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» Nasce nei primi anni '40, termine coniato dal biologo genetista

Epigenetica

inglese Conrad H. Waddington ad indicare il collegamento tra
genetica e altre branche della biologia come la citologia,
I'embriologia, 'evoluzionismo e la biologia cellulare

... «epigenetica» derivato dalla parola Aristotelica «epigenesis» che
era passata in disuso, ed un termine adatto ad indicare quella branca
della biologia che studia I'interazione causale tra geni e i loro
prodotti e che porta il fenotipo ad essere

Epigenetic constitution of tissue/cell
Set of organizers and organizing relatio
subject during development




il UI kg

La relazione tra gene e fenotipo non e semplice perche se
gene muta, alterando la tensione in un determinato set di
tiranti, il risultato non dipendera da quel particolare gen
dall'interazione che ha con tutti gli altri

Waddington, C.H. 1957. The Strateqy Of The Genes (London: Allen & Unwin).



Hall 1992: il controllo epigenetico e la somma
dei fattori genetici e non genetici che
agiscono sulle cellule per controllare
selettivamente I'espressione dei geni che
produce la crescente complessita fenotipica
durante lo sviluppo

Science

Russo 1996: lo studio delle modificazioni
mitotiche e /o meiotiche ereditabili nella funzione

dei geni che non puo essere spiegata da
modificazioni nella sequenza del DNA eprgenerics

Science 2001: lo studio delle modificazioni nella
funzione dei geni che sono mitoticamente e/o

meioticamente ereditabili e che non implicano
un cambiamento nella sequenza del DNA




Table 1 Standardized mortality ratios for stroke, coronary
l t = . h,l . heart disease and chronic bronchitis in the 212 local
potesl: poiche [a maggior authority areas of England and Wales grouped by neona-
parte delle mOI‘ti tal and postneonatal mortality (1911-25)
Postneonatal mortality

neonatali avvengono entro  Nemtimonity igowest 2 3 4 5 ighest

: . Stroke

1 settimana dalla nascita e ; | o .
sono associate al basso 2 6 W 9 M T
. . . 3 102 L ™ S ™ S 1™

peso, qulndl ad influenze 4 - W 10 115 117
intrauterine, i nati di basso 3 Gughesty 124 = ke i

. Comonary beart discase
peso che sopravvivono 1 Gowest) . @ o s o8
potrebbero essere a maggior i z: i 3; i 9;
. . . . 1 11
rischio di patologia 4 _ 9% 100 111 115
coronarica da adulti 5 (highest) 8 - 14 119 116
Chmonic bronchitis

1 {lowest) 67 TEOO106 115 161

2 o 4 B4 126

k! i a5 Hh 151

4 = i Gb 12X 142

5 (highest) 41 - 108 1M 14

DJP Barker, | Intern Med 2007




Fetal Programming
[developmental origins hypothesis|

Mortalita [SMR] per coronaropatia e peso alla nascita

® Uomini ™ Donne
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Osmond et al, BM] 1993






David Barker
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Lipotesi delle «origini fetali»
propone che alterazioni nella
nutrizione e nello stato endocrino
del feto esitino in adattamenti
nello sviluppo che modificano in

modo permanente struttura,
fisiologia e metabolismo, in
tal modo predisponendo gli
individui all'insorgenza di
patologie cardiovascolari,

metaboliche e endocrinologiche
nella vita adulta




\
“Fetal Programming”

» Durante lo sviluppo prenatale, si verificano
periodi di rapida divisione cellulare, in diversi
momenti, nei diversi tessuti corporei.

» Durante questi “periodi critici” il milieu di
nutrienti ed ormoni del prodotto del
concepimento puo modificare I'espression
del genoma fetale e cio puo avere
conseguenze per tutta la vita.

Lucas A: In “The childhood environment and adult disease’, JW&S, 1991



Ipotesi di Barker: conseguenze
del basso peso alla nascita

Weghe
| yarr

Adule ie

Franmework of ideas e the foral oniging hypothesis lnking feeal underntrition wwith later abnormalitics

DJP Barker, BMJ 1995



Tissues and systems for which there 1s evidence of programming in

humans?

Tissue or system

Examples of programming

Reference

Cardiovascular system
Respiratory system
Endocrine system
Reproductive system

Central nervous system
Skeletal muscle

Bone
Kidney

Liver

Immune system

Vascular compliance
Endothelial function
Lung volume

Hypothalamic-pituitary-adrenal axis

Glucose-insulin metabolism
Growth hormone—IGF-I axis
Age at menarche

Polycystic ovary syndrome
Schizophrenia

Insulin resistance
Glycolysis during exercise
Bone mineral content
Renin-angiotensin system
Cholesterol metabolism
Fibrinogen and factor VII synthesis
Thyroid autoantibodies

IgE concentrations

17
18
19
20

21,22
23
24
25
26

8
27
28
29
30
31
32
33

1IGF-1. insulin-like growth factor I: Ig. immunoglobulin.

KM Godfrey & DJP Barker, Am ] Clin Nutr 2000




Fuel for cellular processes
Metabolism

Glucose
Proliferation

Differentiation Amino Acids
Synaptogenesis

Proliferation

Differentiation Growth Factors
Synaptogenesis . \
¢

Synaptogenesis

Myelination Fatty Acids

Neurotransmitter & myelin synthesis
DNAmethylation Choline

Myelination

Iron

Metabolism
n \
DNA synthesis
Neurotransmitter release ZlnC
Facilitated diffusion
3 - Active transport
Neurotransmitter synthesis i I o
: Copper rrier-mediated transport
Metabolism Receptor-mediated endocytosis

BM Nugent & TL Bale, Front Neuroendocrinol 2015




Fetal Programming
[developmental origins hypothesis|

m9% DT2 m9% Intolleranza

34
31
22
13 13
9
6 i l

<2540 2950 3410 3860 4310

40

10

CN Hales et al, BM] 1991



L'origine fetale della Sindrome

Metabolica

Maternal
undernutrition
l Other maternal or
placental abnormalities
Fetal
/ undernugricion \
Other organ Decreased Insulin Abnormal
malfunction, B-cell mass resistance vascular
eg, liver development
Obesity
l l
Hyperlipidemia Type 2 diabetes Hypertension
\ Metabolic /
syndrome

Barker DJP et al. Diabetologia. 1993;36:62.

Barker DJP. BMJ. 1995;311:171.



DEVELOPMENTAL
ORIGINS OF HEALTH
AND DISEASE

periodo sensibile o critico dello sviluppo \ |
abbia effetti a lungo termine viene

chiamato programming O



status materno




\

Adult cardiometabolic
disease / e

Overweight/obesity
Maternal lifestyle factors Type 2 diabetes
Stress Cardiovascular disease

Poor diet/nutrition
Low levels of physical activity

\

Intrauterine Childhood metabolic \

exposures dysregulation
GDM/hyperglycemia Overweight/obesity
Excessive weight gain Dyslipidemia
Obesity Early-onset T2D
\ Genetic propensity

J




Interaction with
environment competmon Selection

L A fe

Evolution




DNA accessdle, gone active

Histone modification

The binding of epigenetic factors to histone “talls®
alers the extent 10 which DNA is wrapped around
DNA can wind for compaction and DNA nacosssbie, goene Inactive histones and the avallabiity of genes nthe DNA
Q000 reguiation. 10 Do activated.




MATERNAL OBESITY, OVERNUTRITION —» FETAL LIPID EXPOSURE ——» CHILDHOOD DISEASE

1 INFLAMMATION 1 LYPOLYSIS
1 INSULIN RESISTANCE 1 VLDL SECRETION

'_> VLDL-TG

» cM-TG

W

MJR Heerwagen et al, Am ] Physiol Regul Integr Comp Physiol 2010

REPROGRAMMING OF
METABOLIC GENE TARGETS:

t FETAL INFLAMMATION?

1 HEPATIC LIPIDS

SKELETAL MUSCLE
ADIPOSE TISSUE
BRAIN

PANCREAS

-

TRISK:

* NAFLD

* INSULIN-
RESISTANCE

* OBESITY

* HYPERPHAGIA

* DIABETES




Maternal obesity Gestational weight gain

\ ———, |MaternalDM/GDM | __ _—

Placenta

Altered physiology e.g. insulin resistance, - cell dysfunction

\ J
I

FF Risk of obesity, DM ,CVD in offspring

Intergenerational effects and long-term NCD risk
RCW Ma et al, Prog Biophys Mol Biol 2015

doN 10 uaping / Ysiy [euonelsuabiaju|
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Cues, e.g. undemutnnon Matched (healthy)

adjust metabolic setpomts

Inherited genotype
and epigenotype

Mismatched
(enhanced risk of
metabolic disease)

Matched (healthy)

Developmental environment Mature environment

PD Gluckman et al, Am ] Hum Biol 2007



Epigenetics
/ \' Environmental effects
DNA Histone
; : ; ncRNAs -ART (e.g. culture,
methylation J modifications Disturbance | superovulation)

ssnnnnnnnns - Chemicals
- Alcohol

- Other

Expression of Expression of
imprinted genes nnq-lmprlnted genes

X /

Placental development

\ 4
Abnormal placental development and function
| | ' N\
GTD PE IUGR LBWISGA Fetal overgrowth
N ' \ L =
Maternal risks Fetal risks
' .
Maternal morbidity and death Premature birth
Perinatal death
Long-term: diseases, cancer

ECM Nelissen et al, Hum Reprod update 2010
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S Sookoian et al, Pediatr Res 2013



100 Years of Nutritional Flow

Grandmother Mother Placenta Fetus Infant/Child
Made grandchild’s ~ Released egg Transported Made placenta Ate food
egg Provided nutrients nutrients Took nutrients Grew
Donated genes Influenced Produced hormones Made organs
placenta Exported wastes Grew body
Delivered baby
Fed baby
Stimulated baby
Fed child

Vulnerability to

Father chronic

disease, cancer
Donated Genes and infections

1000 Days of Development

DJP Barker et al, Placenta 2012



Mother

EXERCISE

. '__.. ; 3 g
© HEALTHY DIET p

L '

© LOW STRESS

ovaries Qvatics

Future Grandchild

The eggs that may someday become the
grandchild are developed inside the daughter while
she is still in the womb within the mother, The eggs

are nourished by the diet and environment
of the mother.

Daughter When you are

pregnant, you are
also pregnant with
your grandchild.

betterthefuture.org
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