PRICINY VZNIKU KARDIOVASKULARNICH A NADOROVYCH ONEMOCNENI
GENETICKE +FAKTORY ZIVOTNIHO STYLU

TABAK a VYZIVA (podileji se aZ na 2/3 Gmrti a jsou nejvic ovlivnitelné)

Tucna jidla (zvySene riziko), ovoce a zelenina (prevence)




PRICINY UMRTI V USA, 1997*
Muzi x 10°  Zeny x 10°
VSechny priciny 1154 1160

Srdecni choroby 357 370
Rakowvina 281 258
Cerebrovaskularni ch. 62.6 97.2
* (Greenlee, 2000)




PRICINY CHRONICKYCH ONEMOCNEN:I

Zivotni styl jednotlivce je spojen s rizikem vzniku koronarnich
srdeCnich chorob, mrtvice, rakoviny nebo diabetes typu I




HLAVNI PRICINY UMRTiIi NANADOROVA
ONEMOCNENI V USA, 1999

Zivotni styl % z celk. poctu

Dieta s wsokym obsahem tukl a smazenych jidel a s nizkym 35
obsahem nestravitelné vMakniny, zeleniny a ¢aje muze vest ke
vzniku nadorl kolorekta, prsu, slinivky bfisni, prostaty, vajecniku
a délohy.
Dieta s wsokym obsahem soli a konzervovanych jidel a s nizkym
obsahem zeleniny a €aje muze veést ke vzniku nadoru Zaludku.
Uzivani tabaku muze vést ke vzniku nadort plic, hrtanu, ustni dutiny,
mocoveho méchyfe, ledvin, slinivky brisSni nebo zaludku.
Tabak a alkohol mohou zpUsobit vznik nadoru ust, jicnu nebo slinivky
bFisni.
Uzivani alkoholu muze vést ke vzniku nadoru jater nebo jicnu.
Slunecni zafeni a genetické faktory mohou zpUsobit vznik melanoma.
Nedostatek pohybu, sedave zaméstnani a obezita mohou pfispivat
k wskytu nadorowch onemocnéni.
Podobné faktory zivotniho stylu mohou vést i ke vzniku kardiovaskular-
nich chorob.




UMRTi NANADOROVA ONEMOCNENI V SOUVISLOSTI S VYZIVOU, 1997*

USA

Ostatni

Muzi
x 102

Zeny
x 102

Muzi

x 102

Zeny
x 102

Zaludek (stl) #

7.6

5.4
24.6

3970
2220

2300
2150

Kolon (smazena jidla, tuky) 23.1
Rektum (smaz. jidla, tuky, alkohol) 4.7 3.9 2220 2150
Slinivka bf. (smaz. jidla, tuky) $ 13.7 14.5 900 780
Prs (smaz. jidla, tuky) § 0.4 40.8 - 3140

Déloha (obezita, tuky) - 6.5 - 420
VajeCniky (tuky) - 14 - 1010
Prostata (smaz. jidla, tuky) 31.9 - -

Jatra (mykotoxiny) | 10 5.3 1210

* Spoéitano a adaptovano podle Greenleeho, 2000 a Parkina et al., 1999.

# Také bakterie Helicobacter pylori .

$ Také koureni.

§ V USA pfedevsim po menopauze.

| Také nadmérny pfijem etanolu a antigeny hepatitidy.




VYZIVA

hraje roli v karcinogenezi fadou ruznych mechanizmu.

Je prokazano, Ze vysoky prijem kalorii a tvorba tukovych zasob je rizikovym
faktorem.

Prijem, absorpce a metabolismus velkeho mnozstvi potravy vyzaduje oxidativni
metabolismus a produkuje vice reaktivnich kyslikovych radikalu, které poskozuji
DNA.

Ukazalo se, ze prijem tukil, zejména Zivocisnych zvysuje riziko nadort.

Epidemiol. studie predpokladaji pozitivni korelaci mezi prijmem tukt a nadory prsu,
kolonu a prostaty.

Navzdory dlouh¢ historie studii tukii a nadort, ztistava rada protikladu. Ukazuje se,
ze nejen kvantita, ale 1 kvalita hraje dulezitou roli a Ze se zde uplatnuji 1 tuky
rostlinne, zeymeéna vysoce nenasycene mastne kyseliny (PUFASs) - n-3, n-6, olivovy
olej atd.

Kyselina arachidonova (20:4, n-6) je zdrojem eikosanoidil (prostaglandiny,
leukotrieny) uplatnujicich se u riznych nadoru.

EPA a DHA (n-3) z rybich olejii inhibuji AA metabolismus a mohou potlacovat
karcinogenezi u exp. zvirat.




Strategie minimalizace rizika vzniku onemocnéni

FYZICKA AKTIVITA, RELAXACE, ,, MiR NA DUSI¥,
ZADNY STRES,
ZADNE KOURENI, SPRAVNA VYZIVA




Trendy umrtnosti v USA, 1973-92
TRENDS IN U.S. CANCER MORTALITY, 1973-92

ALL CANCERS | 6.3
-3.4 | ALL EXCEPT LUNG
LUNG (FEMALES)
NON-HODGKIN'S LYMPHOMA
MELANOMAS OF SKIN
MULTIPLE MYELOMA
LIVER; BILE DUCT
PROSTATE
KIDNEY; RENAL PELVIS
ESOPHAGUS
LUNG (MALES)
BRAIN; NERVOUS SYSTEM
—0.6 | BREAST (FEMALES)
~1.3 | PANCREAS
-3.3 | LARYNX
-4.7 | LEUKEMIAS
-6.2 | OVARY
COLON; RECTUM
ORAL CAVITY; PHARYNX
THYROID
URINARY BLADDER
UTERUS (EXCLUDING CERVIX)
STOMACH
UTERINE CERVIX
HODGKIN'S DISEASE
TESTIS

-200 -150 -100 -50 0 50 100 150 200
CHANGE IN DEATH RATE (PERCENT)

SOURCE: SEER Statistics Review, 1973-1992. NIH Publication No. 96-2789.
National Cancer Institute, 1995.

JOHNNY JOHNSON




Rizikové faktory vyzivy pro hlavni typy nadoru

Typ nadoru
Tlustého streva

Prsu

Prostaty
Délozniho Cipku

Jicen
Slinivka brisni

Pravdépodobné
Zvysuje riziko
Cenené maso
Zpracované maso
Alkohol

Cenvené maso
Opecené maso

Sl
Nakladané a

konzervované jidlo

Alkohol

Alkohol

Snizuje riziko
Zelenina
Vlaknina
Zelenina

Owoce a zelenina
Vitamin C

Vitamin E
Owvoce a zelenina

Vitamin C
Owoce a zelenina

Owoce a zelenina

Mozna
Zvysuje riziko
Alkohol

Tuk

Alkohol
Maso

(Cenené) maso
Tuk

Cenené maso

Snizuje riziko
Folat

Owvoce
Fyto-estrogeny

Owvoce a zelenina

Karotenoidy

Zelenina

Folat
Vitamin A

Owvoce a zelenina
Vitamin C
Vlaknina




Zivotni styl a dalsi faktory ovliviujici riziko vzniku nadorti

Typ nadoru
Tlustého streva a rekta
Prsu

Plic
Zaludku
Délozniho Cipku

Délohy

Jicnu

Slinivky bfisni
Krve
Vaje€niku

Zvyseni rizika Snizeni rizika
Adenomatozni polypy, zanét stfeva, obezita (muzi) Fyzicka aktivita
Brzka prwni menstruace, pozdni menopauza, prwni téhotenstvi Fyzicka aktivita
v pozdnim v&ku, wsoky vzrist, obezita (po menopauze)
Koufeni, profesni zatéz

Infekce Helicobacterem pylori

Lidsky papillomavirus, koureni

Expozice estrogenu, obezita

Koureni, gastro-esophagalni reflux (Barrettuv jicen)
Koureni

Koureni, profesni zatéz, schistosomalni infekce

Fyzicka aktivita

Dlouhodobé uzivani oralni
hormonalni antikoncepce




Rady pro snizeni rizika vzniku nadorti

Rady pro shizeni rizika vzniku nadoru:

Nekurte
Pravidelné cvi¢te

Nebudte sexualné promiskuitni
Vyvarujte se dlouhému pobytu na pfimém slunci
Vyvarujte se rizika hepatitidy B a C




Realistic Goals for Reducing Cancer Mortality

ESTIMATED NUMBER OF DEATHS IN THE U.S. (THOUSANDS PER YEAR)

0 50 100
FACTOR

Tobacco

Diet and obesity
in adult life

Perinatal effects and
excessive growth

Biological agents, Causes of current
including viruses cancer mortality

Occupational factors B Realistic population goals
for reduced cancer mortality

Alcohol

Sedentary lifestyle

MARIA SUTTON

Reproductive factors — 100,000 to 125,000 current deaths

lonizing and
ultraviolet radiation

Environmental
pollution

Inherited genes that
cause very high risk

Food additives and con-
taminants, including salt

Medical products
and procedures
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Figure 3 | Association between fat intake and breast cancer. Comparison of age-
standardized death rates of breast cancer with fat intake, from national food-consumption data
for various countries. The x axis indicates the total dietary fat intake (g/day), and the y axis
indicates the age-adjusted death rate, per 100,000 people. Breast cancer incidence was strongly
correlated with average dietary fat intake. Data from Ref. 6.




LIPIDY (lipos, tuk)

Latky biologickeho ptivodu rozpustné v org. rozpoustédlech,
castecne rozpustné nebo nerozpustneé ve vode.

Tuky, oleje, nékteré vitaminy, hormony a nebilkovinné slozky
membran.

Zatimco proteiny jsou geneticky determinovany, slozeni lipidu
Vv organismu je ovliviiovano prijmem z potravy

Mastne kyseliny — karboxylove kyseliny s dlouhymi
uhlovodikovymi retézcei.

V' prirod€ vetsinou v esterifikovane forme.

Ve vyssich rostlinach a zivocisich prevladaji MK s 16 a 18 C
(palmitova, olejova, linolova, stearova)

Vice nez polovina rostlinnych a zivocisnych MK jsou
nenasycene




Zdroje tuku
71vocCisne a rostlinne

Mastné Kyseliny

P s kratkym retézcem — 6-12 C (SCFA)

kys. maselna,propionova

P nasycene — 12 a vice C

kys. palmitova, stearova

» mononenasycenc — 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




VYSOCE NENASYCENE MASTNE KYSELINY

(Polyunsaturated fatty acids - PUFAs) - mastné¢ kyseliny s 2 i vice dvojnymi vazbami.
Jsou tf1 hlavni skupiny PUFAs: n-3 (omega-3), n-6 a n-9, podle polohy dvojn¢ vazby
nejblizsi ke koncovému metylovanému uhliku. Tyto jsou metabolizovany stejnym
zpusobem alternativnimi desaturac¢nimi a elongacnimi enzymy.
NOMENKLATURA:

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

20 - pocet uhlikt

4 - pocet konjugovanych dvojnych vazeb

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

Témer vSechny dvoiné vazby jsou ve vicemené stabilni cis - konfiguraci.

Zivocichové nedovedou syntetizovat n-3 a n-6 PUFAs de novo ani nedovedou pfeménit
jednu sérii v druhou. Tyto PUFAS jsou Zivotné dulezité jako slozka vSech membran a
permeabilni bariéry pokozky a jako prekursory eikosanoidu a s nimi souvisejicich latek,
ktere hraji dulezitou regulacni tillohu ve tkanich.

Protoze nemohou byt de novo syntetizovany a jsou tak dilezité jsou nazyvany
ESENCIALNI MASTNE KYSELINY a musi byt obsaZzeny v potravé podobné jako
vitaminy.

Zdrojem jsou rostlinng tuky (n-6 PUFA) a rybi tuk (n-3 PUFA)




Kromé nutri¢niho ucinku hraji lipidy strukturalni a regulacni
ulohu s vyznamnym dopadem na fyziologicke funkce
organismu a predstavuji tedy mnohem vice, nezli jenom zdroj energie.

Spolu s cytokiny a hormony funguji jako intra- 1 intercelularni mediatory a
modulatory bunécne signalizacni sité

Pomeér obsahu -6 a ®-3 esencialnich vysoce nenasycenych mastnych kyselin (VNMK)
ovliviiuje vlastnosti membran, zeymena jejich fluiditu a produkei latek vznikajicich
hydrolyzou membranovych fosfolipidi. Tyto zmény pak ovliviiuji vazbu cytokintl,
aktivitu receptortl 1 funkci na membranu vazanych signalnich molekul (G proteint,
fosfolipaz atd.).

Zmény membranovych fosfolipidi primo ovliviuji syntézu lipidovych mediatort typu
eikosanoidil, PAF a sekundarnich prenaSect diacylglycerolu a ceramidu. To ma dulezity
dopad na radu imunitnich a bunécnych funkci véetné proliferace, diferenciace a apoptozy
Imbalance v lipidovém metabolismu hraje roli u mnoha zavaznych onemocnéni.

Vysoka hladina cholesterolu je spojena s kardiovaskularnimi chorobami, ktere jsou
nejcaste)si pricinou umrti v populaci. Lipidy produkované bunkami imunitniho systemu
jsou zahrnuty v zanétlivych onemocnénich jako je revmatoidni artritida, sepse, astma,
zanctlive onemocnéni stieva. Lipidy hraji tlohu takeé v Alzheimerove nemoci a
nadorovych onemocnénich.




Carcinogen metabolism
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Figure 3. Bioactive food components can influence genetic and epigenetic events associated with a host of disease processes.

Trujillo E., J] Amer Diet Assoc., 106, 2006




LIPIDOMICS

védecké sméry od mapovani vnitiniho
spektra lipida v biologickych
systémech k popisu funkce a
metabolismu jednotlivych lipidi.




OMICS, farmakogenomika, nutrigenomika

Nutrigenetics

Nutritional

> 4 Epigenetics

Bioactive
Food
Components

-

4

ma-qaﬂx-lﬁcz

/

Proteomics

Metabolomics wPp ( Motabolite

Using the “omics™ of nutrition to identify how dietary factors contribute to establishing a phenotype.

Trujillo E., J Amer Diet Assoc., 106, 2006




DNA Methylation: Essential for Normal Functioning of an Organism

5.Methyl group attach
to specific sites on —
the DNA strand

. P}
Brain - . :

1. Ingestion of
nutrients

Tightly coiled
DNA strand

4. Dietary methionine,
folate and choline
enter the cells

2. Nutrients
J metabolized

k“h Stomach Methyl tags C bases

the blood stream to |
cells in the body | Small

intestine

3. Nutrients absorbed
by small intestine
and transported via

6. DNA methylation in promoter region down-regulates and
silences gene expression. Cell division is supressed

Trujillo E., J] Amer Diet Assoc., 106, 2006
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Central dogma of molecular hiofogy
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Figure 1 (A) Traditional central dogma of molecular biology where the flow of
information goes from gene to transcript to protein; also shown are sites where
enzymes act on metabolism. (B) General schematic of the ‘omic organization
where the flow of information is from genes to transcripts to proteins to
metabolites to function (or phenotype).

Goodacre R., J Nutr. Suppl., 2007



TYPY STUDII ULOHY RUZNYCH FAKTORU V ETIOLOGII ONEMOCNENI

ETIOLOGIE — studium puvodu a pricin nemoci

» experimentalni studie in vitro — cilené studie na trovni bunécné a
molekularni (bunécné kultury, moderni metody molekularni biologie)

» experimentalni studie in vivo — cilen¢ studie na laboratornich zviratech

» klinické studie — cilen¢ studie na pacientech 1 na zdravych jedincich,
retrospektivni studie

» epidemiologické studie — udaje z vybranych populaci, vztahy mezi zivotnim
stylem a vyskytem onemocnéni

» migracni studie - dulezité pro vyzkum podilu dédicnych faktort a faktort
prostredi




Tuky z potravy ovliviiuji pocatek a rozvoj rady onemocnéni véetné nadorovych.
Existuji v zasad¢ dveé arovné ovlivnéni:

zmény slozeni mastnych kyselin (MK) v bunécnych membranach

prima kontrola procesii v jadre na arovni transkripce genu

n-3 a n-6 PUFA jsou metabolicky i1 funk¢éné€ odlisne. Jejich rovnovaha je dilezita pro
homeostdzu a normalni vyvoj. Zatimco proteiny jsou geneticky determinovany,
slozeni bunécné membrany s ohledem na PUFAs je z velke ¢asti zavislé na prijmu
Z potravy.

Protoze obsah MK v tucich z potravy je urcujici pro slozeni MK v membrané, je fada
bunécnych funkci jako je aktivita membranovych enzymu a prenasecu, vazba
hormonti, mechanismy signalove transdukce atd. zavisla na tucich prijimanych
potravou.

n-3 a n-6 PUFA mohou G¢inné a primo ridit transkripci specifickych gent (napr. geny
kodujici lipogenni proteiny, delta desaturazy atd.).

Tak muze priznivy a nepriznivy ucinek tukli na rizné choroby zahrnovat kombinaci
interaktivnich regulacnich mechanismi:

akutni, rychla a prima regulace exprese genu

dlouhodoba adaptivni modulace slozeni membran, ktera miize primo ovlivnit
prijem a prenos signalu hormonii, cytokinu, produkci eikosanoidu apod.

Béhem prumyslove revoluce se drasticky pomér n-6:n-3 PUFA.

V tzv. zapadni dieté je dnes misto 1:1 az 10-25:1.




Relativni procento ruznych mastnych Kkyselin v potravé a zmeény

zpusobéné prumyslovym zpracovanim potravin
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Fig. |. 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).
Drata were extrapolated from cross-sectional analyses of contemporary hunter-gatherer populations and from longitudinal observations and their putative
changes during the preceding 100 years [ 73],




SIGNAL Schematické znazornéni ulohy
(napf. cytokiny) vybranych slozek
fosfolipidového metabolismu
v bunécénych signalizacich

Biofyzikalni vlastnosti

membran —
signalni
kaskada

Lipidovy metabolismus
Uvolnovani AA
Preména AA-inhibice

Transdukce signalt

jaderné receptory
transkripéni faktory

Aktivace vnitrobun.
receptorti — tr. faktorQ

Exprese proteinil
Exprese genti - mRNA

peroxidace (NSAID)

fosfolipidy
n-6 PUFA

Mimobunécné podnéty (cytokiny, hormony,

polutanty, zareni




Mastna kyselina

hydrophilic carboxylic acid head

hydrophobic hydrocarbon tail
(A) (B) (C)

Figure 2-21. Molecular Biology of the Cell, 4th Edition.




PANEL 2-5 Fatty Acids and O

COMMON FATTY
ACIDS

These are carboxylic acids
with long hydrocarbon tails.

COOH COOH COOH
CH,

CH,

|
CH,
CH

stearic

acid (Cqa) acid (C

CARBOXYL GROUP

Fatty acids are stored as an energy reserve (fats and
oils) through an ester linkage to glycerol to form
triacylglycerols, also known as triglycerides.

glycerol

Hundreds of different kinds of fatty acids exist. Some have one or more double bonds in their
hydrocarbon tail and are said to be unsaturated. Fatty acids with no double bonds are saturated

O

e
N 7
C

This double bond

is rigid and creates
/a kink in the chain.

The rest of the chain

is free to rotate

about the other C-C

bonds.

space-filling model carbon skeleton

UNSATURATED SATURATED

Phospholipids are the major constituents
of cell membranee

PHOSPHOLIPIDS

If free, the carboxyl group of a thdrobhmc_ }_ﬁ\ choline
S Ll group
fatty acid will be ionized. )
O
. ey

ore usually it is linked to
other groups to form either esters

hydrophobic
fatty acid tails
= space-filling model of
the phospholipid
phosphatidylcholine

In phospholipids two of the —-OH groups in glycerol are
linked to fatty acids, while the third -OH group is linked

to phosphoric acid. The phosphate is further link
one of a variety of small polar groups (alcohols).




LIPID AGGREGATES POLYISOPRENQIDS

long<chain polymers of isoprene
Fatty acids have a hydrophilic head /.
and a hydrophobic tail, ——

\te
> — 4 micells

-
-
’

In water they can form a surface film L

or form small micelles.

Their derivatives can form larger aggregates held together by hydrophobic forces:

Triglyearidas can form large spherical ¥ Iplds and glycokpeds form self-sealing lipid
fat droplets in the cell cytoplasm., bilayers that are the basis for all cell membranes.,

=M

OTHER LIPIDS L.|pid5 are c_|eﬁned asthe wmer-ms?llfole .
molecules in cells that are soluble in organic
solvents. Two other common types of lipids
are steroids and polyisoprenoids, Both are
made from isoprens units.

STEROIDS Steroids have a common multiple-ring structure.

e

cholesterol—found in many membranes testosterone—male steroid hormone

GLYCOLIPIDS

Like phospholipids, these compounds are compesed of a hydrophobic
region, containing two long hydrocarbon tails, and a polar region,
which, however, contains one or more sugar residues and no phosphate. galactose

N\

sugar
residue
dolichol ~ —used
to carry activated sugars
in the membrane-associated
synthesis of glycoproteins
and some polysaccharides




Phospholipid structure and the orientation of
phospholipids in membrane

hydrophilic
head : water

phospholipid
bilayer,
or membrane

two
hydrophobic
fatty acid
tails

fatty acid
fatty acid

| |
phospholipid molecule

Figure 2-22. Molecular Biology of the Cell, 4th Edition.




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

Kyselina arachidonova (AA, 20:4, n-6) je zdrojem
eikosanoidu (prostaglandiny, leukotrieny) uplatnujicich se u
ruznych nadoru.

V experimentalnich systemech prokazan Casto podpurny
ucinek pro vznik a rozvoj nadoru

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

EPA a DHA (n-3) z rybich oleju inhibuji metabolismus AA
V experimentalnich systemech prokazan casto imhibicni
ucinek pro vznik a rozvoj nadoru




Struktura vychozich esencialnich mastnych kyselin
linoleové a a-linolenové

n-6 or C-13
1 ore * C-12 (A12)

¢

C-9 (A9)

\ OH

C-2or C-1

Linoleic Acid (18 carbons : 2 double bonds, n-6)

re-Linolenic Acid (18:3, n-3)




Puvod n-3 and n-6 nenasycenych mastnych kyselin, biosyntéza
eikosanoidu z kys. arachidonové a eikosapentaenové

PLANT METABOLISM

Acelyl-CoA
Plastids

Oleic acid

Endoplasmic

i reticulum
HaC\AarcArcAAAA COOH

Linoleic acid (® -6)
Chloroplast

HyCLaaanans COOH
a-Linolenic acid (w-3)

+ Marine algae
Plankton

* Fish

HSC. o o oo COOH
Eicosapentaenoic acid
Marine algae
Plankton

+ Fish
HaCaaa/aaan COOH

Docosahexaenoic acid

\

foo

vegetable
food
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\
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MAMMALIAN METABQLISM
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Metabolismus vychozich esencialnich mastnych kyselin
linoleové a a-linolenoveé

CH,
AAAAAN 18:2n-6 18:3n-3

COOH
Linoleic acid o-linolenic acid

Ir A6 desaturase ¢
18:3n-6 18:4n-3
Elongase 1

COOH
20:3n-6

Dihomo-y-linolenic acid (DGLA)
A5 desaturase l,

20:4n-6 20:5n-3 /Y Y T s
Arachidonic acid (AA) Eicosapentaenoic acid (EPA)
l Elongase |
22:4n-6 22:5n-3

l

1 Elongase, l
A6 desaturase and
l peroxisomal [-oxidation l

22:5n-6 22:6n-3 /IS S\ =

CH,

Docosapentaenoic acid (DPA) Docosahexaenoic acid (DHA)

Figure 1. Fatty acid metabolism of essential fatty acids of the n-6 and n-3 series via the elongation-desaturation pathway (based on datareviewed in [1]).




Table 2 Distribution of fatty acids (FAs) within each phospholipid (PL) species of PC12 cells®

n-9), arachidonic acid (AA, 20:4 #-6), and docosahexaenoic acid (DHA, 22:6 #-3) was cal ::‘L]]Htt':.l.'l. Ihf.:- percentages

were based on the values reported by Knapp & Wuranan (1999).
' Relative percentage of FA for each PL class.




Obsah mastnych kyselin v tucich obilovin a lusténin

Tab. 24. Obsah mastnych kyselin v tucich obilovin a lusténin (Davidek a kol., 1983)

Pocet C Obsah % z veskerych mastnych kyselin
: dvoj.
vazbam

Mastna
kyselina

Palmitova
Stearova
Olejova
Linolova E

Linolenova E

E = esencialni (nezbytné)




Obsah mastnych kyselin v rostlinnych olejich

Tab. 23. Obsah mastnych kyselin v dileZitych rostlinnych olejich (Davidek a kol., 1983)

Pocet C Obsah % z veskerych mastnych kyselin -
. dvoj.
vazbam

Mastna
kyselina

Séjovy | Slunec- Podzem-

olej nicovy S nicovy s

Myristova 14:2 0-02(01-03| 0-02 |03-0,5|0,1-0,3
Palmitova 16:0 7-10 |35-75| 11-14 6-12 [25-472
Stearova 18:0 2-5124-30 2-3 28-6,3/02-1,0
Arachova 2000 |02-10{05-0,7]|01-04(16-28|0,2-05
Palmitoolej. 16:1 00-05{02-10]02-06|09-24|0,1-1,3
Olejova 18:1 | 22-30| 30-39 (70-78)| 42-72 |9.1-125

lkosenova 20:1 0,1-04 0 6,1-9,5
Erukova 22:1(13) 0 0 45 - 64
Linolova E 18:2 ( 82-15,9

Linolenova E 18:3 5-9 !5,1 -11,6)

E = esencialni (nezbytné)
" v nasich podminkéach do 5 %




Celkové n-3 kyseliny vs. celkové n-6 kyseliny ve fosfolipidech v
plasmeé u 10 populaci
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Ucinky kys. linolenové a linoleové z potravy
Zmeny mastnych kyselin v jatrech
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Uéinky dietetické hladiny alfa-linolenové kyseliny na obsah jejich
metabolitl v jaternich lipidech

—_—r =
- M

1

)
e,
Q
<T
==
=
Ay
LL
©
et
o
}_..
j—
D
=
sl
©
3

6 7
o - Linolenic acid, % of calories




Souvislost metabolismu esencialnich mastnych kyselin
s karcinogenezi

Diet

e

Mutagens

n-6

LA Carcinogens
l Oncogenic viruses
d-6-d :

(+) ‘
GLA<+PLA 2 — Anti-cancer drugs
Radiation
Cytokines

DGLA — | series PGs
o Y sz
J' b o LTs

AA

|

2 series PGs

TXs
TXs
LTs & _Oxygen free radicals & LTs
lipid peroxidation
¥

Tumoricidal action




Dietary n-3 PUFAs Dietary n-6 PUFAs

Membrane Phospholipids
DHA <—> QEPA----..._.__

o
-

EPA-derived AA-derived
eicosanoids eicosanoids

) (+)
“# |nflammation (+) (+)
¢ ? ¥ v

e T Nitric oxide ————— Angiogenesis  Tumor-endathelial
(-) '["'}l (+) cell adhesion

i
ROS/RNS METASTASIS | (+)

(+) —-Hq—

P ,
Initiation Sl v
———=| INITIATED ——>=| CANCER |=——

FErLe ﬂ PROLIFERATION

........................................................................................................................ - UNCONTROLLED GR‘DWTH 4
) (! APOPTOSIS) (+)

FIGURE 2. Hypothetical scheme showing potential mechanisms whereby n—6 polyunsaturated fatty acids (PUFAs) and n—3 PUFAs may promote and
suppress carcinogenesis. respectively. In imitiated tumor cells. phospolipase A.. cyclooxygenase 2. and lipoxygenases are often overexpressed. which leads to
overproduction of arachidonic acid (AA. 20:4n—6)—denved eicosancids that augment mflammation. Nitric oxide, which 15 elevated m mflammation. 1s
implicated in both the initiation and the progression stages of carcinogenesis. Nitric oxide may stimulate tumor growth and metastasis by enhancing the
angiogenic and migratory abilities of tumor cells. Dietary n—3 PUFAs reduce the desaturation and elongation of linoleic acid (18:2n—6) to AA. the
incorporation of AA into membranes, and the biosynthesis of AA-derived eicosanoids: suppress inflammation; stimulate apoptosis; up-regulate the expression
of genes coding for antioxidant enzymes; and thus mhabat tumor growth and metastasis. + and sehid arrows, stimulation; — and dashed arrows. suppression;

’T .increase. EPA. eicosapentaenoic acid (20:3n—3); DHA. docosahexaenoic acid (22:6n—3); ROS, reactive oxygen species; ENS, reactive nitrogen species.

Am J Clinn Nutr 2004:79:935-45.
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Koncentrace kyseliny arachidonové
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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).

Krom¢é tlohy v bunééném signalovani souviseji PLA2 s riznymi
patologickymi stavy, vcetn€ zanctu, tkanove reparace a nadoru.

U rady nadorti jsou hladiny sPLA2 a cPLA2 zvysSeny.

PLLA2 jsou takée cilem protinadorove terapie




Prenos signalu

ATP arachidonic acid (AA)

/
... receptor

prostaglandins (PG)

leukotrienes

... G-protein




Phospholipase A5

Drug Discovery Today

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




Extracellular matrix
Ca2+

®

Eicosanoids
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Activation
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/ \ Transmtlon
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Drrug Discovery Today

Figure 2. sPLA, participating in an inflammatory response. (1) Pro-inflammatory
cytokines such as tumour necrosis tactor o (TNF-o) or interleukin 15 (IL-15) 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 ot
neighbouring cells. Released fatty acids, such as arachidonic acid, are turther metabolized
into eicosanoids, generating an inflammatory response in neighbouring cells.

sPLLA2
v zanétlive odpovedi

Prozanétlive cytokiny
indukuji expresi sSPLA2.
Aktivacni faktory uvolnuji
sPLA2 ze sekrecnich granul
do ECM.. Za pritomnosti
Ca2+ sPLA2 hydrolyzuje
membranove fosfolipidy
sousednich bunék. Uvolnéni
AA anasledna tvorba
eikosanoidi indukuje zanét.




Extracellular matrix
Pro-inflammatory Activating stimuli

cytokines @D \ ‘ / 2

Translation

Transcription

Cytosol
MNucleus

Drug Discovery Today

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

(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, - 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 kinazami. Ca2+ zptusobuje translokaci cPLA2 z cytosolu do perinuklearni
membrany, kde je take jeji substrat a enzymy nutné k tvorbé eikosanoidii. Aktivovana
cPLA2 lyzuje membranove fosfolipidy a uvolnuje AA, ktera je metabolizovana COX a
LOX.




Model konstitutivni overexprese cPLLA2 a COX-2 u nadorovych bunék

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

|
“ARNE

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]).




Metabolismus kyseliny arachidonové

—\ = COOH Cylochroma P-450
= Epoxyarachidonic Acid

Arachidonlc Acid

Jd\NﬂﬂzH
O-= -
I QMN
O== =
L]
OOH 5-HPETE
PGG 12- HPI:_TE

LTA Synthase
Peroxidase

iwcmﬂ

CsHun
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Leukotriena Ay
12- HETE /
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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-hydroperoxyeicosatetraencic acids (HPETEs), and their corresponding
fatty acids (HETEs). Leukotriene A synthase (LTA synthase) generates the leukotrienes.




Cyklooxygenazové drahy

kyselina arachidonova endotoxin
_ cytokiny
aktivace mitogeny
o10) & COX-2 inhibice glukokortikoidy
konstitutivni indukovatelna
l l selektivni inhibitor COX-2
zaludek mista zanétu
strevo - makrofagy
ledviny

- synovialni bunky
krevni desticky




Arachidonic Acid

l 1 cytokines, growth factors

Btatalet r”'fumﬂrpramure;s
atelets
. =) — COX-2
Endothelium (', SO )+ galD Inducible Stromal
Gl tract Constitutive - / mononuclear cells
Kidney Celecoxib
/ l \ Rofecoxib / \

TxAz PGl; PGEz PG, PGE.

Ll o

Tissue Homeostasis

Figure 1. COX 1soforms include constitutive COX-1 which 1s
involved in normal tissue homeostasis and inducible COX-2
which 1s upregulated at sites of inflammation and in colorectal
neoplasms. NSAID inhibit both COX isoforms, whereas COX-
2 inhibitors are selective for the COX-2 enzyme. TxA, = -
thromboxane.




Table 1. COX2 expression in malignant or premalignant

human tumours

Premalignant or malignant lesion
Colorectal

Gastric

Cesophageal

Hepatocellular {liver clrrhosis)
Pancraatic

Head and neck

Mon-small-cell lung cancer
Ereast (ductal carcinoma-in-situ)
Frostatic

Bladder

Carvix

Endometrial

Cutansous basal cell

Cutaneous squamous cell
PPMNET
Glioblastoma multiforme

Anaplastic astrocytoma (low grade)

COX2 expression (%)
8090

100
71-74
44 (30)

Feferences avallable at httpedimage. thelancet. comidentras/O3oncl205webir, pof
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Nuclear membrane

Pl synthesis \ —> PIP—
in Golgi v PIP?

DAG
/ YﬁGK /’ lPGHSZ
PKC » PKC activation Prostanoids

l RE CtCLE /

Nuclear prott—:,-in Nuclear receptors eg PPARs
phosphorylation (intracrine)

J Ve N
MITOSIS APOPTOSIS DIFFERENTIATION

“ 6‘%\ & S~ //

Predpokladany mechanismus prenosu signall v jadre

Cell surface receptors
(autocrine / paracrine)




Chronicka zanétliva onemocnéni spojena s malignitou

Nador Zanétlivé onemocnéni
Lymfomy HIV, Epstein-Barr and Herpes 8 virus, host vs. graft disease
Kolon Ulcerativni kolitida

Plice Astma, chronicka bronchitida
Ovaria zanét ovarialniho epitelu

Mo¢. méchyt Eosinofilni cystitida, schistosomiasis
Slinivka Pancreatitis

Spojeni jicnu a Barretlv jicen

zaludku

Zaludek infekce Heliobacter pylori

Jatra Sarcoidosis, hepatitis B virus
Délozni Cipek Lidsky papilloma virus

Mesotheliom Expozice azbestovym vldknim

Cﬂﬁ'éﬁf.?;ﬁ'és



4 Effect of pro-inflammatory stimuli on chromosomal
instability and increased cell proliferation which, in
combination, increase the risk of carcinogenesis.

Pro-inflammatory stimuli

Increased
oxidative stress

DMNA oxidation
Breaks in chromosomes
Telomere shortening

l

Chromosomal
instability

Mitogen-activated
protein kinases

Muclear factor kB
activation

|®

Increased
cyclo-oxygenase-2
axpression

l

Increased
cell proliferation

Increased cancer risk

Jic process that may be inhikited by

Med. J. of Australia 185, 2006




w-3 mastné kyseliny
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membranové fosfolipidy
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Mechanismus imunomodulaénich a protizanétlivych ucink
w-3 mastnych kyselin




slozeni mastnych kyselin v membranovych fosfolipidech
{ molekuly membranovych fosfolipidu
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Interakce n-3 PUFAs s AA
pri syntéze eikosanidu s prozanétlivou aktivitou

kyselina linoleova (LA)
(18:2 n-6)

N

metabolismus

I

kyselina arachidonova (AA)
(20:4 n-6)

N

TXA2 PGE2 LTB4,LTC4,LTD4

faktor mediatory zanétu
agregace
desticek

DIETA

kyselina linolenova (LNA)
(18:3 n-3)

e

metabolismus

~ |

kyselina eikosapentaenova (EPA)
(20:5 n-3)

VN

TXA3 PGE3 LTBS5,LTCS,LTDS

SIELN] slabsi zanétliva aktivita
faktor

agregace
desticek




Protizanétlivé pusobeni n-3 PUFAs
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Apoptoza indukovana dietetickymi faktory

SURVIVAL FACTORS,
| 1 DEATH LIGAND GROWTH FACTORS
EGCG, LUTEOLIN e
RESVERATROL, LUPEOL, [™ &5
AP]GEMN.GENETEIN,%EE . k DEATH _REC_EPTDR o _ | R -
I_?{tf;:i‘j?,{‘éﬂﬁﬁﬂi-'_i'i'-'ﬂ._il.-‘!ﬂ RO e B AR AR A 'ht':‘.i'_*-ﬂ't!'_MJE'{?.”af_’-t%l:'i_’-tti'-it'ili_!";‘._Jﬁ.!iﬂt'fl'-iii'~‘“:!-i31.'-1'.!“i.'~1_.‘-?‘'{_:!IJ-i_“-tFi_!ﬂ-'iﬁ'i!i'-‘z'!t‘{fffﬂiﬁ’:_!-i-"|‘-l:!“j'i_'fg,:I";':,;z'e{_i,f;T
b EXTRINSIC EGCG,RESVERATROL, PFE, INTRINSIC
GENISTEIN PATHWAY 13C, CURCUMIN, GENISTEIN, EGCG, RESVERATROL, PATHWAY
13C, CURCL.II‘-I'-IIN LUPEOL, LYCOPENE, ARPIGENIN, LUPEOL, APIGENIN,

DELPHINIDIN,SILYMARIN PFE, CURCUMIN, OSC, IIDNA DAMAGE
FADD : GENISTEIN, 13C, ITC,

DELPHINIDIN, CAPSAICIN,
@ SILYMARIN
-
EGCG, APIGENIN w, \/
DELPHINIDIN, ITG,
CURCUMIN, PFE, CASPASE- 8 @ @
RESVERATROL,0SC,

GENISTEIN, LUPEOL, teID| (BAD \
RESVERATROL,

LUTEOLIN,LYCOPENE,

EGCG, ANTHOCYANINS
RESVERATROL, ITC,
CLRCUMIN, LYCOPENE,
APIGENIN DELPHINIDIN,
GENISTEIN,GINGEROL,
CAPSAICIN,OSC

SILYMARIN,CAPSAICIN

\ _'ﬁ MITOCHONDRIA |
APGPTOSIS\ (ROS)
CASPASE-3 e
CASPASE
NDEPENDENT

APOPTOSIS

Khan N. et al, Carcinogenesis 28, 2007




Fig. 1. Induction of apoptosis by dietary chemopreventive agents. The extrinsic pathway is initiated by ligation of transmembrane death receptors (CD93, TNF
receptor and TRAIL receptor) to activate membrane-proximal (activator) caspase-8 via the adaptor molecule FADD. This in turn cleaves and activates effector
caspase-3. Dietary agents block the death receptor and also target the caspases blocking the caspase cascade. This pathway can be regulated by c-FLIP, which
inhibits upstream activator caspases and [APs, that affects both activator and effector caspases. The intrinsic pathway requires disruption of the mitochondrial
membrane and the release of mitochondrial proteins into the cytoplasm. Stress signals elicited by the dietary chemopreventive compounds regulate the
proapoptotic proteins and antiapoptotic proteins, leading to the release of cytochrome ¢ from the mitochondrial inner membrane. Cyvtochrome ¢ forms an
apoptosome with Apaf-1 and caspase-9, thereby initiating the apoptotic caspase cascade, whereas Smac/DIABLO and high-temperature reguirement protein-A2
bind to and antagonize IAPs. The activated caspases catalyze the dissolution of intracellular structure that leads to apoptotic cell death. The Bel-2 family proteins
regulate apoptosis as they form complexes that enter the mitochondrial membrane, regulating the release of ¢ vtochrome ¢ and other proteins. The activation of the
caspase cascade occurs by the TNF family receptor and it also causes activation of Bid that activates mitochondria-mediated apoptosis. Bax 1s activated and

releases cytochrome ¢ and other mitochondrial proteins. Dietary agents can also block growth factor-mediated antiapoptotic signals through the direct inhibition of
the binding of growth factors to the receptor or inhibition of the downstream phosphatidvlinositol 3-kinase (PI3K)-Akt pathway. Blue color of dietary
chemopreventive agents denotes that both the in vive and in vitro effects have been demonstrated and red color denotes that only in vitro effects have been




Table I. Dietary agents shown to induce apoptosis of cancer cells in vitro or during chemopreventive intervention

Dietary agent

Major dietary source

Target/mechanism Reference

EGCG

Curcumin

Genistein

Indole-3-carbinol

Resveratrol

Isothiocvanates

Luteolin

Lycopene

Anthocyanins

Delphinidin

Lupeonl

CafTeic acid
phenethvl ester

Apigenin

Silymarin

Gingerol

Capsaicin

Organosulfur compounds

Green tea

Turmeric

Sovbean

Cruciferous vegetables

Grape, red wine

Cruciferous vegetables

Celery, green pepper
and peppermint

Tomato

Pomegranate

Pigmented fruits and
vegetables such as
strawberry and pomegranate

Mango, olive and grape

Honey

Parsley, celery and lettuce
Milk thistle

Ginger

Red pepper

Garlic and onion

Activation of Fas (16G)
Enhancement of TRAIL-induced apoptosis (200
Activation of caspases :
Release of ¢vtochrome ¢ from mitochondria, inhibition of Bel-2
Reduction in tumor growth and increase in apoptotic markers in mice
TRAIL-induced apoptosis, activation of caspases
Release of ¢vtochrome ¢ from mitochondria
Increase in the number of apoptotic tumor cells in mice
Degradation of ¢-FLIP
Induced MMP change, caspase-3 activation and PARP cleavage
Downregulation of Bel-2 and Bel-X 1 expression, activation of caspase-3
Downregulation of Bel-2, Bel-xL, IAP, X chromosome-linked TAP and FLIP
Downregulation of survivin, [AP1, TAP2, X chromosome-linked [AP, Bel-2,
TNF receptor-associated factor 1 and ¢-FLIP
Release of cvtochrome ¢ from mitochondria, activation of caspases, induction
of p53-dependent transcriptional activation
Sensitizes TRAIL-induced apoptosis
Decrease in survivin, increase in Smac/DIABLO
Activation of caspases
Activation of p53 activity, induction of apoptosis in lung tissues, effect on
AP-1 and p53
Sensitizes TRAIL-induced apoptosis
Induction of TRAIL, along with Bid cleavage and the activation of caspases
Decrease in the expression of surviving
Release of ¢ytochrome ¢ from mitochondria
Effect on p53, activation of caspases, decrease in PCNA, increase in Bax
Bel-X L downregulation, mitochondrial release of evtochrome ¢, activation
of caspases
Shift in the ratio of Bax to Bel-2
PARP cleavage, nuclear condensation and fragmentation, induced MMP change
Activation of caspases, increase in Bax, decrease in Bel-2, upregulation of Bid,
Bak, downregulation of Bel-xL, inhibition of UV B-mediated apoptosis in mice
Increase in the expression of Fas receptor and FADD, activation of caspases
Fas activation, induction of p53, Bax and activation of caspases

Activation of caspases and PKCdelta

Activation of caspases and PARP cleavage

Decrease in the apoptotic sunburn cells, increase in p53, p21

Induced MMP change, release of cvtochrome ¢ from mitochondria,
downregulation of Bel-2 and enhancement of Bax

Dissipation of the mitochondrial inner transmembrane potential, activation
of caspase-3, induced apoptosis of prostate tumor cells in nude mice

Increase in protein expression of p53, p21 and Bax

Induction of p53, Bax and downregulation of Bel-2, cyvtochrome ¢ release,
activation of caspases

This list provides selected examples.




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

Pusobeni n-3 vs. n-6 MK

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

Spoluptisobenti s jinymi agens

Metabolismus kyseliny arachidonove
Uloha cykloogygenazy 2
Inhibitory metabolismu AA v terapii




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




Casovy prabéh uéinki kyseliny eikosapentaenové (n-3) na buriky
PUFAS INDUCE APOPTOSIS )

EPA /CONTROL
RATIO

Permxidation (ratio) -25

Peroxidation (ratio)
°% Dead (EPA)

% Apoptotic (EPA)
Biomass (ratio)

% Dead (control)

% Apoptotic (control)

% Dead (EPA)
% Apoptotic (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 (O). Poinrs, mean values for triplicate wells; bars, SE. Cell
number reduced significantly compared with control: "P < 0,05, P < 0.01.




Uéinky LA a OA na rast bunék nadoru prsu

™
o
~—
b1
°
2z
e/
S

-"': [ T i LSS | LS - |

1.00 150 200 250

pg/ml

Fig. 1. The effects of LA () and QA (@) on growth of the MDA-MHB-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 ditter-
ences in cell numbers compared with those in the absence of FA addition are:

< (.05, P < 0.01,




Modulation of prostate cancer cell growth by arachidonic acid
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Cytotoxicita indulovana EFA a jeji vztah k superoxidovym
radikalim a produktum 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) cells and non-tumongenic human skin fibroblasts (CCD-
415K) were exposed to EFAs as described in Table |. Cell viability and
hydroperoxide degradation products were determined 6 days after
supplementation. Superoxide radicals were determined by nitrobiue
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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Fig 1. Low dose of DHA, but not EPA, supp basal and EGF-stimulated mitogenesis of MC. MC were
treated with 10, or 100 pmol/L BSA (he ( ) ( rs) for 24 hours
in the absence (A) or presence (B) of EGF (2 mL) before assessment of ["H]-thymidine uptake. Data
expressed as mean * SEM 3 experiment ch performed in duplicate) gnificantly 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 tlusteho streva HT-29 ovlivnénych rybim olejem,
olivovym olejem, linoleovou a olejovou kyselinou

8 Control
8 Fish ol
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BControl
B Linoleic acid
OO0leic acid




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

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

» Mitogenni a viabilitni faktory (EGF, HGF atd.) a prozanétlivé cytokiny (TNF-a, IL-1) indukuji uvolhiovani
AA a tvorbu eikosanoidu, které slouzi jako prenasece nebo modulatory signalt regulujicich proliferaci a
apoptozu

 Nesteroidni antiflogistika (NSAID - aspirin, sulindac, indometacin, ibuprofen , piroxicam) inhibuji
aktivitu COX a maiji preventivni a terapeutické ucinky na rozvoj nadoru, zejména kolonu - vyuziti
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) inhibuji proliferaci a indukuji apoptozu rady nadorovych linii

» Produkty 5-LOX funguiji jako ,second messengers® fady rustovych a viabilitnich faktort

» Produkty 12-LOX se uplatiuji v procesu invaze a tvorby metastaz - ovlivnéni exprese proteaz,
adhezivnich molekul - vyuziti inhibitort




Stimulace produkce 5-HETE pusobenim AA
(ucinek inhibice 5-LOX aktivujiciho proteinu (FLAP) pomoci MK-886

SR -

ki) —=

T —

'
__II:|.|-|J F

! |
L] —
1
SRS
LA
=00} 3
| (] -+
i

-
-
=y
=
=
utt
e
=
-
i
-
-
—
—_
-
1
-
=
- |
-
I--
e
-
—
-
-
-
el
—
-
=
—
—r
=
-
=i
-
-

-
.
e —

1

SN P

et |
_—
=

-

[ LT |

Concrol AN
MESEG

Treatment



Reverze ucinku inhibice 5-lipoxygenazy 5-oxoETE
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Inhibitory 5-lipoxygenazy, ale ne 12-lipoxygenazy blokuji rust
stimulovany kys. arachidonovou u nadorovych bunéek prostaty




Uginky rtiznych metabolickych inhibitorti na rastové stimulaéni
ucinky kys. arachidonové




Uginky inhibitorti syntézy eikosanoidti na rist bunék nadoru
prsu v pritomnosti kys. linoleoveé
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Fig. 2. The effects of eicosanoid synthesis inhibitors in the pres-
ence of linoleic acid on cell growth. ®: indomethacin; O: pirox-
icam; ®:esculetin;0: nordihydroguaiaretic acid; *: p <0.05; **: p
< 0.01.
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Fig. 3. The effects of eicosanoid synthesis inhibitors in the pres-
ence of linoleic acid on *H-thymidine incorporation. ®: indo-
methacin; O: piroxicam; ®: esculetin; O: nordihydroguaiaretic
acid; *p < 0.05; **: p <(0.01.




Srovnani inhibiénich G¢inki indometacinu, NDGA a esculetinu na
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bunky nadoru prsu
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Fig. 5. Comparison of the inhibitory effects of indomethacin (D), NDGA (@),
and esculetin (A) on MDA-MRB-231 cell growth. The cells were counted after &
days of growth in serum-free medium containing 625 ng/ml of LA. Points, mean
values for triplicate wells: hars, SE.




Ucéinky indometacinu nebo piroxicamu na riist bunék nadoru prsu

™
o
x
=
@
2z
2
3

Inhibitor (ug/ml)

Fig. 4. The effects of indomethacin (O) or piroxicam (A) on MDA-MB-231
breast cancer cell growth. The cells were cultured for 6 days in serum-free medium
containing 625 ng/ml of LA, Peints, mean values for triplicate wells; bars, SE.
Cell number significantly less than control value: P < 0.01.




U¢inky piroxicamu, NDGA a esculetinu na riist neozafenych nebo ozatenych
bunék nadoru prsu (A) a leukemie (B)
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Figure 3. Growth of HS578T (A) and U937 (B) cells cultivated in the absence (diamonds)
or in the presence of 50 pmol/l PIROX (squares), 25 pmol/l NDGA (circles) or 50 pmol/1
ESCUL (triangles). The solid lines and solid symbols represent nonirradiated cells. The
dashed lines and open symbols represent cells irradiated with 5 Gy. The data are means
+ S.E.M. for three independent experiments performed in triplicates.




Uéinky esculetinu na kumulativni vyskyt prsnich nadort u krys
krmenych nizko- a vysokotukovou dietou
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Fig. 1. Effects of esculetin on the cumulative incidence of
palpable mammary tumors in rats fed high-'or low-fat diet.
©, high-fat; ~, high-fat plus esculetin; ®, low-fat; A, low-fat
plus esculetin.




Vhodnost volby modelu

Studie in vivo

— poskytuji informaci o celkove (systemove)
opdpovedi organismu, relativné mene vhodne ke
studiu mechanismu ucinkt na subbunécné urovni

Studie in vitro

- nelze z nich mechanicky zobecnovat zavery pro
systemy /n vivo (chybi zapojeni vyssich regulacnich
systému), idealni pro studium mechanismu ucinku
na subbunecne urovni

Cloeru

Biofyzikélni Ustav AVCR, BRNO




PREZIVANI ZVIRAT
s nadorem (G:5:113)
PO TERAPII

S INHIBITORY
CYKLOOXYGENAZ

—+— Kontrola

= =Dicloph 0.15 mg p<0,01
=+ Dicloph 0.5 mg p<0,05
== |buprof 0.5 mg

== lbuprof 0.15 mg p<0,01

=®— Flurbiprof 0.5 mg

=+ Flurbiprof 0.15 mg p<0,05 ( lnborntorq

Institute of Biophysics, Brno
Academy of Sciences

Czech Republic




A) Ibuprofen B) Flurbiprofen

| —e—Control (n=37) 9 | —e—Control (n=37)
4 —A— ibuprofen 0.5mg (n=20) ! 8 4+ — O flurbiprofen 0.5mg (n=10)
. A ibuprofen 0.15mg (n=12) 74+ —0O  flurbiprofen 0.15mg (n=21)

C) Diclofenac

t+ e————Control (n=37)
- —{3— diclofenac 0.5mg (n=10)
O - diclofenac 0.15mg (n=27)

Rust fibrosarkomovych bunék G:5:113 in vivo v syngennich mysich ovlivhénych
nesteroidnimi protizanetlivymi latkami. Péet dni po injekci bunek G:5:113 byla
zvirata ovlivnéna COX inhibitory a kazdy tyden byla stanovena velikost tumoru.




B) Cell viability
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Malé _in vitro efekty nesteroidnich protizanétlivych latek (inhibitortii COX)
na proliferaci a viabilitu bunék G:5:113. Stanoveno po dvou dnech

inkubace.




A) Tumor size B) Survival of mice

—&— Control (n=20)
~{3- NDGA (n=18)
------ A Esculetin (n=20)

-~ Control
~O0— NDGA 0.1 mg/day

—A- esculetin 0.06 mg/day

3 5 7 g 11 13 15

Riast bunék G:5:113 in vivo_v_syngennich mySich a prezivani_mysi

nesoucich nador ovlivnénych NDGA nebo esculetinem. Péet dni po injekci
bunék G:5:113 byla zvirata ovlivnéna LOX inhibitory a kazdy tyden byla
stanovena velikost tumoru, preziti zvirat bylo monitorovano kazdy den.




Tumor size

—e— Control (n=20)
0O NDGA (n=20)
A~ Esculetin (n=19)

Studium tumorigenicity bunék G:5:113 in_vitro ovlivnénych NDGA a
esculetinem. Bunky byly ovlivhény 48 h inhibitory LOX, poté byly
preneseny s.c. do syngennich mysi a bez dalsi terapie byly ponechany do
konce experimentu. Velikost nadoru byla stanovovana tydné.




A) Cell number and viability B) Cell number and viability
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Vyznamny efekt (LOX inhibitoru) NDGA a esculetinu na in _vitro proliferaci
bunék G:5:113 po 48 hodinovém pusobeni.




% Cytotoxicity (E/T=20/1)
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Fig. 4. Effect of the cyclooxygenase metabolite, PGE5, on the development of tumor-
icidal function in indomethacin-treated, AM, PM, and PBM from cancer patients. PGE;
(10~% m) was added simultaneously with 100 units/ml IFN-y and 2 pg/ml indomethacin
to macrophage cultures. The effector:target ratio used was 20:1. The results presented are
from variable numbers of donors (range, 6-10) for each type of macrophage. Bars, SD.
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Fig. 5. Effect of the lipoxygenase metabolite, LTC, on the development of tumoricidal
function in NDGA-treated, AM, PM, and PBM from cancer patients. LTC4 (107'° M) was
added simultaneously with 100 units/ml IFN-y and 40 um NDGA to macrophage cultures.
The effector:target ratio used was 20:1. The results presented are from variable numbers
of donors (range, 4-8) for each type of macrophage. Bars, SD.
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DIETETICKA DOPORUCENI
Zdravi a prevence chorob
(nedostatek a nadbytek potravy, spravna vyziva)
Terapeuticke vyuziti —nutricni farmakologie
(adjuvantni terapie, ,,disease specific nutrition®,
nosice leku

Parenteralni a enteralni vyziva




VYZNAM SLOZENI TUKU V PARENTERALNI VYZIVE PACIENTU

LCT - “long chain” triglyceridy - z rostlinnych olej s vysokym obsahem PUFA
(dulezity pomér n-3 : n-6) - regulacni funkce, mohou zySovat nebo sniZzovat napf.
produkci TNFa (kachektin) - prozamétlivy cytokin spojeny s kachexii

MCT - “medium chain” triglyceridy - nasycen¢ MK (6-12 uhlikt) - zdroj energie,
plsobi proti supresi imunitnich a fagocytarnich funkci u siln€ stresovanych pacientt.
1) Slozeni lipidovych vyziv ovliviiuje spektrum lipida v plasmé 1 v bunécnych
membranach, pricemz metabolismus a obrat fosfolipidi v membranach
transformovanych-nadorovych bunék se zasadné liSi od bun€k netransformovanych-
nenadorovych.

2) Zmény ve slozeni fosfolipidit membran méni jeji vlastnosti (fluiditu, produkci
volnych reaktivnich radikalti a biologicky aktivnich metaboliti - eikosanoidi), coz se
dale odrazi ve schopnosti prijmu a ptenosu signalu dilezitych regulacnich molekul s
naslednymi ucinky na dulezité biologicke procesy jako jsou bunécny riist, diferenciace a
apoptoza a dale funkce bunck imunitniho systému

3) PUFASs a jejich metabolity mohou byt dilezitymi regulatory genove exprese.
Predpoklada se, Ze tyto latky jsou schopny ovliviiovat aktivitu transkripénich faktort,
ktere se pak vazi na klicove elementy spojene se specifickymi geny.

4) Zmeény membran a rustovych vlastnosti nadorovych bunék po puisobeni PUFA
mohou modulovat jejich citlivost k riznym terapeutickym zasahtim.

5) Inhibitory metabolismu AA, tj. produkce eikosanoidii, k nimz patfi 1 fada bézn€ v
klinice vyuzivanych NSAID, mohou vyznamnym zptisobem modulovat zminéné
procesy.




Slozeni a vyuziti lipidovych emulzi

Smesi prirodnich oleju (sojovy —LCT, kokosovy — MCT),
emulgovane fosfolipidy (vajeCny lecitin, sojove fosfolipidy),
1zotonizacni prisada (glycerol)

Tukove Castice podobne chilomikrontum

Parenteralni vyziva — emulze soucast tzv. ,,all-in-one* vaku

Funkce - zdroj energie a esencialnich MK

Na zaklad€ novych poznatkll o regulacni tlloze lipidu vyuZiti
jako farmaka




VYZKUM V LABORATORI CYTOKINETIKY BFU AV CR

Vyzkum je zaméren zejména na na pusobeni lipidovych sloZek vyzivy a
mechanismy pusobeni latek lipidové povahy v kontextu jejich interakci s
fyziologickymi regulatory rustu a environmentalnimi polutanty .

Jsou studovany procesy vedouci ke zménam regulace bunécné kinetiky a
komunikace.

Ziskane¢ vysledky maji vyznam jak pro obecné studium procesu
karcinogeneze (negenotoxické mechanismy) stak pro oblast ekotoxikologie,
nadorové prevence a hledani novych protinadorovych terapeutickych
postupii.

Poznatky o uloze specifickych lipidovych slozek vyzivy mohou byt podkladem
pro optimalizace parenteralnich lipidovych emulzi ve spolupraci s klinickymi
pracovisti a vyrobni sférou.

Cilem je prohloubit poznani a nové definovat potencialni ulohu latek lipidové
povahy zejména vysoce nenasycenych mastnych kyselin a jejich derivatu

v mezi- a vnitrobunécnych komunikacich podilejicich se na regulaci
bunécného déleni, diferenciace a apoptozy.




» Vyzkum interakce VNMK s endogennimi regulatory
rustu a apoptozy (cytokiny, induktory apoptozy - zejmeéna vliv
na cytokinetiku, mechanismy) - terapeuticke aplikace, lipidovée
VYZIVY

P Vyzkum interakce VNMK s environmentalnimi polutanty
(rozpustnost v tucich, aktivace metabolismu lipidu a jejich tloha
v pusobeni polutantii - cytokinetika, transdukce signalu,
mezibunécna komunikace)

» Vyzkum interakce VNMK s vybranymi farmaky
(mechanismy pusobeni NSAID-nesteroidnich antiflogistik,
modulace uCinkl cytostatik - terapeuticke aplikace)




