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Uloha genu a prostfedi ve vyvoji nadora
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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 (p. + 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.




Geny spojené s rizikem ruznych typu nado
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Typy nadoru spojované s konzumaci
alkoholu a kourenim

Fig. 3. Cancers that have been linked to alcohol and smoking. Percentages represent the cancer mortality
attributable to alcohol and smoking in men and women as reported by Irigaray er al. (see 13).
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Ruzné typy nadoru spojené
s obezitou
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Fig. 5. Various cancers that have been linked to obesity. In the USA overweight and obesity could account
for 14% of all deaths from cancer in men and 20% of those in women (see 51).
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Ruzné typy nadoru spojené
s infekci

Hepatocellular carcinoma
(Hepatitis-B, Hepatitis-C)
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(HPV-6, HPV-16, HPV-18)
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Fig. 6. Various cancers that have been linked to infection. The estimated total of infection attributable cancer in the
year 2002 is 17.8% of the global cancer burden. The infectious agents associated with each type of cancer is shown
in the bracket. HPV Human papilloma virus, HTLV human T-cell leukemia virus, HIV human immunodeficiency

virus, EBV Epstein-Barr virus (see 57).
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Ruzné typy nadoru spojené
s environmentalnimi karcinogeny

Fig. 7. Various cancers that have been linked to environmental carcinogens. The carcinogens linked to each cancer
is shown inside bracket. (see 64).

Anand P et al., Pharmaceut Res 2008




Vznik a rozvoj nadoru
genetické faktory + faktory vnéjsiho prostredi
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Ovoce, zelenina, koreni a cerealie
pusobici protinadorové

Cereals

Vegetab'; -

Fig. 8. Fruits, vegetables, spices, condiments and cereals with potential to prevent cancer. Fruits include ! apple, 2 apricot, 3 banana, 4 blackberry, 5
cherry, 6 citrus fruits, 7 dessert date, 8 durian, 9 grapes, /0 guava, // Indian gooseberry, /2 mango, /3 malay apple, /4 mangosteen, /5 pineapple,
16 pomegranate. Vegetables include 7 artichok, 2 avocado, 3 brussels sprout, 4 broccoli, 5 cabbage, 6 cauliflower, 7 carrot, § daikon 9 kohlrabi, 70
onion, // tomato, /2 turnip, /3 ulluco, /4 water cress, /5 okra, /6 potato, /7 fiddle head, /8 radicchio, /9 komatsuna, 20 salt bush, 2/ winter squash,
22 zucchini, 23 lettuce, 24 spinach. Spices and condiments include / turmeric, 2 cardamom, 3 coriander, 4 black pepper, 5 clove, 6 fennel, 7
rosemary, § sesame seed, 9 mustard, 10 licorice, 11 garlic, 12 ginger, 13 parsley, /4 cinnamon, 15 curry leaves, /6 kalonji, /7 fenugreek, /8 camphor,
19 pecan, 20 star anise, 21 flax seed, 22 black mustard, 23 pistachio, 24 walnut, 25 peanut, 26 cashew nut. Cereals include 1 rice, 2 wheat, 3 oats, 4
rye, 5 barley, 6 maize, 7 jowar, § pearl millet, 9 proso millet, /0 foxtail millet, / little millet, /2 barnyard millet, /3 kidney bean, /4 soybean, 15
mung bean, /6 black bean, /7 pigeon pea, /8 green pea, /9 scarlet runner bean, 20 black beluga, 2/ brown spanish pardina, 22 green, 23 green
(eston), 24 ivory white, 25 multicolored blend, 26 petite crimson, 27 petite golden, 28 red chief. .




Karcinogeny aktivuji a chemopreventivni latky
tlumi transkripéni faktor NFkB - hlavni mediator
zanétu
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Fig. 10. Carcinogens activate and chemopreventive agents suppress NF-«B activation, a major mediator of inflammation.
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Faktory zivotniho prostredi
a zivotniho stylu




Faktory ovliviujici riziko nadoru

Osobni i populaéni riziko je vétSinou dano externimi faktory

GLOBAL
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Personal and population risk of cancer is mostly determined by external factors. Once people are made aware of what affects their risk, what they do
might seem to be a simple matter of personal choice. However, this figure illustrates that many factors influence patterns of food and drink
consumption, physical activity, and breastfeeding. These factors can be broadly categorised as being in the dimensions of the physical environment or
of economic or social drivers. However, there is substantial overlap between the categories (depicted by the graduation in colour in the horizontal
green bars). These factors can operate on a global, national, or local level. Again, there can be overlap between these levels (indicated by gradual
change in shade from top to bottom). As experienced at a personal level, these factors impact the accessibility, affordability, and acceptability of foods
and drinks, breastfeeding, and physical activity.




Potraviny, vyziva a fyzicka aktivita v
prevenci nadoru

Summary of ‘convincing’ and ‘probable’ judgements
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Foods containing dietary fibre

Aflatoxins

Non-starchy vegetables' i | ﬂ | |

Allium vegetables

Garlic Q
Fruits’ D | [ ‘ I |

Foods containing folate

Foods containing lycopene

Foods containing selenium’®

Red meat g

Processed meat

Cantonese-style salted fish Q

Diets high in calcium® Q Q

Energy-dense foods® E
Low energy-dense foods

Salt, salted and salty foods

Arsenic in drinking water @

Maté
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Adult weight gain

Adult attained height —] -_I]-_‘

Greater birth weight
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KEY - - uthMphWh;%qm Enhunfmmmll and studies using
This matrix, from page 370 of the 2007 WCRF/AICR Diet and Cancer Report, dlsplays the Panel 's most confident judgements on the
strength of the evidence causally relating food, nutrition, and physical activity with the risk of cancer. It is a synthesis of all the matrices
introducing the text of Chapters 4, 5, 6, 7, and 8 of the 2007 WCRF/AICR Diet and Cancer Report, but shows only judgements of
‘convincing’ and ‘probable’, on which its recommendations are based. It does not show a detailed breakdown of the individual foods,
drinks, and their constituents.

In this matrix, the columns correspond to the cancer sites that are the subject of Chapter 7 of the 2007 WCRF/AICR Diet and Cancer
Report and body fatness that is the subject of Chapter 8. The rows correspond to factors that the Panel judges to be ‘convincing’ or
‘probable’, either as protective against or causative of cancer of the sites specified. Such judgements usually justify public health goals and
personal recommendations. The strength of the evidence is shown by the height of the blocks in this matrix — see the key.
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ny chronickych onemocneéeni

Priciny umrti v USA, 1997%*

Muzi x 10° ien_y x 10°

VSechny priciny 1154 1160
Srdecni choroby 357 370
Rakovina 281 258
Cerebrovaskularni ch. 62.6 97.2

* (Greenlee, 2000)

Zivotni styl jednotlivce je spojen s rizikem vzniku korondrnich srdeénich
chorob, mrtvice, rakoviny nebo diabetes typu II



Znameé a predpokladané priciny vzniku
lidskych nadort

Table 2.7 Known or suspected causes of human cancers

Environmental and lifestyle factors known or suspected to be etiologic
for human cancers in the United States?®

Type % of total cases®
Cancers due to occupational exposures 1-2
Lifestyle cancers
Tobacco-related (sites: e.g., lung, bladder, kidney) 34
Diet (low in vegetables, high in nitrates, salt) (sites: e.g., stomach, 5
esophagus)
Diet (high fat, lower fiber, broiled/fried foods) (sites: e.g., bowel, 37
pancreas, prostate, breast)
Tobacco and alcohol (sites: mouth, throat) 2

Specific carcinogenic agents implicated in the causation of certain cancers®

Cancer Exposure

Scrotal carcinomas chimney smoke condensates
Liver angiosarcoma vinyl chloride

Acute leukemias benzene

Nasal adenocarcinoma hardwood dust
Osteosarcoma radium

Skin carcinoma arsenic

Mesothelioma asbestos

Vaginal carcinoma diethylstilbestrol

Oral carcinoma snuff

aAdapted from Cancer Facts and Figures, American Cancer Society, 1990.

bA large number of cancers are thought to be provoked by a diet high in calories acting in
combination with many of these lifestyle factors.

‘Adapted from S.Wilson, L. Jones, C. Coussens and K. Hanna, eds., Cancer and the Environment:
Gene-Environment Interaction, Washington, DC: National Academy Press, 2002.

Table 2.7 The Biology of Cancer (© Garland Science 2007)
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Figure 11.2 The Biology of Cancer (© Garland Science 2007)



Faktory ovliviujici preménu zdravé bunky
v nhadorovou v prlibéhu let
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Zivotni styl a dalsi faktory ovliviiujici riziko
vzniku nadori

Typ nadoru Zvyseni rizika Snizeni rizika
Tlusteho streva a Aden_omatozvr_u polypy, zanet streva, Fyzickd aktivita
rekta obezita (muzi)
Brzka prvni menstruace, pozdni
menopauza, prvni téhotenstvi v pozdnim e
Prsu véku, vysoky vzrlst, obezita (po Fyzicka aklivita
menopauze)
Plic Koureni, profesni zatéz Fyzicka aktivita
Zaludku Infekce Helicobacterem pylori
Délozniho Cipku Lidsky papillomavirus, koureni
Délohy Expozice estrogenu, obezita
Jicnu Koureni, gastro-esophagalni reflux
(Barrettdv jicen)
Slinivky brisni Koureni
Koureni, profesni zatéz, schistosomalni
Krve :
infekc
Vaie&niki Dlouhodobé uzivani oralni
J hormonalni antikoncepce




AN L0'4 y

Hlavni priciny umrti na nadorova
onemocnéni v USA, 1999

Zivotni styl % z celk. poctu
Dieta s vysokym obsahem tukd a smazenych jidel a s nizkym 35
obsahem nestravitelné viakniny, zeleniny a ¢aje mlze vést

ke vzniku nadord kolorekta, prsu, slinivky brisni, prostaty, vajecnik{

a délohy.

Dieta s vysokym obsahem soli a konzervovanych jidel a s nizkym 2-3
obsahem zeleniny a ¢aje mlze vést ke vzniku nadoru zaludku.

Uzivani tabaku mlze vést ke vzniku nador( plic, hrtanu, Ustni dutiny, 36
mocového méchyre, ledvin, slinivky brisSni nebo Zaludku.

Tabak a alkohol mohou zpUsobit vznik nadort Ust, jicnu nebo slinivky 6
brisni.

Uzivani alkoholu m{ze vést ke vzniku nadorl jater nebo jicnu. 3
Slunecni zareni a genetické faktory mohou zpUsobit vznik melanoma. 2

Nedostatek pohybu, sedavé zaméstnani a obezita mohou pfispivat

k vyskytu nadorovych onemocnéni.

Podobné faktory Zivotniho stylu mohou vést i ke vzniku kardiovaskular-
nich chorob.

20



The figure shows

Figure 2.8 Smoking and lung cancer. Experiences in two countries
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Data for smoking prevalence come from WHO Global Infobase®® and for
lung cancer incidence from the WHO database on the [ARC website.?! Both
countries used surveys that included rural and urban data. USA smoking
data from 1980-1990 are for age 35+, for 2001 and 2003 are for aged 20+,
and for 2005 are for age 18+. UK smoking data are for ages 16+.




Rady pro snizeni rizika vzniku
nadort

‘Nekurte

Pravidelné cvicte

‘Nebud'te sexualné promiskuitni
\lyvarujte se dlouhému pobytu na primém
slunci

*Vyvarujte se rizika hepatitidy B a C



onemocheéni

Realistic Goals for Reducing Cancer Mortality

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

Realné cile pro snizeni mortality na nadorova

Snizeni umrtnosti zahrnuje
zejména zmenu zivotniho
stylu:

«omezeni koureni a podporu
zdravé vyzivy a fyzické aktivity



« zvySeny prisun kalorii
(snizeny) vydej

« vysoky obsah tukd

« nerovnovaha v lipidovém
metabolismu

Negenetické priciny vzniku
kardiovaskularnich a
nadorovych onemocnéni

Strategie minimalizace
rizika vzniku onemocnéni

*Fyzicka aktivita
relaxace, ,mir na dusi"
*snizeni stresu

-zadné koureni
*Spravna vyziva



Typy studii ulohy rtiznych faktortiv etiologii
onecmocneéni

Etiologie — studium plvodu a pricin nemoci

-experimentalni studie /in vitro — cilené studie na Urovni
bunécné a molekularni (bunécné kultury, moderni metody
molekularni biologie)

-experimentalni studie /n vivo - cilené studie na laboratornich
zviratech

-klinické studie — cilené studie na pacientech i na zdravych
jedincich, retrospektivni studie

-epidemiologické studie — Udaje z vybranych populaci, vztahy
mezi Zivotnim stylem a vyskytem onemocnéni

‘migracni studie — dllezité pro vyzkum podilu dédicnych faktor{
a faktorl prostredi
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Vyziva — slozky potravy

Vyziva — prevence rakoviny
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Vyziva — sloZeni potravy hraje roli v karcinogenezi fadou rliznych
mechanizmd.

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

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

Ukazalo se, ze prijem tukl mdlze zvysovat riziko nador0.
Epidemiologické studie predpokladaji pozitivni korelaci mezi prijmem tukd a
nadory prsu, kolonu a prostaty.

Navzdory dlouhé historie studii tukl a nador(, zlstava rada protikladd.

Ukazuje se, ze nejen kvantita, ale i kvalita hraje dUlezitou roli a Ze se zde
uplatnuji i tuky rostlinné, zejména esencialni vysoce nenasycene mastne
kyseliny (PUFAs) typu n-3, n-6, olivovy olej atd.



Umrti na nadorova onemocneéni
v souvislosti s vyzivou, 1997*

USA Ostatni

Muzi Zeny Muzi Zeny

x 10° x 107 X 10° X 10°

: Zaludek (sul) # 7.6 5.4 3970 2300

Kolon (smazena jidla, tuky) 23.1 24.6 2220 2150

Rektum (smaz. jidla, tuky, alkohol) 4.7 3.9 2220 2150
. Slinivka bF, (smaz, jidla, tuky) $ ............. 13T i 145, e, 900.............. 780......]

Prs (smaz. jidla, tuky) § 0.4 40.8 - 3140

Déloha (obezita, tuky) - 6.5 - 420

Vaje€niky (tuky) - 14 - 1010

Prostata (smaz. jidla, tuky) 31.9 - 1650 -
Jatra (mykotoxiny) || 10 5.3 3060 1210

* Spocéitano a adaptovano podle Greenleeho, 2000 a Parkina et al., 1999.
# Také bakterie Helicobacter pylori .

$ Také koureni.

§ V USA predevsim po menopauze.

|| Také nadmérny pfijem etanolu a antigeny hepatitidy.
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Rizikové faktory vyzivy pro

nadort

hlavni typy

Pravdépodobné

Mozna zvysuje

Typ nadoru zvyEuie riziko Snizuje riziko riziko Snizuje riziko
i . Cervené maso _ . |Akohol )
Tlustého streva , Zelenina, viaknina Folat
Zpracované maso Tuk
Alkohol
Prsu Cervené maso Zelenina Ovoce, Fyto-estrogeny
Opecené maso
. Alkohol ]
Plic Ovoce a zelenina
Maso
il 0 eni
Zaludku Nakladané a voce a zekenina Karotenoidy
‘L Vitamin C
konzervovane jidlo
Prostaty Vitamin E (Cervene) maso Zelenina

Tuk

Délozniho Cipku

Ovoce a zelenina
Vitamin C

Folat, Vitamin A

Jicen Alkohol Ovoce a zelenina
Slinivka bFisni Cervené maso Ovoce a zellenina
Vitamin C, viaknina
Krve Ovoce a zelenina
Jater Alkohol




D Slozky potravy ovlivinujici geneticke a
epigenetické deje v organismu

Nutrient group Example

Phytochemicals Carotenoids, flavonoids, indoles,
isothiocyanates, allyl sulfur

Zoochemicals Conjugated linoleic acid, n-3 fatty acids

Fungochemicals 3-glucans, lentinan, schizophyllan, and
other compounds in mushrooms

Bacteriochemicals Equol, butyrate, and other compounds
formed from gastrointestinal flora
fermentation




Nerovnovaha mezi prijmem a vydejem energie
ve vztahu k obezité a chronickym onemocnénim

Gene-Nutrient
Imbalance

Energy
expenditure

/

\
‘ ( Phytochemicals)

Physical activity
Whole grains
Fruits

Vegetables

( Carcinogen) Soy protein

High fat/calories
High n-6 fats

Genetic Susceptibility
Growth factors

( Polymorphisms )

Genetickeé polymorfismy posouvaji rovnovahu mezi prijmem a vydejem energie.
VySSi prijem energie, nizky pomér nenasycené/nasycené tuky, inzulinova resistence,
a sedavy Zivotni styl jsou rizikovymi faktory vedoucimi k obezité a chronickym
onemocnénim (srdecni choroby, diabetes a nadory). To je vyvaZovano fyzickou
aktivitou a dietou bohatou na cela zrna, ovoce, zeleninu, soju atd., ktera snizuje
riziko téchto chorob. (Trujillo E., J Amer Diet Assoc., 106, 2006)



Bioaktivni slozky potravy mohou ovlivhovat
geneticke i epigenetické deje souvisejici se vznikem

\'4 V 4
onemaocneni
Carcinogen metabolism
Inflammatory Ao Hormone regulation
response g
Lo ) )/~
Substrate ,-, \
T nuwm

: (active food

components

Cell differentiation

Apoptosis

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

Truiillo E., J Amer Diet Assoc., 106, 2006 Q




Indukce apoptozy slozkami diety

Table 1. Dietary agents shown to induce apoptosis of cancer cells in vitro or during chemopreventive intervention

Dietary agent Major dietary source Target/mechanism References
EGCG Green tea Activation of Fas (16)
Enhancement of TR AIL-induced apoptosis (20)
Activation of caspases (34)
Release of cytochrome ¢ from mitochondria, inhibition of Bel-2 (34, 35, 38)
Reduction in tumor growth and increase in apoptotic markers in mice (34)
Curcumin Turmeric TRAIL-induced apoptosis, activation of caspases (18)
Release of cytochrome ¢ from mitochondria (36)
Increase in the number of apoptotic tumor cells in mice (61)
Genistein Soybean Degradation of c-FLIP (24)
Induced MMP change, caspase-3 activation and PARP cleavage (29)
Downregulation of Bel-2 and Bel-XL expression, activation of caspase-3 (40)
Indole-3-carbinol Cruciferous vegetables Downregulation of Bel-2, Bel-xL, IAP, X chromosome-linked IAP and FLIP (23, 25)
Downregulation of survivin, IAP1, IAP2, X chromosome-linked 1AF, Bel-2, (55)
TNF receptor-associated factor | and c-FLIP
Resveratrol Grape, red wine Release of cytochrome ¢ from mitochondria, activation of caspases, induction (15)
of p53-dependent transcriptional activation
Sensitizes TRAIL-induced apoptosis (19)
Decrease in survivin, increase in Smac/DIABLO (63)
Isothiocyanates Cruciferous vegetables Activation of caspases (39)
Activation of p53 activity, induction of apoptosis in lung tissues, effect on (52)
AP-1 and p53
Luteolin Celery, green pepper Sensitizes TRAIL-induced apoptosis (21)
and peppermint Induction of TRAIL, along with Bid cleavage and the activation of caspases (22)
Decrease in the expression of surviving (56)
Lycopene Tomato Release of cytochrome ¢ from mitochondria (33)
Effect on p53, activation of caspases, decrease in PCNA, increase in Bax (54)
Anthocyanins Pomegranate Bcl-XL downregulation, mitochondrial release of cytochrome ¢, activation (37)
of caspases
Shift in the ratio of Bax to Bel-2 (43)
Delphinidin Pigmented fruits and PARP cleavage, nuclear condensation and fragmentation, induced MMP change (31)
vegetables such as Activation of caspases, increase in Bax. decrease in Bcl-2, upregulation of Bid, (48)
strawberry and pomegranate Bak, downregulation of Bel-xL, inhibition of UVB-mediated apoptosis in mice
Lupeol Mango, olive and grape Increase in the expression of Fas receptor and FADD, activation of caspases (14)
Caffeic acid Honey Fas activation, induction of p533, Bax and activation of caspases (17, 68)
phenethyl ester
Apigenin Parsley, celery and lettuce Activation of caspases and PKCdelta (41, 64)
Silymarin Milk thistle Activation of caspases and PARP cleavage (42)
Decrease in the apoptotic sunburn cells, increase in p53, p21 (67)
Gingerol Ginger Induced MMP change, release of cytochrome ¢ from mitochondria, (47)
downregulation of Bel-2 and enhancement of Bax
Capsaicin Red pepper Dissipation of the mitochondrial inner transmembrane potential, activation (30)
of caspase-3, induced apoptosis of prostate tumor cells in nude mice
Increase in protein expression of p53, p21 and Bax (46)
Organosulfur compounds  Garlic and onion Induction of p53, Bax and downregulation of Bcl-2, cytochrome ¢ release, (49)

activation of caspases

This list provides selected examples.

Khan N. et al, Carcinogenesis 28, 2007 a



Apoptoza indukovana dietetickymi faktory
indukce signalnich drah

SURVIVAL FACTORS,

E’*I' l.\ DEATH LIGAND GROWTH FACTORS

EGCG, LUTEOLIN
RESVERATROL, LUPEOL,
APIGENIN, GENISTEIN,CAPE

@Wm‘“ﬁ

GENISTEIN,
13C, CURCUMIN

EGCG, APIGENIN
DELPHINIDIN, ITC,
CURCUMIN, PFE,
RESVERATROL,0SC,
GENISTEIN, LUPEOL,
LUTEOLIN,LYCOPENE,

EXTRINSIC
PATHWAY

EGCG,RESVERATROL, PFE,
13C, CURCUMIN, GENISTEIN,
LUPEOL, LYCOPENE, APIGENIN,

DELPHINIDIN,SILYMARIN

RESVERATROL,

EGCG, RESVERATROL,
LUPEOL, APIGENIN,
PFE, CURCUMIN, OSC,
GENISTEIN, 13C, ITC,
DELPHINIDIN,CAPSAICIN,|
SILYMARIN

DNA DAMAGE

INTRINSIC
PATHWAY

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

ILYMARIN,CAPSAICI

EGCG,ITC

Fig. 1. Induction of apoptosis by dietary chemopreventive agents. The extrinsic pathway is initiated by ligation of transmembrane death receptors (CD95, TNF
receptor and TRAIL receptor) to activate membrane-proximal (activator) caspase-8 via the adaptor molecule FADD. This in turn cleaves and activates effector
caspase-3. Dietary agents block the death receptor and also target the caspases blocking the caspase cascade. This pathway can be regulated by c-FLIP, which
inhibits upstream activator caspases and IAPs, that affects both activator and effector caspases. The intrinsic pathway requires disruption of the mitochondrial
membrane and the release of mitochondrial proteins into the cytoplasm. Stress signals elicited by the dietary chemopreventive compounds regulate the
proapoplotic proteins and antiapoptotic proteins, leading to the release of cytochrome ¢ from the mitochondrial inner membrane. Cytochrome ¢ forms an
apoptosome with Apaf-1 and caspase-9, thereby initiating the apoptotic caspase cascade, whereas Smac/DIABLO and high-temperature requirement 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 me mbrane, regulating the release of cytochrome ¢ and other proteins. The activation of the
caspase cascade occurs by the TNF family receptor and it also causes activation of Bid that activates mitochondria-mediated apoptosis. Bax is activated and
releases cytochrome ¢ and other mitochondrial proteins. Dietary agents can also block growth factor-mediated antiapoptotic signals through the direct inhibition of
the binding of growth factors to the receptor or inhibition of the downstream phosphatidylinositol 3-kinase (PI3K)-Akt pathway. Blue color of dietary
chemopreventive agents denotes that both the in vivo and in vitro effects have been demonstrated and red color denotes that only in vifro effects have been
demonstrated.

Khan N. et al, Carcinogenesis 28, 2007 a



[ Genomics + proteomics = cytomics ]

Metabolomics Transcriptomics
Nutrigenomics
Pharmacogenomics Lipidomics

védecké sméry od mapovani

OM I CS“ vnitrniho S|:,>ektra Iipidﬁ

174 v biologickych systemech k popisu
funkce a metabolismu jednotlivych
lipidd.



Interakce zivin a genomu

Nutrient Absorption NI_UtrigeniFiia, h ant
Nutrient Utilization : Vilv genetickycn variant na
Food/Nutrient Food/Nutrient pozadavek, utilizaci, toleranci

Tolerance a metabolismus Zivin
Nutrient Requirement

VS.

Nutrigenomika

modulacni Uloha Zivin na
evoluci genomu, frekvenci
mutaci, in-utero viabilitu

solwousbunNn

Nutrigenomika zpétné
ovliviuje genetické variace
pozorované v rliznych lidskych
populacich

Nutrigenetics

Genome Evolution/Selection
Genome Mutation Rate
& | in-utero Genome Viability
Genetic Genome Programming
Variation Gene Expression

Stover PJ and Caudill MA J Am Diet Assoc 2008



OMICS, farmakogenomika, nutrigenomika

’ Nutrigenetics @
Nutritional
> 4 Epigenetics

i i Nutritional
Bioactive <" = 4 ’ .
Food Transcriptomics
Components

mo-qo:m\n-ﬂﬂcz

/

Proteomics

Metabolomics e

Metabolite

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

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



Ovlivnéni metylace DNA slozkami diety
(methionin, folat, cholin)

DNA Methylation: Essential for Normal Functioning of an Organism

,Brain 5. Methyl group attach
_: AT TN to ;peciﬁc sites gn
1. Ingestionof | . % of® . the DNA stran
nutrients (4 -

Tightly coiled
DNA strand

© 4, Dietary methionine,
folate and choline
enter the cells

AN
\|
,' 2. Nutrients
4 J metabolized

Methyl tags Cbases

3. Nutrients absorbed
by small intestine
and transported via
the blood stream to
cells in the body

Metylace v promocni oblasti tlumi genovou expresi

— snizeni proliferace
.. Trujilo E., J Amer Diet Assoc., 106, 2006 (-1



Rozvoj nadorového onemocnéni kolonu
(od benigni neoplasie do invazivniho
maligniho stadia) trva radu let

Mormal colonic mucosa

Genomic instability

Chronic inflammation
L

Hyperplasia

Adenomatous
Clonal expansion >>— Polyp
Formation

r
Intraepithelial (pre-invasive) necplasia
i

¥
Invasive neoplasia

L 4
Metastases

Figure 1 Simplified view of the initiation and progression of colon cancer.




Faktory ovlivaujici vzniku a rozvoj
nadort kolonu

Eicosanoids Cytokines
) PGs TXs, LTs TMNF-alpha, IL-6, IL-1,
Fatty acids IFN-gamma
Saturated Enzymes
n-6 PLUFA T-alpha dehydroxylase
n-3 PUFA 0DC
PLA; and PLC
COX-2
PKC
iNCS
Oxidative stress Tumour initiation Caspasas
Antioxidants and growth
Signalling proteins
Bel-2
Second messengers Ras
DAG p21
Ceramide p27
Tumour-derived Growth factors NF kB
factors IGF-I Bax
PIF IGFEP-G
LIF

Figure 3 Involvement of various factors in colon cancer. TNF, tumour necrosis factor; IL, interleukin; IFN, interferon;
PG, prostaglandin; LT, leukotriene; TX, thromboxane; ODC, ornithine decarboxylase; PL, phospholipase; PKC, protein
kinase C; COX-2, inducible cyclooxygenase; iNOS, inducible nitric oxide synthase; IGF, insulin growth factor; IGFBP,
insulin growth factor binding protein; PIF, proteolysis inducing factor; LIF, lipolysis inducing factor; DAG, diacylglycerol;
PUFA, polyunsaturated fatty acid.



Lipidové slozky vyzivy — vysoce
nenasycené mastneé kyseliny (VNMK)

Imbalance v lipidovém metabolismu hraje roli u mnoha zavaznych
onemocneni

\lysoka hladina cholesterolu je spojena s kardiovaskularnimi chorobami,
které jsou nejCastéjsi pricinou umrti v populaci.

-Lipidy produkované burikami imunitniho systému jsou zahrnuty

v zanetlivych onemocnénich jako je revmatoidni artritida, sepse, astma,
zanétlivé onemocneéni streva.

«Zmeény lipidd hraji Ulohu také v neurodegenerativnich a psychickych
onemocnéenich (Alzheimerova choroba, deprese, hyperaktivita, schizofrenie
apod.)

-Lipidy a jejich metabolismus se uplatiuji téz pri vzniku a rozvoji
nadorovych onemocnénich.

Zdravi - vyziva - lipidy



Relativni procento rtiznych mastnych kyselin v potraveé a
zmeény v pribéhu vyvoje lidské populace od lovcl sbéracd,
zemédélskou spolecnost a spolecnost po priimyslové revoluci

Hunter Gatherer | Agricultural | Industrial

40 Vitamin C GO
30 1O
Total fat e
L L Ee—— W = = .,“]
20

10 Saturated

— E— E— —

% calories from fat

- - § . § . F e O - . . -

0 llll.ll.lll-l.lillIIIIIIIIII-IIllll.llllll.ll.lll I {‘I
-4 x 10° ~10,000 1,800 1,900 2,000

Years

Fig. 1. Hypothetical scheme of fat, fatly acid (w6, w3, frans and total) intake (as percentage of calories from fat) and intake of vitamins E and C {mg/d).
Data 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]

Simopoulos AP, Exp Biol Med 2008



Riézna biologicka uloha lipidi
TUKY (lipidy) NEJSOU POUZE ZDROJ ENERGIE !!!

Strukturalni a regulacni tloha s vyznamnym dopadem na
_ fyziologické funkce organismu
Uloha v patofyziologii - nadory

Membrane structure and function Energy storage and
lipid transport
Aktivita proteind Chylomicron
(pfenasecd, receptord)
1 Cell plasma membrane
‘/ Membrane lipids
L P e.g.
o o e ~ =l PC(16:0/18:1)
= PC(18:0/0:0
OD?O\!ED a_ PE((O—16:O(1)Z)/22:6) : . .
CHOVANI BUNEK SM(d18:1/24:1) Zasobarna
Cell signaling and er(d18:1/24:1) .
metabolic homeostasis / S N energie
Signaling lipids 'fg( 14:0/16:0/16:0)
e.g. TG(16:0/18:0/18:2)
PC(O-16:0/2:0) TG(18:0/18:1/20:4)
PA(18:1/0:0) DG(16:0/16:0)
Cer(d18:1/18:0) CE(20:4)
PGD2
. , Free fatty S1P
Mediatory a modulatory cei acids , B
vnitrobun. signalizacni sité A
Metabolicka rovnovaha "8 il i N S S g

NN e e e e e

TRENDS in Biotechnology

Oresi¢ M. et al. Trends in Biotechnology 2008




Lipidy
Vice, nezli jen zdroj energie!!l!

estrukturalni a regulacni uloha
dopad na fyziologické funkce organizmu
*UCinky na imunitni systém

regulace proliferace, diferenciace a apoptozy

uloha v karcinogenezi

(etiologie nadorl tlustého streva, prostaty, prsu)



Zdroje tukti

Zivocisné a rostlinné

Mastneé kyseliny
S kratkym retezcem — 6-12 C (SCFA)
* kys. maselna
« kys. propionova
nasycené — 12 a vice C
« kys. palmitova
« kys. stearova
mononenasycené — 16 a 18 C, 1 dvojna vazba
« kys. palmitoolejova
- kys. olejova
polynenasycené (PUFA) — 18 a vice C, 2 a vice dvojnych vazeb
« kys linoleova
« kys. alfa-linolenova — esencialni MK




Vysoce nenasycené mastné kyseliny

(Polyunsaturated fatty acids - PUFAS) - mastné kyseliny s 2 i vice
dvojnymi vazbami.

Tri hlavni skupiny PUFASs:
koncovému metylovanému uhliku.

Tyto jsou metabolizovany stejnym zptsobem alternativnimi desaturacnimi
a elongacnimi enzymy.

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

20 - pocet uhlikl

4 - pocet konjugovanych dvojnych vazeb

-6 - poloha prvni dvojné vazby od metylovaného konce molekuly
Témeér vSechny dvoijné vazby jsou ve viceméné stabilni cis - konfiguraci.




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

Tyto esencialni mastné kyseliny musi byt obsazeny v potravé podobné
jako vitaminy. Jsou zivotné dilezité jako slozka vSech membran a
permeabilni bariéry pokozky a jako prekursory eikosanoidd a s nimi
souvisejicich latek, které hraji dllezitou regulacni Ulohu ve tkanich.

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

Tuky z potravy ovliviiuji pocatek a rozvoj rady onemocneéni vcetné
nadorovych. Existuji v zasadné dvé urovné ovlivnéni:

« zmény slozeni mastnych kyselin (MK) v bunécnych membranach
» pfima kontrola procest v jadre na Urovni transkripce gend

n-3 a n-6 PUFA jsou metabolicky i funkcné odlisne. Jejich rovnovaha je
dilezita pro homeostazu a normalni vyvoj. Efekty jsou pleiotropni.



Zatimco proteiny jsou geneticky determinovany, slozeni bunécné
membrany s ohledem na lipidy (a tim i rada bunécnych funkci jako je
aktivita membranovych enzymt a prenasect, vazba hormond,
mechanismy signalové transdukce) je z velké Casti zavislé na prijmu
Z potravy.

n-3 a n-6 PUFA mohou ucinné a primo ridit transkripci specifickych
gend (napr. geny kodujici lipogenni proteiny, delta desaturazy atd.).

Tak m0ze priznivy a nepriznivy Ucinek tukd na réizné choroby zahrnovat
kombinaci interaktivnich regulacnich mechanisma:

-akutni, rychla a prfima regulace exprese genl

-dlouhodoba adaptivni modulace slozeni membran, ktera mdze primo
ovlivnit prijem a prenos signalt hormond, cytokin{, produkci
eikosanoidl apod.

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



Lipidové slozky funfuji spolu s cytokiny a hormony jako
intra- i intercelularni mediatory a modulatory bunécné signalizacni
site

Pomeér obsahu w-6 a w-3 esencialnich vysoce nenasycenych
mastnych kyselin (VNMK) ovliviuje vlastnosti membran, zejména
jejich fluiditu a produkci latek vznikajicich hydrolyzou membranovych
fosfolipidd.

Tyto zmény pak ovliviuji vazbu cytokind, aktivitu receptort i funkci
na membranu vazanych signalnich molekul (G proteind, fosfolipaz
atd.).



D Mastna kyselina

hydrophilic carboxylic acid head 1

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

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




PANEL 2-5 Fatty Acids and Other Lipids

COMMON FATTY TRIACYLGLYCEROLS  Fatty acids are stored as an energy reserve (fats and
ACIDS oils) through an ester linkage to glycerol to form
Q triacylglycerols, also known as triglycerides.
These are carboxylic acids I b L
with long hydrocarbon tails. p S ENCANGAANNNONINN
O L=
COOH COOH COOH 1
l ! | NN NI NN >
CH, CH, CH, (
| | o HC—0
CH,  CH, CH, |l
| | | y ‘,(, NN NG NN glycerol
CH; CH, CH,
| | |
(l'HJ CH, (I'H‘.
CH, CH, CH, Hundreds of different kinds of fatty acids exist. Some have one or more double bonds in their
(l‘H & (l’H hydrocarbon tail and are said to be unsaturated. Fatty acids with no double bonds are saturated
[k [© 2 % [e) o o
CH, CH, CH, Nt NS

| - | |
CH, CH, CH
| | Il
<I'||_, CH, CH

This double bond

S

CH, CH, CH, e =<
| | | is rigid and creates R A
CH, CH, i akink in the chain. (1 J
| e Therestofthechain 3 D) stearic
(| H, CH, is free to rotate ( < o
\d
(|~, 1, CH, about the other C-C 0 /’
U N
L ! )
(I H,  CH, > )
L L A\ N
CH, CH, CH, = )
| H, Hy : H, < )
- palmitic ~ N\
<|.| 1, pelo (I H, > D
cH, (©w CH, W)
, space-filling model carbon skeleton </
stearic Sleic
2cid (Cro) acid (Cre) UNSATURATED SATURATED
Phospholipids are the major constituents
CARBOXYL GROUP PHOSPHOLIPIDS ¢ ool membranes

If free, the carboxyl group of a
fatty acid will be ionized.

O (l)
Vi
C ’ O=pP—0O
SNONININONSNOKES, I
O O
i
@ 12—(|:u—cuz

But more usually it is linked to
other groups to form either esters

or amides.

Q hydrophobic
fatty acid tails

AL
@_hydrophlllc_ I|cho||ne
group ¢ =

the phospholipid

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 linked to

one of a variety of small polar groups (alcohols).

) space-filling model of

phosphatidylcholine

Triacylglyceroly

Nasycené a nenasycené
mastné kyseliny

Fosfolipidy



Struktura fosfolipidil a jejich orientace v bunécné
membrané

hydrophilic
head water
: 00000000000000
a B phospholipid
8 - - ‘ bilayer,
; % :'?g - 4| . |or membrane
wo > > |
hydrophoic | || |8 00000000000000
tails
&

phospholipid molecule

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



Dilezity je pomér n-3: n-6 VNMK!!!

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

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

zdroj eikosanoid( (prostaglandiny, leukotrieny) vyznam u rliznych
nadord.

V experimentalnich systémech Casto podpdrny Ucinek pro vznik a
rozvoj nador{

Kys. alfa-linolenova (18:3, ®-3)

kys. eikosapentaenova (20:5) a dokosahexaenova (22:6)
z rybich a nékterych rostl. olej (pupalka, len, rakytnik)
V experimentalnich systémech Casto inhibicni Ucinek

pro vznik a rozvoj nador




DIETA

INICIACE PROMOCE PROGRESE
MUTAGENY , i
RADIACE NEGENOTOXICKE GENOTOXICKE
VIRUSY.... KARCINOGENY +NEGENOTOXICKE
GENOTOXICITA FAKTORY

o) o
qo]o O OO
olo) QO
NORMALNI INICIOVANA PRENEOPLASTICKE MALIGNI
BUNKA BUNKA ZMENY NADOR

AKTIVACE PROTO-ONKOGENU
INAKTIVACE NADOROVE SUPRESOR. GENU
INAKTIVACE ANTIMETASTAT. GENU

Mnohostupnovy proces karcinogeneze



' Struktura vychozich esencialnich mastnych kyselin

linoleové a a-linolenové
n-6 or C-13

ncI-w *

C-9 (A9)

-12 (A12)

- C2ora C-1

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

n-3 or C-16
‘ C-15 C-12 C-9

ALLAAAN,

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




ESENCIALNI VYSOCE NENASYCENE MASTNE KYSELINY (VNMK)
dlouhé C reztézce a 2 i vice dvojnych vazeb

Rada n-6 a n-3 V. zap diete
az 20:1

RAAAAA 18:2n-6 (1:1) 183030 AAA

COOH CH COOH

rostl.oleje Ginol_eic acid > C a—!lnolelmc acD

! A6 desaturase v
18:3n-6 18:4n-3
Elongase l
CH; COOH
e w 20:3n-6 20:4n-3
Dihomo-y-linolenic acid (DGLA)
A5 desaturase l e
VA 20:4n-6 20:5n-3 CH/\_/\_/\_/\_/\_/\/\CDOH
' A rachidonic acid (@ @apentaenoic acid (EPD
ol ] | Elongase l
~ 22:4n-6 22:5n-3
1 Elongase, rybi OI%Je
A6 desaturase and plankton, rasy

lr peroxisomal [B-oxidation Ir
22:5n-6 22:6n-3 =\ NN =

H

COOH

Docosapentaenoic acid (DPA) @ahexaenoic acid (DHA)




i

PLANT METABOLISM
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Ucinky dietetické hladiny alfa-linolenové kyseliny
na obsah jejich metabolitl v jaternich lipidech
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(w)-6 PUFAs (w)-3 PUFAs
LA (18:2n-6) ALA (18:3n-3)
A-6-Desaturase l A-6-Desaturase
GLA (18:3n-6) 18:4n-3
Elongase Elongase
DGLA (20:3n-6) 20:4n-3
l A-5-Desaturase l A-5-Desaturase
AA (20:4n-6) EPA (20:5n-3)
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“ig. 2. Simplified scheme of the major (w)-6 and (w)-3 PUFA pathways involved in arachidonic acid (AA) metabolism. (Color version of figure is available

nline.)




VNMK a nadorova onemocnheni

Prevence
Epidemiologické studie —
snizena incidence nadorl (kolonu)

v populacich konzumuijicich velké
mnozstvi w-3 VNMK z morské stravy

Experimentalni studie

e w-3 VNMK inhibuji karcinogeny-
indukovanou karcinogenezi

e redukuji rlst transplantovanych
nadord u laboratornich zvirat

e snizuji proliferaci a indukuji
apoptdzu u nadorovych bunék
kolonu /n vitro.

Klinickeé studie — EPA a DHA
inhibuji proliferaci epitelialnich
bunék kolonu u pacientd s adenomy
a vysokym rizikem nadorového
onemocneéni

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

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

Kombinace se standartni terapii
(chemoterapie, zareni)

e dieta s w-3 VNMK netoxicky zplsob
zvyseni Ucink{ terapie

e samotné pouziti w-3 VNMK uziteCny
pristup, jestlize je vyloucena toxicka
standartni terapie.



Prokazany zmeény ve slozeni a metabolismu
lipidd!!!!

« v plazmé nadorovych pacientd
« v nadoroveé tkani a burikach ve srovnani s nenadorovymi

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

Integrovany pohled na komplexni lipidové interakce, které urcuiji
vysledny tzv. LIPIDOM - lipidovy profil jednotlivce.

S protekci urcitych typl nadord (napf. prsu) spojen slozeny indikator
kombinujici zvysené mononenasycené MK a nizky pomér omega6/omega3.
Tento lipidom by se mohl stat templatem pro detekci rizika nadord prsu

ve vztahu k dieté.



Patologické zmény v produkci a funkci cytokinti a
eikosanoid prispivaji k rozvoji nadorovych onemocnéni
zejména ovlivnénim imunitniho systému a bunécné kinetiky

Metabolismus a obrat fosfolipidd v membranach
i oxidativni metabolismus nadorovych bunék se zasadné lisi od
bunék nenadorovych.

Nadorove bunky kolonu vykazuiji:

-zmeny ve spektru a koncentraci VNMK ve srovnani s normalni
-tkanizvysenou periferni utilizaci VNMK z potravy zmeény v
oxidativnim metabolismu a antioxidacni ochranézvysenou aktivitu
-enzymU metabolismu kys. arachidonové (COX2, 12-LPO...) a
produkci eikosanoidU

esnizenou citlivost k endogennim inhibitorim rdstu (TGF-p1),
induktorlim apoptdzy (TNFa, FasL, TRAIL) a diferenciace (butyrat)



Analyza hlavnich komponent (PCA) mastnych kyselin
v tukové tkani ukazujici zvysené riziko nadoru prsu
A

| 1 2 1
1 I | |
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Figure 3. Principal component analysis of adipose tissue fatty acids. In the scatter plot of the second principal component against the first
principal component (in which the X axis represents the first principal component and the Y axis represents the second principal component), the
coordinates of each fatty acid equals the coefficients of correlation between the fatty acid and the principal components. The unity correlation
circle drawn defines the limits in which the fatty acids locate: the closer a fatty acid to this unity circle, the higher its contribution to the
definition of the principal components. The ®6/w3 ratio is located as illustrative variables—i.e., it does not contribute to the definition of the
principal components, but it is positioned in the scatter plot according to its correlation with the two principal components. Red arrow, increased
risk of breast cancer, taking into account the OR associated with both the X and Y axis, adjusted for BMI, age, menopausal status, and height.
The position of this arrow is almost superposed on the ¥ axis because the OR associated with the first component is close to 1, whereas the OR
. associated with the second principal component is 1.28 (95% CI, 1.11-1.49; P = 0.001).

Bougnoux P. et al, Cancer Epidemiol Biomarkers Prev 15, 2006



Analyza (array) hladiny mastnych kyselin u benignich a
malignich nadort prsu

Cases Controls

o1B17
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Dxh
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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).
Bottom, the w6/w3 ratio of PUFAs.

Bougnoux P. et al, Cancer Epidemiol Biomarkers Prev 15, 2006 a



Zmeény spektra mastnych kyselin v tukoveé tkani krys po
podavani alfa-linolenové a dokosahexaenoveé kyseliny

Diet, Cancer, and the Lipidome

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

Fatty acids (mol%) a-Linolenic acid DHA
Control (n = 12) Supplemented (n = 14) Control (n =7) Supplemented (1 = 6)

Saturates

16:0 15.2 17.3 229 20.8

18:0 27 29 28 34

Total* 194 218 27 28.9
Monounsaturates

c-18:19 56.9 52.7

Total' 624 57.9
w6 PUFA

18:206 139 134 12.2 11.1

Total’ 144 13.7 12.7 11.3
®3 PUFA

18:303 1.3 0.6

22:6m3 0.1 0.1

Total 14 0.7
Ratio

©6/®3 103 19' 18.1 12'

*‘Includ_ing. 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, ¢-18:1w7, and 20:1.

ﬁIncluding: 18:3wh, 20:2mw6, 20:3w6, and 20:4mb.

||Inc1uding: 20:3w3, 20:5m3, 22:5m3, and 22:6m3.

WAT - white adipose tissue

Bougnoux P. et al, Cancer Epidemiol Biomarkers Prev 15, 2006
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Molekularni mechanismy puisobeni
VNMK

Molekularni mechanismy plisobeni -3 VNMK

-zmeny vlastnosti bunécnych membran (fluidita, lipidoveé rafty)

suprese biosyntézy eikosanoidll odvozenych od AA — zména
imunitni odpovédi a modulace zanétu, proliferace, apoptdzy, tvorby
metastaz a angiogeneze

-ovlivnéni signalové transdukce, aktivity transkripcnich faktord
(NFkB, PPARY) a genove exprese — zmény metabolismu,
bunécéného rdstu a diferenciace

-zmeny metabolismu estrogent — redukce estrogeny stimulovaného
(o]
rustu

-zvysena nebo snizena produkce volnych radikalt (kysliku, dusiku)
smechanismy zahrnujici citlivost k insulinu



SIGNAL
(napt. cytokiny)

Biofyzikalni vlastnosti

membran

Lipidovy
metabolismus
Aktivace fosfolipaz
Uvolniovani a
metabolizace AA
eikosanoidy

Oxidativni
metabolismus

Slozky lipidového metabolismu
v bunécnych signalizacich
Mediatory a modulatory

signalni
kaskada

vhitrobunécné

sekrece

Transdukce signali
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funkce
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transkripcni faktory /
PKC, ERK, p38 | | (NFKB, PPAR, AP-1...)
PI3K/Akt
A m. fluidita
s S lipidové rafty
s : yAn
PUFA 1
A interakce
P . ligand-receptor
lipidova inhibice
peroxidace (NSAID)
|/ \ \ LO P450, | COX
n-3 PUFA membranové T - -
fosfolipid —> kyselina arachidonova v - -
LNA. DHA = Zmény cytokinetiky
n-6 PUFA

LA, AA

Mimobunécné podnéty
(cytokiny, hormony, polutanty, zareni)




Schéma metabolizmu esencialnich VNMK a faktori
modulujicich tvorbu a Gcinky jejich metabolitii

LA&—‘DM%

A" Desaturase / 1

ALA

e— A" and A” Desaturases

A* Desaturase

\‘7
PGs of 2 series PGs of 3 series
PGA.. PGE,, PGFy,. TXA,, PG, PGA;, PGE;, PGFy,, TXA;, PGI;
LTB,, EETs, HETEs LTBs, EETs, HETEs
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Lipoxins, Resolvins, Protecting, «—
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Scheme showing metabolism of essential fatty acids and factors that modulate the formation of their metabo-

lites and their actions. Pro-inflammatory molecules include various PGs, LTs, TXs, and cytokines. For further details see

text. NO = Endothelial Nitric oxide. Green line: Indicates prevention or suppression of disease and augmentation of healing

process and inhibition of pro-inflammatory events or production of pro-inflammatory molecules. Red line: Indicates initiation

or progression of disease, inflammatory process or augmentation of production of pro-inflammatory molecules. Double arrow:

Indicates interaction between these molecules or feedback regulation. Eicosanoids formed from EPA are generally less inflam-
. matory in nature compared to those formed from AA. Eicosanoids includes PGs, LTs, TXs, EETs, and HETEs.

Das UN Lipids in Health and Disease2008



Rozdilné ucinky omega-3 a omega-6 VNMK
na genovou expresi nadorovych bunék prsu

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

hr24 FA2)LA

hr24 FA3)EPA

hr 24 , FA 4)DHA

1

hi, FA1)AAII7

hrﬁ,FAZ)LA'I—
hr 6 , FA 3)EPA II—‘
hr 6, FA 4)DHA |'—I

Fig. 1 (A) Pseudo color
cluster view of genes
differentially expressed
between omega-3 (w-3) and
omega-6 (w-6) fatty acids.
Cells were treated with the
four fatty acids at 6 and 24 h.
RMNA was isolated and
hybridized on the cDNA
microarray slides as detailed
in materials and methods.
Images were analyzed using
GenePix 4.0 and data were
analyzed using GeneSpring
7.0. (B) Conditional tree-view
of genes showing the most
variation between the four
pre-designed groups. This
figure shows that the period
of incubation with the fatty
acids has an important effect
on cell responses to the
treatments. Red and yellow
color branches are
representative of the 6 and
24 h time points, respectively

=3
=

FAtype



Klasifikace vSech genli pomoci PCA a rozdilna
aktivita nékterych transkripcnich faktort
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Fig. 3 Activities of some of the transcription factors that were
differentially regulated between omega-3 (w-3) and omega-6
(-6 fatty acids in breast cancer cell. Cells were treated with the

Fig. 2 Classifying genes as - - -
four fatty acds at 6 and 24 h. RNA was isolated and hybridized

variable, principal component

analysis (PCA) was carried on the ¢DNA microarray slides as detailed in materials and
out over the genome selected methods. Images were analyzed using GenePix 4.0 and data were
under the 6 h treatment. The analyzed wsing GeneSpring 7.0. Data were then analyzed using

FATIGO" to wentify transcription factors regulated by treat-

separation between omega-3 ! -
ments. We calculated the percentage of TF found in the list of

(0-3) and omega-6 (w-6)

EFA treated samples is genes up regulated by either group (-3 or @-6) and compared it
dearly evident in both time to the percentage of TF found in the total gene list of the cDN A
domains alay

. Hammamieh R, Breast Cancer Res Treat 2007, 101:7 .
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Fig. 2. 4, 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 spois 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.

Microarray analyza lidské nadorové bunécné slinie

kolom: CaCo-2 po ptlisobeni DHA (48h)

Indukované geny
Reprimované geny

Control - GAPDH
— S I NF-kB ps0

—< liNos

—5 Jcox2

~ I NF-kBpGS
—SPPARG
"SRR

7] P53 induced protsin
:i] AP2

_S ] Bei2

i

:::] P21(Waf1/Cip1)
Y

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

Narayanan BA et al., Cancer Res 2003



Rozdilné ucinky omega-3 a omega-6 PUFAs na bunky nadoru kolonu

m-3 PUFAs
Eicosanoid TGO
synthesis MULHRUUDAIILIL

COX:t -6 PUFAs
COX-2

Lipid
peroxidation

) —

5-series LTs 4-seriesLTs
3-series TXs 2-series T.
3-series PGs 2-series Pt

Epoxides
\ Hydroperoxides
\ Carbonyl compounds

Both n-3 and n-6 polyunsaturated fatty acids
(PUFAs) act in a similar way to induce cancer cell
cycle arrest and apoptosis through lipid
peroxidation and activation of peroxisome-activated
receptor y (PPARY). Their peroxidation product
malondialdehyde (MDA) reacts with nucleic acid
bases to form adducts, like the pyrimido[1,2a]purin-
10(3H)-one (M, G), which inhibits nucleotide
excision repair. 4-Hydroxy-2-nonenal (4-HNE)
increases oxidative stress by promoting cellular
consumption of glutathione and inactivating
selenium-dependent glutathione peroxidase.
PPAR~y forms heterodimer with the retinoid X
receptor (RXR) and then binds to peroxisome
proliferators response elements (PPREs) in DNA to
regulate target genes. n-3 PUFAs, however, present
additional benefits compared with n-6 PUFAs.
Downregulation of cyclooxygenase Il (COX-2)
pathway through competitive synthesis of n-3
PUFA-derived prostaglandins (PG), leukotrienes
(LT) and thromboxanes (TX) reduces not only

Qﬂ:\gtion

Angiogenesis
Cell migration

Cell cycle arrest
@ Apoptosis

inflammation but also angiogenesis and cell
migration through activation of vascular endothelial
growth factor (VEGF) and epidermal growth factor

Dupertuis YM et al. Curr Opin Clin Nutr Metab Care 2007, 10:427 receptor (EGFR), respectively. Moreover,

downregulation of the antiapoptotic Bcl-2 favours
colon cancer cell suicide.



Drahy metabolismu n-6 a n-3 VNMK a jejich

ucinky v nadoroveé biologii

Di-dasaturase
r

Gamma-linolenic acid

(18:3n-8)

r
\ Dihomao-gamma-

Alpha-linolenic acid
(18:3n-3)

Linolenic acid
(20:3n-6)
|
4-series LT ¥ 5-series LT
2-series PG 3-series PG
2.serles TX | +— Arachidonic acid Eicosapentaenoic acid —» 3-serles TX
(20:4n-6) (20:5n-3)

PGE, stimulates tumour
cell proliferation

PGl inhibits metastasis

TXA, enhances metastasis

Elongase

Docosapentaenoic acid
(22:5n-3)

Df-dasaturase

Docosahexaenoic acid
(22:6n-3)

Roynette C.E. , Clinical Nutrition 23,
2004:139-151

Decreased
tumour growth

Increased

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 precursars for
different series of eicosanoids which include leukotrienes (LT), prostaglandins (PG) and thrombaoxanes (TX).

N-6 a n-3 VNMK soutézi o stejné enzymy (desaturazy a elongazy). 20C VNMK (DGLA,

AA, EPA) jsou prekursory pro tvorbu rliznych typt eikosanoidd (prostaglandiny,
leukotrieny, tromboxany) — soutéz o stejné enzymy (cyklooxygenazy, lipoxygenazy)
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Potencialni mechanismy podpirnych a supresivnich ucinki
n-6 a n-3 VNMK v karcinogenezi

Dietary n-3 PUFAs

Dietary n—-6 PUFAs
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Mista plisobeni n-3 VNMK p¥ri snizovani
karcinogeneze kolonu

@ Intralumenal Intralumenal @
molecules:; enzymes:
Eile acids T-alpha-dehydroxylase
Paolyamines Ornithine decarboxylase
| Fatty acids
Cell :
membrane
LG 1 pLC
() inos AA EPA-derived i
eicosanoid pathway
. @ IGFBP6  GJIC ()
(=) NO COX-2(=} (-)paG IGF-I
L
! PGE, (¥
(E)F"GE2 R Y
@@ PKC

/AN '
ANGIOGENESIS (=) Ras DIFFERENTIATION (¥

‘// Bal-2  NFKB “ii‘
APOPTOSIS (H) PROLIFERATION (=)
T

Figure 4 Summary of the sites of action of long chain n-3 PUFAs in decreasing colon carcinogenesis. AA, arachidonic
acid; EPA, eicosapentaenoic acid; PL, phospholipase; PKC, protein kinase C; COX-2, inducible cyclooxygenase; PGE,
prostaglandin E; NO, nitric oxide; iNOS, inducible nitric oxide synthase; IGF-Il, insulin growth factor-2; IGFBP-6, insulin
growth factor binding protein-6; DAG, diacylglycerol; GJIC, gap junctional intercellular communication; NFxB, nuclear
factor kappa B). Identified and hypothetical sites at which n-3 PUFAs exert their anti-carcinogenic action are shown as:
+: level, activity or expression increased by n-3 PUFAs; —: level, activity or expression decreased by n-3 PUFAs; ?:
effect of n-3 PUFAs is not clear or is under investigation.

Roynette C.E. , Clinical Nutrition 23, 2004:139-151



Bunecna membrana
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VNMK se vestavuii do fosfolipid( bunécnych membran, po pfislusnych
podnétech jsou uvolnovany fosfolipazou A2 a metabolizovany za Ucasti

COX a LOX enzymU na rlizné typy eikosanoidi (prostaglandiny,
leukotrieny)



Struktura fosfolipidii a jejich orientace
v bunécné membrané
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Figure 2-22. Molecular Biology of the Cell, 4th Edition.



Distribuce rtiznych typu fosfolipidii ve
vnitrni a vnéjsi vrstvé membrany

Percent of
total

membrane Distribution in

Membrane phospholipid phospholipad membrane
Inner Outer
100 monolayer 0 monolayver 100
| | | |

Phosphatidylethanolamine 30 . I
Phosphatidylcholine 27 ] |
Sphingomyelin 23 []
Phosphatidylserine 15 I |
Phosphatidylinositol [ I |
Phosphatidylinositol 4-phosphate . ]
Phosphatidylinosgitol 4,5-bisphosphate I |
Phosphatidic acid N |




Zmeény biofyzikalnich vlastnosti bunécnych
membran

provazeji procesy diferenciace a apoptozy savcich
bunek

souviseji do znacné miry s modulacemi ve slozeni,
strukture, symetrii a metabolismu bunécnych lipidd.

pozorovany rozdily u
» nadorovych a normalnich bunék
» nadorovych bunék senzitivnich a rezistentnich
k cytostatikam
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Zakladni model fluidni mozaikovité struktury bunécné
membrany

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

Pietzsch ] et al., Nature Reviews, October 2004 a



' Phospholipids
lacking omega-3
fatty acids

Dietary omega-3
fatty acids incorporate

into cell

Modulation of
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Omega-3 VNMK jsou
inkorporovany do fosfolipidové
dvojvrstvy bunécnych membran.

Mohou modulovat aktivitu
membranovych proteinl, expresi
gend a proteind a funguji jako
zasobarna bioaktivnich lipidovych
mediator0.

Surette ME, CMAJ 2008 a



Lipidové membranové mikrodomeény - rafty

malé oblasti proteind a lipidl v membrané s unikatnim sloZzenim
lipidl, bohaté na cholesterol a sfingolipidy.

Tyto struktury jsou funkéné zahrnuty v kompartmentalizaci,
modulaci a integraci bunécnych signalt a tak moduluji d@lezité
procesy jako bunécny rlst, preziti a adhezi.

VNMK jsou zakladni slozkou lipidovych raftll a predpoklada se,
ze napr. DHA mize castecné plsobit zvysenim fazové separace
lipidd v membrané.

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




Lipidoveé rafty a caveolae v plazmatické membrané
modifikuji aktivaci membranovych receptorl a signalnich protein

Raft

Figure 4 | Model for the organization of rafts and caveolae in the plasma membrane. Lipid rafts (red/gresn) segregate from
the cther regions (blug) of the kilayer, which have a different lipid compaosition. The lipid bilayer in rafts is asymimetric, with
sphingormyelin and glycosphingolipids (both red) enriched in the "outer’ layer known as the exoplasmic leaflet, and glycerolipids
{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 Srcfamily kinase Yes), or through their transmembrane domains, like the influenza virus proteins
neuraminidase and hasmagglutinin (HA). b | Caveolae are formed by self-associating caveclin molecules making a hainpin loop in the
membrans. Interactions with raft lipids may be mediated by binding to cholesterol (browm) and by acylation of carbboxy-terminal
cysteines (not shown). Figure modified from Simons, K. & Ikonen, E. Functional rafts in cell membranes. Natfure 387, 562-572

. (1997) @ Macmillan Publishers Ltd. m



Lipidoveé rafty — atomovy skenovaci mikroskop

Lodish, Molecular Cell Biology, 5th ed. 2004



Co jsou to lipidové rafty?

Water
Hydrophokbic
tails
Hydrophilic
head
Water

Figure 1 | Basic structure of the lipid bilayer. Phospholipids,
the type of lipid that makes up the majority of lipids found in the
cel membrane, are made up from a phosphate head (circles)
that likes water and a fatty-acid, or lipid, tail (ines) that hates it.
In an aqueous environment, such as that found in cells, these
lipids line up so as to limit the exposure of the hydrophobic
portions towater, thus forming a memiorane layer.
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Box 1 | What are lipid rafts? OOOOOOOCH H HOHCHOCHOOOO0O00
Q QI AR Q

Lipid rafts are sphingolipid- and cholesterol-rich membrane N JI y

microdomains in the outer leaflet of the plasma membrane.
- - - pas ’ OOOOOOOLH .‘ ")'.'. .'.......

The plasma membrane is composed primarily of
sphingolipids, phospholipids and cholesterol. Sphingolipids
differ from most phospholipids in that they have long, largely
saturated acyl chains that allow them to pack tightly in a
bilayer, forming a gel phase in which there is very little lateral ~ Phospholipids
movement or diffusion. The gel phase of the sphingolipids is ﬁ:ﬁ
altered by the association of cholesterol, which condenses the - !:l R Phosphalipid with
packing of the sphingolipids by occupying the spaces between | z saturated tall
the acyl chains. So, cholesterol-containing sphingolipid R—c—0— CH o
microdomains exist in a liquid-ordered phase that s Il | I
significantly more fluid than the gel phase. o HyC—O0—P—0O—R" (R

B\ contrast, phosphol_ipids are rich in unsaturated acyl Cl)- Phaspholipid
chains that tend to be kinked and consequently to pack loosely
into a liquid-disordered phase thatis considerably more fluid,
allowing rapid lateral movement within the bilayer. The
different packing of t!‘lE‘ sphingolipidf anFI phospholipids HG — (CHylyy — H__H_H_ CH— O — R
probably leads to their phase separation in membrane H o |
bilayers. Sphingolipid microdomains float in a phospholipid HO  NH
bilayer, leading to the coining of the term ‘lipid rafts. | ﬁ:l?
Cholesterol preferentially partitions into the liquid-ordered R Sphingolipid
phase rather than the liquid-disordered phospholipid bilayer
and is essential for the maintenance of the two phases. Cholesterol

The membrane outer leaflet rafts are believed to be linked to \/\/\r
an inner leaflet that is probably rich in phospholipids with
saturated fatty acids and cholesterol. The size of rafts and their
lifetimes in the membranes of resting cells are uncertain.
Current evidence indicates that the elemental rafts might be El
small (26~70 nm in diameter), containing only several HO Cholestercl
thousand molecules and therefore accommeodating only a few
proteins, Rafts were shown selectively to include some R, R', Hydrocarben chains of fatty acids
proteins and to exclude others, so rafts provide a mechanism R", Head group
for the lateral sorting of proteins in the membrane. Modified G, glycosylphosphaticyl inosito
from Pierce, S. K. Lipid ratts and B-cell activation. Natuire Rev:
Immunol 2,96-105 (2002) © Macmillan Magazines Ltd

f

Sphingolipids

Pietzsch J et al., Nature Reviews, 2004
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Modulace lipidti (DHA)- lipidové rafty —
modulace signalti TNFR
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Figure 2. Examples of How Lipid Rafts Can Modify Early Events in TNFR Family Signaling
(A) In activated CD4™ T cells, Fas is excluded 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-«B.
Through mechanisms described in Figure 1, NF-kB 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.



Transport MK do bunky

Extracellular
fatty acid carrier
@
Fatty acid transporter
and activator?

/ \ 6 mammalian genes
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Marszalek JR and Lodish HF, Annual Rev Cell Dev Biol 2005

MK vazany na albumin
V Séru

Prenos pres membranu
difuzi nebo pomoci
specifickych
transportnich proteind
(FATPs).

Vazba na specificke
vazebné proteiny
(FABP), prenos na Ascl
proteiny katalyzujici
reakci konvertujici
volné MK na jejich CoA
derivaty.
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Transport MK pres cytoplasmatickou membranu

R{zné modely:

« Jednoducha diflze

» CD36 (88kDa) a FABPpm (plasma membrane-associated fatty acid-binding protein
(43kDa) vazou MK na povrchu, zvysuiji lokalni konc. a usnadnuji tak difuzi

« aktivni transport pomoci CD36

« Uvnitr bunék se MK vazou na cytoplasmatické vazebné proteiny (FABPc) pred
vstupem do metabolickych Ci signalnich drah

« Mala cast MK je transportovana FABP a rychle aktivovana membranovymi acyl-CoA
synthetazami (ACS1) a tvori estery acyl-CoA .

« MK s dlouhym retézcem > C22) jsou transportovany preferencné a primo

konvertovany na estery acyl-CoA s velmi dlouhym retézce

Interstitial space

Cytoplasm

; FA

FA ¢

CoA
Schwenk RW Prostagl L % ! P v
Leuk Ess Fatty A 2010 *Acyl-COA  VLC-Acy-CoA




Kvantitativni srovnani pritomnosti albuminu v mimobunécném prostoru,
fatty-acid binding proteins (FABPc) v cytoplasmé a koncentrace

mastnych kyselin za fyziologickych podminek.
Albumin (3-6 vazebnych mist pro MK) a FABPc (9 typ() vytvareji
prostredi pro extrémné nizké konc. MK s dlouhym retézcem.

FA FA+— FA == FA > FA __
1-10nM § 1-5nM "‘FABPc

FA
Albumin: 300 — 600 uM FABP: 150 — 300 uM
Total FA: 100 — 400 uM -' Total FA: < 50 uM
Blood plasma / Plasma
interstitial space membrane Cytoplasm

Schwenk RW Prostagl Leuk Ess Fatty A 2010



Translokaza mastnych kyselin - FAT/CD36

(fatty acid translocase)

Protein v plasmatické (mitochondrialni?) membrané

CD36 — multifunkcni adhezni receptor pro trombospodin a colagen a
scavenger receptor pro LDL exprimovany na plateletech, monocytech ale
i jinych typech bunék.

Nové prokazana funkce pfri transportu VNMK i jeho pritomnost v bunkach
gastrointestinalniho traktu (Lobo MVT et al., J Histochem Cytochem 2001,
Campbell SE et al. J Biol Chem 2004. Drover VA, J Clin Invest 2005)

Extracellular

Intracellular

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

Akumulace lipidti v cytoplazmé
vznik ,lipid droplets, lipid bodies"

«akumulace lipidovych kapének (lipid droplets, LD)
v cytoplazmé bunék (plsobeni lipidovych latek,

COOOC0
Triacylglycerols and

diferenciace a apoptozy ) chalistar bty
-obsahuji neutralni lipidy (obvykle triacylglyceroly nebo estery
cholesterolu), obklopeny monovrstvou fosfolipidl Za

normalnich podminek - zasobarna energie a cholesterolu

«dllezité pro udrzeni homeostazy lipidd, pro lipidovy metabolismus a
signalovani

esouvislost s regulaci proces( diferenciace a apoptdzy neni zcela
objasnéna

«citlivé vitalni barveni lipidovych kapének

-fluorescencni barvivo Nile Red (flow cytometrie)nebo BODIPY 493/503
(fluoresc. mikroskopie)



TVORBA LDs V CYTOPLAZME

RERERS il
R i

DGATACAT

Figure 1. Model of lipid droplet formation. Lipid droplets may form via coalescence of newly
synthesized neutral lipids in the interior of the ER membrane and subsequent budding into
the cytosol. Mature lipid droplets consist of a neutral lipid core surrounded by a phospholi-
pid monolayer and associated proteins, mostly recruited from the cytosol. ACAT, acyl-CoA:
cholesterol acyltransferase; CE, cholesteryl ester; DGAT, diacylglycerol acyltransferase;

TG, triacylglyceride.
Listenberger LL and Brown DA, Current Biology 2008, 18:R237



Tvorba (LDs)
v endoplasmatickém retikulu

Cytosol

Phospholipid
monolayer

< Triacylglycerols and
87" 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).
Before 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
phosphoelipids 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.
P 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 odstépuji z ER
membrany a tvori
samostatné organely
ohrani¢ené monovrstvou
fosfolipidd a spojené se
specifickymi proteiny.

Rodina PAT protein{
(perilipin, ADRP, TIP-47).

t=0min t=30min

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



D Lipid droplets (LD)

Po dodani mastnych
kyselin
jsou neutralni lipidy
syntetizovany v
endoplasmatickém
retikulu (ER), kde se tvori
a odlucuiji LD tvorici
nezavislé organely
ohranicené monovrstvou
... fosfolipidl a napojenych
NP |Pressholeid specifickych proteind.
st i Zasobarna energie a
zdroj signalnich molekul.

t= 30 min

- Triacylglycerols and
Bilayer cholesteryl esters PAT protein

.. Martin S. and Parton RG Nature Reviews 2006




Structural
Proteins
Perilipin, ADRP,
TIP 47

Membrane
Trafficking
Caveolin, SNAP,
VAMP, small
GTPases
(e.g. Rabs,
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
PI3K: subunits p55,
p85a, p85b
PKC

Funkce LD a dlilezité proteiny s nimi spojené

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

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

Fig. 1. Lipid body-associated proteins.

Bozza P et al., BBA 1794:540, 2009




Lipid{droplet
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Figure 1. Anatomy of a Lipid Droplet

(Top) An electron micrograph of a lipid droplet in a cultured hepatoma cell.
The membrane monolayer surrounding the lipid droplet is visible, as are close
associations with mitochondria and ER membranes. (Bottom) The structural
features of a lipid droplet. Shown are polar surface lipids of the monolayer
(e.g., phospholipids and sterols), the nonpolar lipids of the core (e.g., sterol
esters and triacylglycerols), and a variety of proteins decorating the surface
of the droplet. These proteins include DGAT2, Rab18, perilipin, and CCT
(CTP:phosphocholine cytidylyltransferase; the rate-limiting enzyme in phos-
phatidylcholine synthesis). Several hypothetical mechanisms for how proteins
interact with the lipid droplet are shown, including amphipathic o helices,
embedding of hydrophaobic regions directly in the droplet, and lipid anchors.
(Electron micrograph courtesy of S. Stone and J. Wong; image reprinted from
Biochim. Biophys. Acta 1791, T.C. Walter and R.V. Farese, Jr. (2009), with
permission from Elsevier.)




Akumulace LD v cytoplasmeé bunék kolonu
po pridani kyseliny arachidonoveé (AA)
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Moreira LS, Biochim Biophys Acta 2009



Kolokalizace LD s cPLA2 a uvolnovani AA
u kolonovych bunék po plisobeni kyseliny
olejoveé
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Moreira LS, Biochim Biophys Acta 2009



Béhem karcinogeneze se vyviji tzv. lipogenni charakter

bunék

ZvySena endogenni syntéza mastnych kyselin a snizena citlivost k nutri¢nim
zasahtlim FASN — fatty acid synthase (syntaza mastnych kyselin) pod

transkripni kontrolou SREBP1c (sterol regulatory element-binding protein)
b

Cross-talk

orooseseesesseseveosee !,... Cell membrane
| m oooo.....
(f 7

)

Ubiquitylation

Proteasome

@@E@

= Nucleus

& FASN
ﬁ & FASN % o
f SREBPIc % Q\XDV @® @

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 (PI13K)-Akt and extracellular signal-regulated
kinases (ERK1 and ERK2) 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 regulatory element-binding
protein 1c (SREBP1c), which binds to and activates sterol requlatory elements in the promoter region of FASN (see

FIG. 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-
proteasomal ubiquitin-specific protease that, by removing ubiquitin from FASN, strongly stabilizes the enzyme. It
should be noted that these two pathways requlating FASN might concurrently take place in tumour cells. PTEN,

ﬂphatase and tensin homologue. Menendez JA and LUpU R Nature Rev 200m3
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Modulace traskripcniho faktoru SREBP1c
(sterol regulatory element - binding protein)

Hormone-sensitive tissues

« Fetal lung

« Cycling endometrium
« Normal breast

[r >>e>

Hormone-sensitive tissues
« Adipocytes
« Hepatocytes

Dietary FAs Carbohydrates

l

Low High

Tumour cells

Ras—Raf—-MEK—ERK1/2
PI3K—Akt

)

Cytoplasm

&‘Q

FASN

S EED EED GED g,

Nucleus

Souvislost s regulaci FASN
u normalnich a nadorovych bunék.

Hormonalni a nutri¢ni regulace FASN
napojena ¢astecné na PI3K/Akt a ERK1/2
signalovou transdukci regulujici expresi a
maturaci SREBP.

U nadorovych bunék hyperaktivace této
drahy v disledku onkogenni deregulace
(nadprodukce rlst. Faktord,
hyperaktivace receptorll, nebo ztrata
funkce negativnich regulatort (napf.
PTEN) zplsobi konstitutivni expresi i
maturaci SREBP a transkripci FASN.

Figure 3 | Modulation of SREBP1c: a common partner for FASN regulation in normal and tumour cells. The
pathways that regulate 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 regulated by hormones, carbohydrates, fatty acids (FAs) and fasting. This

7/, hormonal and nutritional regulation converges, at least in part, on phosphatidylinesitol-3 kinase (PI3K)-Akt and

%/\U>

\

SREBPIc

A

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 respense 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; £, oestradiol; ER, oestrogen receptor; F, progestins; PR, progesterone receptor;

PRO, prolactin; PROR, prolactin receptor.

Menendez JA and Lupu R Nature Rev 2007, 7:763 m



Ovlivnéni exprese a aktivity FASN

Insulin
Leptin
Dietary fatty acids
Hormones

=,

| Her-2/neu-induced

‘1'——" Malignant transformation
SREBP-1c — SREBP-1c _ &
. g

=, -

NORMAL CELLS BREAST CANCER CELLS

Her-2/neu

BAKT

FAS

Zvyseni exprese a aktivity FAS béhem bunécné transformace, spoijitost s
plsobenim a signalnimi drahami epidermalniho rlstového faktoru -EGF
‘Wéené exprese a aktivace receptoru Her-2/neu a aktivace PI3K/Akt a MAPK

gnalnich drah u nadort prsu.

Menendez JA et al Drug News Pespect 18, 2005 @



Déje na mitochondriich a oxidativni
metabolismus

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

-DHA je prednostné inkorporovana do kardiolipinu, fosfolipidu
vnitrni mitoch. membrany. To souvisi se stupném
nenasycenosti, indukci oxidativniho stresu, uvolnénim
cytochromu c a apoptozou.

*VNMK moduluji hladinu proteint rodiny Bcl-2 (Bid, Bcl-2),
které intereaguiji s lipidy mit. membrany.

«Zvysené mnozstvi VNMK vyvolava oxidativni stres (produkce
ROS, NOS a lipidova peroxidace)



Souvislost mezi slozenim membrany a délkou
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Fig. 5. Schematic outline of “membrane pacemaker” theory of aging. Two examples are shown. The example on the left represents a species with cellular membranes
that have a low content of highly polyunsaturated acyl chains (and consequently has a relatively long maximum life span). The right hand example represents a species
with cellular membranes with a high content of highly polyunsaturated acyl chains (and consequently has a low maximum lifespan). The thickness of arrows is used to
indicate the relative intensity of the process between the two examples. Unfilled arrows (i.e. antioxidant defenses and repair mechanisms) represent negative influence.
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Souvislost mezi peroxidacnim indexem fosfolipidi
v jaternich mitochondriich a v kosternim svalstvu a
max. délkou Zivota savct a ptaki

Skeletal muscle phospholipids
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Fig. 6. Relationship between peroxidation index (PI) of skeletal muscle
phospholipids and maximum life span (MLS) of mammals and birds. Solid
circles show data for three strains of wild-derived mice that differ in longevity
(from Hulbert et al., 2006a). Solid triangle shows data for the mouse-sized naked

Fig. 7. Relationship between peroxidation index (PI) of liver mitochondrial
phospholipids and maximum life span (MLS) of mammals and birds. Solid

circles show data for mice under 4 levels of food energy intake (from Faulks ct mole rat (from Hulbert et al., in press). Open circles show data for a varicty of
al., in press). Open circles show data for a variety of mammal and bird species mammal and bird species (from Hulbert, 2005). Data point for humans are also
(from Hulbert, 2005). Data point for humans are also identified. identified.

« ZvySena polynenasycenost membranové dvojvrstvy (zejména nasledkem obsahu
DHA) — zménéné fyzikalni vlastnosti, zvySena molekularni aktivita membranovych
proteind, zvySeni metabolické aktivity bunék, tkani a celého organismu

« ZvySena peroxidace a oxidativni stres

« ,Membrane pacemaker" teorie starnuti _ _
Hulbert AJ Comp Biochem Physiol 2006



Kardiolipin (pifosfatidyl glycerol, glycerolfosfolipid)

Hlavni soucast membran mitochondrii

CH,;-0-CO-CH,-CH,-CH,-CH,-CH,-CH,-CH,-CH: CH-CH,-CH: CH-CH,-CH,-CH,-CH,-CH,
|
CH-0-C0O-CH;-CH,-CHy-CHy-CH,-CH,-CH,-CH: CH-CH,-CH: CH-CH,-CH,-CH,-CH,-CH,
|

CH,-O
|
"0-P-0-CH;,
[ ‘ This is diphosphatidyl glycerol or "cardiolipin" which was
0 originally isolated from heart muscle. It stabilises phospho-
: ipid bilayers and provides electrical insulation under extreme
o (TOH lipid bilayers and provides electrical insul d
I ‘ conditions. It is alzo found in bacterial membranes.
HO-P-O-CH,
|
CH;-0O

|
CH-0-C0-CH,-CH,-CHy-CHy-CH,-CH,-CH,-CH: CH-CH,-CH: CH-CH,-CH,-CH,-CH,-CH,
|
CH;-0-CO-CH,-CH,-CH,;-CH,-CH,y-CH,-CH,-CH: CH-CH,-CH: CH-CH,-CH,-CH,-CH,-CH,

sn-1 — SFAs — LA, OA
sn-2 — PUFAs — DHA — prednostné se vestavuje do kardiolipinu — méni
nenasycenost mit. membrany a oxidativni metabolismus.

Souvislost s aktivitou cytochrom c oxidazy a uvolhovanim cytochromu c
Vyznam pro apoptdzu
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Fosfolipaza A2

Enzym Ucastnici se lipidového metabolismu, ddlezity pro radu
bunécénych procesu.

Tri skupiny:
sekretovana PLA2 (sPLA2),

*na vapniku nezavisla PLA2 (iPLA2),
*na vapniku zavisla cytosolova PLA2 (cPLA2).

Kromé Ulohy v bunécném signalovani souviseji PLA2 s rliznymi
patologickymi stavy, vcetné zanétu, tkanové reparace a nadord.

U fady nadord jsou hladiny sPLA2 a cPLA2 zvySeny.

PLA2 jsou také cilem protinadorové terapie
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Drug Discovery Today

Figure 1. Phospholipid structure with phospholipase A,

cleavage site.

Laye JP and Gill JH, Drug Discovery Today 2003




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

sPLA2
v zanétlivé odpoveédi

Prozanétlivé cytokiny
indukuji expresi sPLA2.

Aktivacni faktory uvolnuji
sPLA2 ze sekreCnich granul
do ECM..

Za pritomnosti Ca2+ sPLA2
hydrolyzuje membranové
fosfolipidy sousednich
bunék.

Uvolnéni AA a nasledna
tvorba eikosanoidU
indukuje zanét.

Laye JP and Gill JH,
Drug Discovery Today 2003



R{zné mechanismy plsobeni sPLA2 v karcinogenezi

ENZYME LIGAND

Fatty acids  Lysophospholipids Receptor 7

OA, LA, AA indi
DHA, EPA, ..  LPC/LPELPS,LPA, .. binding
LIPID BIOACTIVE LIPID RECEPTOR-MEDIATED
METABOLISM SIGNALLING SIGNALLING
Lipid droplets Eicosanoid signalling MAPK
Fatty acid oxidation cPLA, @ PI3K/Akt

AMPK EGFR

ENERGY & REDOX BALANCE

RESISTANCE TO METABOLIC STRESS GROWTH & PROLIFERATION  PROLIFERATION & RESISTANCE TO APOPTOSIS

GROWTH & PROLIFERATION INHIBITION OF INVASION & METASTASIS
INDUCTION OF CELL DEATH AND SENESCENCE

Fig. 1. Different mechanisms of action of sPLAs in cancer. A particular sPLA; isoform may affect cancer cell growth parameters through one, two or several of the described
mechanisms in a sequential or parallel manner, depending on the enzyme characteristics, the released products and their metabolites, the cancer cell (pheno)type and the tumour
microenvironment. Some of these mechanisms may affect tumour growth in a pro- (green) and others in an anti-tumourigenic (red) manner, the final outcome in a particular
setting in vivo being likely dependent on the net balance between the two. sPLA;s can function as: 1) enzymes, hydrolysing phospholipids and thus releasing a complex mixture of
various FAs and lysophospholipids; or 2) ligands for their receptors and binding proteins, such as the M-type PLA> receptor and integrins. sPLA;s can exert their enzymatic activity-
dependent roles either by: a) modulation of basic lipid metabolism by stimulating lipid droplet formation and mitochondrial oxidative metabolism, most notably affecting the
expression of key FA oxidation enzymes, activating AMPK and Akt kinases, while at the same time suppressing the expression of SREBP-1 and other genes involved in FA synthesis.
s[’LAzs can in this way modulate the energy and redox balance in the cell, which leads to increased survival and proliferation capabilities of the cells, in particular resistance to
str duced is; b) bioactive lipid signalling through direct action of the released FAs and lysophospholipids or their conversion to other biologically active lipid
mediators, in particular, the production of (often pro-i y) eicosanoid ites of AA. These effects are commonly associated with the activation of cPLAyz and of the
EGFR, MAPK, PI3K/Akt and NF-kB pathways, leading to increased proliferation of cancer cells. On the other hand, receptor-mediated signalling usually results in the activation of the - - -
MAPK, PKC and PI3K/Akt/mTOR cascades and thus proliferation and resistance to apoptosis in cancer cells. In some cases, the roles of enzymatic activity or receptor-mediated B rg I eZ \/_ et al B I Och I m I e 2014
mechanisms have not been investigated or clarified, e.g. the inhibition of invasion and metastasis by hGIIA sPLA; in gastric cancer cells [21]. Likewise, the mechanisms involved
in some of the reported tumour suppressive effects of sPLAys are not clear, and may be related to their ability to induce apopmsis and senescence in some types of cells. Ab-
breviations: AA, arachidonic acid; AMPK, AMP-activated protein kinase; cPLA,z, cytosolic group IVA phosphol Ay; DHA, docosah acid; EGFR, epidermal growth factor
receptor; EPA, eicosapentaenoic acid; FA, fatty acid; LA, linoleic acid; LPC/E/S, | hosphatidylcholine /ethanolamine/serine; LPA, I hosphatidic acid; MAPK, mit tivated
protein kinase; mTOR, mammalian target of rapamycin; OA, oleic acid; PKC, protein kinase C SREBP-1, sterol regulatory element-binding protein 1.
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Figure 3. Activation of cPLA,-c. (1) Pro-inflammatory cytokines including tumour
necrosis factor o induce expression of cPLA,-o. (2) Activation leads to
mitogen-activated protein kinase-pathway-directed phosphorylation of cPLA, -ort.

(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,-o lyses membrane phospholipids providing
arachidonic acid (AA) to a range of enzymes involved with eicosanoid synthesis,
specifically COX and LOX.

Aktivace cPLA2

Prozanétlivé cytokiny indukuji expresi cPLA2. Nasleduje fosforylace
zprostfedkovana MAP kindazami. Ca2+ zp{sobuije translokaci cPLA2 z cytosolu do
perinuklearni membrany, kde je takeé jeji substrat a enzymy nutné k tvorbé
eikosanoidl. Aktivovana cPLA2 lyzuje membranoveé fosfolipidy a uvolfiuje AA,

ktera je metabolizovana COX a LOX. _ _
Laye JP and Gill JH, Drug Discovery Today 2003



Model konstitutivni overexprese cPLA2 a COX-2
u nadorovych bunék

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

cPLAZ2 COX-2

AR

G-Proteins Phospholipid

Y

MAPKinase
cascade
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/ » Transcription \

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

Drug Discovery Today

Laye JP and Gill JH, Drug Discovery Today 2003




Biosyntéza a metabolizmus VNMK
d-5(6)-d - desaturazy, ELG - elongazy
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Syntéza eikosanoidtli a jejich vazba na
receptory sprazené s G proteiny

Extracellular

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Intracellular

- 15-LOX- !

« 15-LOX-2

riogue
8-L0X) @‘ /
oy 4

lPLA2
l :
« 12-LOX 1 ]

LTE PGEM 1314-dihydro  15dPGJ, mp
- - 15-keto-PGF,,, @ @




Metabolismus kyseliny arachidonove

M Cytochrome P-450
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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.
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Izoformy COX, jejich funkce a moznosti jejich inhibice

l l cytokines, growth factors
tumor promoters

Platelets
: COX-1 () —( COX-2
" (cortng) s (e S0,
Kidney Celecoxib
/ 1 \ Rofecoxib / \

TxA; PGl; PGE: PGl PGE.

| S
[Tissue Homeostasis|]

Figure 1. COX isoforms include constitutive COX-1 which is
involved in normal tissue homeostasis and inducible COX-2
which is 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.

Sinicrope FA, Molecular Carcinogenesis 2006



Regulace exprese COX-2 v nadorech

Figure 2. Regulation of COX-2 expression in cancers. COX-2 is
induced by a variety of stimuli, including oncogenes, growth factors,
and tumor promoters (phorbol esters, PMA). Stimulation of PKC or
Ras signaling enhances mitogen-activated protein kinase (MAPK)
activity that results, in turn, in increased COX-2 transcription. A
variety of transcription factors including AP-1 and NF-kB mediate the
induction of COX-2. COX-2 can also be regulated by posttranscrip-

Sinicrope FA, Molecular Carcinogenesis 2006

| Ligands of EGFR|

wt p§3 competes
for binding protein

tional mechanisms. The 3’-untranslated region (3'-UTR) of COX-2
mRNA contains a series of AU-enriched elements (ARE) that regulate
message stability. Augmented binding of HuR, an RNA binding
protein, to the AREs of the COX-2 3'-UTR is responsible, in part, for
the observed increase in COX-2 message stability in some tumors
[53]. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]



Zakladni mechanismy pusobeni PPARs a Gc¢inky
na expresi genu
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ULOHA LIPOXYGENAZ (LOX) V ROZVOJI
NADORU

PRO-TUMOR

5-LOX (5-HETE) MTUMOR
12-LOX (12-HETE)

15-LOX-1 (13-HODE) 15-LOX-2 (15-HETE)
8-LOX (8-HETE)

b

Proliferation
Inhibition of Apoptosis Differentiation
Angiogenesis Growth Arrest
Invasion and Mctastasis Induction of Apoptosis

Rovnovaha v produkci rliznych isoforem LOX (pro- i protinadorové
pUsobicich) a jejich biologicka aktivita rozhoduje o vyvoji nadord.

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



Signalni drahy aktivované 12(S)-HETE

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 zprostredkujici funkcni odpové “d zahrnutou v progresi nadoru.
Pidgeon GP et al Cancer Metastasis Rev, 503, 2007



D Metabolismus LOX podporuje priichod bunék
bunécnym cyklem

12-LOX
inhibition
in prostate
cancer
DNA Point where cell
Synthesis commits to divide
Gene
Transcription
12-LOX
inhibition Kip/Ci
in lung Fﬁﬂ_ 15-LOX-1
cancer P27 in colon cancer
P57

12- a 15-LOX a jejich metabolity podporuji préichod nadorovych bunék bunécnym cyklem.
Jejich inhibice zplsobuje zastavu bunécnou cyklu nasledovanou obvykle apoptdzou.

. Pidgeon GP et al Cancer Metastasis Rev, 503, 2007 @
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Model prozanetlivych PG a LT v podpore nadorove progrese

.. Wang D, DuBois RN, Nature Rev Cancer 2010




PGE2 a LTB4 podporuji progresi nadoru
indukci proliferace, prezivani, migrace a
invaze nadorovych epitelialnich bunék
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PG a LT zprostredkovavaji interakci mezi
nadorovymi bunkami
a bunkami imunitniho systému
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Uéinky nesteroidnich protizanétlivych latek - NSAIDs
Tlumi pronadorové a imunosupresivni ptisobeni COX-2 a PGE2
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Furstenberger G. et al., Int J Cancer 119, 2006



D Hlavni molekularni cile COX-2 a NSAIDs
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Uéinky omega-3 nenasycenych mastnych
kyselin na riist nadoru

S.N. Stehr, A.R. Heller / Clinica Chimica Acta 373 (2006) 1-8

angiogenesis « PKC
s ras

'3 | » AP-1

Lipid
peroxidation

Fig. 1. Mechanisms of omega-3 FA action in tumor growth. Cyclooxygenase (COX) I and inducible NO synthase (iINOS) are key propagators of tumor development
and inhibitors of tumoricidal activity. — favors activity: L blocks activity [1].

metabolic
block I

cachexia

COX-2 a i-NOS jsou klicové molekuly podporujici rozvoj
nador{ a blokuijici protinadorovou aktivitu
A Stehr SN and Heller AR, Clinica Chimica Acta 2006 ({1 1)



Nove lipidové mediatory odvozené

od omega-3 PUFAs
Resolviny aeuroprotektiny
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Serhan CN and Chiang N, Br J Pharmacol 2008




Produkce a struktura mediatorti odvozenych
od DHA

Docosahexanoic Acid
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Serhan CN and Chiang N, Br J Pharmacol 2008
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Figure 3 D-series resolvins and protectins. (a) Resolvin Ds: formed from docosahexaenoic acid (DHA), 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). @



Produkce a struktura mediatorl odvozenych
od EPA
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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 PMN. Also, when expressed on epithelial cells ChemR23 and RvE1 stimulated CD-55-dependent clearance of PMN from the
mucosal surface (Campbell et al., 2007).

Serhan CN and Chiang N, Br J Pharmacol 2008
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Prakticke aspekty - klinika
Vzajemneé vztahy mezi vyzivou a infekcnimi a zanétlivymi
chorobami zprostredkovanymi cytokiny
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1
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Klinické symptomy vznikajici u pacientt
v priibéhu nadorového onemocnéni

Ancrexia
Dehydration

Constipation

N\ // —

Cachexia

Hypercalcasmia ‘K

Hyperglycaemia ———F—— » Asthenia

Hyperlipidemia Nausea / vomitting

Hypermetabolism Taste / smell alterations

L 2

Anxiety, pain
depression

Figure 5 Cancer at the whole body level. A range of clinical symptoms burden the patient during cancer.

Roynette C.E. , Clinical Nutrition 23, 2004:139-151 @
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Y, 00 PROTI RAKOVINE

;s"?; @ Praktické aspekty poznatkii
“"",m o pusobeni mastnych kyselin

unu&.&uumlbapc i ch hisiaich

Nejedna se o farmaka, soucast stravy, pomerne vysoke davky (0,5- Zg)

VYUZITI :
DIETETICKA DOPORUCENI
Zdravi a prevence chorob
Stfedomorska dieta
Funk¢ni potraviny
Potraviny pro zvlastni Iékarské ucely

TERAPEUTICKE VYUZITI — nutri¢ni farmakologie
Imunomodulace, antikachektické Ucinky, kombinovana terapie,
adjuvantni terapie, , disease specific nutrition®, nosice
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The Effects of Parenteral Lipid Emulsions on Cancer and optlm alizace slozeni

Normal Human Colon Epithelial Cells in vitro |IpIdOV)'/Ch emul le
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Obsah mastnych kyselin v tucich obilovin a
lusténin

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

. o . . .
Mastna Ffo;:jct)jc Obsah % z veskerych mastnych kyselin
kyselina vazbam | P$enice Zito Oves Ryze Sdja

Palmitova 16:0 14 -17 2 -6 10 13-16 7-10

Stearova 18:0 1-3 3-8 2 1-2 2 -5

Olejové 1811 | 20-45 | 18-35 59 22 - 30
Linolova E 18:2 | 40-50 | (48-61 31 29-40 | 50-60

Linolenova E 18:3 2 -3 1-2 0 stopy 5-9

E = esencialni (nezbytné)




Obsah mastnych kyselin v rostlinnych olejich

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

Mastna Ffoc;":f;'c Obsah % z veskerych mastnych kyselin - ,

R v.azbéjr'n Sijlc;}{? Snlil:;;if?- Olivovy Pﬁaiii?- Repkovy bezz'ruk.
Myristova 14:2 0-02(01-03| 0-02 |0,3-0,5(0,1-0,3 0-2
Palmitova 16:0 7-10 |35-75| 11-14 6-12 |25-42140-572
Stearova 18:0 2-5124-30 2-3 28-63]102-10/09-1,8
Arachova 200 102-10/05-0,7/01-04|16-28(02-05|09-1,2
Palmitoole;. 16:1 00-05{02-10|02-06({09-24|0,1-13/0,2-0,4
Olejova 18:1 22-30 | 30-39 ((70-78 ) 42-72 |9.1-125| 54-60
lkosenova 20:1 0 0 0,1-04 0 6,1-95(03-38
Erukova 22:1(13) 0 0 0 0 45-64 | 0,3-0,6"
LinolovaE | 182 ((50-60) 46-65 | 5-12 | 13-33 |8.2-15.9| 19-25
Linolenova E 18:3 5-9 0-08 |02-08(05-50 i- 11_26 8-11

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



Uéinky inhibice cyklooxygenaz a lipoxygenaz
na nadorové bunécné populace

-Rada nadord mé& zménény metabolismus VNMK a produkuije zvysené
mnoZzstvi jejich metabolitl

-Urover exprese jednotlivych typl enzym@ (COX1, COX2, 5-, 12- 15-
LOX, FLAP, P450) se lisi podle typu a histologického stupné nadoru

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

Nesteroidni antiflogistika (NSAID - aspirin, sulindac, indometacin,
ibuprofen , piroxicam) inhibuji aktivitu COX a maji preventivni a
terapeutické Ucéinky na rozvoj nadorll, zejména kolonu - vyuziti
selektivnich inhibitor& COX2 (inducibilni) - coxiby



« NSAID - snizuji proliferaci a indukuji apoptdzu mechanizmy
zavislymi i nezasvislymi na aktivité COX

« UCinky mohou byt primé nebo neprimé - zprotredkované
napr. zmeénami aktivity imunitniho systému (lisi se ucinky v
systémech /n vitro a in vivo)

« Inhibitory LOX (NDGA, esculetin, MK-886) inhibuji proliferaci
a indukuji apoptdzu rady nadorovych linii

 Produkty 5-LOX funguiji jako ,second messengers" rady
rlstovych a viabilitnich faktorG

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

Slozeni a vyuziti lipidovych emulzi

Smési prirodnich olejd (sojovy —LCT, kokosovy — MCT), emulgované
fosfolipidy (vajeCny lecitin, sojovée fosfolipidy), izotonizacni prisada

(glycerol)
Tukové Castice podobné chilomikronim

Parenteralni vyziva — emulze soucast tzv. ,all-in-one" vakd
Funkce = zdroj energie a esencialnich MK

Enteralni a oralni vyziva
Na zakladé novych poznatk{ o regulacni Uloze lipidd vyuziti jako farmaka

Nutricni farmakologie
Vyziva cilena na urcité onemocnéni — ,,Disease-specific nutrition"




Vyznam slozeni tukt v parenteralni
vyziveé pacientt

LCT - “long chain” triglyceridy - z rostlinnych olejd s vysokym
obsahem VNMK (dUlezity pomér n-3 : n-6) - regulacni funkce, mohou
zysovat nebo snizovat napr. produkci TNFa (kachektin) - prozamétlivy
cytokin spojeny s kachexii

MCT - “"medium chain” triglyceridy - nasycené MK (6-12 uhlik{) -
zdroj energie, plsobi proti supresi imunitnich a fagocytarnich funkci u
silné stresovanych pacientd.

1.Slozeni lipidovych vyziv ovliviiuje spektrum lipidQ v plasmé i Vv
bunécnych membranach, pricemz metabolismus a obrat fosfolipidl v
membranach transformovanych-nadorovych bunék se zasadné lisi od
bunék netransformovanych-nenadorovych.



Zmény ve slozeni fosfolipidd membran méni jeji vlastnosti
(fluiditu, produkci volnych reaktivnich radikalt a biologicky
aktivnich metabolitd - eikosanoidll), coz se dale odrazi

ve schopnosti prijmu a prenosu signalt dllezitych regulacnich
molekul s naslednymi ucinky na ddlezité biologické procesy jako
jsou bunécny rlst, diferenciace a apoptdza a dale funkce bunék
imunitniho systému

VNMK a jejich metabolity mohou byt dilezitymi regulatory genové
exprese. Predpoklada se, ze tyto latky jsou schopny ovlivhovat
aktivitu transkripcnich faktord, které se pak vazi na klicové
elementy spojené se specifickymi geny.

Zmény membran a rlstovych vlastnosti nadorovych bunék
po plsobeni VNMK mohou modulovat jejich citlivost k riiznym
terapeutickym zasahdm.

Inhibitory metabolismu AA, tj. produkce eikosanoidd, k nimz
patfi i fada bézné v klinice vyuzivanych NSAID, mohou vyznamnym
zptsobem modulovat zminéné procesy.



Biosyntéza lipidi
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Steroid hormones

Fig. 1. Lipid biosynthesis. Schematic overview of the pathways involved in the synthesis of fatty acids (FAs), cholesterol, phosphoglycerides, eicosanoids and
sphingolipids. The enzymes involved in catalysing steps in lipid biosynthetic pathways are indicated in red. (a) Glucose- or glutamine-derived citrate is first
converted to acetyl-CoA by ACLY. (b) For FA biosynthesis, acetyl-CoA is converted into malonyl-CoA. The repeated condensation of acetyl-CoA and malonyl-CoA
by the multifunctional enzyme FASN leads to the generation of palmitic acid, a fully saturated 16-carbon FA. The introduction of a double bond in the A9
position of the acyl chain by SCD generates mono-unsaturated FAs. (c) Subsequent elongation and further desaturation produces the repertoire of FAs with
different saturation levels. (d) Essential FAs (w3 and w6 FAs) cannot be synthesised by human cells and need to be provided from dietary sources. (e f) Saturated
and unsaturated FAs are combined with glycerol-3-phosphate (glycerol-3-P) to generate (e) phosphoglycerides and (f) phospheinositides. (g) Arachidonic acid, a
long-chain polyunsaturated FA, is used for the synthesis of eicosanoids. (h) Sphingolipids contain acyl chains and polar head groups derived from serine,
phosphocholine or phosphoethanolamine. (i) Cholesterol biosynthesis is initiated by the conversion of acetyl-CoA to acetoacetyl-CoA. Addition of another acyl
group by HMGCS produces 3-methylglutaryl-3-hydroxy-CoA, which is converted to mevalonate by HMGCR. Subsequent reactions result in the production of
farnesyl-pyrophosphate, an essential intermediate for protein prenylation. Cholesterol also forms the structural backbone for steroid hormone biosynthesis.
Enzyme abbreviations: ACAT, acetyl-CoA acetyltransferase; ACC, acetyl-CoA carboxylase; ACLY, ATP citrate lyase; AGPAT, 1-acylglycerol-3-phosphate O-
acyltransferase; COX1/2, prostaglandin-endoperoxide synthase (PTGS); DGAT, diacylglycerol O-acyltransferase; ELOVL, fatty acid elongase; FADS, fatty acid
desaturase; FASN, fatty acid synthase; GPAT, glycerol-3-phosphate acyltransferase; HMGCR, 3-hydroxy-3-methylglutaryl-CoA reductase; HMGCS, 3-hydroxy-3-
methylglutaryl-CoA synthase; PPAP, phosphatidic acid phosphatase; SCD, stearoyl-CoA desaturase; SPHK, sphingosine-1-kinase. Metabolite abbreviations: a-KG,
a-ketoglutarate; CDP-DAG, cytidine diphosphate-diacylglycerol; CER, ceramide; DAG, diacylglycerol; FA, fatty acid; LPA, lysophosphatidic acid; PA, phosphatidic
acid; PC, phosphatidylcholine; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PGE,, prostaglandin Ez; PGH,, prostaglandin Hy; Pl, phosphatidylinositol;
o PIPx, phosphatidylinositol phosphate; PS, phosphatidylserine; S1P, sphingosine-1-phosphate; SPH, sphingosine; TAG, triacylglyceride.




Lipidy podporuji riizné aspekty vyvoje nadorii

Diet
mobilisation from de novo fatty acid
adipose lissue synthesis

Fatty aclds

//1\\

Membrane Membrane Lipid droplet NADPH Cholesterol
synthesis saturation formation oxidation lipid hormones

N N

Cell growth and  Oxidative  Survival under Redox  Proliferation and

proliferation stress energy stress balance invasion
resistance

Fig. 3. Lipids can promote different aspects of cancer develop-

ment. Stimulation of fatty-acid synthesis by oncogenic signalling

and increased mobilization from adipose tissue as a consequence

of cachexia increase the availability of lipids in cancer cells. These

may contribute to several aspects of the tumour phenotype, such

as growth and proliferation, survival under oxidative and energy

stress, support of a high-glycolytic rate by promoting redox balance CR Santos and A Schulze
and stimulation of signalling pathways that lead to proliferation and FEBS J 2012:2610
invasion (see the text for more details).




Lipidovy metabolismus v organismu a nadory

A
Excess adipose tissue Pancreas
P Insulin
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IGF1 lnsulin secretion
availability

Cytokines

Inflammation

Tumour cells

Adipose tissue Liver

Glucose

Epefcv
Signalling blosynthesls
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Fig. 2. Whole-body lipid metabolism and cancer. (A) Obesity and
insulin resistance can contribute to cancer development by increas-
ing the secretion of insulin by pancreatic B-cells and by enhancing
the availability of IGF1 as a result of the increased production of
IGF-binding proteins. Secretion of inflammatory cytokines by adk
pose tissue can also promote transformation and proliferation of
turmour cells. (B} Tumour load promotes the breakdown of lipids in
the adipose tissue of cachexic patients. Tumour cells can use circu-
lating free fatty-acids as an energy supply, for membrane biosyn-
thesis or for signalling processes. Glycerol produced by the
breakdown of triacylglycerides can be used for gluconeogenesis in
the liver.

CR Santos and A Schulze

FEBS J 2012:2610




Regulace lipidového metabolismu onkogennimi signalnimi drahami
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Fig. 1. Regulation of lipid metabolismn by oncogenic signalling pathways. Many cancer cells show high rates of de novo lipid synthesis. Fatty
acids are required for the production of phosphoglycerides, which, together with cholesterol, can be used for building cell membranes. Tria-
cylglycerides and cholesterylesters are stored in lipid droplets. Lipids from extracellular sources can also be used for these purposes. Fatty
acids mobilized from lipid stores can be degraded in the mitochondria through B-oxidation to provide energy when required. Many enzymes
within the fatty-acid and cholesterol-biosynthesis pathways are regulated by SREBPs (highlighted by yellow boxes). Oncogenic activation of
the PI3K/Akt pathway promotes glucose uptake and its use in lipid synthesis through activation of SREBP. Activation of E2F following loss
of the retinoblastoma protein increases expression of SREBPs and their target genes. Mutant p53 (p53mut) increases the expression of
genes within the cholesterol biosynthesis (mevalonate) pathway by binding to their promoters. AMPK is activated in response to low cellular
energy levels and prevents lipid synthesis and stimulates B-oxidation through inhibition of ACC. AMPK can also inhibit SREBP by direct phos-
phorylation. Activation of HIF1 by hypoxia reduces the flux of glucose to acetyl-CoA through the mitochondria. Reductive metabolism of
glutamine-derived a-ketoglutarate provides cytoplasmic citrate in hypoxic cells. ACAT, acetyl-CoA acetyltransferase; ACLY, ATP citrate lyase;
ACSL, acyl-CoA synthetase long-chain; CPT1, carnitine palmitoyltransferase; ETC, electron transport chain; HMGCS, HMG coenzyme A
synthase; IDH, isocitrate dehydrogenase; MCT, monocarboxylate transporter; pRB, retinoblastoma 1.



Uloha lipid& v nadorovém mikroprostredi
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Fig. 2. The roles of lipids in the tumour microenvironment. Lipids play important roles during tumour initiation and disease progression. Activation of
HMGCR drives cell transformation (stage 1). Activation of SREBP and induction of enzymes of the mevalonate pathway are involved in the disruption of normal
tissue architecture, and release of FAs by MAGL can promote cancer cell migration (stage 2). Lipids are also involved in the interaction of cancer cells with
components of the tumour stroma. For example, cancer-associated fibroblasts (CAFs) show increased expression of FASN. Signalling lipids, including PGE,,
regulate the recruitment of cancer-promoting M2 macrophages, which can promote cancer cell migration and invasion (stage 3). LPA and S1P regulate the
cytotoxic function of natural killer (NK) cells. PGE; can also act as a pro-angiogenic factor by promoting the outgrowth (sprouting) of vascular and lymphatic
endothelial cells, and the dissemination of tumour cells into distant tissues during metastasis formation (stage 4). Adipocytes can induce the homing of
metastatic cancer cells by releasing cytokines (stage 5). The metabolic coupling between adipocytes and cancer cells involves the release of FAs by adipocytes,
which are then used for energy production by cancer cells (stage 6).

F Baenke Disease Models & mechanisms 2013:1353
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