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Metabolicky syndrom (Syndrom X, Reavenuiv syndrom)
=) skupina rizikovych faktoru
=) kli¢ova role INZULINOVE REZISTENCE

—

obezita

Tglykémie
IR

dyslipidémie

\]lHDL TTG

hypertenze

~
ICHS
v kardiometabolickd onemocnéni infarkt myokardu
— mrtvice
v onkologicka onemocnéni diabetes mellitus 2. typu
-

v neurologicka

obvod pasu > 102 cm u muzl, > 88 cm u Zen
TAG > 1,7 mmol/|

HDL < 1 mmol/l u muii, < 1,3 mmol/l u Zen
TK > 130/85 mmHg

Glykemie > 5,6 mmol/|



Metabolicky syndrom — vyvojové naprogramovan?

Maternal exposures Developing fetus

« Suboptimal nutrition » Growth restriction * Postnatal overnutrition Metabolic syndrome
» Substance abuse » Enhanced appetite « Rapid catch-up growth » Obesity

* Smoking * Increased fat storage  Higher body weights » Diabetes

» Glucocorticoid/stress * Reduced energy » Hypertension

« Environmental exposures expenditure

e s

https://www.sciencedirect.com/science/article/pii/S1028455917300025?via%3Dihub

http://contemporaryobgyn.modernmedicine.com/contemporary-obgyn/content/tags/fetal-programming/fetal-programming-and-adult-obesity ?page=full&trendmd-shared=0



Maternalni expozice v prliibéhu téhotenstvi

metabolicky syndrom spojen s intrauterinni ristovou retardaci a nizkou porodni vdhou

= (thrifty phenotype) hypothesis; ,Setfivy fenotyp”
= | vysokd porodni hmotnost zvySuje riziko obezity dllezZitd dostupnost potravy v nasledujicim obdobi, catch-up growth

casova okna pUsobeni, zavislost na mnozZstvi a délce expozice, individudlni citlivost
deficity vs. vysoké davky makro i mikronutrient(l predstavuji mozny problém

teratogeny

Degree of sensitivity

Embryonic period, weeks Fetal period, weeks Full term
1 . 2 % 4 5 6 3 8 9 10 1 16 20-36 Ed
Usually not Common site of action of teratogen .
susceptible to Brain Brain
teratogens Ear

Zygote | Implanted

blastocyst Teath External genitalia
Greatest sensitivity to
s - &
Less sensitivity to teratogens,

although still potentially significant _ Palate

http://expectingparent.weebly.com/uploads/2/6/0/0/26008759/6255844_orig.jpg, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2621047/
The fetal and infant origins of adult disease. Barker DJ; BMJ. 1990 Nov 17; 301(6761):1111.



Metabolicky syndrom — prenatalni vlivy?

_—'

Hladomor v Holandsku, zima 1944/1945 (Dutch famine, Hongerwinter)

Moderni, rozvinuta zemé, presné zaznamy, follow-up = jedinecna kohorta

Rozdilné vystupy: horsi pro 1. trimestr

vysSi prevalence obezity a diabetu Il. typu

zmény v metabolismu glukdzy
prenatalni vliv

A—

zmény v lipidovém profilu

defekty neuralni trubice

schizofrenie 5 _
zmeny v metylaci IGF2?

vicegeneracni vliv

— >

strarvace v I. trimestru

https://academic.oup.com/aje/article/146/10/810/74095



transgeneracni vlivy Il:
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Overkalix (SWE) populaéni studie (zaznamy 1895 — 1920):

A

vztah mezi dostupnosti potravy v prarodi¢ovské generaci a efektem u generace vnuki/vnucek

déda pred pubertou dobre Ziveny (i kratkodobé) m snizend Zivotnost vnukd, vétsi diabetickd
mortalita

Avon Longitudinal Study of Parents and Children (ALSPAC)

" —

vztah mezi kourenim u otce a obezitou u déti

prepubertdlni otec kourimsp syn ma vétsi sklon k obezité (BMI, obvod pasu); ne tak u dcer

pozorované efekty Casto zavislé na pohlavi



Epigenetika aneb co nad tim vézi?

Epigenetika fesi regulacich funkce gent mimo zmény v poradi nukleotid(l

Epigenetické ,,znacky” jsou ovlivnitelné prostredim, reverzibilni a prenositelné do dalsi generace

https://worldwide.promega.com/resources/product-guides-and-selectors/protocols-and-applications-guide/epigenetics/



Epigeneticka regulace genové exprese

>

Chromosome

Nucleus

Chromatin fibre

http://dx.doi.org/10.1038/nrd3674

Writers Erasers

Readers

Histone Histone
acetyltransferases, deacetylases,
Histone Lysine

methyltransferases demethylases

Bromodomains,
chromodomains,
PHD fingers,
malignant

brain tumour
domains,

Tudor domains,
PWWP domains

DNA methylation




Lekce od mysi ‘Q}" agouti viable yellow (A%), recesivné letalni alela

vliv maternalni diety v téhotenstvi
gen agouti, produktem je signalni molekula ovliviujici pigmentaci melanocyt(

konstitutivni exprese vede (kromé zbarveni srsti) ke sklonu k obezité a diabetu (agouti signalni
molekula je antagonista a-melanocyt stimulujiciho hormonu, inhibice melanocortin-4 receptoru,

jednoho z klicovych reguldtor( potravniho chovani)

exprese muze byt uml¢ena methylaci

,7-7\\_ sf‘/\
‘.2/\—//?;-/') % ‘Eq?:d—/ )

Yellow Yellow
yly Yy
Sperm
y y/!
“B, | <5
¥ Gray-brown (agouti) Yellow
Y!
Eggs Yy Y
- N
/ Embryonic
y Yellow lethal
1 yly!

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2822875/



vyznam stravy bohaté na donory methylové skupiny (vitamin B12, methionin, kyselina listovd, genistein, alkohol)
= vice S-adenosylmethioninu (SAM) vede k umléeni konstitutivni exprese methylaci alternativniho promotoru IAP
= efekt patrné i nezavisle na SAM (genistein)

= ucinnost v urcitych ¢asovych oknech

’ Ve

opacny ucinek endokrinnich disruptor( (napt. BPA), Ize kompenzovat dietou

Maternal supplementation with

“ methyl donors and cofactors
Mormal conditions

Ectopic expression Ectopic expression Yellow
Wild-type expression® a o S Wild-type expression™
. Wild-type expression {; iy } m
IAP - IAP
e 1AP h P/
%? \> Most of the ] e Most of the
e a offspring +«» Ectopic expression Mottled === offspring are

Maternal exposure to endocrine
disruptors and toxic
compounds

i are yellow ! Wild-t ion* % pseudo-agouti
i \\ or slightly M : &I At etk {:‘_‘? ,(?; or heavily
; ) B mottled IAP o) A maottled
Y Y~
Pseudo-agouti = Developmentally regulated gene

expression

Wild-type expression™®
m ! TE] ? Methylated CpG
IAP =

EP Unmethylated CpG

https://www.nature.com/articles/nrg3142/figures/2  https://www.ncbi.nIm.nih.gov/pubmed/20084100



These Two Mice are Genetically ldentical and the Same Age

l

l

2 persists
While pregnant, both of their mothers were fed
Bisphenol A (BPA) but DIFFERENT DIETS:
The mother of this mouse The mother of this mouse
received a normal mouse | received a diet supplemented
diet with choline, folic acid,
betaine and vitamin B12
Agouti Gene

;; Obese

{_ Prone to cancer
= and diabetes
5 y

/4

https://learn.genetics.utah.edu/content/epigenetics/nutrition/ https://www.ncbi.nlm.nih.gov/pubmed/21029734
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Transgeneracni nebo intergeneracni efekt?

http://linkinghub.elsevier.com/retrieve/pii/S0092867414002864
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https://harvardmagazine.com/2017/05/is-epigenetics-inherited



Lekce od mysi |l

Gortisol
\,."
L
o

<

behavioralni epigenetika aneb licking and grooming matters!

Adrenal glands

Pituitary gland

koordinace stresové odpovédi

glukokortikoidovy receptor (GR) v neuronech hippokampu, koordinace stresové odpovédi

pri narozeni je GR methylovany - umlceny

= materska péce v prvnim tydnu vede k demethylaci genu pro GR => vice GR, lepsi zvladani stresu
— malo péce = mys je snadno stresovana, Uzkostliva (vyhoda/nevyhoda v zavislosti na prostredi)

= ovlivnéni exprese stovky dalSich genu

Inject a drug that
adds mathyl tags

Pup

Relaxed, \
high-nurtured rat

A pup that is raised by an A pup that is raised by a
anxious, low-nurturing mother relaxed, high-nurturing mother
becomes an anxious adult. becomas a relaxed adult.

Anxious rat

http://learn.genetics.utah.edu/content/epigenetics/rats/



Lekce od mysi lll

vlivy paternalni prekoncepcni expozice na epigenetiku spermii (aneb diky, tato)

alkohol (chronicka i akutni expozice) => méné potomstva, mensi porodni vaha, ADHD-like, mensi
mozek i dalSi organy, kognitivni a behavioralni defekty, nachylnost k infekcim

vysokotucna dieta => deregulace B-bunék u samicek F(1) generace => vyssi BMI, poruchy metabolismu
glukozy, insulinova rezistence, Ize upravit cvicenim otce

nizkoproteinova dieta => zmény v metabolismu lipid(i a cholesterolu
kokain => poruchy uceni a paméti

stres => behavioralni defekty

Castd souvislost se snizenou aktivitou DNA methyltransferaz
=> hypomethylace a aktivace bézné ,vypnutych” gend

akrylamid, radiace... => primé poskozeni DNA ve spermiich

https://www.ncbi.nim.nih.gov/pmc/articles/PMC4913293/



Obezita

nadmérné nahromadéni tukové tkané v mnozstvi negativné ovliviujici zdravotni stav, zplisobena
nerovnovahou mezi pfijmem a vydejem energie

= diagnostika je zaloZzena na relativni hmotnosti, vyjadfené indexem BMI a obvodem pasu
— presné stanoveni je v béZné praxi obtizné (DEXA, CT, MRI)

— metabolicky a sekrec¢né aktivni tkan: rozdily => bild vs. hnéda tukova tkan (role v termogenezi),
podkozni vs. brisni (SAT vs. VAT)

—> protektivni Ucinky podkozniho tuku (riziko liposukce?)

Pulmonary
adipose tissue

Periadventitial _ )
adipose tissue Epicardial

adipose tissue

Perirenal
adipose tissue Subcutaneous

adipose tissue

Bone marrow
adipose tissue

Visceral
adipose tissue

Ouchi N, Parker JL, Lugus JJ, Walsh K: Adipoki in infl. ion and bolic di Nat Publ Gr 2011, 11:85-97.




Sekrecni role tukové tkané

Cytokine and cytokine-
like proteins

TMFo

IL-&

MCP-1

Resistin

Progranulin

Proteins of the

fibrinolytic system /

PAal-1
Tissue factor

Complement and /

complement-related proteins

Adipsin

Complement factor B

ASP

CTRPs
Enzymes
DPP-4

Secretory cells of
adipose tissue

* Adipocytes

» Precursor cells

* Endothelial cells
» Macrophages

* Foam cells

» Meutrophils

* Lymphocytes

* Fibroblasts

* Others

Lipid transport
Apolipoprotein E

Cholesterol ester transfer protein

Lipoprotein lipase

Adipokines
Leptin

Adiponectin
Visfatin/Mampt/PBEF
Vaspin

REFd

FGF21

BMPs

Mesfatin-1
Cathepsins

Apelin

Omentin

Lipocalin

and hundreds more

Proteins of RAS

Angiotensinogen

Endocannabinoids and
other lipids

Anandamide

2-AG

Free fatty acids

TRENDS in Pharmacolpgical Sciences




Polygenni formy obezity

GWAS - genome wide assoaciation studies, geny asociované s obezitou (CNS vs. periferie, casto tukova tkan)

Genotype in obesity Genes Phenotype Gene SNP OR (CI)
Adipogenesis (fat storage) Peroxisome proliferator-activated receptor BMI
G (PPARG); vitamin D receptor (VDR); FTO rs1421085, .17 (1.00-1.38)
resistin (RETN); interleukin-6 (IL-6); tumor rs6499640, 1.01 (0.69-1.47)
necrosis factor alpha (TNF-ct) rs993%609 1.565 (1.295-1.892)
Thriftiness (low metabolic  f-2-Adrenergic receptor and -3 (ADRB2; BDNF rs925946 [.11 (1.05-1.16)
rate, inadequate ADRB3), uncoupling proteins (UCPI, CADM2 Rs13078807 1.03 (1.00-1.06)
thermogenesis) UCP2, UCP3) FAIM2 rs7138803 [.14 (1.09-1.19)
Hyperphagia (abnormal Dopamine receptor D2 (DRD2); MC4R rs|7782313 0.55 (0.38-0.79)
regulation of hunger and  5-hydroxytryptamine (serotonin) receptor NRXN3 rs1050332 1.09 (1.05-1.12)
anxiety) 2C (HTR2C); leptin (LEP); leptin receptor MAPZKS rs2241423 1.07 (1.04-1.10)
(LEPR); melanocortin receptor 4 (MC4R); TMEMI60  rs381091 .06 (1.03-1.08)
nuclear receptor subfamily 3, group C, Extreme obesity
member | (NR3CI) FTO rs9939609 1.31 (1.23-1.39)
Low physical activity Dopamine receptor D2 (DRD2); MC4R rs17782313
melanocortin receptor 4 (MC4R) PCSKI rs6232 3.01 (1.64-5.53)
WHR
ADAMTSS  rs6795735 1.54 (1.22-1.95)
NRXN3 rs101146997
WC
FTO (Fat mass and obesity-associated protein) MC4R rs|7782313  1.12 (1.08-1.16)
TFAP2B rs987234 1.09 (1.05-1.12)

MC4R (Melanocortin 4 receptor)
BDNF (Brain-derived neurotrophic factor)

https://www.dovepress.com/obesity--ndash-are-we-continuing-to-play-the-genetic-ldquoblame-gamerd-peer-reviewed-fulltext-article-AGG



Alzheimerova choroba

neurodegenerativni onemocnéni mozku, nejcastéjsi pricina demence, 90% pfipadu se vyskytuje sporadicky,
role polymorfismu ApoE €4

u familiarni formy mutace napt. v PSEN1 a PSEN2 (podjednotky enzymu Stépici amyloid precursor protein, APP)
Molekularni mechanismus nejasny: pravdépodobna role produktd metabolismu APP a vznik amyloidnich plakd,
abnormalni fosforylace proteinu Tau (neurofibrilarni klubicka)

casty vyskyt AD u Downova syndromu (trisomie 21. chromosomu => extra kopie APP)

Healthy Brain
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Neuron / Tau Protein ¢\l ;' I 27 Cerebral
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http://www.brightfocus.org/sites/default/files/styles/full_width/public/BFF_2015MedIllust_Progression_of_Alzheimers.jpg?itok=tDpL9sm9



AD a vyziva

MIND diet (Mediterranean-DASH Intervention for Neurodegenerative Delay)

Rostlina strava a omezeny prisun nasycenych tuk( a dlraz na listovou zeleninu a bobule (+ vino)

m) nizsi incidence AD, zpomaleni kognitivnich deficitl spojenych se starim (i bez AD)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4532650/

MIND diet component servings and scoring

0 0.5 1
Green Leafy Vegetables? <2 servings/wk >21t0<6/wk =6 servings/wk
Other Vegctablesh <5 serving/wk 5—-<7wk >1 serving/day
Berries® <1 serving/wk 1 /wk =2 servings/wk
Nuts <I/mo I/mo — <5/wk =5 servings/wk
Olive Oil Not primary oil Primary oil used
Butter, Margarine =2 T/d 1-2 /d <l T
Cheese 7+ servings/wk 1-6 /wk < 1 serving/wk
Whole Grains <I serving/d 1-2 /d >3 servings/d
Fish (not fried)d Rarely 1-3 /mo >1 meals/wk
Beans€ <1 meal/wk 1-3/wk >3 meals/wk
Poultry (not friedy’ <1 meal/wk I /wk =2 meals/wk
Red Meat and products€ 7+ meals/wk 4-6 'wk < 4 meals/wk
Fast Fried Foods” 4+ times/wk 1-3 /wk <1 time/wk
Pastries & Sweets! 7+ servings/wk 5-6/wk <5 servings/wk
Wine >1 glass/d or never  1/mo — 6/wk 1 glass/d
TOTAL SCORE 15




AD a vyziva ll

kurkumin = nizky vyskyt AD v Indii, protizanétlivy, antioxidant, studie na zvifecich modelech,

double blind, randomized, placebo controlled studie u pacientll = bez signifikantniho efektu

vitaminy E, C, A, B12, selen, zinek m# double blind, randomized, placebo controlled studie u pacientd = bez efektu
kofein, ¢okolada, alkohol = mozZny pozitivni efekt?

terapeuticky program metabolic enhancement for neurodegeneration (MEND)

= soucasti protokolu je i Uprava jidelni¢ku a suplementace vitaminy

= 10 pacientt s AD, vSichni zlepseni

= kontroverze

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4221920/pdf/aging-06-707.pdf https://sciencebasedmedicine.org/mend-protocol-for-alzheimers-disease/

https://alzres.biomedcentral.com/articles/10.1186/alzrt146 http://www.trci.alzdem.com/article/S2352-8737(16)30033-6/pdf https://www.ncbi.nim.nih.gov/pubmed/19494429?dopt=Abstract http://www.aging-us.com/article/100981/text#fulltext



Korelace neimplikuje kauzalitu

Swimming pool drownings

Age of Miss America

http://www.tylervigen.com/spurious-correlations
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Number of people who drowned by falling into a pool
correlates with
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Murders by steam, hot vapours and hot objects
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2008

8 murders
=
6 murders S
o
m
@
o
g
%
4 murders 3
3

2 murders

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

-® Murders by steam - Age of Miss America



