate and trigger cell death.

(B) Upon THF binding, TNFR1 translecates into lipid rafts wherein complex 1 formation takes place and results In the activation of NF-«B.
Through mechanisms described in Figure 1, NF-xB can inhibit caspase activation within complex Il. When cholesterol is dapleted, lipid raft
structure is disrupted and complex | forms outside of lipld rafts and cannot signal efficliently for NF-«<B and therefore cannot inhibit death
induced by complex Il. The thickness of the arrcws indicates relative efficiency of sach signaling pathway.




Membrane lipid domains

* Domains are regions with distinctive physical
features and compositions

— Coated pits (clatrin coat — internalization)

— Caveolae (flask shaped invaginations, caveolins,
cholesterol)

— Lipid rafts (cholesterol, sphingolipids, GPI anchored
proteins)

 Domains have wide range in composition, size
and dynamics




Definition of lipid rafts

- Biochemical approach
- Detergent resistant liquid ordered (1) domain
- Sensitivity to cholesterol depletion
(methyl-B-cyclodextrin, filipin)

 Biophysical approach
- Confocal Laser Scanning Microscopy
- Electron Microscopy (TEM, SEM)
- Near-field Scanning Optical Microscopy
- Atomic force microscopy
- Single Particle Tracking, Single Dye Tracing
- Fluorescence Correlation Microscopy
- Fluorescence Resonance Energy Transfer
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Fig. 1. Structure of lipid rafts. Lipid rafts (blue bilayer) are specialized membrane domains containing high
concentrations of cholesterol, sphingomyelin, and gangliosides. They are also enriched in phospholipids that
contain saturated fatty acyl chains (straight lines in lipid tails). This composition results in lateral phase sepa-

ration and the generation of a liquid-ordered domain. Bulk plasma membrane (gray) contains less choles-
terol, sphingomyelin, and gangliosides, and more phospholipids with unsaturated acyl chains. As a result, it is
more fluid than lipid rafts. A variety of proteins partition into lipid rafts: glycosylphosphatidylinositol-
anchored proteins; transmembrane proteins (TM); dually acylated proteins (Acyl). As shown in the diagram,
not all lipid rafts have the identical protein or lipid composition (Raft 1 vs. Raft 2). Not shown are invaginated
caveolae, a subclass of lipid rafts that contains caveolin. PC, phosphatidylcholine; PE, phosphatidylethanol-
amine; PS, phosphatidylserine; PI, phosphatidylinositol, SPM, sphingomyelin, Chol, cholesterol; Gang, ganglio-




Lipid rafts
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PC black, SM red, PLAP yellow. Atomic force microscopy!

Lodish, Molecular Cell Biology, 5th ed. 2004
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Maxfield FR, 2002, Current Opinion in Cell Biology

 Mammalian cell membranes show microheterogeneity: lipid
microdomains have
- Distinct lipid composition
- Range: 20 nm — 1-2 um
- Lifetime: psec - min
* Signaling processes associated with lipid rafts
TCR function, IL-2R, RTKSs such as erbB receptors, etc.




ErbB2 1s dynamically localized in lipid rafts on SKBR3 cells
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Colocalization of ErbB2, B1-integrin and lipid rafts
on the top surface of N-87 cells
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Colocalization of ErbB2, 31-integrin and lipid rafts
on the top surface of N-87 cells after cross-linking the lipid rafts
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EXPERIMENTALNI CILE
ODDELENI CYTOKINETIKY BFU AV CR

& UCINKY VNMK kys. arachidonova, AA, 20:4, n-6
kys. dokosahexaenova, DHA, 22:6, n-3
BUTYRATU (NaBt)
samostatne nebo v kombinaci na cytokinetiku epitelialnich bunék
kolonu a detailnéjSi poznani mechanismu ucastnicich se téchto
procesu

2 INTERAKQE MASTNYCH KYSELIN (a jejich metabolismu) s
ENDOGENNIMI INDUKTORY APOPTOZY (TNFa, Fas, TRAIL) a
jejich vlivu na epitelialni bunky kolonu - mechanismy

e zmeény bunécnych lipidu v souvislosti s modulaci cytokinetiky

e srovnani odpovedi nadorovych a ,normalnich” bunek kolonu

Claseraier

NioFyxikalni oxkow nucn BANO




VYSTUPY

» Zakladni vyzkum
» Klinika a vyrobni praxe

e protinadorova prevence a terapie
e oblast nutricni farmakologie

optimalizace lipidovych vyziv pro urcite diagnozy
(,disease specific nutrition®), zejména u pacientu s
nadorovym onemocnenim

(Projekt cileného vyzkumu AV CR — ,Tukové sloZky vyZivy...)

Claseraier

NioFyxikalni oxkow nucn BANO




Linie lidskych epitelialnich bunéek kolonu

FHC HT-29 HCT-116

normalni diferencujici nediferencujici
fetalni strevo neinvazivni invazivni

High Density Scale Bar = 100um High Density




CYTOKINETIKA

Detekce proliferace- regulace bunécného cyklu
a zapojenych proteind,

diferenciace -bunécna morfologie, aktivita
specifickych enzymu, exprese specifickych
proteinu

apoptozy -detekce charakteristickych zmén na
urovni jadra, mitochondrii, membran,
cytoskeletu, exprese regulaénich proteinu,
Stépeni specifickych enzymu a substratl

ZMENY LIPIDOVEHO METABOLISMU A VLASTNOSTI BUNECNYCH MEMBRAN
-zmeny spektra MK v bun. lipidech, ,lipid packing” v membranach, akumulace
triglyceridu, detekce kardiolipinu, membranovy potencial

ZMENY OXIDATIVNIHO METABOLISMU
- produkce reaktivnich metabolitu kysliku (ROS) a dusiku, lipidova peroxidace,
ucinky antioxidantu

Vyuziti modernich metod pratokové cytometrie, fluorescenéni mikroskopie,
fluorimetrie, spektroskopie, metod molekularni biologie...




DETEKCE APOPTOZY S VYUZITIM PRUTOKOVE
Loocrorery CYTOMETRIE - SROVNANi VYBRANYCH METOD

ytokincti

e O (R Vaculova Alena, Hofmanova Jifina, Souéek Karel, Horvath Viktor, Kozubik Alois D ete kce a p o ptézy rloj Z n y m |

Academy of Sciences

CHEo Tt = Laboratof cytokinetiky, Biofyzikalni tistav Akademie véd CR, Kralovopolska 135, 612 65 Brno;
; A =
el vaculova@ihe 2 metodami
. CILE PRACE USPORADANI EXPERIMENTU
. . uvob - . . poplssngnalm drahy TRAILu ulidskych nadorovych bunék kolonu HT-29 Bufiky HT-29 byly vysévany v McCoyové médiu s 5% séra a
Apoptoza, geneticky kontrolovany proces bunecne smrti, je N bunék kolonu 4 hodin po vyseti byly
’ y o buiiky ovlivnény pfidanim TRAILu (100 ng/mi, lidsky
znaky. Mezi n8 patri bobinén cytoplazmaticks mombrany, atrta W s vyuzitim nékolika h metod p ytometrie a rekombinantni His-TRAIL) na dobu 4 hodin. Nasiedovalo ° I O
bunééné adhez g: srovnani dosazenych vysledki . 3 ) ) hodnoceni charakteristickych parametrii apoptézy, predevsim
fragmentace. jaderného. chromatinu a tvorba. tzv. ek . téchto vysledki s ohledem na dalsi vysledky ziskané pomoci pomoci nékolika raznych metod pritokové cytometrie ru o ov a c o m e rl e
télisek. Zaroven dochazi k akitvaci kaspaz, zménam pie, ie a western blotingu s {,":pclff:;'""',[;,;';;::"’;"E“g';'";‘;'g,iﬁ:j,",‘i;"(‘;{:[f;';{ "GY',Y,;,’;',"
chondrialni Ano encialu, zménam v symetrii “as"’d“‘“‘ imunodetekci fiuorescenéni mikroskople (Olympus 1X70) a metody western
rozlozeni lipida v ach a aktivaci ktera je blotingu s lednou imunodeteks echna data (vzdy 3
DNA. nezavisla opakovani) byla statisticky vyhodnocena (ANOVA,
TRAIL je ligand z rodiny TNF (tumor necrosis factor), ktery ZAVERY Tukey test, p 0,05), (*) znaci vysledek vyznamny ve srovnani s
indukuje apoptézu u celé fady nadorovych bunék, zatimco vétSina . / - neovlivnénou kontrolou.
normalnich bunék je k jeho G&inkam rezistentni. V souéasné dobé je Detekce apoptézy indukované TRAILem u bunék linie HT-29 = -
intenzivné studovana moznost vyuziti TRAILu v protinadorové - srovnani vybranych metod u o rl m e rl e
terapii. UspéSnému vyuziti TRAILu v Klinické praxi musi pfedchazet =
detailni studium jeho signalni drahy. Po pil i TRAILu dochazelo k vy. ym zménam na trovni cytoskeletu a SHRNUTI
TRAIL indukuje apoptézu po vazbé na tzv. , death receptory* DR4 plazmatické membrany bunk HT-29 Byl aziskanych pomoci
(TRAIL-R1) a DR5 (TRAIL-R2). Na drovni receptoru dochazi k tvorbé .« Vv dusledku aktivace kaspéz (potvrzeno pomocl detekce aktivity kaspaz a melod pratokové cytometne a fluorescenéni
signalniho komplexu zvaného DISC a k aktivaci iniciaéni kaspazy-8. Stepeni i CK18 u 25,7% bunék mikroskopie. Hodnoty v tabulce predstavuji vysledky
aset y signal dvéma « u stejného poctu bunék (26,3%) byla detekovana translokace PS v (praméry ze tii nezavislych opakovani) hodnoceni

cestami. Dochazi jednak k primé aktivaci kespézy.3, jednak ke

7, b4 y L L
cytoplazmatické membrané vybranych parametrii apoptézy - $tépeni CK18,
el Fluorescencéni mikroskopie
pru " v i La it Velmi dobra korelace vysledki pouzitych metod byla také zaznamenana na MMP, zmény na drovni jadra detekované pomoci

proteiny Todiny Bel2, reaktivnl metabollty kysiik, zmany

a wyliti pro- arovni mitochondrii metody TUNEL (pritokova cytometrie) a na zakladé
proteini do je aktivace iniciacni « TRAILindukoval vyznamny pokles MMP u 14,6% bunék hodnoceni jaderné morfologie (fluorescenéni
kaspazy-9, ktera déle aknvn]e kaspazu-3. Tato efektorové kaspaza se « jako pozitivni s ohledem na expresi proteinu Apo2.7 bylo detekovano 17,1% mikroskopie).
pak podili na $tépeni celé fady tzv. ,death substrati* jako jsou napf. bunék Cytoskeleta | mitochondrie Jadro
poly(ADP-ribosy) polymeraza (PARP) nebo cytokeratin 18 (CK18). plazmaticka

]
V nasi praci jsme se zamé&ili na studium signalni drahy a zmén v Béhem apoptézy bunék HT-29 byl membrana

prabéhu apoptézy indukované TRAILem u modelové bunééné linie jaderného chromatinu u 15% bunék (ﬂuoresceném mlkroskop) Nebylo vak Sbumk | CK18 PS| Apoz.7| MMP| DAPI| TUNEL

lidského .adenok'arclnomu'kolonu HT-29. P'ﬂ SIQUdiU ]sme Vyll!!ll Pad_u T

detekovano internukleozomalni $tépeni DNA (TUNEL, agarézova gelova

metod
~ . A T 3 prom. Ze u bunék této I|n|e probihalo $tépeni DNA kontrola 1,7 5,0 18 24 28 0,2
a western blotingu s naslednou imunodetekci. Ziskané vysledky, pouze na maly pocet o vysoké ;. pro jejichz
detekcip byla metoda TUNEL. itliva. TRAIL 257] 263] 174] “146] 150] 03
Translokace fosfatidyls: PS) Proteiny rodiny Bcl-2 - Mcl-1, Bel-2, Bid, Bax, Bak MitochondriaIni protein Apo2.7 Mitochondriélni membranovy potencial (MMP)
] iodid (pritokovy cytometr) (western bloting, imunodetekce) Apo2.7-PE (priitokovy cytometr) TMRE (pritokovy cytometr)
Béhem apoptézy dochazi k translokaci PS z vnitfni strany Proteiny rodiny Bcl-2 s antiapoptotickou (Bcl-2, Mcl-1) i Apo2.7 (7A6 antigen) je protein o velikosti 38 kDa, . ey dt -
mitochondridlni membrany na stranu vnéjéi. Pro detekci proapoptotickou (Bid, Bax, Bak) funkci se vyznamné nachézejici se v membrané mitochondrii. Jeho exprese je zm':“:m’:.f“; oo ;;:‘[’"°':m1::;“;°3’,‘|g’§l e i,
extemalvzovaného PS se pouziva annexin-V, kamugovanys uplatiiuji v regulaci apoptozy indukované TRAILem u celé charakteristicka pro_bufiky podiéhajici apoptéze. V Qm P ¥n : P“i o 4 !m voh mediktorl
ro rozliseni populace y G stimulu neni tento protein v ooty 2 enio cruant. BN Shaioee MNP os Doutd v v 7 y e
bunik ‘se provadi sou¢asné barveni pmpldlum jodidem (Pl). uvedenych proteinii v bufikich pomoci elektoforézy, ovan. Detekce proteinu Apo2.7 se provadi ;""‘" bt Aochint kath m‘.{‘E' YI"‘, ey m’:’,“
Apoptotické_bufiky jsou pozitivai na annexin-V, aviak y pomoci specifické protilatky Apo2.7-FITC, po luorescencni lipofilni kation (tetramethylrhodamin °
negativninaPL il TRALL specifickjch protilétek. Pemoatiizac untk digonine. e's vyuzmm pritokové cytometre ze detekovat posun
c A
o x0a
4 3 2 control TRAIL
i Ml 1 o - E o s ’ N .
o ~ N i He |2 membranovych lipidu (AnnexinV
i s T W I 1
& o po piisobeni TRAILu dochazelo k vyznamnému 2 @ N [ Log .
* '™ | &tépen proteinu Bid = # 24:08% 2 148:1.1% " " v v r 4
o 203015%- TRAILindukoval vjznamny nérist mnozstvi proteinu e n oy P17 e " S e % =
Y .31, A P 0% 10! 102 103 10f 2 2
Mcl-1v buikéch ASH F2H 10° 10! 102 10® 10t Tig0 10! 10 103 10t [
Po piisobeni TRAILu dochazelo k vyznamné translokaci PS v . i FL1Height FL1 Heigh
plazmatické membrané, pozitivni s ohledem na tento proteini Baxa Bak
y «  vbuikach linie HT-29 se nevyskytuje protein Bcl-2

TRAIL indukoval vyznamny pokles MMP u bunék HT-29; bylo

Po pisobeni TRAILu dochézelo k vyznamnému naristu
g detekovano 14,6 % bunék se snizenym MMP.

poptozy . ‘ exprese proteinuApo2.7 u 17 % bunék HT-29.

\ 1

Aktivita kaspazy-8, Stépeni prokaspézy-8

Produkce ROS

$tépeni substrata kaspaz (PARP
(fluorimetricka detekce, western bloting) on ke | ]
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TRAIL
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Aktivita kaspazy-3, mnozstvi prokaspéazy-3 aspiza y: Aktivita kaspazy-9, mnozstvi prokaspazy-9 ®
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U bunék HT-29 béhem apoptézy indukované TRAILem kontrola TRAIL
Po pasobeni TRAILu dochazelo k vyznamnému TRAIL indukoval vyznamné $tépeni nebyla prokazéna internukleozomélni fragmentace DNA.
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TNFa zvysSuje apoptozu bunék HT-29, ale potlacuje diferenciaci
iIndukovanou NaBt u epitelialnich bunek tlusteho streva

. vznika ve stfevé fermentaci| | - je v tlustém streve
nestravitelné vliakniny dlouhodobé produkovan béhem
 Navozuje diferenciaci a naslednou | | chronickych zanétlivych
apoptozu epitelialnich bunék streva onemocnéni stfeva (ulcerativni

kolitida, Crohnova choroba apod.)
* Bunky nadoru tlustého streva
obsahuji zvysené mnozstvi TNF ve

® ALKALINE PHOSPHATASE srovnani ze zdravou tkani
m E-CADHERIN PROTEIN

/// F-ACTIN (Stress fibers)

L TN

TNF-a posiluje apoptozu a
potlacuje diferenciaci navozenou
butyratem u strevnich

nadorovych bunecnych linii HT-
29 a CaCo-2 a u fetalnich
strevnich bunék FHC

Growth inhibition
Proliferated &

cell arrest in G1-phase of the cell '
TIME OF BUTYRATE TREATMENT




Inhibice metabolismu kyseliny arachidonové muze ovlivnit
citlivost epitelialnich bunek streva k TNF-a

. muZze byt
Y bunce metabolizovana pres
cyklooxygenazu (COX), lipoxygenazu

(LOX) a cytochrom P450.

» Jednou z moznosti studia jednotlivych
metabolickych drah je pouziti inhibice
pFislusnych enzymu:

* Baicalein (BA) — 12-LOX inhibitor
* NDGA - LOX inhibitor
 Niflumova kys. (NA) — COX inhibitor
 Indometacin (INDO) — COX inhibitor

« ETYA - kompetitor AA

Cell number (% of control)

Epitelialni bunky HT-29
odvozené od adenokarcinomu
tlustého streva jsou relativne
rezistentni k pusobeni TNF-a.

Inhibice metabolismu AA
zpusobuje jejich zcitlivéni k
ucinkum tohoto cytokinu.
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Indukce bunecné smrti a zmeny adhezivnich viastnosti
epitelialnich bunek streva behem indukce anoikis

. predstavuje typ bunécné
smrti, kterou umiraji epitelialni
bunky pokud dojde k naruseni jejich
kontaktu s extracelularni matrix.

\V tlustéem streve je anoikis
navozena po uvolnéni bunek v
hornich Castech krypt, a funguje
zde jako jeden z faktort pro udrzeni
rovhovahy mezi cytokinetickymi
procesy.

* Vznik rezistence bunek k anoikis
predstavuje jeden z kritickych
momentu v karcinogenezi tlustého
streva.

Pro indukci anoikis v podminkach
In vitro je pouzivan model
neadherentni kultivace bunék

[ floating cells
O adherent cells

number of cell (*10 3)

HT-48 HT-48 FHC-24 FHC-48 FHC-48
adher. nonadher. nonadher. adher. |nonadher.

cultivation

% of cells
o - N w - (4] [} ~

HT-24 HT-48 HT-48 FHC-24  FHC-24 | FHC-48 FHC-48

. |nonadher. adher. |nonadher. adher. nonadher.| adher. nonadher.

cultivation| cultivation cultivation|cultivation cultivation cultivation|cultivation cultivation




KLINIKA
Slozeni a vyuziti lipidovych emulzi

Smesi prirodnich oleju (sojovy —LCT, kokosovy — MCT),
emulgované fosfolipidy (vajecny lecitin, sojové fosfolipidy),
1zotonizacni prisada (glycerol)

Tukové Castice podobne chilomikronum
Parenteralni vyziva — emulze soucast tzv. ,,all-in-one* vaku
Funkce - zdroj energie a esencidlnich MK

Na zaklad€ novych poznatkii o regulacni tloze lipidu vyuZiti
jako farmaka

Enteralni a oralni vyziva
Nutrition pharmacology

Disease-specific nutrition




PRAKTICKE APLIKACE

Nutricni farmakologie
,disease specific nutrition®

Physiol. Res. 54: 409-418, 2003

The Effects of Parenteral Lipid Emulsions on Cancer and

Normal Human Colon Epithelial Cells in vitfro

J. HOFMANOVA!. 7. ZADAK?. R. HYSPLER?. J. MIKESKA®. P. ZDANSKY?,
A. VACULOVA! J. NETIKOVA! A. KOZUBIK!

Laboratory of Cyvtokinetics, Institute of Biophvsics, Academy of Sciences of the Czech Republic,
Brno, “Department of Metabolic Care and Gerontology, Charles University, Teaching Hospital,
Hradec Krdlové and " Infusia Hordtev, a. 5., Czech Republic

Klinicky vyuzivané lipidové vyzivy vyvolavaly ruznou odpoved (proliferace,
apoptoza, produkce ROS) u normalnich a nadorovych linii tlustého streva.
Lipidove emulze menily spektrum MK v bunecnych lipidech.

Buiky linie ziskané z nenadorové tkané kolonu byly citlivéjSi k pusobeni emulzi,
nezli bunky nadorove linie zejména diky vyssimu oxidativnimu stresu vyvolanému
pusobenim emulze.




Priklady a mechanismy pusobeni vysoce
nenasycenych mastnych kyselin tridy n-6 a n-3

Experimentalni systémy in vitro a in vivo

Pusobeni n-3 vs. n-6 MK

Pusobeni na proliferaci a smrt normalnich a nadorovych bunck
Interakce s rustovymi faktory

Spoluptisobenti s jinymi agens (cytostatika, chemoterapeutika)

Metabolismus kyseliny arachidonové
Uloha cykloogygenazy 2
Inhibitory metabolismu AA v terapii




Cytotoxicke ucinky n-3 and n-6 EFA
na nadorove a nenadorové bunky




Casovy priibéh Gdinkt kyseliny eikosapentaenové (n-3) na bunky
PUFAS INDUCE APOPTOSIS

EPA / CONTROL
RATIO
-25

Pemxidation (ratio)
Peroxidation (ratio)
% Dead (EPA)
% Apoptotic (EPA)
Biomass (ratio)
% Dead (control)
% Apoptotic (control)

% cells
100 A

% Dead (EPA)
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Suprese rustu bunék nadoru prsu EPA a DHA
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Fig. 2. Suppression of growth of the MDA-MB-231 breast cancer cell line by
EPA (@) and DHA (D). Poinrs, mean values for triplicate wells; hars, SE. Cell
number reduced significantly compared with control: "P = 0,05, 7P < 0.01.




Ucinky LA a OA na rast bunék nadoru prsu
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Fig. 1. The effects of LA () and OA (@) on growth of the MDA-MR-231
breast cancer cell line. The cells were counted after 6 days. Culture was in serum-
free medium containing 1.25 mg/ml of delipidized BSA, and the FAs were added
dissolved in ethanol, An equal volume of ethanol was added to the control wells,
Points, mean values for triplicate wells; bars, SE. Statistically significant difter-
ences in cell numbers compared with those in the absence of FA addition are:
P =005 "P=0.01.




Cytotoxicita indulovana EFA a jeji vztah k superoxidovym
radikalim a produktim degradace hydroperoxidu
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Fig. 2. EFA-induced cytotoxicity and its relationship to superoxide rad-
icals and hydroperoxide degradation products. Human breast tumor
(ZR-75-1) celts and non-tumorigenic human skin fibroblasts (CCD-
41S5K) were exposed (o EFAs as described in Table I. Cell viability and
hydroperoxide degradation products were determined 6 days after
supplementation. Superoxide radicals were determined by nitroblue
tetrazolium reduction 3 days after supplementation. Hydroperoxide
degradation products were eslimated by the amounts of thiobarbituric
acid reactive material expressed as malonaldehyde-equivalent (fmole/
cell).




Nizké davky DHA, ale ne EPA, suprimuji bazalni a EGF-
stimulovanou mitogenezi mesangialnich bunek
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BSA BSA 10uM 50uM 100pM
(Basal) +EGF

Fig 1. Low dose of DHA. but not EPA, suppresses basal and EGF-stimulated mitogenesi Z. MC were
treated with 10, 50, or 100 pmol/L BSA (hatche JHA (black bars), or EPA (wh for 24 hours
in the absence (A) or presence (B) of EGF (2( mL) before sment of [*H]-thymidine uptake. Data

as mean = SEM (n = 3 expen ach performed in duplicate). *Significantly different from
BSA-treated control (A) or EGF-stimulated BSA control (B) (P < .05).




EFFECT OF DOCOSAHEXAENOIC ACID ALONE, OR
IN COMBINATION WITH IRRADIATION, ON THE
GROWTH OF Mia Pa Ca-2 CELLS
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Apoptoza bunek tlustého streva HT-29 ovlivhénych rybim olejem,
olivovym olejem, linoleovou a olejovou kyselinou

8 Control
B Fish oil
o Olive oil

BControl
B Linoleic acid
OOleic acid




