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Uloha gent a prostredi ve vyvoji nadort
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Fig. 1. The role of genes and environment in the development of cancer. A The percentage contribution of
genetic and environmental factors to cancer. The contribution of genetic factors and environmental factors
towards cancer risk is 5-10% and 90-95% respectively. B Family risk ratios for selected cancers. The
numbers represent familial risk ratios, defined as the risk to a given type of relative of an affected individual
divided by the population prevalence. The data shown here is taken from a study conducted in Utah to
determine the frequency of cancer in the first-degree relatives (parents + siblings + offspring). The familial
risk ratios were assessed as the ratio of the observed number of cancer cases among the first degree relatives
divided by the expected number derived from the control relatives, based on the years of birth (cohort) of
the case relatives. In essence, this provides an age-adjusted risk ratio to first-degree relatives of cases
compared with the general population. C Percentage contribution of each environmental factor. The
percentages represented here indicate the attributable-fraction of cancer deaths due to the specified
environmental risk factor.
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Podil diety v umrti na nadorova onemocnéni
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Ralkovina tlusteho stravs

Jeden z nejcastéjsich nadorti v CR — vysoka incidence, predni ve

statistikach, alarmujici rtst

CRC zalozena na sekvenci molekularnich déju
v enterocytech zahrnujicich

e genoveé mutace

e epigenetické modifikace

e aberantni signalovani v zakladnich
bunecnych drahach

vedoucich k transformaci normalniho
strevniho epitelu do adenokarcinomu

Tyto déje vsak zavisi na dalsich faktorech
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Frekvence vyskytu kolorektalnich nadort ve svete

a Incidence rates of colorectal cancer




Incidence a mortalita na kolorektalni nadory v EU
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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 cancersin 15 member states
of the European Union?.
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# kontinualné se obnovujici bunééné BB I oreretiated
pOpUlace E Proliferating/differentiating

cells

 rada zasadnich fyziologickych funkci 2l [ ] stemeens
) APOPTOSIS

(darnaged cells)

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

o

-

ndogenous
regulators

& regulace endogennimi faktory
(hormones and cytokines), ale rovnez
slozkami diety pritomnymi v. lumen
streva

REPLICATION
STAGES

>
™
S
>
>
-
™
A

PROLIFERATION




Rozvoj z adenomu do karcinomu

Klasicky priklad sloziteho
mnohastupnoviteho procesu.
Neni uplné stejny u raznych typtu CRC.

Obecné:

Nutné 4-6 genetickych defektt (mutaci) -
e deregulace protoonkogent —K-Ras, B-
Raf, c-myc,

e inaktivace nadorovych supresoru —
APC, DCC, p53)

e deregulace pusobeni antiproliferacnich

molekul (TGF[3)
APC — adenomatous polyposis coli
DCC — deleted in colorectal cancer

Zanet streva
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Epigenetické zmény

Hypo- nebo hypermetylace promotort
Hypometylace — obecny a rany dej — odpovedna napr. za overexpresi K-ras
Hypermetylace — inaktivace nadorové supresorovych gent (APC, p53)

Deregulace riustovych faktoru

TGFE B — negativni rustovy faktor epitelialnich bunék — zastava v G1 fazi, receptor | a Il
signalovani pres SMAD proteiny

Inaktivacni mutace signalni drahy — poruchy apoptozy- progrese adenom-karcinom.

Zanétlive onemocneéni streva (IBD)
Nadory casto vznikaji v prostredi zanétu - ulcerativni kolitida a Crohnova choroba

» Zvysena produkce prozanetlivych eytokinu (TNFa;, IL-1, 1--6)
» Reaktivniimetabolity kysliku a dusiku (ROS a RNS)

- Aktivace specifickych enzymu (INOS, COX-2) a
transkripcnich faktort — nuklearni faktor (NF) kappaB

» Suprese apoptozy. epitelialnich bunek streva
» Vodulace angiegeneze
» Modulace indukce metabolickych enzymu



Rozvoj nadorl kolonu

@ zmeny, Zivotni styl, vyziva
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Vyvoj nadoru provazeji zmény
piochermiciych a metabolickych drah
odrazejici se ve zménach proliferace,
diferenciace a apoptozy bunék.

Chernopreventivni latiy
Vyuzivany na zakladé znalosti
mechanism{
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Nutrient Absorption

Nutrient Utilization :
Food/Nutrient Food/Nutrient Podminénost pozadavkd, prijmu,

Tolerance vyuziti a tolerance potravy
Nutrient Requirement genotypem

HIN

Jak potrava prispiva ke genetickym
ZmMenam pozorovanym uvnitr
geneticky odlisne lidske populace
(genova evoluce, pomer mutaci, in-
utero genomova Viabilita,
programovani genomu, genova
Genome Evolution/Selection exprese)

Genome Mutation Rate

d in-utero Genome Viability

Genetic Genome Programming
Variation Gene Expression

soiwiousbli

Nutrigenetics

Figure 1. Nutrient-genome interactions. Nutritional genomics encom-
passes both nutrigenetics, the influence of genetic variation on nutrient
utilization/metabolism, food tolerances, and nutrient requirements; and
nutrigenomics, the modulatory role of nutrients on genome evolution,
mutation rate, in-utero viability, programming, and expression. In turn,
several of the nutrigenomic outcomes (ie, genome evolution) contribute
to the genetic variation observed within genetically diverse human

Stover PJ. J Am Diet Assoc 2008 populations. NOTE: This figure is available online at www.adajournal.
' org as part of a PowerPoint presentation.



Modifikatory kolorektalni karcinogeneze

odrazi
acl genornu bunek sloziarni diety a
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Modifiers
Chronic inflammation
Dietary intake/lipids
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Proliferation : Apoptosis

»

Tumor cell
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Gassler N. et al. World J Gastroenterol 2010, 16:820



(oxidanty, mutageny, karcinogeny) primo
nebo neprimo ovlivAuji
e strevni metabolickou rovnovahu,

® mikrofloru,

® imunitni systém,

e indukci zanetu

® rovnovahu mezi prirtistkem a Ubytkem bunéek

Epidemiologicke, experimentalni a dnes jiz i klinickeé studie prokazuji
protektivni ulohu n-3 VNMK prltomnych v rybim oleji a mastné

kyseliny z kratkym Fetézcem BUTYRATU z vidkniny
v zanétu i karcinogenezi kolonu.




S OZKY YYZ1IVY

VICE, NEZLI JEN ZDROJ ENERGIE!!!

& strukturalni a regulacni uloha

& dopad na fyziologicke funkce organizmu
» ucinky na imunitni system

» regulace proliferace, diferenciace a apoptozy

» uloha Vv KarCinegenez

(eticlegie nadoru tiusteno streva, prestaty, prsu)



Imbalance v lipidovéem metabolismu hraje roli u
mnoha zavaznych onemocnéeni

» \/lysoka hladina cholesterolu je spojena

s kardiovaskularnimi chorobami, ktere jsou nejcastejsi
pricinou umrti v populaci.

» Lipidy produkovane bunkami imunitniho systemu jsou
zahrnuty v zanetlivych onemocnenich jako je revmatoidni
artritida, sepse, astma, zanetlive onemocneni streva.

» Lipidy hraji ulohu take v: psychickych a
neurodegenerativnich onemocnenich (deprese,
schizofrenie, Alzheimerova choroba)

» Lipidy ovlivauji' pocatek a rozvoj nadorovych
ONEMOCRENI




4 ) - v £

Rizna blologicka Gloha lipidd

Membrane structure and function Energy storage and
lipid transport

Chylomicron

Membrane lipids
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TRENDS in Biotechnology

Figure 1. Diverse biological roles of lipids, with a few common representative molecular species listed. The chemical structures are shown for ethanolamine plasmalogen
PE(0-16:0(12)/22:6), prostaglandin D; (PGD2) and triacylglycerol TG(18:0/18:1/20:4). PC, phosphatidylcholine; PE, phosphatidylethanolamine; PA, phosphatidic acid; DG,
diacylglycerol; Cer, ceramide; SM, sphingomyelin; ChoE, cholesterol ester; S1P, sphingosine-1-phosphate.

Oresic M. et al. Trends in Biotechnology 2008



» Interakce lipidti a vlakniny (VNMK a butyratu)
priznive ovlivnujici kinetiku bunek streva

» Modulace ucinkti endogennich regulatort
(induktorti apoptozy rodiny: TNF) mastnymi kyselinami



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

Lowerimg of pH

Reduced solubility of bile salts

Increased production of SCFAs, especially butyrate

Metabolic
Reduced insulin resistance and hyperinsulinaemia




MASTNE KYSELINY S KRATKYNM RETEZCEWM
Anaerobni mikrobialni fermentace VLAXNINY
Fyziologicky vyznam pro zdravou strevni tkan

Nadorove buriky kolonu

Specifické plsobeni na

® snizena proliferace
l : e Indukce diferenciace

e Indukce apoptozy.
e ZMeny genove exprese
Inhibitor histondeacetylaz

Norrnalni kolonocyty

® zdroj energie i
— zvysena proliferace [ " AUGLINE PrOSPIATASE
— pokles apoptézy N F-ACTIN (Stress fibers)

aVanea 3) rarnnje i
rrayance g teranle | Growin inhibition

r 3 y 4 F
NADORUDO TLUSTEHO STREVA ??? OSP___aresinorptenct vec
N TIME OF BUTYRATE TREATMENT



Predpokladane mechanismy ucinku butyratu

» inhibice histondeacetylaz - acetylace histonu — ovlivnéni
exprese genu (regulace bunécného cyklu, diferenciace,
apoptozy)

» modulace specifickych signalnich drah (PISK/AKt,
ERK1/2, p38) a transkripcnich faktort (NFkB, PPAR)

» ovlivneni oxidativniho metabolismu (zejmena
oxid/antiox enzymy.

» oviivheni mitochondril, Bel-2 rodina, kaspazy.

» indukce antimetastatickych genu (Suprese matrix
metaloproteinaz, FAK, indukce E-kadherinu)



Bunécéné linie

normalni epitel
NCM460

fetalni colon
FHC

adenom
AA/C1
RG/C2

adenocarcinom
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Uéinky butyrétu

Stimulation of proliferation
in the basal crypt

4——— Inhibition of proliferation
in the upper crypt

Induction of apoptosis

Inhibition of proliferation
Stimulation of differentiation

dr""/f Hyperacetylation of histones

—— Alterations in gene expression

\@n extracellul a@

44— Regression of carcinomatosis in vivo

(acetate, propionate,
butyrate)

(butyrate)

(butyrate)

(butyrate, propionate)
(butyrate)

(butyrate)

(butyrate)

(interleukin-2 + butyrate)




AA (50uM) - Endogenni regulatory

NEs
Rostl. oleje J J‘JJJ_;F ‘(?mM) TRAIL, TNFa, Detekované parametry
DHA ! ‘“*i“’“ anti-Fas (rlzny stupeti bun. organizace)
R t rti
Rybi oleje FAT/CD36 D;‘f%%"g sm Cytoplasm. membrana
\ : >c095 Struktura lipidd (lipid packing)
. 22t | pritokova cytometrie - FCM (merocyanin 540)
Plasmaticka 1 b % Analyzy lipidi
membrana . Fosfolipidy (LC-MS)

Slozeni MK (GC-MS)

Akumulace lipid{i v cytoplasmé
e (lipid droplets, FCM - Nile red)
2 Cytoplasma

ytop Mitochondrie

Mitochondrie Produkce ROS — FCM (DHR‘123)
Mit. membran. potencial — FCM (TMRE)
Exprese proteint rodiny Bcl-2 (Western blot)

PPAR Jadro
C Jadro Transkripcni faktory, genova exprese
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Proliferace Diferenciace Apoptéza
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VYSOCE NENASYCENE MASTNE KYSELINY (VNMK)
(Polyunsaturated fatty acids - PUFAS) - mastné kyseliny s 2 i vice dvojnymi
vazbami.

Tri hlavni skupiny PUFAs:

A4

metylovanemu uhliku.

Tyto jsou metabolizovany stejnym zplisobem alternativnimi desaturacnimi a
elongacnimi enzymy.

NOMENKLATURA:

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

20 - pocet uhlikd

4 - pocet konjugovanych dvojnych vazeb

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

Temer vsechny dvojne vazby jsou ve vicemene stabilni'cis = konfiguraci.
Zivocichove nedovedou syntetizovat n-3'a n-6 PUEAS de novoe ani nedovedou
premenit jednu seru V- druhou.

Tyto ESENCIALNT MASTNE KYSELINY musf byt obsazeny v potravé podobné
jako vitaminy. Jsou zivetné dulezité jako slozka vsech membran a permeabilni
bariery pokozky: a jako prekursory. eikosanoidl a s nimi souvisejicich latek, ktere
hraji dulezitou regulacni tlehu ve tkanich.

Zdrejem jsou rostlinne oleje (n-6: PUEA) a rybi olej (n-3 ' PUEA)




NCIALNI VYSOCE NENASYCENE MASTNE KYSELINY (VNMIK)
dlouhé C reztézce a 2 i vice dvojnych vazeb
Rada n-6 a n-3 v.zap diete
az 20:1
18:2n-6 (lj—l-) 18:3n-3
@ol_eic acD @nole.nic a@
! A6 desaturase 4

18:3n-6 18:4n-3
Elongase l

COOH
20:3n-6

Dihomo-y-linolenic acid (DGLA)
A5 desaturase 1

20:4n-6 20:5n-3 .
Arachidonic acid (@ @apemaenoic acid (EPD
4 Elongase !
22:5n-3

rybi oleje

 plankton, Fasy

Elongase,
A6 desaturase and

l peroxisomal [-oxidation 1

22:5n-6 22:6n-3

CH
Docosapentaenoic acid (DPA) @ahexaenoic acid (@




Dlilezity je pomér n-3: n-6 VNMKI!!!

Kys. linolova (18:2, ®-6)

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

zdroj eikosanoidu (prostaglandiny, leukotrieny) vyznam u
rtznych nadord.

V experimentalnich systémech casto podpurny Ucinek pro
vznik a rozvoj nadorU

Kys. alfa-linolenova (18:3, ®-3)

kys. eikosapentaenova (20:5) a dokesahexaenova (22:6)
z rybich a nékterych rostl. olejt (pupalka, len, rakytnik)
V' experimentalnich systemech casto inhibicni UCinek pro
vznik a rozvoj nadoru




Zmeny spektra MK v tukove tkani krys po podavani
alfa-linolenoveé a dokosahexaenove kyseliny

Diet, Cancer, and the Lipidome

Table 1. Changes in rat WAT fatty acid composition induced by either a-linolenic acid or DHA supplementation (16, 19)

Fatty acids (mol%) a-Linolenic acid DHA

Control (1 = 12) Supplemented (n = 14) Control (n =7) Supplemented (1 = 6)

Saturates
16:0 15.2 17.3 229 20.8
18:0 27 29 2.8 34
Total* 194 21.8 27 28.9

Monounsaturates
c-18:1w9 56.9 52.7
Total’ 62.4 57.9

w6 PUFA

18:206 139 12.2

Total® 144 12.7
®3 PUFA

13 0.6

0.1 0.1

14 0.7

103 . 18.1

fIncluding: 14:0, 15:0, 17:0, 20:0, 21:0, 22:0, 23:0, and 24:0.

tWithin diet, significantly different from control values (P < 0.05).
fIncluding: 14:1, 15:1, 16:1, 17:1, c-18:1w7, and 20:1.

§Inc1uding: 18:3w6, 20:2m6, 20:3wb, and 20:4wmb.

[Including: 20:303, 20:503, 22:503, and 22:603.

WAT — white adipose tissue

Nebyl prokazan protektivni vliv proti nadortim

Doslo ke zvysenin-3 VNMK., snizeni pomeru n-6/n-3, ale rovnez ke snizeni cis-mononenasyc. Kyselin
Je potreba komplexnejsi dieteticka modifikace




Ucinek r8znych typd olej& na réist nddord tlustého stfeva u atymovych mysi

~ Kukuficny olej 24%
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* 4+ 16% rybi olej
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** + 16% olej ze zlaté rasy
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Days
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 (J2) where A, B, C represent the three perpendicular diameters of the tumor 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 == 0.03; %%, P < (0,01 at day 33; —, 24% corn ol treated; W, 8% corn oil treated; &, 8% corn oil and 16% menhaden oil treated; O, 8% corn oil
and 16% golden algae oil treated.

Kato T. et al., Cancer Letters 2002




Rizné bunécné linie ovlivnené AA, LA, DHA a EPA
\/yznamna je doba ptisebeni' PUFAs

Hammamieh R, Breast Cancer Res Ireat 2007, 101:7

acids has an important effect
on cell responses to the

treatments. Red and yellow
color branch re
representative of the 6 and
24 h time points, respectively
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Prokazany zmeny ve slozeni a metabolismu
lipidii

» v plazmé nadorovych pacientt
e v nadorove tkani a bunkach ve srovnani s nenadorovymi

Zejmeéna snizeni obsahu n-3 VNMK (DHA) ve srovnani s n-6 (kys.
linolova a arachidonova)

Integrovany pohled na komplexni lipidove interakce, ktere urcuji
vysledny tzv: LIPIDOM = lipidovy: profil jednoetiivee:

S protekei urcitych typt nadort (napr. prsu) spojen slozeny: indikator

kombinujici' zvysene mononenasycene MK a nizky: pomer omegab/omegas.

Tento lipidom by se mohl stat templatem pro detekci rizika nadorl prsu
ve vztahu k diete.

33



Analyza (array) hladiny MK u benignich a malignich nadort prsu

M‘”“‘ il
C LRI R ||||||||| S = <=

Figure 4. Fatty acid level array in patients with benign (controls) or malignant (cases) breast tumors. Each lane represents a patient, sorted
according to its position on the second principal component as shown in Fig. 3. Each line represents one fatty acid, according to its correlation
with the second principal component. Fatty acid values are represented as different colors for each quartile, from green (low) to red (elevated).

ottom > (06/(3 rati JFAs. . . .
Bottom, the w6/w3 ratio of PUFA Bougnoux P. et al. Cancer Epidemiol Biomarkers Prev 2006, 15:416

Cancer Epidemiol Biomarkers Prev 2006;15(3). March 2006




Nadorove bunky kolonu vykazuji:

- zmeny ve spektru a koncentraci VNMK ve srovnani s normalni tkani

e Zvysenou periferni utilizaci VNMK z potravy zmeny v oxidativhim
metabolismu a antioxidacni ochrane

ozvySenou aktivitu enzymutl metabolismu kys. arachidonove (COX2, 12-
LPO...) a produkci eikosanoidli

e spizenou citlivest k endogennim inhibitortm ristu (TGE-1),
induktortim apoptozy (TNFe, FaslL, TRAIL) a diferenciace (butyrat)

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

Patologicke zmeny vV produkci'a funkci cytokinu aleikosanoidis

prispivaji' k rozvoji nadorovych onemocneni
zejmena ovlivnenim imunitniho systemu a bunecne kinetiky.
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Behem karcinogeneze se vyviji tzv.
a snizena citlivost k nutricnim zasahtim

(syntaza mastnych kyselin) pod transkripcni kontrolou
SREBP1c (sterol regulatory element-binding protein)

Cross-talk

Ubiquitylation

Proteasome

p———y X
=
= Nucleus

& S FASN
3 & FASN %\ A@% .@
V4 \\sl= o @®

Figure 2 | Two main pathways to regulate the expression of tumour-associated FASN. a | On the surface of tumour
cells, growth factor (GF)-dependent or independent autophosphorylation of receptor tyrosine kinases (RTKs) such as
the GF receptors (GFRs) epidermal growth factor receptor (EGFR, also known as ERBB1) and ERBB2 (also known as
HER2) leads to downstream activation of phosphatidylinositol-3 kinase (P13K)-Akt and extracellular signal-regulated
kinases (ERK1 and ERK?2) signal transduction cascades. Steroid hormones (SH) including oestradiol (E), progestins (P)
and androgens (A) bound to their corresponding SH receptors (SHRs; ER, PR and AR, respectively) can also trigger
identical transduction mechanisms. These ultimately stimulate fatty acid synthase (FASN) expression through the
modulation of the expression and/or nuclear maturation of the transcription factor sterol requlatory element-binding
protein 1c (SREBP1c), which binds to and activates sterol regulatory elements in the promoter region of FASN (see

FIC. 3). Cross-talk between GFs—GFRs and SHs-SHRs converging on PI3K-Akt and mitogen-activated ERK kinase (MEK}-
ERK cascades amplify the responses of FASN expression in hormone-responsive cancer cells. b | Tumour-associated
FASN overexpression can also be achieved at the post-translational level through interaction with USP2a, a pre-
Menendez JA and LUpU R Nature Rev 2007, 7:763 proteasomal ubiquitin-specific protease that, by removing ubiquitin from FASN, strongly stabilizes the enzyme. It
should be noted that these two pathways regulating FASN might concurrently take place in tumour cells. PTEN,
phosphatase and tensin homologue.
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Souvislost s regulaci FASN
u normalnich a nadorovych bunék.

této
drahy v dusledku onkogenni deregulace
(nadprodukce rist. faktord,
hyperaktivace receptorti, nebo ztrata
funkce negativnich regulatort (napr.
PTEN) zpUsobi konstitutivni expresi Ci
maturaci SREBP: a transkripci FASN.

Figure 3 | Modulation of SREBP1c: a common partner for FASN regulation in normal and tumour cells. The
pathways that requlate fatty acid synthase (FASN) expression in normal and tumour cells share identical
downstream elements including sterol regulatory element binding protein-1c (SREBP1c). In hormone-sensitive
tissues (such as fetal lung, cycling endometrium and normal breast) and lipogenic tissues (such as hepatic and
adipose tissues), FASN expression is requlated by hormones, carbohydrates, fatty acids (FAs) and fasting. This
hormonal and nutritional requlation converges, at least in part, on phosphatidylinositol-3 kinase (PI3K)-Akt and
extracellular signal-requlated kinases (ERK1 and ERK2) signal transduction cascades that modify either the
expression and/or the maturation of SREBP1c. In tumour cells, SREBP1c expression and/or maturation will be
constitutively driven by the aberrant hyperactivation of these pathways in response to a variety of oncogenic
changes including overproduction of growth factors (GFs), ligand-dependent or independent hyperactivation of
GF receptors (GFRs), and/or gain or loss of function of components of the signalling cascade such as loss of
phosphatase and tensin homologue (PTEN) function. The inactive SREBP1c precursor (pSREBP1c) is anchored in
the membrane of the endoplasmic reticulum (ER). The release of active SREBP1c requires SREBP cleavage-
activating protein (SCAP), which forms a complex with pSREBP1c. When cellular demand for endogenous FAs
rises, the pSREBP1c-SCAP complex exits the ER and travels to the Golgi apparatus to encounter active site-1
protease (S1P), which cleaves pSREBP1c into two halves that remain bound in the membrane. Site-2 protease
(S2P) then cleaves the N-terminal half of pSREBP1c, releasing the cytoplasmic portion (SREBP1c) so it can travel
to the nucleus and transcribe FASN. Cross-talk between GFs, GFRs, steroid hormones (SHs) and SH receptors
(SHRs) converging on SREBP1c ensures robust responses to FASN expression in tumour cells. A, androgens;

AR, androgen receptor; E,, oestradiol; ER, oestrogen receptor; P, progestins; PR, progesterone receptor;

PRO, prolactin; PROR, prolactin receptor.




e zmeny vlastnosti bunecnych membran (fluidita,
lipidove rafty)

» biosyntéza eikosanoidt — zména imunitni odpovedi a
modulace zanetu, proliferace, apoptozy, tvorby metastaz
a angiogeneze

» ovlivneni signalove transdukce, aktivity: transkripcnich
faktorti (NFkB, PPARY) a genoveé exprese — zmeny.
metabolismu, bunécneho ristu a diferenciace

o Zmeny: metaboelismulestrogent = redukce estrogeny,
stimulovaného rustu

e ZV¥Sena nebo snizena produkee volnyeh radikalt
(kysliku, dusiku)
* mechanismy. zahrnujici Citlivost kinsulinu
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MODEL BUNECNE MEMBRANY

tekuta mozaika, komplexni struktura slozena z ruznych casti
(fosfolipidy, glykolipidy, cholesterol, proteiny - transmembranove).
Relativni mnozstvi komponent i typy lipidu se méni v rtznych
membranach i pusobenim ruznych faktoru zejmeéna diety.
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Figure 2-22. Molecular Biology of the Cell, 4th Edition.




malé oblasti proteinu a lipidu v membrané s unikatnim
slozenim lipidu — bohate na cholesterol (mikrodomeny).
Tyto struktury jsou funkcne zahrnuty.

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

bunecny rust, preziti a adhezi.

VNMK'jsou zakladni slozkou lipidevych raftuia predpoklada
se, ze napr. DHA muze castecne pusobit zvysenim fazove
separace lipidu v.membrang.

Strukturalniintegrita LR a caveolae jsou zakladni pro
prijem VNMK. Caveolin-1 a FAT/CD36 jsou vazany V. LR



modifikuji aktivaci membranovych receptord a signalnich proteint

Figure 4 | Model for the organization of rafts and caveolae in the plasma membrane. Lipid rafts (red/gresn) segregate from
he cther regions (blue) of the bilayer, which have a different lipid composition. The lipid bilayer in rafts is asymmetric, with
sphingomyelin and glycosphingolipids (both red) enfched in the "outer’ layer known as the exoplasmic leaflet, and glycerclipids
green) in the ‘inner’ layer known as the cytoplasmic leaflet. a | Rafts contain proteins attached to the bilayer by their GPI anchors, by
acyl tails (for example, the Src-family kinase Yes), or through their transmembrane domains, like the influenza virus proteins
neuraminidass and hasmagglutinin (HA). b | Caveolae are formed by self-associating caveclin molecules making a haingin loop in the
membrans. Interactions with raft lipids may be mediated by binding to cholesteral (browm) and by acylation of carboxy-terminal
steines (not shown). Figure maodified from Simons, K. & lkonen, E. Functional rafts in cell membranes. Nature 387, 562-572
1297) @ Macmillan Publishers Ltd.




PC black, SM red, PLAP yellow. Atomic force microscopy!
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Lodish, Molecular Cell Biology, 5th ed. 2004




LIPIDOVA MODIFIKACE PROTEINU

Lipidy hraji dulezitou ulohu v transportu, membranovém umisténi a spravné funkci
proteinu zprostfedkovanim jejich afinity k lipidovym raftam (LR).

GPIl-anchored B

Palmitoyl-dependent raft partitioning TM
— e —  ©  Hait Other
‘ 11.6 £7.8%
Sterol-linked ,

proteins
N\

GPl-anchored
11.2+2.8% (.

000 000 (AN Y700 T0N AHRINE NAVA|'AN | Palmitoylated 64.5+23%
Cytoplasm W J 12.4 +6.6%

Palmitoylated intracellular Prenylated Nonraft

/)

proteins
RAFT NONRAFT

Obecne ukotveni pres nasycene MK a steroly smeruje proteiny do tesnejsiho (tightly
packed) prostredi LR, kdezto nenasycene a rozvetvene uhlovodikove retezce

uprednostnuji mené omezujici neraftove casti membrany. Palmitoylace proteint reguluje
rozdéleni v raftech. Fijgun;- 4. Lipird tlnodilﬁclati:'ms of proteips as determinm}ts ofraﬁ association. (A) Examples O.ﬂ.ipi‘.j modification
of proteins. Various lipid anchors play im portant roles in protein t ng, membrane partitioning and proper
function, likely mediated by their affinity for lipid rafts. The general paradigm isthat anchoring b
acids and sterols targets proteins to the more tightly packed environment of lipid rafts, whereas unsaturated and
branched hydrocarbon chains tend to favor the less restrictive nonraft membranes. Palmitoylation of proteins

can regulate raft partitioning. (A, Adapted from Levental etal. 2010a; reprinted with permission from the Amer-
ican Chemical Socie 10.) (B) Quantification of raft protein abundance following removal of palmitoy-
lated TM proteins by DTT or GPl-anchored proteins by GPl-specific phospholipase in GPMVs (average 4 5D
from three independent experiments). (B, Adapted from Levental et al. 2010b; reprinted with permission from
The National Academy of Sciences [© 2010.)

Simons K and Sampaio JL, Cold Spring Harb perspect Biol 2011



Modulace lipidu (DHA)- lipidove rafty
modulace signalu rust. faktoru a cytokinu
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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 from lipid rafts. Outside of lipid rafts, Fas is likely to 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 translocates into
lipid rafts where it tends to preassociate. Within lipid rafts, upon FasL binding, FADD and caspase-8 are recruited to Fas where caspase-8
can autoactivate and trigger cell death.

(B) Upon TNF binding, TNFR1 translocates into lipid rafts wherein complex | formation takes place and results in the activation of NF-«xB.
Through mechanisms described in Figure 1, NF-xB can inhibit caspase activation within complex Il. When cholesterol is depleted, lipid raft
structure is disrupted and complex | forms outside of lipid rafts and cannot signal efficiently for NF-xB and therefore cannot inhibit death
induced by complex Il. The thickness of the arrows indicates relative efficiency of each signaling pathway.




Zmény struktury membranovych lipidu
tzv. lipid packing (merocyanin 540, FL-2)

MC540 se v membrané vaze preferencné do tekuté krystalické faze a jeho fluorescence
se tak zvySuje. Pri pfechodu do gelove faze se fl. snizuje.

Odrazi tak jemné zmény ve struktufe membranovych lipidu i fluidity.
Mozna souvislost s indukci diferenciace a apoptozy.
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Albumin: 300 — 600 uM
Total FA : 100 — 400 uM

FABP: 150 —
Total FA: < 50 uM

300 uM

Fig. 1. Quantitative comparison of the presence of albumin in the extracellular space, cytoplasmic fatty acid-binding protein (FABP.) inside cells, and fatty acid
concentrations under normal physiological conditions. Albumin and FABP. provide a buffer for the extremely low aqueous concentration of (long-chain) fatty acids.
Albumin has 3-6 binding sites for fatty acids. FABP, occurs in 9 distinct types of which liver-type FABP. has two ligand binding sites while all other types have only a single

ligand binding site [58,59].

Fig. 2. Schematic representation of the current view of fatty acid transport across
the cell membrane. Because the exact mechanism of transmembrane translocation
of fatty acids is still unknown, different models have been suggested. (1) In view of
their hydrophobic nature, fatty acids could cross the membrane by simple
diffusion. (2) Alternatively, CD36 (88 kDa; also referred to as ‘fatty acid translo-
case’), alone or together with the peripheral membrane protein FABP,, (plasma
membrane-associated fatty acid-binding protein; 43 kDa) accepts fatty acids at the
cell surface to increase their local concentration and thus increase the number of
fatty acid diffusion events. (3) [t is also possible that CD36 itself actively transports
fatty acids across the membrane. Once at the inner side of the membrane fatty
acids are bound by cytoplasmic FABP (FABP.) before entering metabolic or
signalling pathways. (4) Additionally, a minority of fatty acids are thought to be
transported by fatty acid transport proteins and rapidly activated by plasma
membrane acyl-CoA synthetase (ACS1) to form acyl-CoA esters. (5) Very-long-
chain fatty acids [ = C22) are preferentially transported by FATPs and by action of
their synthetase activity directly converted into very-long-chain acyl-CoA esters
(uptake by vectorial acylation).

Adapted from [27].

Schwenk RW et al Prostagl Leuk Ess Fatty A 2010
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¢  Phospholipid
monolayer

OHOCO
Triacylglycerols and
cholesteryl esters

» akumulace lipidovych kapenek (lipid droplets) v cytoplazme bunek
(pusobeni lipidovych latek, indukce diferenciace a apoptozy )

» obsahuji neutralni lipidy (obvykle triacylglyceroly nebo estery
cholesterolu), obklopeny monovrstvou fosfolipidu

za normalnich podminek - zasobarna energie a cholesterolu

» dulezité pro udrzeni homeostazy lipidu, pro lipidovy metabolismus
a signalovani

» souvislost s regulaci procesu diferenciace a apoptozy neni zcela
objasnena

» flucrescencnibarvive Nile Red  citlive vitalni' barveni lipidovych
kapenek



Struktura lipidovych kapének

Free h |E sterol meml:ran




Cytosol

Triacylglycerols and
~Bilayer . 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 (Cav3®™-GFP).
Befaore fatty acid addition (t = 0 min), Cav3"@-GFP localizes to the endoplasmic reticulum (ER) and
Golgi region (the image has been inverted to show dark staining for GFP). After fatty acid addition,
LDs appear throughout the cell within minutes {the t = 30 min image is shown here). For a movie of
this process, see the Further information. 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, ADRP and TIP47-related protein)-domain family of proteins.
Part a modified with permission from REF. 8 © (2004) The American Society for Cell Biology.

Po pridani mastnych kyselin
se syntetizuji neutralni lipidy
v membrané endopl.
retikula (ER).

Zralé LD se odstépuiji z ER
membrany a tvori
samostatné organely
ohrani¢ené monovrstvou
fosfolipid( a spojené se
specifickymi proteiny.

(perilipin, ADRP, TIP-47).

t=0min t=30min

Martin S. and Parton RG, Nature Rev 7, 2006 52



Structural
Proteins

Perilipin, ADRP,

TIP 47

Membrane
Trafficking
Caveolin, SNAP,
VAMP, small
GTPases
(e.g. Rabs5,
Rab18)

Lipid metabolism
Squalene epoxidase
Acetyl-CoA
carboxylase
Acyl CoA Synthetase
Lanosterol synthase
Triglyceride lipase
Alcohol
dehydrogenase
Fatty acid CoA ligase
S100A9

Cell Signaling

MAPs: ERK1, ERK2,

p38

AKUMULACE LIPIDU v cytoplasmé
(lipid droplets, lipid bodies)

Eicosanoid-forming
enzymes
PLA,, 5-LO, 15-LO
COX, LTC, synthase,
PGES

Cytokines/
Chemokines
TNF-o
RANTES / IL-16
bFGF

Acyl-éoA VLC-Acyl-CoA

Phospholipid
monolayer

PI3K: subunits p55,
p85a, p85b
PKC

Triacylglycerols and
Fig. 1. Lipid body-associated proteins. cholesteryl esters

»> metabolicky aktivni organely — tvofi se v cytoplasmé v odpovéd na zvySenou hladinu MK,
ochrana pred lipotoxicitou

» funkce — zasobarna triglyceridi a cholesterolu, lipidova homeostaza, metabolismus a
transport, pfenos signald, spojeny s ¢innosti fady enzymu a regulatord

» akumulace LD mize korelovat s indukci diferenciace ¢i apoptozy
(Moreira LS, Biochim Biophys Acta 2009, Schwenk RW et al Prostagl Leuk Ess Fatty A 2010)



AKUMULACE LIPIDU v cytoplasmé (Nile red, FL-1)

FHC fetal
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Zvysena tvorba LD u FHC bunék posilena v kombinaci AA (DHA)/NaBt
korelovala s % bunék se snizenym mit. membranovym potencialem (MMP)
a zvySenou produkci reakt. kyslikovych metabolitd (ROS)




Kolokalizace lipid bodies (droplets) s cPLA2 a uvolniovani AA u kolonovych bunék po plsobeni kyseliny olejové
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V netukovych bunkach
zpUsobuje nadbytek SFA
/nucleus IS (Oxidativni a ER stres
("’ii‘;’fé’sifo".."_ ok zpUsobeny lipidovymi
Ty metabolity a aktivovanymi
signalnimi drahami.

Dysfunkce mitochondrii @ ER
stres jsou klicove deje, jimiz
je pri nadbytku lipidt
indukovana bunécna smirt.

. | Nasmerovani nadbytecnych
ER Stress ROS mastnych kyselin do
eEF1N /add? |ipidOV§’/Ch dropletﬂ ma
ochranné ucinky.
a%s /

Figure 1. The lipotoxic-response
In non-adipose cells, excess saturated FFAs induce oxidative and ER stress through lipid

metabolites and sig g 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
56



Metabolismus mastnych kyselin




INKORPORACE A UVOLNOVANI VNMIK Z MEMBRANOYYCH FOSFOLIPIDD
» odrazi slozeni a obsah VNMK v dieté
/\/\/\/\/\/\/\)L‘/\PLA

» n-6 a n-3 VNMK soutézi o stejne pozice WWWW; ]_f =
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Phospholipase Ao

Drug Discovery Today

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




Extracellular matrix

Pro-inflammatory Activating stimuli
cytokines
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Transcription
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Dirug Discovery Today

Figure 3. Activation of cPLA,-o.. (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,-o in close proximity to both its substrate and enzymes involved with
eicosanoid synthesis. (4) Activated cPLA,-a lyses membrane phospholipids providing
arachidonic acid (AA) to a range of enzymes involved with eicosanoid synthesis,
specifically COX and LOX.

Aktivace cPLA2

Prozanetlive cytokiny indukuji expresi cPLA2. Nasleduje fosforylace
zprostredkovana MAP: kinazami. Ca2+ zpusobuje translokaci cPLA2 z cytosolu do
perinuklearni membrany, kde je take jeji substrat a enzymy. nutne k tvorbe
eikosanoidu. Aktivovana cPLA2 lyzuje membranove fosfolipidy a uvoliuje AA,
ktera je metabolizovana COX a LOX.




Model konstitutivni overexprese cPLA2 a COX-2 u nadorovych bunek

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

i
2ARNE

G-Proteins Phospholipid
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/ » Transcription

Drug Discovery Today

Figure 4. Model of constitutive overexpression of cPLA, and COX-2 in tumour cells
(reviewed in [4]).
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Fig. 1 Cyclooxygenase and lipoxygenase pathways of AA metabolism. Metabolites of cyclooxygenase pathway are called prostaglandins
G, (PGG,), E, (PGE,), H, (PGH,), D, (PGD,), F,, (PGF,,), thromboxane A, (TXA,), malondialdehyde (MDA), and prostacyclin (PGl,).
Metabolites of the lipoxygenase pathway are called 12- and 5-hydroperoxyeicosatetraenoic acids (HPETESs), and their corresponding

fatty acids (HETEs). Leukotriene A synthase (LTA synthase) generates the leukotrienes.




Nove lipidové mediatory odvozeneé
od omega-3 PUFAs
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-series resolvins and protectins. (a) : ), the proposed biosynthetic pathways
reconstructed in vitro involve the lipoxygenase (LOX) product 175-H(p)DHA, which is rapidly transformed by the LOX activity in human
polymorphonuclear leukocyte (PMN) into two epoxide intermediates. These two novel epoxide intermediates open to form bioactive products
denoted 175-resolvin D series (RvD1-4). Aspirin also impacts the formation of resolvin D series by catalytically switching COX-2 to a 17R-
lipoxygenase-like mechanism that generates 17R-H(p)DHA, and subsequently 17R-resolvin D series (AT-RvDs). (b) Protectins: the initial
enzymatic product 175-H(p)DHA is converted to neuroprotectin D1/PD1. The complete stereochemistries of the bioactive mediators and
related natural isomers are established (see text for further details).




Vascular Endothelial Cells O(OH & EPA

18R-hydroperoxy-EPE
Eicosapentanoic Acid ——» HOOC e

EPA Leukocytes

55(6)-epoxy-
18hydroxy-EPE
g COOH
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5S-hydroperoxy.
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Dendritic cells
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1 IL-12 production
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Figure 2 E-series resolvins. Aspirin impacts the formation of resolvin E1 (RvE1) by acetylating COX-2 in vascular endothelial cells that
stereoselectively generate 18R-hydroperoxy-EPE (18R-H(p)EPE). 18R-HEPE is further converted via sequential actions of leukocyte 5-LOX,
leading to formation of RvE1. The complete stereochemistry of RvE1 was recently established. Microbial P-450s can also contribute to RvE
biosynthesis via converting eicosapentaenoic acid (EPA) to 18-HEPE (Arita et al., 2005b). Human recombinant 5-LOX also generates resolvin
E2 (RvE2) from 18-HEPE. At least two separate GPCRs can specifically interact with RvE1: (1) ChemR23, on mononuclear cells and DCs, and (2)
BLT1, on human PMMN. Also, when expressed on epithelial cells ChemR23 and RvE1 stimulated CD-55-dependent clearance of PMN from the
mucosal surface (Campbell et al., 2007).
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Lincleic acid Alpha-linolenic acid
i{18:2n-6) (18:3n-3)

Dé-desaturase
r

Gamma-linolenic acid
(18:3n-6)

r
\ Dihoma-gamma-

Linolenic acid
(20:3n-6)

l
4-series LT

2-series PG Arachidoni id 3-series PG
2-saries TX «— Alac onic ac Elcosapentaenolc acid —» 3-saries TX

(20:4n-6) {20:5n-3)

Docosapentaenoic acid
(22:5n-3)

| PGE, Slllrlnula:;’-éfs lli:"m" l Decreased
cell proliferation Docosahexaenoic acid tumour growth
PGl, inhibits metastasis (22:6n-3) Increased
TXA, enhances metastasis ' . .

Figure 2 Pathway of n-6 and n-3 PUFA metabolism and suggested effects on tumour biology. n-6 and n-3 Fatty acids
compete for metabolism by a series of common enzymes (desaturases and elongases). Twenty-carbon fatty acids of
either family (dihomo-gamma-linolenic acid, arachidonic acid, eicosapentaenoic acid) can act as precursors for
different series of eicosanoids which include leukotrienes (LT), prostaglandins (PG) and thromboxanes (TX).

¥ 5-series LT

N-6 a n-3 VVNMK soutezi o stejne enzymy. (desaturazy a elongazy). 20C VNMK (DGLA,
AA, EPA) jsou prekursory pro tvorbu rtznych typl eikosanoidut (prostaglandiny,
leukotrieny, tromboxany) — soutez o stejne enzymy. (cyklooxygenazy, lipoxygenazy)

67



Cyklooxygenazove drahy
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Table 1. COX2 expression in malignant or premalignant
human tumours

Premalignant or malignant lesion COX2 expression (%)

Ereast (ductal carcinoma-in-situ)
Prostatic
Bladder

o
[x]

Cervix

=

oo
W o

Endometrial

(]
|

Cutar

wn

Cutaneous squamous cell
PPMNET
Glioblastoma multiforme

Anaplastic astrocytoma (low grads) 44 (30)

allable at http 1age. thelancet. comyexdtr Sl pof




PRO-TUMOR

5 LOX (5-HETE) ANTI-TUMOR
12-LOX (12-HETE)

15-LOX-1 (13-HODE) .,
8-LOX (8-HETE)

Proliferation
Inhibition of Apoptosis Differentiation

Angiogenesis Growth Arrest
Invasion and Mectastasis | Induction of Apoptosis

Rovnovaha v produkei rtiznych isoforem LOX (pro- i protinadorove
pusobicich) a jejich biologicka aktivita rozheduje o vyvoji nadoru.

Pidgeon GP et al Cancer Metastasis Rev, 503, 2007



Binding of 12(S)-HETE

Putative GPCR

Heterotrimeric G protein

Intracellular signaling pathways activated

Cell proliferation, survival,
migration, angiogenesis
12(S)-HETE se vaze na receptory spojené s G-proteiny. Aktivace
receptoru spousti vnitrobunécné signalni drahy, napr. ERK, PI3K/Akt,
IP3/DAG zprostredkuijici funkéni odpoved’ zahrnutou v progresi nadoru.

Pidgeon GP et al Cancer Metastasis Rev, 503, 2007,
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12-LOX

O /\ inhibition
ORE
+

in prostate
cancer

DNA Point where cell R
Synthesis commits to divide

Gene

S Transcription
12-LOX - Late G1
inhibition ,,\ oiin

" 1 -
: - : > Kip/Ci
inlung ) 4 DK /\ p_z%&_ I5-LOX-1

. 7 3 ~
cancer P27 in colon cancer
P57

12- a 15-1.OX a jejich metabolity: podporujii priichod nadoeroevych bunek bunecnym cyklem.
Jejichrinhibice zplisebuje zastavu bunecneho cyklu nasledovanou obvykle apoptozou.

Pidgeon GP et al Cancer Metastasis Rev, 503, 2007. 72




Prenos signalti PGE2 prostrednictvim receptort EP1 — 4
sprazenych s G-proteiny

EP2 Signalling EP4 Signalling

@ Celi Surface

cAMP /Z

PKA ——— Raf-K —i pERK




Mechanismy ucinkti exprese COX-2 na vyvoj
kolorektalnich nadoru:

Ucinky nezavislé na produkci prostaglandint (PGE2):
Aktivace karcinogent

Produkce malondialdehydu

Redukce hladiny volne AA

Utinky: zavislé na produkci PGE2:
Indukce bunecne proliferace
Inhibice apoptozy

Indukce angiogeneze

Zvyseni bunecne motility

Zvysene metastatickeho potencialu
Indukce lokalni imunosuprese



proliferation T
differentiation |
apoptosis
invasive growth T

neoangiogenesis 1 immunosuppression

Furstenberger G. et al., Int J Cancer 119, 2006



/ Cellular Stress \\
—l—

o $

Oncogene COX2 -+ PGE2 NOS2, NOe m Pro- Inﬂan'.lmatory Anti- inflan-'irnatnry
Activation / and RONS c‘“""'""‘ c"“’"'“"""

KRAs / _ VEGF, JNK, TRAF1,
/ p TRAF1, CXCR4, TNFa

INFLAMMATORY MEDIATORS

- (')
Tumor Promotion:

Cell proliferation, Cell The overall balance of inflammatory Tumor Suppression:
: . : . . . o Apoptosis, Cellular
Survival, Angiogenesis, || signals determines if conditions are

i : . senescence, Lysis
Genomic Instability, favorable for oncogenesis % V_ !
: Immuno-surveillance
Metastasis

||.-s I8 JAK/STAT Protein Damage p38 activation
mgnalmg

Chronicky zanét meni hladiny zanetlivych mediatort vcetné COX-2, RONS a
zanetlivych cytokinl a aktivuje protoonkogeny.

V/ zavislosti na spolecnych funkcich a rovnovaze zanetlivych mediatorti muze
zanetliva odpoved” nador bud” podporovat nebo ptisobit protinadorove.

Chetterl AJ et al. Carcinogenesis 31:37, 2010 76



UCINKY INHIBICE CYKLOOXYGENAZ A LIPOXYGENAZ NA
NADOROVE BUN. POPULACE

.Rada nadorti ma zménény metabolismus nenasycenych MK a produkuje
zvySené mnozstvi metabolitu AA, které indukuji rast a invazivitu (epitelialni
nadory - prsu, kolonu, plic, prostaty)

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

» Nesteroidni antiflogistika (NSAID - aspirin, sulindac, indometacin, ibuprofen ,
piroxicam) inhibuji aktivitu COX a maji preventivni a terapeuticke ucinky na
rozvoj nadoru, zejmena kolonu - vyuziti inhibitortd COX2 (inducibilni)

* NSAID - snizuji proliferaci a indukuji apoptozu mechanismy. zavislymi |
nezasvislymi na aktivite COX

» USinky. mohou byt pfimé nebo nepfimé - zprotredkované napr. zménami
aktivity imunitnino systemu

o [nhiien LOX (NDGA, esculetin, MK-886) inhibuji proliferaci a indukuji
apoptozu rady nadoerovych linii
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Deje na mitochondriich a oxidativni
metabolismus

*VNMK fyzicky: interaguji's mitochondrialni: membranou, meni
jeji permeabilitu oteviranim MTP (membrane permeability
pores) a snizuji tak membranovy potencial.

*DHA je prednostne inkorporovana do kardiolipinu, fosfolipidu
vnitrni mitochodrialni membrany. To souvisi se stupném
nenasycenosti, indukcl oxidativniho stresu, uvolnenim
cytochromu ¢ a apoptozou.

VNMKSmoedultjithiadintiprotenurodiny Bel=2N(Bid) Bel=2);
ktere intereaguji s lipidy mit. membrany.

sZvysenermnozstViVINIMKSAVelaVaroxidauVaitstresiprodikee
ROS, NOS a lipidova peroxidace)
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(Difosfatidyl glycerol, glycerolfosfolipid)

Hlavni soucast membran mitochondrii

sn-1 — SFAs — LA, OA

sn-2 — PUFAs — DHA —

CH,-0-CO-CH,-CH,-CH,-CH,-CH,-CH,-CH,-CH: CH-CH,-CH: CH-CH,-CH,-CH,-CH,-CH,
|
CH-0-C0-CH,y-CH,-CH,-CH,-CH,-CH,-CH,-CH: CH-CH,-CH: CH-CH,-CH,-CH,-CH,-CH,
|
CH,;-0
|
"0-P-0-CH,
|_| ‘ This is diphosphatidyl glycerol or "cardiolipin” which was
o “H-OH originally isolated from heart muscle. It stabilises phospho-
CH-C lipid bilayers and provides electrical insulation under extreme
‘ conditions. It i alzo found in bacterial membranes.

HO-P-O-CH,

C:Hg-(lz)
L|'1H—(Z)—C(Z)—C‘.Hg-CH;-CHE-CH;-CH;-C‘.HE-CHE-CH:CH-C‘.HE-CH:C‘.H-CHE—CHE—CHE—CHE—CH_:;
L|H()L()LHLHLHLHLHLHLHLHLHLHLHLHLHLHLHLHLH

prednostne se vestavuje do kardiolipinu — meni

nenasycenost mit. membrany: a oxidativni metabolismus.
Souvislost s aktivitou cytochrom ¢ oxidazy a uvelnovanim cytochromu ¢

\yznam pro apoptozu
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vaze DED kaspazy 8 a produkuje aktivni BID. To zpusobuje
oligomerizaci BAK/BAX a uvolnéeni cyt ¢

cytochrome ¢

mitochondria

Figure 1. Localized production of active, cleaved BID on cardiolipin platforms that are used for the assembly of active caspase 8. The diagram depicts
the sequence of events that occur in type Il cells according to Gonzalvez et al. (2008). DD, death domain; DED, death effector domain; p10 and p18 are
the catalytic core of the caspase. The p43/p10 caspase 8 iscform comprises two DEDs, one p10, and one p18 domain. The cardiolipin (yellow heads)
platform at the contact sites between inner and outer mitochondrial membranes is used to produce active BID where it is needed. This in turn causes
BAK/BAX cligomerization and cytochrome c release.

Scorrano L, J Cell Biol 2008



Cyt c katalyzovana peroxidace CL vede k
permeabilizaci vnéjSi membrany a
uvolnéni cyt ¢

Kardiolipin slouzi jako platforma pro uchyceni
proapoptického proteinu tBid na mistech
kontaktu vnéjSi a vnitfni membrany.

CL se ucastni perforace vnéjSi membrany
tBid a Bax proteiny.

inner membrana
permeabilization

pro-apaptotic
tBid, particular

of the inner and outer
miembranes. (B} Cardiolipin
assists the perforation of the
mitochondrial outer membrane
by tRid and The
miechanism is still elusive

bound cylochrome ¢ itself [58]

Gonzalves F and Gottlieb E., Apoptosis 2007



Mastné kyseliny a oxidativni
metabolismus

)
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:'g Koncentrace mastnych kyselin

D.G.Cornwell and N.Morisaki, Free Radicals in Biology. Vol.6, 1984



Proliferace
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peroxidace |

Koncentrace mastnych kyselin

D.G.Cornwell and N.Morisaki, Free Radicals in Biology. Vol.6, 1984



UCinky jsou zavislé na davce a délce expozice

necrosis

Nekroza

Signal transduction
DNA, protein and lipid damage M G1/S/G2/M
p53/p21 4 arrest

Apoptozz

apoptosis

( Signal transduction T

AP-1/Sp1 = p21 4 r[ SIG2/M arrest ]
Signal transduction [|iransient——| permanent

Zé Stava b M. DNA damage G1 arrest

p53 > p21 permanent

“senescence”

G1/S/G2 arrest

Signal Prolonged transient

transduction signal
tranduction #4n

Diferencia&a

G1 arrest
permanent
“differentiation”

ProliferacEiliisssess

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 o
enhancement of signal transduction pathways leading to (enhanced) cell proliferation. Prolonged exposure to these ROS concentrations will result in prolonge

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, eithe
due to increase concentrations or prolonged exposure, all changes described above will take place, together with structural damage to proteins and lipids. Unde
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 85



| Lipid peroxide I
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Fungovani signalni drahy beta katenin — Tcf/Lef v normalni a Apc -/- krypte

intestinal lumen
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Timp W, et al. Cell

Schéma Wnt/beta kateninove drahy

€ Aktivovan

&

Frizzled Frizzled

Figure 1. Schematic of Wnt/p<catenin pathway. (Left] In a naive cell, f-catenin, when produced, binds to the APC/Axin complex, and is phosphorylated first
by CK1a, then by GSK3p. This phosphorylation leads to inactivation. The Tef factor in the nucleus is bound by Groucho, a member of the Grg transcription
factor family, which inhibits transeription. B-catenin also has a role in cell-cell adhesion, forming o complex with actin, f-catenin and E-cadherin to form a
desmosome. (Right) In confrast, when Wnt is present, it binds fo the Frizzled/LRPé receptor complex, activating Disheveled (Dsh), which acts to inactivale

P-catenin degradation, either through sequestering Axin or through inactivation of GSK3p. The accumulation of B-catenin in the cell allows for accumulation
in the nucleus, allowing f<atenin to bind to Tcf and aclivate iranscription.
Yt




Obnova strevniho epitelu a jaderne receptory

RXR/RAR
VDR
ERB

PPARy

¢ Differentiation
Growth arrest

[@] Mature cells Progenitor proliferating cells @) Stem cells

D’Errico |'and Moschetta A Mol Cell LLife Sci 2008

Hladina jadernych receptoru v
ruznych kompartmentech tlustého
(A) a tenkeho streva (B).

LRH-1 — liver receptor homology
TR — thyroid hormone receptor
RXR/RAR — retonoid x
receptor/retinoid acid receptor
VDR — vitamin D receptor

ER — estrogen receptor

PPAR — peroxisome proliferator-
activated receptor



Vyvoj nadoru kolonu a exprese jadernych receptoru

Normal epithelium Hyperproliferative epithelium Colon carcinoma
Aberrant cryptic foci

P53 — tumor protein 53
SMADZ2 — Small mothers against decapentaplegic homolog 2

D’Errico | and Moschetta A Mol Cell' LLife Sci 2008




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 arachiclonic or linoleic acids — and their
derivatives. The fatty-acid metabalites 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 leukotriens B4 (LTE4) and
85-HETE (hydroxyeicosatetraenoic acid). which preferentially
activate PPAR; 15-deoxy-prostaglandin J2 (15-dPGJ2) and
15-HETE, which are PPARy-selective ligands: and the
prostaglandin 12 (PGI2, also called prostacycling, which is
probably a PPARB/S natural ligand. PPARyis also activated by
9-HODE (hydroxyoctadecadienoic acid) and 13-HODE, either
derived from linoleic acid or as components of oxidized low-
density lipoprotein (oxLOL). b | PPARS function as
heterodimers with their cbligate partner, retinoid receptor
(RXR). The dimer probably interacts with co-regulators, either
co-activators (CoAct) or co-repressors (CoRep). Inthe
unliganded form, PPARB/&-RXR heterodimer, in contrast to
PPARo-RXR and PPAR-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 promaters®”.
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.




Funkce receptoru pro peroxisomové proliferatory (PPARs)
ve vztahu ke karcinogenezi

L\

 Proliferation Resistance
in keratinocytes| | to apoptosis -
Migration Llpgsarcoma
Differentiation in ' ' %e0%0
inflammatory o : O ()
conditions

Clot
0 - S > = Resting e
Adlpocyte macrophage Adipocyte
Wound bed 1

&

Lipid-loaded macrophage

Figure 3 | PPARB/3 and PPARyfunctions that relate to their carcinogenic properties.

a | As demonstrated in a mouse-skin wound-healing model, Pparf/d 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 PPARyand 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.

Michalik L et al., Nature Rev Cancer 2004



Schéma signalnich drah PPAR

PPARSs funguji'jako heterodimery: s jejich obvyklym partnerem
- retinoidnim receptorem (RXR).



PPARY indukuje fosfatazu PTEN vedouci k inhibici kinazy: Akt.

Akt ma antiapopticke Ucinky, (inhibice kaspazy-9).

PPARY. zplisobuje zastavu bun. cyklu represi cyklinu D, indukei p18;, p21,
p27 a interakci's Rb. PPARY: rovnéz potlacuje beta-katenin a COX-2
podporujici karcinogenezi kolonu.
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Table 1 | Mutations found in PPARY in human tumours

Tissue Frequency Mutation References

Sporadic colon tumors 4/55 Loss of function 112

Chromosomal translocation; 113
PAX8-PPARyfusion protein;
dominant-negative inhibitor

of PPARy

Chromosomal translocation;
PAXB8-PPARy fusion protein

Dominant-negative inhibitor
of PPARy

Chromosomal translocation;
PAXB-PPARyfusion protein

Chromosomal translocation;
PAXB-PPARyfusion protein

Hemizygous deletion of PPARy

Follicular thyroid carcinomas  5/8

Faollicular thyroid carcinomas
Follicular thyroid adenomas

Follicular thyroid carcinomas
Follicular thyroid adenomas

Follicular thyroid carcinomas
Follicular thyroid adenomas

Prostate tumours

71 cancer cell lines; No mutation found
326 clinical cancers (colon,
prostate, breast,lung cancers,

osteosarcomas, leukaemias)

Mutations that decreased the activity of the receptor were described in the PPARYy gene in some
hurman tumours of various origins. Overall, these mutations are rather rare, indicating that decreased
activity of PPARy might contribute to carcinogenesis, but is probably not causal to the pathology. 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 References

Human colorectal cancer 118
Breast cancer

Prostate cancer

Myeloid leukaemia

Human neuroblastoma

Human hepatoma

Wascular smooth muscle

Human gastric cancer

Thyroid carcinoma cells

Uterine leiomyoma smooth-muscle cells
Oligodendrocyte-like cells

Pancreatic cell line

Growth arrest

Colon cancer cell lines

Macrophages

Prostate cancer cells

Non-small-cell lung carcinoma
Liposarcomas

Oligodendrocyte-like cels; rat
spinal-cord-derived oligodendrocytes

Cell differentiation

Human colon cancer cell line
Breast cancer cells
Macrophages

B-lineage cells

Human liver cancer cells
Choriocarcinoma cells
Adipocytes

Apoptosis

Decrease of spontaneous
immortalization

Li-Fraumeni-syndrome-derived
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.




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

Butyrate™ 4 g/day for 8 weeks

Curcumin® 1.1 g/day for 1 month

1.65 g/day for 1 month

Curcumin® 2 g/day for 6 month

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

s-Linolenic acid
Capsaicin

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

Kochujang
\-Baptigenin
Resveratrol

Dietary source

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

Patients

13 patients with mildly to moderately active
Crohn's disease

5 patients with ulcerative colitis, and 5 with
Crohn's disease

89 patients with quiescent ulcerative colitis:

45 curcumin/44 placebo

32 patients with Crohn’s disease in clinical
remission

lleal pouch—anal anastomosis for ulcerative
colitis

23 patients with active mild pouchitis (ulcerative
colitis)

Main results

Decrease of CDAI after 4 and 8 weeks of treatment
Decrease of mucosal levels of NF-«xB and IL1J

Reduction of concomitant medications for 4/5 patients
with ulcerative colitis

Reduction of CDAI score for 4/5 patients with Crohn's
disease

Reduction of relapse rate
Improvement of CAIl 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




Vnitfni a parakrinni u¢ast NFkB v pfezivani a proliferaci nadoru.

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

NF-xB activity in tumor The necrotic core of the tumor .

cells confers resistance  elicits an innate immune response
to apoptosis

Aktivace NEkB vede k rezistenci k apoptoze. Bunky na okraji rychle rostouciho nadoru
podlehaji'nekroze, kdyz chybi'ATIP. Nekroticke nadorove bunky uvolnuji'prozanetlive
faktory. Tyto faktory aktivujiiimunitni'odpoved: nadoroveho mikroprostredi, ktera vede k
synteze prozanetlivych cytokint zavisle na NEkKB, coz podporuje rust nadoru.
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Proliferation
and cell survival

¥

Proliferation Cell migration  Cell survival
and invasion

Wang D, DuBois RN, Nature Rev Cancer 2010
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Kyselina eikosapentaenova
(EPA, 22:5, n-3)

Kyselina dokosahexaenoya
(DHA, 22:6, n-3)

- vznikaji elongaci a desaturaci kys. linolenove (mala Ucinnost)
- jsou obsazeny. v. nekterych rostlinnych olejich, olejich z ras a v. rybim oleji



PREVENCE

Epidemiologicke studie — snizena
Incidence nadoru (kelonu) V.
populacich konzumujicich velke
mnozstviiw-3 VNMK z morske
Stravy.

Experimentalni studie
e -3 VNMKinhibuji'karcinogeny-
Indukevanoeu karcinegenezi

e redukuji rust transplantevanych
nadoru u laboraternich zvirat

® snizuji proliferaci a indukuji
apoptozu u nadorovych bunek
kelenu n Vitro:

Klinicke studie — EPA a DHA
iInhibujitproliferaci epitelialnich
bunek kolonu u'pacientt’ siadenomy.
a Vysokym rizikem nadoroveno
onemocneni

TERAPIE

Pri chirurgickych zakrocich
predoperacni peroralni nebo
pooperacni enteralni Ci parenteralni
dieta s w-3 VNMK zlepsSuje
postoperacni zanetlivou a imunitni
odpoved 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 zpusob
zvyseni ucinku terapie

e samotne pouziti w-3 VNMK
uzitecny pristup, jestlize je vyloucena
toxicka standartni terapie.




Phospholipids Phospholipids
lacking omega-3 containing omega-3
fatty acids | fatty acids

Dietary omega-3
fatty acids incorporate
into cell membranes

Modulation of Signalling
bioactive lipid molecules

mediators (cytokines, etc.)

‘ Altered membrane
protein activity

Omega-3 fatty
acid-derived
signalling molecules ‘

Signalling molecules

Modified
protein
expression

Modified gene
expression

jsou
inkorporovany do fosfolipidovée
dvojvrstvy bunécnych membran.

Mohou modulovat aktivitu
membranovych proteind, expresi
gend a proteind a funguji jako
zasobarna bioaktivnich lipidovych
mediatord.
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A, scanned image of hybridized human oligoarrays con-
taining 3.8 k genes. Total RNA from CaCo-2 cells, treated with
DHA for 48 h, was used for microarray analysis as described in
“Materials and Methods.™ A red color image of spots represents
induced genes, green spots indicate repressed genes. B, scatter plot
view of gene expression. Expression intensity Cy5:Cy3 ratios of
untreated versus DHA-treated CaCo-2 cells. The ratios (Cy-5:Cy-3)
of genes that have =2-fold expression are considered induced, and
those with =0.5-fold expression are considered repressed. Approx-
imately 504 of 3800 genes (13%) were expressed in DHA-treated
cells.

Narayanan BAet al.; Cancer Res 2003

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

Control - GAPDH
— S I NFkB pso
—< Jinos
—5 1cox2
~ I NFkBpSS
—S lpPPARG
"SRR
:::] P53 induced protein
:i] AP2
—S I Ber2
Y
] P21wati/cip1)

—
__lpGER1

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 is shown on 2%

agarose gel.




1

n-3 PUFAs

Cell membrane
phospholipids

N

Inflammatory
eicosanoids

o N V Cytokines
__I - | | { Adhesion molecules

v Intestinal
inflammation

a mohou inhibovat toll-
like receptor 4 (TLR4).
Mohou také modulovat slozenf
membranovych fosfolipidl
vedouci ke

Tyto regulacni drahy.

To vede ke snizeni zanetu
streva.
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S.N. Stehr, A.R. Heller / Clinica Chimica Acta 373 (2006) -8
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Fig. 1. Mechanisms of omega-3 FA action in tumor growth. Cyclooxygenase (COX) I and inducible NO synthase (INOS) are key propagators of tumor development
and inhibitors of tumoricidal activity. — favors activity: L blocks activity [1].

COX-2 a i-NOS jsou klicove molekuly: podporujici rozvoj nadort a blokujict
protinadorovou aktivitu, upregulace pres NEkB — poskozeni' DNA, blok v

reparaci, suprese apoptozy, podpora produkce estrogenu, podpora angiogeneze

a invazivity nadoru. Zvysena produkce cytokinti — metabolicke zmeny, kachexie 1oz




VYSTUPY

» Zakladni vyzkum
» Klinika a vyrobni praxe

e protinadorova prevence a terapie

e oblast nutricni farmakologie
optimalizace lipidovych vyziv. pro urcite diagnozy.
(,dISease Specific nutrtion®), zejmena u pacientu s
nadorovym enemocnenim



Procesy ovlivhované lipidy

Slozeni lipidovych vyziv ovliviuje spektrum lipidu v plasmeé i v
bunécnych membranach, pricemz metabolismus a obrat fosfolipidu v
membranach transformovanych-nadorovych bunek se zasadne liSi od
bunek netransformovanych-nenadorovych.

Zmeny ve slozeni fosfolipidu membran meni jeji viastnosti (fluiditu,
produkci volnych reaktivnich radikalu a biologicky aktivnich metabolitu -
eikosanoidu), coz se dale odrazi ve schopnosti prijmu a prenosu
signalu dulezitych regulacnich molekul s naslednymi Gcinky na dulezite
biologicke procesy jako jsou bunecny. rust, diferenciace a apoptoza a
dale funkce bunek imunitniho systemu

VNNMK a jejich metabolity mehou byt dulezitymi regulatory genove
exprese. Predpoklada se, ze tyto latky jsou schopny ovlivhovat aktivitu
transkripcnich faktord, které se pak vazi na klicove elementy spojenée
se specifickymi geny.

Zmeny membran a rustovych vilastnosti nadorovych bunék po
pusoebenit VNMK mohou moduleyat jejich citlivest ki rtzaym
terapeutickym zasahtum (cytostatika, zareni)

Inhibitery: metabolismu AA, 1j. produkce eikosanoidu, k nimz patri i rada
bezne v klinice vyuzivanych NSAID, mohou vyznamnym zpusobem
modulovat zminene pProcesy.



CKe aspexty poznatkl
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0 pusobeni mastnycn kKysealin
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Nejedna se o farmaka, soucast stravy, pomerne vysoké davky (0,5-29)

VYUZITI :
DIETETICKA DOPORUCENI
Zdravi a prevence chorob
Stredomorska dieta
Funkcni potraviny
Potraviny pro zvlastni Iekarske ucely

TERAPEUTICKE VYUZITI — nutri¢ni farmakologie
I Imunomodulace, antikachekticke ucinky, kembinovana teraple
8 adjuvantni terapie, ,disease specific nutrition®, nosice

£ y
Physiol. Res. 54: 409-418, 2005 PARE NTE RAL N I

A ENTERALNI VYZIVA
The Effects of Parenteral Lipid Emulsions on Cancer and optlm alizace slozeni

Normal Human Colon Epithelial Cells in vitro |Ip| dOV{’Ch emu it

T.HOFMANOVA', Z. ZADAK?, R. HYSPLER?, J. MIKESKA®, P. ZDANSKY?,
A. VACULOVA', I. NETIKOVA', A. KOZUBIK'




KLINIKA

Slozeni a vyuziti lipidovych emulzi

Smeési prirodnich oleju (sojovy —LCT, kokosovy — MCT),
emulgovane fosfolipidy (vajecny lecitin, sojove fosfolipidy),
izotonizacni prisada (glycerol)

Tukove castice podobné chilomikrontim

Parenteralni vyziva — emulze soucast tzv. ,all-in-one” vaku
Funkce - zdroj energie a esencialnich MK

Enteralni a oralni vyziva

Na zakladeé novych poznatkt o regulacni tloze lipidu vyuziti jako
farmaka

Nutricni farmakologie

Vyziva cilena na urcitée onemocneni — ,,Disease-Specific
nutrition™



Slozeni klinicky vyuzivanych lipidovych emulzi
v parenteralni vyzive

Components Intralipid Elolipid Lipofundin Nutralipid Nutralipid P
MCT/LCT MCT

Soybean oil 20( 100 100
Egg phospholipids 12 12

Glycerol 25 25 22.5
Coconut oil (MCT) 100 100
a-tocopherol 0.2 —
Sodium oleate -
Oleic acid - 0.30-0.45 —

Sodium hydroxide to pH 8 0.04-0.08 — -
Water for injection to 1 000 1 000 1 000 1 000

Omegaven — obsanuje rynirelel (emega-3 MK)
SIVIOFIIpIai—sojeVy, KeKOSeVY, GliVeVy: a rybi ele]
Umele strukturalnittriglyceridy.




VYZNAM SLOZENIi TUKU
V ENTERALNI A PARENTERALNI VYZIVE PACIENTU

LCT - “long chain” triglyceridy

z rostlinnych oleju s vysokym obsahem VNMK (dulezity pomér n-3 : n-6) -
regulacni funkce, mohou zySovat nebo snizovat napr. produkci TNFa
(kachektin) - prozanetlivy cytokin spojeny s kachexii

MCT - “medium chain” triglyceridy - nasycene MK (6-12 uhlikt) - zdroj
energie, pusobi proti supresi imunitnich a fagocytarnich funkci u silné
stresovanych pacientu.

\Vloznosti oviivihenii celkoveno metaboelismu, pedpora imunity,
protizanetlive ucinky.

Vyuziti: pooperacni stavy, nadorova anorexie a kachexie
Imunoenutrice: Omega-3, L-glutamin, L-arginin, RNA




CYTOKINY

Zmény membranovych fosfolipidt primo ovlivAauji

syntézu lipidovych mediatort typu eikosanoidti, PAF a sekundarnich
prenasect diacylglycerolu a ceramidu.

Lipidové mediatory ovliviuji produkci a funkci cytokind.

To ma dulezity dopad na radu imunitnich a

bunécnych funkci vcetne proliferace, diferenciace a apoptozy.

Dllezité endogenni faktory ovlivaujici kolorektalni karcinogenezi

TNFE-family (TNF-a, Fas ligand, TRAIL — TNF relating apoptosis inducing factor)
TGE-family. (TGE-[)

EGF — epidermalni rtstovy faktor

Jumour necrosis factor-alpha (INE- a), interleukiny.

» multifunkeni cytokin

» jeden z hlavnich mediatortl zanétu

» TNF- a je produkovan makrofagy a dalsimi bunkami imunitnihp systemu

» koncentrace TNF- a v kolonu je zvysena behem chronickeho zanétu (ulcerativnf
kolitida nebo Crohnova choroba)

» Uloha v nadorove kachexii

p existuje interakce mezi cytokiny a dietetickymi faktory. — mastné kyseliny a
eikosanoidy:



Neoplasticka

COX-2 v
bunka Endotelialni
pGs —> ?GF bunka
N
Vv  VEGF COX-2
bFGF‘ ¥
PGs
— l
Fibroblast
COX-2 Permeabilita,
\ Neovaskularizace
PGs
VEGF

Model angiogeneze - interakce bunécnych typl

V nadorovych bunkach prostaglandiny (PGs) tvorené pres cyklooxygenazu-2
(COX-2) zvysuiji produkci rlstovych faktord jako je VEGF, které plsobi pfimo
na endotelialni bunky a bFGF, ktery stimuluje produkci COX-2 u fibroblastd.
PGs tvorené ve fibroblastech stimuluji produkci VEGF, ktery plsobi
parakrinnim zplsobem na endotelidlni b. a opét zvysuje aktivitu COX-2 a
usnadnuje permeabilitu cév a angiogenezi. Inhibitory COX-2 blokuji produkci

PGs a tak zabranuji angiogenezi indukované rlstovymi faktory.
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] ] Infekce

— . stat zanét
vyzivovy status neoplazie
proteiny
lipidy

vitaminy

mineraly f‘ produkce a uvoliovani cytokinl‘.’l‘
— |

‘ lipidové mediatory ‘ I ]

PG ‘ biologicka funkce cytokin( ‘
=0 g imunitni odpoved’
. odpoveéd’ akutni faze

horecka
anorexie
zménény metabolismus

—

Vzajemne vztahy meziivyzivou a infekcnimi a zanetlivymi
chorobami zprostredkovanymi cytokiny



