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The human genome
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PROGETTO GENOMA UMANO
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KARY MULLIS
BALLANDO NUDI
NEL CAMPO
DELLA MENTE

LE IDEE (= LE AVWWENTURE]
DEL PIU ECCENTRICO
TRA GLI SCIENZIAT| 24 MODERNI

«| fatti accertati logicamente vi
aiutano a dormire meglio, il che
e essenziale, anche quando ci
sono creature ululanti nel buio e
nutrizionisti che scrivono libri.»

«Non ho mai pensato che ci siano domande che non si possono

fare.»



Nozioni di base....definizioni!!!

La GENETICA ¢ Ia branca della biologia che studia i geni,
'ereditarieta e la variabilita genetica negli organismi viventi,
focalizzandosi sulla comprensione dei meccanismi alla base di
questi fenomeni, noti sin dall’antichita ma spiegati solo nella
meta del 1800 dal biologo ceco Gregor Mendel.

LEPIGENETICA ¢ quell’aspetto della biologia che vuole
studiare la relazione causale tra i geni ed i loro prodotti cioe le
proteine. Una possibile definizione di epigenetica e “la serie di
modificazioni al materiale genetico che cambia il modo in cui i
geni vengono accesi 0 spenti ma non altera i geni in sé”.



1 Genoma —_— n epigenomi

Tutte le cellule di un organismo hanno lo stesso genoma ma
differiscono 'una dall’altra perché hanno un epigenoma



MEMORIA EPIGENETICA

CELLULE FIGLIE

Stress comportamentale
Metalli pesanti
Inquinanti e pesticidi
Fattori nutrizionali

!

Alterazioni del pattern
epigenetico

!

Alterazioni
dell’espressione genica

!

PATOLOGIA

CELLULA



Systems Biology and Pathobiology
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Facts on Nutritional Genomics

» The DNA sequence brings only the “genetic code”
» Phenotype is the resultant of the interaction of this genetic code with the environment

» Genes are turned “on” or “off” by:

* Environmental influences

Nutiritiona!

Compounds

functional
Cenamlrs




Nutrients can modify gene transcription
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The nuclear receptor superfamily

Endocrine Receptors Adopted Orphan Receptors

Steroid Receptors
glucocorticoid
mineralocorticoid
progesterone
androgen
estrogen

RXRcefi.y 9cRA
PPAR«, b,y fatty acids
LXRc 3 oxysterol
FXR bile acids
PXR xenobiotics
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Heterodimeric Receptors

TR fi thyroid hormone
RAR«, [,y retinoic acid
VDR vitamin D (bile acid)

Enigmatic Orphans
CAR androstane
HNF-4.y fatly acids
SF-1/LRH-1 phospholipids
- cholesterol

~ retinoic acid
ERR. i,y estrogen?

ROR« [

Nuclear Hormone Receptor Structure
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Palindrome HRE Direct Repeat HRE Half Site HRE Sonoda et al.

, FEBS Letters 200¢



Domain structure of a Nuclear Receptor

Primary structure Tertiary structure

DNA
binding AF2

Ligand

Transactivation Ligand binding.
Ligand independent Hinge transactivation,
Region dimerizatior,
repression

Christopher KG & Sumito O (2006) Nat Rev Immu 6: 44—55 doi:10.1038/
nri1748



RXRs
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What activates nuclear
receptors?
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Activated NRs and physiopathology
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EPIGENOMIC FACTORS

= Ufestye ncludes d fferent factors such as nutrition, behav or, stress, physical activty working hakits, smoking and akohol consumption.
= Ernvitonmen al and lifestyls (actors may ir fluence epigenetic mechenisms.
Nutrition
« Fclate ard wtamn E12 intake
- kpidemielocica data suppor: the anticarcirogenic aroparty of “olate.
A protective efiect of low tolate status agairst coleroctal cancer was reporteg.
Contrast ng rosults suggast that folic ackd suoplementation could excrt & ncoative cttec: on alrcady existing les ons.
= Folyprerols
- Felyohenok can impact DNA methyltransterasas, nistore acety 2ses and hstone deacetylases inducing reversib lity of
epigenetic dysregulation.
» Sglenum
- Selenium can impact the CNA methylation status interacting cirectly witk CNA methyltransferasas.
Obesity & physical activity
= Macronutriant compositicn cf the diet zould helg to develop oteaty through ep genetiz medhanisms.
» Epigenetic mechanisms may e imalizated in mediatng the effects of physical zctvity.
Tobacco smoke
» Tubecto sinoke effecs ave Do examinex! Hiough different 2pgenstc studes, but the results are still under cebale.
= Srmoking during areanency has been associated with an increasad risk cf developing diseases in fezal or later life, throuah
epigenretic mechanesms,
Alccho! consumption
» Alcohol is @n antaconist of folate metaoclism and may have effects on CNA methndation.
Envircnmental pollitants
= AT
- Hypo/hysermethylaticn was cbserved in DNA ¢t blood scmples from subjects expased to texic level of arsenic,
= Ar pollutior
~ Particulate air peliction may affect human health througn DNA methylation 3 terations.
= Aromatic nydrocarbons and other organic ccmpeunds
- Repeti.ive elament hypomne hylation as wel as either byper- or hype-rmathy ction of spacfic genes has baan reported for benzene
and polycyclic eromatic hydrocatbon exposures.
Psychological stress
= DNA methylation 1s senstive to environmanta stress’ul exposJres eary in develoomant and later in life.
Shiftwork
* An epigeretic reprogramming o° drcadian genas, changes n Alu repeticive elamants mathylation and gene-specific methylation of 1FiN-
end TNF-a promoters have basn obse ved.

Alegria-Torres JA, et al. Epigenomics. 2(



Lifestyle factors participating in environment—epigenetic

Interactions
Food DNA methylation Food
= “olate * Poyphenols from
= =GCG from green tea vegetablee
= Sclenium Gane expression regulatior = Selenium
S § ¥ B
Phyeical activity i Physical activity
Tobacen emoke + +
. ' Siler d"g Exp[assu. | Covalent modificationa
Intratenine lfe o' histenes
e Matema diat
« Tobacco smoke ¥
Acohol Relaxed/compact chromatin structure
* High intzke associated with differertia
trarscripfional acvity

Pollutants
* Arsenic
* Chromale
*°M ‘ \ Regulation of miRNA expression (by DNA methylation
* Benzene < e of miRNAs loci)
* PA-s L
* 2°CPs ' 4.

i g = Physical activity
Aging

: Iranslalonal repression Cigzrette smoke
Siress condilions of transcript decradation
. M ;‘ Intrauterine Ite
Iiftwar w / * Tobacco smoke

Alegria-Torres JA, et al. Epigenomics. 2



EPIGENETIC AND PREGNANCY

smoke Sedentary
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EPIGENETIC MODIFICATIONS

TRANSGENERATIONAL INHERITANCE

Metzbolik disorgers
(Obesity, CVD, DM)

P
-
& Stress

lonizing radiation
Alcohel
Epigenetic modifications are a modifiable component of the
intergenerational transmission of phenotypic traits and thus can provide
new exciting findings for susceptibility to obesity, diabetes, CVD,
neuropsychiatric disorders and cancers. Franzago M, et al. Epigenetics. 2C



Placental DNA methylation alterations associated with
maternal tobacco smoking at the RUNX3 gene

(a) Percentage o methyiation in placentas of ‘a Percamage of methydation in pacertas of
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Maccani JZ, et al. Epigenomics. 201



Intergenerational transmission of maternal and paternal stress

can impact offspring neurodevelopment

s e nes I SRR LSO B COCY
No wedwysns have ret Leen descibed, Mely
due re rechrical Bimirzriors

Nedis clotemal Adrais inaumssion viasamm <
DHA methylatior 152; 51-92; 64) 4 R
small nonrcocing RINAS (79-€C; 109-111) { : g
Filorwr posl Udrddtondd o hetions (81, 113 Q‘:_\.n Ny~
l\k FH? J
“(\

Megez cf matornal strezz traramizaian viz phceaty
CRF sgraling (25-31)
Inflennr alory pellwreys (41-44)
NULnen! Sensng pathaays (bl:bs-04)
/ - ' — Chromatin rezabitors (5).63)

Specics Offspring outtomes
oredsed rsh o ASC and scechvenia in
Junhfu o X

ST pregnaney N
factioe i

£ oA Aopry P M 8%
A thee ey W
o 5 nor o, €
| bt " w of P o scralheilt
01 e > S
© . — Tl K CMorteod
< v oy LR Lerrak
A £ y e i { > Luhih
- feaglomite
* whowee,
frove
- LALs WL £

Paternal stress
exposures influence
offspring outcomes
(left table), potentially
through changes in
sperm epigenetic
marks. Maternal stress
during pregnancy
alters placental
signaling to reprogram
offspring
neurodevelopment
(right table).

Chan JC, et al. Biol Psychiatry. 2(



={FOOD AND PREGNANCY

«We are what we eat»
(LW Feuerbach)

Ultra-processed foods vegetables, fruits, Leaty vegetable
maternal obesity and shorter nuts, and legumes 'fT](ﬁ"OVG the me:t[att')O“CI
male infant anogenital : : pathways In gestationa
distanceg preeclampsia prevention diabetes pathogenesis

and prognosis



Lifestyle

Gluten Free MoNo DIET
Dairy Free O/i’aq
Soy Free 909‘127
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Mediterranean diet




Mediterranean diet

Mediterrean lifestyle inspired by the eating habits of Greece,
Southern ltaly, and Spain in the 1940s and 1950s years

In 2013, UNESCO added the Mediterranean diet to the
Representative List of the Intangible Cultural Heritage of Humanity
of ltaly (promoter), Spain, Portugal, Morocco, Greece, Cyprus, and
Croatia

Mediterrean lifestyle promotes conviviality and interpersonal
relationships

“Good food,
good life”.




Mediterranean diet
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Mediterranean Lifestyle in Italy

How it was in the past How it is changed during
the last decades:

= Low consumption of Increased consumption of sugars
carbohydrates & saturated fats; and fats:

. Ic—l)igh consumption of fibers & Olive
i;

Reduced consumption of fibers;

= Central Meal: lunch Central Meal: dinner;

Dinner delayed to late evening;

o,
e AR g} \
52 g\ 4V 4

= Dinner around 6 p.m.



Ag;';ﬁﬂ?:: 2 t Aromatase

Adipocyte R ﬂg"' Hormones (estr" en)

t Levels of
ECM proteins
and endotrophin

:Cr'.\’ _

Obesity-induced systemic changes
Hyperinsulinaemia (insulin-IGF-1 signalling pathways)

Hyperglycaemia (hyperglycaemic memory)

Tumour initation Tumour progressiorn Drug resistance and cancer recurrence




Carbohydrate Overload
Consequences

Carbohydrates fed during evening:
Carbohydrate Overload
(at high glycaemic index) increases: *Are converted into triglycerides by
the liver via insulin (in absence of

*Plasma insulin; energy expenditure);

*Insulin resistance;
‘Plasma glucose;

_ ) *Induces huge alterations in the
‘Plasma triglycerides;

physiology of the biological clock
which is strictly related to metabolic

Visceral Obesity; homeostasis;

Liver Steatosis;

_ Alterations in biological clock lead to
Leading to MS MS

PD Denechaud, J Clin Invest 2008; O Froy, Front Neuroendocrinol 2007; RM van Dam, Eur J Clin Nutr 2007



Carbohydrate Overload

Glucose Insulin

P4 ‘(/.;V

ChREBP SREBP 1C
L\/
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) IGD‘G"
Acetyl-CoA ¢
7 .7
/7
Triglyceride 7/

synthesis

Triglycerides

PD Denechaud, J. Clin. Invest. 2008.



SINDROME METABOLICA

Disordine metabolico complesso, caratterizzato da un insieme di patologie
(insulino-resistenza o diabete, obesita, ipertensione e dislipidemia)

Visceral
Obesity
Low HDL- Insulin
Cholesterol /_\/' Resistance
|  Metabolic

Syndrome

High

Triglycerides Hypertension

La co-occorrenza di 3 delle 5 condizioni determina la diagnosi di sindrome
metabolica.



SINDROME METABOLICA

Table 6

Risks of obesity in pregnancy

During Pregnancy

During Labor & Delivery

Postpartum
Complications

Spontaneous misrarriage
Birth defects

Limitations to ultrasound
Gestational diabetes
Hypertensive disease
Stillbirth

Fetal growth abnormalities

Difficult fetal monitoring
Cesarean delivery
Decreased success of a
vaginal birth after
cesarean delivery
Difficult anesthesia

Postpartum hemorrhage
Wound infection
Obesity in offspring

Kominiarek MA, Rajan P. Med Clin North Am. 2




Il mio piatto in gravidanza....

Seeqli 2 0 3 porzini al giomo di Btte o vogurt magri. non auccherati. o di tevande veoetal
(es Ji so, di 1iso, di maxdorl).
Una perziore comisponde 2 un vasettn o tazang da 123 g.
Loyogurt & ortima ancha come spunting.
Pui aggiungere un cucchiaino di meele (may 2/die)

Asaumi 2-3 porzioni di verdura Scegliers preleribiment
al giomno, possibiinente di stagione, cereali e fanine irtegral
cercanco di \ariare,

Es broccoll, cavoll, carete,
peoerori, spinaci,
erbette.

Condisd Scaglier:

preferibiments prefenibiiments

con olio extravergine . forti prcteich2

di oliva | un cucchaio di ongine vegetale: ‘agiol,

Ja tavola), Mangia sem oleosi noccicle o peaci azzumi, foemagol

(ncci necciole. maxdork) e avocado. a basso conteauto di grassi, Imitar2

um vol&a al gorna lacarne rossa e cli insaccat. ]
Sceqli la frutta fresca, soremute Bevi 6-8bicctieri ¢i acqua e==
o frullati di frutta frasca, evitz i succhi al gomo, evita le bevand? zuccherate GO
@il rutta confezionzti. La frutia & otima B riguci I'assunzione ai we D cane.

P
Infine...almeno 30 minut di attivita fiska tutti | giorni %tﬁ




Tabella sintetica della porzioni setlimanali di alimenti.

Frutta 2.3 faith al gaena
Verdure 23 musvidl kg
Pane, pasta. cereall ognl Jomo, .na potiare ad oorl pegio, weglho 52 Imaoall
Pulale 2w lafsz i ang
Pesce Fino 2 3vote 2 la settmana il pazes axzLmo des i), 2 wolbe'sett il 52 s
evtare = posdble, peadl 4l grosze d mzrzlond (32ad3, Hanai.
Carna danca (praferira) T2 onlzattrana el esh oo
Carne s Twalafs s o
non cruda in gravidarza)
oy oo 2 £ il S s lienn
Salumi In grarcanga 21 pud mangiire sclo prosc utta coto, des2 4 2ochno 2 ~ntadal, con ~od:rznomne
iy sor o mmn o) o Dbidigees . aoaledlo goes; ol s R oo cioess o Bviadl
Tz giatnwerno ewt2: per @ da :chin di TOXUP_ASNICSE @ 2 causa Jeleksiato conten e
in trab & it UM Z3t per 3 consaVanng
Lagqumi 2-3 vo'te g settimans
Frutta secca con uscio noz:, | Cue parzioni l8s 3 noci o mandoa, o L psazchi 2l giorc, dop: | pasti prncoal ¢ arche come
oGk mandeele, pisheh, NN
pinoli), nor tostat, salab
Frutta secca morbida NON s-ctmusca 703 3 fraaca, S6 ns CCSSonD assrmens 2-4 2 9o SCpratutto |2 crugne sond
{prugr2, fichl secchl, datter, moito Indizgte. 'n quzrtc gktzne arche a combattere la sthichaza Vaano IEgrate nall aocomo
uvetta, albcceche) cacroo
Lalle o yogarl 23zl g
Formaggl (come saconda) 2vonfsati-ana
Alcolici Caonsumo occasonale, in quantita Imrz:2 (2 beoch 2r ciwno rasso 43 1245 ml 2iascao,
al = sstimang).
:atta ZLCANRCIAIC LNA S TR R e o et
Biblle zuzchzratz 2 suechl KO
Cioccolate fonderte 2-3 qaadratini al §cmo (U ¢ Szethimara) !
(>70% cacan) —-2
e —~ -
Dolci Caonsumo oczas onale
- - 160
[FE U] Corsamm oz e " serene
Zucchero Consumo oczas cnale OGO
Dolciticanti 1] —
Marmelliky’ iede S5, s g o e Tee Pnefesie wowelale booon e parseomb o8 Indke > BO% P
1B
Olo e burro Prefari= o extravergine B crude: 2 cucchial ‘iz %t"_:




Acknowledgement

Antonio Moschetta’s Lab




