Process for the Assessment of Scientific Support for Claims on Food
(PASSCLAIM)

Evropsky program — zapojeno vice nez 160 védcu v ramci 5
evropského ramcového programu (akademicti pracovnici, prumysl,
verejnost).

EU projekt ,Functional food Science in Europe”

Nutné dodat védecké zaklady a dikazy pro vytvareni poZzadavku a
naroku na vyzivu a slozky potravy.

Ovéreni markeru expozice, zvySeného nebo snizeného rizika
onemocneni.
Biomarkery a tzv. “surrogate” (nahradni) markery
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Kritéria pro védecké zduvodnéni pozadavku

Criteria for the scientific substantiation of claims

3. When the true endpoint of a claimed benefit can

1. The food or food component to which the claimed
effect is attributed should be characterised.

2. Substantiation of a claim should be based on
human data, primarily from intervention studies
the design of which should include the following
considerations:

2 (a) Study groups that are representative of the
target group.

2 (b) Appropriate controls.

2 (c) Anadequate duration of exposure and

follow up to demonstrate the intended effect.

2 (d) Characterisation of the study groups’ back-
ground diet and other relevant aspects of
lifestyle.

2 (e) An amount of the food or food component
consistent with its intended pattern of con-
sumption.

2 (f) The influence of the food matrix and dietary

context on the functional effect of the com-
ponent.

2 (g) Monitoring of subjects’ compliance concern-

ing intake of food or food component under
test.
2 (h) The statistical power to test the hypothesis.

not be measured directly, studies should use
markers.

. Markers should be:

- biologically valid in that they have a known re
lationship to the final outcome and their vari-
ability within the target population is known;

- methodologically valid with respect to their
analytical characteristics.

. Within a study the target variable should change

in a statistically significant way and the change
should be biologically meaningful for the target
group consistent with the claim to be supported.

. A claim should be scientifically substantiated by

taking into account the totality of the available
data and by weighing of the evidence.




HLAVNI OKRUHY ZAJMU

Regulace vahy, citlivost k inzulinu a diabetes
» \Vyziva a kardiovaskularni onemocnéni
» Zdravi a problémy kosti a osteoporoza
» Fyzicka aktivita a fitness
» \/yziva a nadorova onemocneni
» Mentalni stav a chovani
» Zdravi zazivaciho traktu a imunita
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GENOMICS + PROTEOMICS = CYTOMICS

METABOLOMICS | TRANSCRIPTOMICS

NUTRIGENOMICS

PHARMACOGENOMICS LIPIDOMICS

védeckeé sméry od mapovani vnitniho
spektra lipidl v biologickych
systémech k popisu funkce a
metabolismu jednotlivych lipidd.



Potrava a vyziva - zdravi a nemoc

FunkcCni potraviny, potraviny pro zvilastni lekarske ucely

Nutrigenomika, farmakogenomika - relativné nové pojmy
Cilem je individualizovat nebo perzonalizovat medicinu a vyzivu a
nakonec zdravi spojenim Iéku nebo potravy s individualnim genotypem.

Lidsky genom koduje asi 30 000 genu, které jsou zodpovédné za
produkci vice nez 100 000 funkéné odliSnych proteint. Kromé toho jsou
geny ovlivnény epigenetickymi modifikacemi (acytylace, metylace).

Znamé mutace zpusobujici onemocnéni identifikovany asi u 1000 genu.
Predpoklad, Ze chyba v kazdém genu je schopna zpusobit odchylku.

Kazdy clovek je geneticky (i epigeneticky) jedinecny a
fenotypoveé odlisny.



Nutrigenomika je vedeckeé odvetvi studujici interakce
specifickych genu, potravy a jejich bioaktivnich slozek. Je
zakladem porozumeéni jak se liSi zdravotni dusledky
stravovacich navyku mezi jedinci a kdo a jak (prospéch,
riziko) muze byt ovlivnén intervenénimi strategiemi.

Vychazi z predpokladu, ze

- Vyziva a jeji slozky mohou menit riziko vyvoje onemocneni
modulaci mnoha procesu souvisegjicich s poCatkem,
Incidenci, progresi a vaznosti onemocneni

-Slozky vyzivy pusobi na lidsky genom pfimo nebo nepfimo a
meéni expresi genu a jejich produktu

- vyZiva by mohla kompenzovat nebo zvyrazriovat ucinky
genetickych polymorfismu

- dusledky vyZivy zaviseji na rovnovaze zdravi a nemoci a na
genetickem pozadi jedince



Uzké propojeni s proteomikou a metabolomikou —
identifikace molekularnich cilu pro nutricni doporuceni.
Inovativni technologie (microarrays, high-throughput
analysis,RNA interference, nanotechnologie)

Synergie s farmakogenomikou — ziskani masivnich dat
pro zvyseni biologické komplexnosti vyvijenych lecCiv a
vyzivovych doporuceni pro budouci medicinu.



Nutrigenetics

Nutritional
W Epigenetics

Bioactive
Food
Components
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Proteomics

Metabolomics —

Metabolite

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

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




Pozitivni a negativni zpétna va
B  Fositive and negative feedback control
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Genome = Transcriptome = Proteome =—* Metabolome = Function

+
Biochemical
Microarray analyses
(Table 1)

+
Phenoty pic
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observations

Figure 1 (A) Traditional central dogma of molecular biclogy where the flow of
information goes from gene to transcript to protein; also shown are sites where
enzymes act on metabolism. (B) General schematic of the 'omic organization
where the flow of information is from genes to transcripts to proteins to
metabolites to function (or phenotype).

Goodacre R., J Nutr. Suppl., 2007



Rada sloZek potravy ovliviiuje genetické a epigenetické déje
a tak ovliviuje zdravi

Jak esencialni (kalcium, zinek, selen, folate, vitaminy) tak neesencialni
slozky potravy vyznamne ovliviuji zdravi.
Modifikuji Fadu bunécénych procesu spojenych se zdravim a prevenci

chorob vCetne
metabolismu karcinogenu, hormonalni rovnovahy, bunécného

signalovani, kontroly bunecneho cyklu, apoptozy, angiogeneze atd.
jedna bioaktivni sloZzka muze ovliviiovat sou¢asné nékolik procesu.

Revoluce v genetice a vznik ,omics® poskytuji novy pohled na radu
hledisek zdravi véetné ulohy vyZivy v prevenci chorob.

Rychle se vyvijejici analytické metody a informacni technologie umoznuiji
identifikaci a validaci molekularnich cilt bioaktivnich slozek potravy a
jejich vztah ke zménam fenotypu.
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Figure 3. Bioactive food components can influence genetic and epigenetic events associated with a host of disease processes.

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



Dulezité aspekty

Interindividualni reakce na slozky vyzivy

genove polymorfismy (malé rozdily v sekvenci gent mezi jedinci), OV|IVﬂUjI
funkci a interakci proteinu.

Single nucleotide polymorphisms (SNPs) — dllezité pro rozdilnou reakci na
slozky potravy

Geneticka odpavéd na jednotlive slozky potravy se mezi jedinci liSi

Napr. selen — prevence nadoru jater kolonu, prostaty, plic

Geneticka variabilita zodpovida za nejednotnou odpovéd riiznych jedincd
(polymorfismus genu pro glutation-peroxidazu — na selenu zavisly antioxidacni
enzym).

Uginky kofeinu — rizikovy faktor osteopordzy u starich Zen — zavisi na varianté
receptoru pro vitamin D.

Vice neni vzdy lepe! — zvySeny prijem nékterych slozek potravy je $kodlivy
obecne zvySeny pfijem energie — nerovnovaha — obezita — nemoci

Korelace BMI s fadou chorob vcéetné urcitych typt rakoviny

Polymorfismy pro proliferator-activated receptors (PPARs) — reguluji expresi
genu zahrnutych ve skladovani a metabolismu tuki — vliv poméru nasycenych a
nenasycenych mastnych kyselin



Reakce na kombinace potravin

kombinace nékterych slozek potravy jsou uc€inngjSi nez jednotlivé komponenty.
Napf. s6ja s Cajem synergicky snizuji PCA — antigen spojeny s rakovinou
prostaty.

Nutricni epigenetika

Ovlivnéni metylacni struktury DNA — ovliviiéni genové exprese. Nékteré
dietetické faktory ovlivauji metylaci DNA a naopak metylacni vzorec DNA
ovlivauje reakci na bioaktivni slozky potravy.

Bioaktivni slozky modifikuji nejen samotnou DNA, ale ovliviuji i transkripci
(transcriptom) a translaci (vitaminy, mineraly, fytochemikalie, makronutrienty) —
vysledné zmény metabolismu, bunééného rustu, diferenciace — vyznam pro
rozvoj nemaoci.

DNA microarrays — detekce transkripce tisict genu

NebezpecCi nespravne interpretace, je nutné uvazovat kvantitu a délku expozice
— organismus se adaptuje

RNA interference — blokuje expresi urcitého genu — identifikace genu regulujicich
zasoby a metabolismus tuku

Modely knock-out mysi

DalSi ,omics" — proteomics — uroven translace — abnormalni struktury proteinu



DNA Methylation: Essential for Normal Functioning of an Organism

/

5. Methyl group attach
: feET I i to specific sites on
1. Ingestion of | 20 de e the DNA strand
nutrients o , I

Tightly coiled
DNA strand

4, Dietary methionine,
folate and choline
enter the cells

¥

Bone

marrow

\ |
."'

Liver H {

0\ AN
)yfl 2. Nutrients ‘

| e ' metabolized
/ ~_ Stomach p

Methyl tags C bases

3. Nutrients absorbed
by small intestine
and transported via
the blood stream to \ AY, =
cells in the body : “Small
. - intestine

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

InjillelEsrEAmeEbicAssec: MG 20T e e




EGCG, LUTEOLIN
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Khan N. et al, Carcinogenesis 28, 2007




Fig. 1. Induction of apoptosis by dietary chemopreventive agents. The extrinsic pathway 15 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 [APs, that affects both activator and effector caspases. The intrinsic pathway requires disruption of the mitochondrial
membrane and the release of mitochondrial proteins into the cytoplasm. Stress signals elicited by the dietary chemopreventive compounds regulate the
proapoptotic proteins and antiapoptotic proteins, leading to the release of cytochrome ¢ from the mitochondrial inner membrane. 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 membrane, regulating the release of cytochrome ¢ and other proteins. The activation of the
caspase cascade occurs by the TNF family receptor and it also causes activation of Bid that activates mitochondria-mediated apoptosis. Bax is activated and
releases cytochrome ¢ and other mitochondrial proteins. Dietary agents can also block growth factor-mediated antiapoptotic signals through the directinhibition of
the binding of growth factors to the receptor or inhibition of the downstream phosphatidylinositol 3-kinase (P1I3K)-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 vitro effects have been




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

Dietary agent

Major dietary source

Target/mechanism Reference:s

EGCG

Curcumin

Genistein

Indole-3-carbinol

Resveratrol

Isothiocyanates

Luteolin

Lycopene

Anthocyanins

DeIphinidin

Lupeol

Caffeic acid
phenethyl ester

Apigenin

Silymarin

Gingerol

Capsaicin

Organosulfur compounds

Green tea

Turmeric

Soybean

Cruciferous vegetables

Grape, red wine

Cruciferous vegetables

Celery, green pepper
and peppermint

Tomato

Pomegranate

Pigmented fruits and
vegetables such as
strawberry and pomegranate

Mango, olive and grape

Honey

Parsley, celery and lettuce
Milk thistle

Ginger

Red pepper

Garlic and onion

Activation of Fas (16)
Enhancement of TRAIL-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)
TRAIL-induced apoptosis, activation of caspases (18)
Release of cytochrome ¢ from mitochondria (36)
Increase in the number of apoptotic tumor cells in mice (61)
Degradation of ¢-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)
Downregulation of Bel-2, Bel-xL, IAP, X chromosome-linked IAP and FLIP (23, 25)
Downregulation of survivin, IAP1, IAP2, X chromosome-linked TAP, Bel-2, (55)
TNF receptor-associated factor 1 and c-FLIP
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)
Activation of caspases (39)
Activation of p33 activity, induction of apoptosis in lung tissues, effect on
AP-1 and p33
Sensitizes TRAIL-induced apoptosis
Induction of TRAIL, along with Bid cleavage and the activation of caspases
Decrease in the expression of surviving
Release of cytochrome ¢ from mitochondria
Effect on p33, activation of caspases, decrease in PCNA, increase in Bax
Bel-XL downregulation, mitochondrial release of eytochrome ¢, activation
of caspases
Shift in the ratio of Bax w Bel-2
PARP cleavage, nuclear condensation and fragmentation, induced MMP change
Activation of caspases, increase in Bax, decrease in Bel-2, upregulation of Bid,
Bak, downregulation of Bel-xL, inhibition of UVB-mediated apoptosis in mice
Increase in the expression of Fas receptor and FADD, activation of caspases
Fas activation, induction of p53, Bax and activation of caspases

Activation of caspases and PKCdelta

Activation of caspases and PARP cleavage

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

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

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

Increase in protein expression of p53, p21 and Bax

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

This list provides selected examples.

Slozky potravy indukujici apoptézu nadorovych bunek




DIETETICKA DOPORUCENI

Zdrayi a prevence chorob
(nedostatek a nadbytek potravy, spravna
VYZiva)

Funkcni potraviny
Potraviny pro zvlasStni lékarske ucely
Terapeutické vyuziti —nutricni farmakologie
(adjuvantni terapie, ,,disease specific
nutrition®,
nosice léku

Parenteralni a enteralni vyziva



Figure 3. Two strategies of nutrigenomics research. The first strategy will provide detailed molecular data on the interaction between nutrition and
the genome, whereas the second strategy might be important for human nutrition, given the difficulty of collecting tissue samples from healthy
individuals. The first strategy, typically applied by smaller research groups, will reveal the identification of transcription factors that function as
nutrient sensors and the genes they target; elucidation of the signaling pathways involved, and characterization of the main dietary signals;
measurement and validation of cell- and organ-specific gene expression signatures of the metabolic consequences of specific micronutrients and
macronutrients; elucidation of interactions between nutrient-related regulatory pathways and proinflammatory stress pathways, to understand the
process of metabolic dysregulation that leads to diet-related diseases; and identification of genotypes that are risk factors for development of
diet-related human diseases (such as diabetes, hypertension, or atherosclerosis) and quantification of their impact. The second strategy is the
application of nutritional systems biology to develop biomarkers of early metabolic dysregulation and susceptibility (stress signatures) that are
influenced by diet. This strategy requires large consortia, considerable research funding, and excellent multidisciplinary (and possible multinational)
collaboration.

Target Genes _ Signatures
Mechanisms Profiles
Pathways - Biomarkers

Molecular Nutrition e Nutritional
& Genomics Systems Biology

-ldentification of dietary signals
-ldentification of dietary sensors
|dentification of target genes
*Reconstruction of signaling pathways

Small research groups Large research consortia
Small budgets . Big money

*Measurement of stress signatures
-ldentification of early biomarkers

Afman L and Muller M, J Am Diet Assoc 2006



Preventivni dietetické strategie — rané biomarkery
Nutriéni a farmakologicka intervence se doplnuji (spoleény molekularni cil — napf. PPAR)
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Figure 2. Development of complex, multifactorial, polygenic diseases, such as metabolic syndrome. Nutrition is primarily focused on health and
on the earliest phases of disease pathology. In order to effectively apply dietary strategies to prevent disease or to recover homeostasis, validated

early biomarkers of the disease state are needed. Nutrition and pharma (pharmacology) are complementary approaches to apply to metabolic stress
or metabolic syndrome. Interestingly, there is considerable overlap between cellular targets for nutritional and pharmacological intervention, such

as peroxisome proliferator activator receptor-ae or peroxisome proliferator activator receptor-+y, which bind fatty acids and fibrates or fatty acids and
thiazolidinediones, respectively.

Afman L and Muller M, J Am Diet Assoc 2006



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

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




G?neh;Nlutrient - Energy
mbalance expenditure
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Figure 4. Certain genetic polymorphisms can shift the balance of energy intake and energy expenditure and thereby influence bioenergetics and
obesity. Higher energy intakes, a low polyunsaturated-to-saturated fat rafio, insulin resistance, and a sedentary lifestyle leading to obesity are risk
factors for chronic diseases, such as heart disease, diabetes, and cancer, depicted when the scale is sloping downward. The right side of the scale
portrays lifestyle including physical activity and a diet rich in whole grains, fruits, vegetables, and soy protein, which are associated with less risk
for obesity and chronic disease. Gene-nutrient imbalances may explain the morbidity and mortality associated with obesity.




Makro- a mikronutrienty pusobi zmény na urovni RNA, proteinu a metabolitu v
bunkach a organismu detekovatelné novymi technologiemi

Digestion
Absorption
Distribution

Carbohydrates, lipids, proteins
vitamins, minerals, trace elements

Diet-induced hormone secretion Metabolism

Epigenetic

meadifications Nuclear receptors

Transcription factors

i

- &

Protein pool Metabolite pool

Transcript Protein | s Metabolite | .,
profiling profiing | profiling

Current Opinion in Biotechnology

Foods are digested, absorbed and distributed in the body. Food stuffs contain macronutrients (carbohydrates, lipids and proteins) and micronutrients
(vitamins, minerals, trace elements). These nutrients induce changes at RNA, protein and metabolite level in the receiving cell or organism. The
corresponding profiling technologies, namely transcriptomics (gene expression analysis), proteomics (protein expression analysis) and metabolomics
(metabolite profiling) are applied to better understand and assess these effects in a holistic fashion.
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vliv genetickych variant na
pozadavek, utilizaci, toleranci a
metabolismus zivin

VS.

modulacni uloha zivin na evoluci
genomu, frekvenci mutaci, in-
utero viabilitu

Nutrigenomika zpétné ovlivnuje
genetickeé variace pozorované v
ruznych lidskych populacich

Figure 1. Nutrient-genome interactions. Nutritional genomics encom-
passes both nutrigenetics, the influence of genetic variation on nutrient
utilization/metabolism, food tolerances, and nutrient requirements; and
nutrigenomics, the modulatory role of nutrients on genome evolution,
mutation rate, in-utero viability, programming, and expression. In turn,
several of the nutrigenomic outcomes (le, genome evolution) contribute
fo the genetic variation observed within genetically diverse human
populations. NOTE: This figure Is avallable online at www.adajournal.
org as part of a PowerPoint presentation.




Early Hutrition Experiences Risk Phanotype Adult Onset Disease

Malnutrition Obesity cvp*®
Suboptimal Mutrient Hypertension Diabetes

Environments Insulin Resistance Metabolic Syndrome

“Program”
“Imprint”

Figure 2. The fetal origins of disease hypothesis. In utero environ-
mental exposures, including nutrition, act early in life to program risk
for adult health outcomes. "*CVD=cardiovascular disease. NOTE: Infor-
mation from this figure is available online at www.adajournal.org as
part of a PowerPoint presentation.

Stover PJ and Caudill MA
J Am Diet Assoc 2008




Farmakogenomika

Farmakologicky pfistup berouci v Gvahu genotyp pacienta.
S vyuzitim genomovych technik zkouma funkcnost l€Civ a
odhaluje jejich nove cile

geneticke ,high-throughput” techniky

Cilem je individualizace |écby — ucCinnejsSi terapie

Interakce mezi lécivy a slozkami potravy!!!



XENOBIOTIKA

Latky z vnejSiho prostredi, které nejsou telu viastni
Metabolizace, detoxifikace (jatra)

Leciva mohou interferovat s absorpci, travenim,
metabolismem, utilizaci a exkreci zivin.

Naopak nutricni stav a vyziva muze ovlivnit vyznamné
pusobeni Iéku zménou jejich metabolismu a funkce.

Navic, rada slozek potravy vykazuje farmakologicke aktivity za urcCitych
podminek. Napf. grapefruit interaguje s fadou lékl, warfarin s
vitaminem K.

Vysoké davky slozek vyzivy maji farmakologickeé ucinky (niacin,
retinoidy, vitamin A).

Naopak jsou vyuzivany nizké koncentrace pfirodnich latek (v podstaté
toxickych) jako soucast I€Civ.



,» 1ell me what you eat, and | will tell you what
you are“ (J. A. Brillat-Savarin (1775-1826)

,» 1ell me what you eat, what drugs you take,
and your genotype, and | will tell you what you
are” .


http://www.dietandcancerreport.org/
http://www.wiley.com/bw/journal.asp?ref=0029-6643&site=1
http://www.wiley.com/bw/journal.asp?ref=0029-6643&site=1
http://www.wiley.com/bw/journal.asp?ref=0029-6643&site=1
http://www.eatright.org/
http://www.aicr.org/site/PageServer
http://www.efsa.europa.eu/EFSA/efsa_locale-1178620753812_ScientificDocuments.htm
http://www.efsa.europa.eu/EFSA/efsa_locale-1178620753812_ScientificDocuments.htm
http://www.efsa.europa.eu/EFSA/efsa_locale-1178620753812_ScientificDocuments.htm

