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Komplexni nemoci

* choroby, na jejichz vzniku a progresi se podili ,komplex” genetickych, epigenetickych a
vnéjsich faktor(
fenotyp nevykazuje klasickou mendelistickou dominantni ¢i recesivni dédi¢nost jako
dusledek zmén v jediném lokusu

» predisponujici geny (geny malého ucinku, polygeny) zvysuji pravdépodobnost
onemocneéni, ale nedeterminuji jednoznacné jeho pritomnost
je nutné spoluptisobeni negenetickych faktora (prostredi)
dieta, fyzicka aktivita, koureni, komorbidity, a interakci genl mezi sebou



komplexni onemocnéni jsou charakterizovana:

neuplnou penetranci patologického fenotypu
u urcité casti osob, prestoze zdédi nevyhodny genotyp (tedy soubor vicero alel) se patologicky fenotyp
nerozvine
existenci fenokopii
patologicky fenotyp muUze byt pfitomen u lidi, ktefi nejsou nosi¢i zminéného genotypu
genetickou heterogenitou (lokusovou a alelickou)
klinicky obraz neni specificky, ale muzZe se rozvinout v disledku zdmén v genech leZicich na rliznych
lokusech (= lokusova heterogenita), v jednotlivych genech m{zZe byt pfitom vicero mutaci i
polymorfizmi (= alelickd heterogenita)
polygenni dédicnosti
predispozice k rozvoji patologického fenotypu se zvySuje pouze pfi simultannim vyskytu urcitého
souboru alel
vysokou populacni frekvenci alel zodpovédnych za rozvoj patologického fenotypu
kazda jednotliva predisponujici alela pravdépodobné neni sama o sobé vyrazné patogenni
spoluptlisobenim dalSich mechanizmu prenosu
mitochondrialni dédi¢nost, imprinting
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Obezita

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

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

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

Ve

= protektivni ucinky podkozniho tuku (riziko liposukce?)
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Ouchi N, Parker JL, Lugus JJ, Walsh K: Adipoki ininfl ion and bolic di: Nat Publ Gr 2011, 11:85-97.




Monogenic Polygenic

Early-onset, severe obesity Common obesity

Modest genetic
contribution

High genetic
contribution

Hundreds of variants
in or near many genes

Single mutation
in one gene

Each variant has

Large genetic effect a small effect

Common

Rare

High penetrance Low penetrance

|
|

No environmental Environmentis a
influence key determinant

https://www.nature.com/articles/s41576-021-00414-z/figures/2



Anatomicka distribuce tukové tkané
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Heterogenita tukové tkané
* Adipocyty (tukové buriky)

e Bunky stromalni vaskularni frakce

Blood
vessel

vessel  vascular smooth

muscle cell cell

Tilg H, Moschen AR. Adipocytokines: mediators linking adipose tissue, inflammation and immunity. Nat Rev Immunol 2006;6:772-783.




Plasticita tukové tkané

* Bila tukova tkan (WAT, vVWAT, scWAT)
* Hnéda tukova tkan (BAT)

* Termogeneze, exprese rozpirahovacich proteind (UCP1, UCP2)
* BéZova tukova tkan (Beige/Brite AT)

* RUZova tukova tkan (Pink AT)
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WHITE ADIPOCYTE BROWN ADIPOCYTE PINK ADIPOCYTE

Valencak TG, Osterrieder A, Schulz TJ. Sex matters: The effects of biological sex on adipose tissue biology and energy metabolism. Redox Biol 2017;12:806—813.
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https://diabetesjournals.org/diabetes/article/63/11/3686/34165/Temperature-Acclimated-Brown-Adipose-Tissue



Adipokiny
* Nejednotnost pouzivani pojmU (proteiny sekretované adipocyty vs. tukovou tkani)
« Siroké spektrum protein(i (~600), rozdilné funkce

* Autokrinni, parakrinni, endokrinni plsobeni

Secretory cells of
adipose tissue
Cytokine and cytokine- Adipoki
like proteins L I:o nes
eptin
TNF
i 6“ Adiponectin
MCP-1 Visfatin/Nampt/PBEF
i Vaspin
Resistin * Adipocytes RBP4
Progranulin * Precursor cells FGF21
; —_—
* Endothelial cells BMPs
Proteins of the * ';/'“mpr:fges Nesfatin-1
<t 3 ¢ e Foam cells ;
fibrinolytic system : Cathepsins
* Neutrophils Apelin
PAI-1 e Lymphocytes P -
Tissue factor ; Clren
* Fibroblasts Lipocalin
/ * Others and hundreds more
Complement and

complement-related proteins

Adipsin Proteins of RAS
Complement factor B Angiotensinogen
ASP
CTRPs Endocannabinoids and
Lipid transport other lipids
Enzymes Apolipoprotein E Anandamide
DPP-4 Cholesterol ester transfer protein 2-AG

Fasshauer M, Bliher M. Adipokines in health and disease. Trends Pharmacol Sci 2015;36:461-470.

Lipoprotein lipase

Free fatty acids



Plisobeni adipokint( na fyziologické procesy

Immune system
Immune cell attraction
Differentiation
Systemic inflammation
Wound healing

Appetite

Satiety

Energy expenditure
Activity

Blood pressure
Endothelial function
Heart muscle contractility
Smooth muscle cells

Insulin sensitivity
Lipid accumulation
Hepatokine secretion
Lipid metabolism
Growth factors

Insulin secretion
Glucagon secretion
Insulin sensitivity

Triglyceride storage

Insulin sensitivity

Glucose and lipid transport
Adipokine secretion
Differentiation

Cell growth

Fat distribution

Browning

Insulin sensitivity
Myokine secretion
Lipid storage

Resorption
Incretin secretion

Fasshauer M, Bliiher M. Adipokines in health and disease. Trends Pharmacol Sci 2015;36:461-470.




Lean with normal
metabolic function

« Inflammation
© Metabolic control
« Vascular function

Obese with mild
metabolic dysfunction

T Inflammation
I Metabolic control
« Vascular function

Zmeény v sekreci adipokinti v zavislosti na mnozstvi tukové tkané

Obese with full
metabolic dysfunction
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Ouchi N, Parker JL, Lugus JJ, Walsh K. Adipokines in inflammation and metabolic disease. Nat Publ Gr 2011;11:85-97.



Monogenic Polygenic

Leptin cloned

*LEP

* PCSK1 First candidate gene studies

* LEPR

* POMC First genome-wide linkage studies
* MC4R

First genome-wide association studies

2007

M European
2008 [ Asian
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2004 [l Other
2010

2011
2012
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2014
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2016
2017
2018
2019
2020
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https://www.nature.com/articles/s41576-021-00414-z/figures/2



Table 1| Overview of all genes implicated in severe and early-onset obesity

Gene symbol, name,
Gene ID

ADCY3, adenylate
cyclase, Gene ID: 109

AGRP, agouti-related
protein, Gene ID: 181

BDNF, brain-derived
neurotrophic factor,
Gene ID: 627

KSR2, kinase
suppressor of Ras2,
Gene ID: 283455

LEP, leptin, Gene ID:
3952

LEPR, leptin receptor,
GeneID: 3953

MC4R, melanocortin
4 receptor, Gene ID:
4160

MRAPZ, melanocortin
receptor accessory
protein 2, GeneD:
112609

NTRK2, neurotrophic
receptor tyrosine
kinase 2, Gene 1D:
4915

PCSK1, proprotein
convertase subtilisin/
kexin type 1, Gene ID:
5122

PHIP, pleckstrin
homology domain
interacting protein,
Gene ID: 55023

POMC,

pro-opiomelanocortin,

Gene 1D: 5443

SH2B1,5H2B
adaptor protein 1
Gene 1D: 25970

SIM1, SIMbHLH
transcription factor 1,
Gene ID: 6492

Location (human, GRCh38/
hg3¢) chr: start...end
position

2:24,819.168...24.920,236

16:67,482,571...67,483,547

11:27,654,893...27,722,030

12:117,453,012...117,968,990

7:128,241,201...128,257,629

1:65,420,652...65,641,559

18:60.371,062...60,372.775

6:84,032,621...84,146,278

9: 84,668,458...85,027,070

5:96,390,333...96,433,248

6:78,934,419...79,078,294

2:25,160,860...25,168,580

16: 28,846,606...28,874,205

6:100,385,009...100,464,929

Species in
which naturally
occurring
mutations cause

obesity

Humans

Humans

Humans

Humans and mice

Humans and mice

Humans, pigs and
blind Mexican
cavefish

Humans

Humans

Humans

Humans

Humans and
Labrador retriever
dogs

Humans

Humans

Tissue expression

Primary cilia of cells

Neuronsin the
arcuate nucleus of
the hypothalamus

Brain

Wide expression
throughout the
body

Fat

The long ‘signalling’
formisexpressed
widelyin the brain

Central nervous
system

Wide expression
throughout the
body, but highest
in the brain

Brain

Endocrine organs,
with highest
expressionin

the brain

Widely expressed

Hypothalamus,
nucleus tractus
solitaris, pituitary,
skin, adrenal glands
and numerous
other tissues

Widely expressed

Hypothalamus,
kidney and fat

Nearby
GWAS-
identified
locus (index
SNP)

rs6545814

rs925946

rs56214831

rs10487505

rs11208659

rs17782313

rs10868215

rsb235

rs6545975

rs7498665

rs6907240

Role in body-weight
regulation

Disruption of primary cilia in
neurons known to influence
energy balance®’; some
evidence of a specific linkto the
correct function of MC4R®1%

Endogenous antagonist
of MC4R, to which it binds
toincrease food intake®-**

Probably via its role in
regulating neuronal synaptic
plasticity' "

Influences both energyintake
and expenditure, possibly via
interaction with AMPK'®

Circulates in proportion to
fat mass”*, and turns on the
neuroendocrine starvation
response when circulating
levels drop below a minimum

threshold*

Cognate receptor for leptin,
mediating its downstream
neuroendocrine functions'®?

Binds melanocortin peptides
and AGRP to mediate
appetitive behaviour”

and autonomic out put*®

An accessory protein that plays
arolein trafficking MC4R to the
cell surface™

Cognate receptor for BDNF,
mediating its downstream
effects on synaptic plasticity*®

Encodes one of the
prohormone convertases
required for processing POMC**

Regulates transcription
of POMC**

Complex pro-polypeptide that
is processed into melanocortin
peptides that signal to MC4R
inthe brain®**

Asignalling molecule
downstream of the leptin
receptor’’

Atranscription factor crucial
for the proper development
of the paraventricular nucleus
and hence appropriate
expression of MC4R, among
other genes'”

https://www.nature.com/articles/s41576-021-00414-z/figures/2



Leptin

* Prvni objeveny (1994) prototypicky adipokin, produkt obese (ob) genu, evolucné konzervovany

e Odrdzi mnozstvi tukové tkané => vice tuku = vice leptinu (kontrolka dostatku energie)

* Nedostatek tukové tkané = méné leptinu => aktivace okruh CNS zodpovédnych za prijem potravy a pokles energetického vydeje

* Plsobeni predevsim v nukleus arcuatus hypotalamu a mozecku

* Inhibice orexigennich NPY a AgRP neurond, aktivace anorexigennich proopiomelanokortinovych neuront

*  Regulace neurond 2.fadu s melanokortinovym receptorem 4

OBESE, A NEW MUTATION IN THE HOUSE MOUSE*

ANN M. INgALLS, MARGARET M. Dickie anp G. D. SNeLL
Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Maine

THE FAT MOUSE GROWS UP
Figure 4

.. A—shows normal control and an obese mouse at 21 days of age. The former weighed 12
Zrams; the latter 16. B shows a normal and obese mouse at ten months of age, when the obese
mouse weighed 90 grams and the normal mouse 29 grams.

Ingalls AM, Dickie MM, Snell GD. Obese, a new mutation in the house mouse. J Hered 1950;41:315-317.

Second-order

nd downstream Neirly) g
neurons y o
Y '\h 4 intake

Stomach

Energy
expenditure

b

W MSH
Arcuate |\
nucleus !

Pancreas

Insulin
leptin

Beall C, Hanna L, Ellacott KLJ. CNS Targets of Adipokines. Compr Physiol 2017;7:1359-1406.



Cell Metabolism

A Deletion in the Canine POMC Gene Is Associated
with Weight and Appetite in Obesity-Prone Labrador
Retriever Dogs

Graphical Abstract Authors

Eleanor Raffan, Rowena J. Dennis,
Conor J. O'Donovan, ...,

Kerstin Lindblad-Toh, Giles 5.H. Yeo,
Stephen O'Rahilly

Labrador retrievers

14 bp deletion
Correspondence

* B-MSH erd11@cam.ac.uk (E.R.),
FOMC Ne & so104@medschl.cam.ac.uk (S.0.)
BICSPE Bt o B-Endorphin

In Brief
Companion dogs from the obesity-prone
Labrador retriever breed were found to
carry a mutation in POMC in this study by

T Adiposity & TFmd Mativation T Frequency Raffan et al. The mutation is predicted to

Body Weight i Asalstanca disrupt production of the neuroactive

Dogs peptides B-MSH and p-endorphin and

was associated with greater weight,

* adiposity, and food motivation in affected
’ dogs.

Highlights
e+ A POMC mutation is common in the obesity-prone Labrador
retriever breed of dog

e It disrupts p-MSH and p-endorphin production, both
implicated in energy homeostasis

¢ Mutation is absent from other breeds except related flat-coat
retrievers

# The mutation is associated with weight, adiposity, and food
motivation in both breeds

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4873617/



Leptin — lIék na obezitu?
* Lécha exogennim leptinem u vrozené leptinové deficience

« Uprava vahy, stravovacich navyk(, zmény v centrech mozku zodpovédnych za hlad a sytost

a v Child A

2 98th

50 ~ _50th
30 2nd

Weight (kg)

) 12345678 91011121314

Age (years)
- v ChidB
~ 98th

20 50th
15 2nd

Weight (kg)

1 2 3 45 6 7

Age (years)
50 Child C

98th
20 50th
15 2nd

Weight (kg)

1 2 3 4 56 7

Age (years)

From left to the right: patients C, B and A (blurred faces), before (a) and 18 months after
r-metHuLeptin treatment (b).

Paz-Filho G, Mastronardi C, Delibasi T, Wong M-L, Licinio J. Congenital leptin deficiency: diagnosis and effects of leptin replacement therapy. Arq Bras Endocrinol Metab 2010;54:690-697.

Sadaf Farooqi |, Matarese G, Lord GM, et al. Beneficial effects of leptin on obesity, T cell hyporesponsiveness, and neuroendocrine/metabolic dysfunction of human congenital leptin deficiency. J Clin Invest 2002;110:1093-1103.



U polygenni formy obezity administrace leptinu bez prikazného efektu: vliv leptinové rezistence

Diabetes, a New Mutation in the Mouse

Abstract. Diabetes (db), which occurred in an inbred strain of mouse, is Normal Obese condition (leptin resistant)
inherited as a unit autosomal recessive and is characterized by a metabolic

Leptin
disturbance resembling diabetes mellitus in man, Abnormal deposition of fat ‘
at 3 to 4 weeks of age is followed shortly by hyperglycemia, polyuria, and (
glycosuria. Accompanying morphological changes in the islets of Langerhans LepRb PT:RJ
suggest neogenesis to compensate for insulin depletion. . E
=
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Shintani T, Higashi S, Suzuki R, et al. PTPRJ Inhibits Leptin Signaling, and Induction of PTPRJ in the Hypothalamus Is a Cause of the Development of Leptin Resistance. Sci Rep 2017;7. Hummel KP, Dickie MM, Coleman DL. Diabetes, a new mutation in the mouse. Science



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 rs 1421085, 1.17 (1.00-1.38)
resistin (RETN); interleukin-6 (IL-6); tumor rs6499640, 1.01 (0.69-1.47)
necrosis factor alpha (TNF-t) rs9939609 1.565 (1.295-1.892)
Thriftiness (low metabolic  B-2-Adrenergic receptor and -3 (ADRB2; BDNF rs925946 111 (1.05-1.16)
rate, inadequate ADRB3), uncoupling proteins (UCPI, CADM2 Rs13078807 1.03 (1.00-1.06)
thermogenesis) UCP2, UCP3) FAIM2 rs7138803 1.14 (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 1.06 (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
ADAMTS?  rs6795735 1.54 (1.22-1.95)
NRXN3 rs101146997
wcC
FTO (Fat mass and obesity-associated protein) MC4R rsi7782313  1.12 (1.08-1.16)

MC4R (Melanocortin 4 receptor) TFAP2B  rs9%87234  1.09 (1.05-1.12)

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



Polygenni formy obezity Il

Position Study
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2955913/
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Metabolicky zdrava obezita vs. nezdrava obezita Mytus zije

Metabolically healthy obesity Metabolically unhealthy obesity

Age: 34 years; BMI: 30.2 kg/m?; Age: 39 years; BMI: 30.7 kg/m?;
lean body mass: 44.4 kg; fat mass: 30.8 kg lean body mass: 44.0 kg; fat mass: 31.1 kg

Variation in visceral fat
content in men with the
same waist
circumference.

Visceral fat=1.1L

METABOLIC NUTRIENT i
e HORMONES il fat deposition
CENTRAL FAT
CONTROL DEPOSITION Visceral fat = 1.5L
PEAR SHAPE APPLE SHAPE

Visceral fat = 1.8 L Visceral fat= 4.2 L Visceral fat = 4.3 L

https://en.wikipedia.org/wiki/TOFI#/media/File:Variation_in_visceral_fat_in_men_with_the_same_waist_circumference.jpg

Karpe F, Pinnick KE: Biology of upper-body and lower-body adipose tissue—link to whole-body phenotypes. Nat Rev Endocrinol 2014, 11:90-100.

Eckel N, Li Y, Kuxhaus O, Stefan N, Hu FB, Schulze MB. Transition from metabolic healthy to unhealthy phenotypes and association with cardiovascular disease risk across BMI categories in 90 257 women (the Nurses’ Health Study): 30 year follow-up from a prospective cohort study. Lancet
Diabetes Endocrinol 2018. doi:10.1016/52213-8587(18)30137-2.



METABOLICKY SYNDROM (Syndrom X, Reaventiv syndrom)
=) skupina rizikovych faktor(
=) klicova role inzulinové rezistence

obezita

/l\glykémie

IR

dyslipidémie

\LHDL IPTG

hypertenze

~
ICHS
+ kardiometabolickd onemocnéni infarkt myokardu
— mrtvice
v onkologickd onemocnéni diabetes mellitus 2. typu
.

v'neurologicka

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

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

Glykemie > 5,6 mmol/I|



a Defect in GLUT4 trafficking in insulin resistance
Normal

.—Glucose W Insulin
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ﬂﬂlMWl receptor
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https://www.nature.com/articles/s41580-021-00390-6.pdf
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https://www.nature.com/articles/s41580-021-00390-6.pdf
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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

S 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 priibéhu téhotenstvi

metabolicky syndrom spojen s intrauterinni rdstovou retardaci a nizkou porodni vdhou
= (thrifty phenotype) hypothesis; ,Setrivy fenotyp”
= | vysoka porodni hmotnost zvysuje riziko obezity dileZitda dostupnost potravy v nasledujicim obdobi, catch-up growth

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

Degree of sensitivity

zygote, implantation, Embryonic period, weeks Fetal period, weeks Full term

1 2 3 4 5 6 7 8 9 10 1 16 20-36 38

Usually not Common site of action of teratogen
Brain

susceptible to Central
teratogens nervous system
n  Eye

Heart Hea
Zygote  Implanted )
bla:

stocyst Teeth External genitalia

- Greatest sensitivity to
teratogens

Less sensitivity to teratogens,
although still potentially significant

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?

‘g

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

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

Rozdilné vystupy: horsi pro 1. trimestr

vysSi prevalence obezity a diabetu Il. typu

zmeény v metabolismu glukozy
prenatalni vliv

A—

zmeény v lipidovém profilu

defekty neuralni trubice

schizofrenie . ,
zmeny v metylaci IGF2?

vicegeneracni vliv

— >

2 é"‘

strarvace v I. trimestru

https://academic.oup.com/aje/article/146/10/810/74095
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https://www.awm.gov.au/blog/2010/04/29/food-from-heaven-460-squadron-and-operation-manna-1945/



transgeneracni vlivy Il:

_———

Overkalix (SWE) populaéni studie (zdznamy 1895 — 1920):

I

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

déda pred pubertou dobre Ziveny (i krdtkodobé&) s sniZzena Zivotnost vnuku, vétsi diabeticka
mortalita

Avon Longitudinal Study of Parents and Children (ALSPAC)

I

vztah mezi kourenim u otce a obezitou u déti

prepubertalni otec kouri = 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 genl mimo zmény v poradi nukleotid(

Epigenetické ,,znacky” jsou ovlivnitelné prostredim, reverzibilni a prenositelné do dalsi generace
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Fuck offl
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https://worldwide.promega.com/resources/product-guides-and-selectors/protocols-and-applications-guide/epigenetics/




Epigeneticka regulace genové exprese

>
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DNA methylation

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



Lekce od my§|' ‘@’ agouti viable yellow (AY), recesivné letdIni alela

vliv maternalni diety v téhotenstvi
gen agouti, produktem je signalni molekula ovliviiujici pigmentaci melanocytu

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 reguldtort potravniho chovani)

exprese muiZze byt uml¢ena methylaci

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



vyznam stravy bohaté na donory methylové skupiny (vitamin B12, methionin, kyselina listova, 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

s Ve

opacny ucinek endokrinnich disruptort (napf. BPA), Ize kompenzovat dietou

B Diet-associated methylation changes

Maternal exposure to endocrine
disruptors and toxic
compounds

: Maternal supplementation with
l methyl donors and cofactors
Normal conditions

Ectopic expression Ectopic expression Yellow

W I: Wild-type expression* Wild-type expression* m r_» Wild-type expression*
IAP Al | ilAi iP i LAY = IAP AT

e Most of the % Most of the

< & oﬁspril?g ==» Ectopic expression Mottled oﬁsp‘;ing are
R ELEY . Wild-type expression* 4wy pseudo-agouti
or slighty ihitn sy - T I0g, or heavly
Y wp N |0 e

Pseudo-agouti * Developmentally regulated gene

Wild-type expression* expression
i X @ Methylated CpG
IAP s ‘
CP Unmethylated CpG

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



These Two Mice are Genetically Identical and the Same Age

Geneticallyidentical littermates

Mother fed folate

Mother fed F
0 (methyldonor)

F0 Bisphenol A

l

Shift distribution
1toward yellow

l

Distribution shift

Shift distribution
1 toward pseudo-
agouti

l

Distribution shift

persists 2 persists
While pregnant, both of their mothers were fed
Bisphenol A (BPA) but DIFFERENT DIETS: Yellow Slightly Motlled  Heavily  Pseudo-
Mottled Mottled agouti
The mother of this mouse | The mother of this mouse
0% > 100%

received a normal mouse | received a diet supplemented
diet with choline, folic acid, DNA Methylation of the Agouti locus in offspring

betaine and vitamin B12
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https://learn.genetics.utah.edu/content/epigenetics/nutrition/ https://www.ncbi.nlm.nih.gov/pubmed/21029734



Transgeneracni nebo intergeneracni efekt?

http://linkinghub.elsevier.com/retrieve/pii/S0092867414002864

Intergenerational Intergenerational
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https://harvardmagazine.com/2017/05/is-epigenetics-inherited



Lekce od mysi |l

Cortisol

behavioralni epigenetika aneb licking and grooming matters!

Adrenal glands

koordinace stresové odpovédi

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

pfi narozeni je GR methylovany - uml¢eny

= 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 gen(

Inject a drug that
adds methyl 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. becomes a relaxed adult. 5
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( a cholesterolu
kokain => poruchy uceni a paméti

stres => behavioralni defekty

Casta souvislost se snizenou aktivitou DNA methyltransferaz
=> hypomethylace a aktivace bézné ,vypnutych” genu

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

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



Korelace neimplikuje kauzalitu

Swimming pool drownings

Age of Miss America

http://www.tylervigen.com/spurious-correlations

140 drownings

120 drownings

100 drownings

80 drownings

25yrs

23.75yrs

225yrs

21.25yrs

20 yrs

18.75yrs

Number of people who drowned by falling into a pool
correlates with

Films Nicolas Cage appeared in

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
6 films
4 films
2 films
0 films
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
- Nicholas Cage -¢- Swimming pool drownings
yler
Age of Miss America
correlates with
.
Murders by steam, hot vapours and hot objects
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
8 murders
6 murders
4 murders
2 murders
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

-®- Murders by steam -4~ Age of Miss America
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