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A PCOS-fenotipus tovabb adodhat generaciokon
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Paternal obesity is associated with IGF2
hypomethylation in newborns: results from a
Newborn Epigenetics Study (NEST) cohort

Adelheid Soubry'", Joellen M Schildkraut'?, Amy Murtha®, Frances Wang', Zhiging Huang®, Autumn Bernal®,
Joanne Kurtzberg®, Randy L Jirtle®, Susan K Murphy* and Cathrine Hoyo’

See related commentary article here http://www.biomedcentral.com/1741-7015/11/30

Abstract

Background: Data from epidemiological and animal model studies suggest that nutrition during pregnancy may
affect the health status of subsequent generations. These transgenerational effects are now being explained by
disruptions at the level of the epigenetic machinery. Besides in vitro environmental exposures, the possible impact
on the reprogramming of methylation profiles at imprinted genes at a much earlier time point, such as during
spermatogenesis or oogenesis, has not previously been considered. In this study, our aim was to determine
associations between preconceptional obesity and DNA methylation profiles in the offspring, particularly at the
differentially methylated regions (DMRs) of the imprinted Insulin-like Growth Factor 2 (IGF2) gene.

Methods: We examined DNA from umbilical cord blood leukocytes from 79 newborns, born between July 2005
and November 2006 at Duke University Hospital, Durham, NC. Their mothers participated in the Newborn
Epigenetics Study (NEST) during pregnancy. Parental characteristics were obtained via standardized questionnaires
and medical records. DNA methylation patterns at two DMRs were analyzed by bisulfite pyrosequencing; one DMR
upstream of IGF2 (IGF2 DMR), and one DMR upstream of the neighboring H19 gene (H79 DMR). Multiple regression
models were used to determine potential associations between the offspring’s DNA methylation patterns and
parental obesity before conception. Obesity was defined as body mass index (BMI) =30 kg/m".

Results: Hypomethylation at the IGF2 DMR was associated with paternal obesity. Even after adjusting for several
maternal and newborn characteristics, we observed a persistent inverse association between DNA methylation in
the offspring and paternal obesity (3-coefficient was -5.28, P = 0.003). At the H19 DMR, no significant associations
were detected between methylation patterns and paternal obesity. Our data suggest an increase in DNA
methylation at the /IGF2 and H19 DMRs among newborns from obese mothers, but a larger study is warranted to
further explore the potential effects of maternal obesity or lifestyle on the offspring's epigenome.

Conclusions: While our small sample size is limited, our data indicate a preconceptional impact of paternal obesity
on the reprogramming of imprint marks during spermatogenesis. Given the biological importance of imprinting
fidelity, our study provides evidence for transgenerational effects of paternal obesity that may influence the
offspring’s future health status.

Keywords: Epigenetics, DNA methylation, IGF2, obesity, offspring, Newborn Epigenetics Study, Epidemiology
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Article
Fish Oil Improves Offspring Metabolic Health of Paternal
Obese Mice by Targeting Adipose Tissue

Mariana I. Pérez Lugo, Melanie L. Salas, Akriti Shrestha and Latha Ramalingam *

Department of Nutrition and Food Studies, Syracuse University, Syracuse, NY 13244, USA;
misalas@syr.edu (M.L.S.); akritisd@illinois.edu (A.S.)
* Correspondence: Iramalin@syr.edu

Abstract: Obesity is a fast-growing epidemic affecting more than 40% of the US population and
leads to co-morbidities such as type 2 diabetes and cancer. More importantly, there is a rapid in-
crease in childhood obesity associated with obesity in parents. Further, offspring are encoded with
approximately half of their genetic information from the paternal side. Obesity in fathers at the pre-
conceptional period likely influences the intergenerational development of obesity. This study fo-
cuses on the role of fish oil supplementation as a non-pharmacological intervention in fathers and
its impact on childhood obesity using animal models. Male mice were fed a low-fat diet or high-fat
diet with or without fish oil for 10 weeks and mated with female mice on a chow diet. Offspring
were then continued on a chow diet until 8 or 16 weeks. In vivo insulin tolerance was tested to assess
the metabolic health of offspring. Further, adipose tissue was harvested upon sacrifice, and genetic
markers of inflammation and lipid metabolism in the tissue were analyzed. Offspring of males sup-
plemented with fish oil showed lower body weight, improved insulin tolerance, and altered inflam-
matory markers. Markers of fatty acid oxidation were higher, while markers of fatty acid synthesis
were lower in offspring of fathers fed fish oil. This supports fish oil as an accessible intervention to
improve offspring metabolic health.

az apak perikonc. halolaj supplemetacidja
-spermiumok epigenetikai modif. keresztul-
csokk. utdd IR-jét, testsulyat és PCOS
hajlamat

A prekoncepcionalis anyagcsere rendezést ajanlatos kiterjeszteni az
apakra is
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Anti-inflammatorikus étrend
1.

PCO-ban a prekoncepcionalis anyagcsere-rendezeés egyik alap-pillére

Ajanlott makro-nutriens arany:

40% alacsony glikémias index{ szénhidrat
30% zsirszegény protein
30% zsir A egyszeresen telitetlen zsirok, omega-3

ytelitett zsirok, omega-6

Ez a makronutriens arany jobban csokkentette az inflammaciot, mint az izokal6rias magas
szénhidrat
tartalmu étrend, még azonos sulycsokkenés esetén is.

Pereira MA,Swain J Goldfine AB. Effects of a low-glycemic load diet on resting energy expenditure
and heart disease risk factors during weight loss. JAMA. 2004;292(20):2482-90.



Perikoncepcionalisan kerulendo

a pro-inflammatorikus ,,modern”
étrend

Western szupermarkettél a hiitészekrényig terjed6 étrend - exacerbalja a PCOS tuineteit és szovédményeit

tulzott bevitel:
finomitott szénhidrat

omega-6 zsirsavak (hosszu-szénlancu telitetlen zsirsavak)
koleszterin
voroshusbol szarmazo protein
tejtermek
elégtelen bevitel:
friss zOldség, gyumolcs
frissen készitett ételek
naturalis antioxidansok
anti-inflammatorikus flszerek

szezonalitas hianya a taplalkozasban
ismétiodo kvazi-konstans élelmiszeripari termékek fogyasztasa



PCO-s nok prekoncepcionalis anyagcsere-rendezés soran
ajanlott anti-inflammatorikus szupplementumok

Omega-3 zsirsavak

ajanlott dozis: 2,5g/nap EPA DHA (magzat ideqi fejl6dés és
anya cellularis inflammacidjanak csokkentése)

poliklérozott bifeniltdl tisztitott termék ajanlatos

Polifenol extraktumok
ajanlott dozis: 500-1000mg/nap

E-vitamin elektron-donor

Szelén glutation peroxidaz (szelenocystein)

D-vitamin noveli az anti-inflamm. Th2 citokin termelést noveli az anyai immuntoleranciat
csOkkenti az NK-sejtek alloimmun reakciojat noveli az

endometrium-receptivitast



PCO-s nok prekoncepcionalis anyagcsere-rendezése
soran
metabolikus gyulladas mérése

TNFa, IL-1B, IL-6 rovid féléletidd, alacsony koncentracio, nem alkalmas

hs-CRP maj termeli és IL-6 emelkedés hatasara. Hosszabb féléletido
hatranya: enyhe bakterialis infekcio hatasara is gyorsan emelkedik-
nem megbizhaté. Nem jelzi el6re a kronikus gyulladas kialakulasat.

AA/EPA klinikai marker, ami elséként jelzi a cellularis inflammacio emelkedését
inflammacio és rezolucio egyensuly : 1,5-3 (stabil és megbizhato)

Adiponektin/leptin  korrelal az IR-rel és a low-grade inflammacioval ~ 1 felett: norm
TG/HDL a maj IR-jének szurrogat markere - idealis arany 1,4 mmol/l alatt van
HgbA1c hosszu-tavu vércukor kontroll markere, optimalis szint: 5%

glikaciés végtermékek (AGE) gyulladast fokoz6 hatasaval van 0sszefuggésben



Mi okozhat meg metabolikus gyulladast
a PCO-val kapcsolatban

amit prekoncepcionalisan figyelembe kell vennunk
?

0 Intestinalis mikrobiom

0 Zsirszovet funkcionalis
allapota

0 Cirkadian-ritmus zavar

[0 Endokrin diszruptor expozicio



Medical Hypotheses 79 (2012) 104-112

Tremellen (2012): PCOS patogenezis és az intestinalis
dysbiosis kozotti kauzalis 0sszefuggés
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dysbiosis mellett beindulé lancfolyamat:

Dysbiosis of Gut Microbiota (DOGMA) - A novel theory for the development
of Polycystic Ovarian Syndrome

Kelton Tremellen ***, Karma Pearce ”

* Repromed, 180 Fullarton Road, Dulwich, South Australia, Australia
L University of South Australia, School of Pharmacy and Medical Sciences, Frome Road Adelaide, South Australia, Australia

bélfal barrier gyengul

ARTICLE INFO ABSTRACT

bélfal permeabilitasa fokozodik

Article history: Polycystic Ovarian Syndrome (PCOS) is the most common cause for menstrual disturbance and impaired
Received 30 January 2012 ovulation, effecting one in twenty women of reproductive age. As the majority of women with PCOS are
Accepted 3 April 2012 either overweight or obese, a dietary or adipose tissue related trigger for the development of the syn-
dmme is quite possible. It has now well established that PCOS is characterised by a chronic state of

ion and insulin e, but the precise underlying triggers for these two key biochemical

disturbances is presently unknown. In this paper we present support for a microbiological hypothesis

for the development of PCOS. This novel paradigm in PCOS aetiology suggests that disturbances in bowel

bacterial flora (“Dysbiosis of Gut Microbiota") brought about by a poor diet creates an increase in gut

mucosal permeability, with a resultant increase in the passage of lipopolysaccaride (LPS) from Gram neg-

ative colonic bacteria into the systemic circulation. The resultant activation of the immune system inter-

feres with insulin receptor function, driving up serum insulin levels, which in turn increases the ovaries

production of androgens and interferes with normal follicle devel Thus, the Dysbiosis of Gut Mic-

robiota (DOGMA) theory of PCOS can account for all three ¢ of the synd lation/

menstrual irregularity, hyper-androgenism (acne, hirsutism) and the development of multiple small

,ateresztd bél szindroma”

endotoxémia

ovarian cysts.

© 2012 Elsevier Ltd. All rights reserved.

Introduction

Polycystic Ovarian syndrome (PCOS) affects between 4% and 8%
of reproductive aged women and is the most common cause of
menstrual irregularity and anovulatory infertility [1,2]. The syn-
drome, as defined in 2003 by the Rotterdam Consensus statement
[3], is characterised by the presence of at least two of the three
classical features of PCOS; menstrual irregularity (oligomenor-
rhoea or amenorrhoea), hyperandrogenism (acne, hirsutism), and
enlarged “polycystic” ovaries on pelvic ultrasound. Biochemically
PCOS is characterised by disordered gonadotrophin (LH and FSH)
secretion from the anterior pituitary, high free androgen levels (in-
creased testosterone, decreased SHBG), insulin resistance and

Abbreviations: PCOS, Polycystic Ovarian Sy AN, T izing He
FSH, Follicle Stimulating Hormone; SHBG, Sex Hormonc Binding Globulin; DOGMA
Dysbiosis of Gut Microbiota; LPS, lipopolysaccaride; CFU, colony forming units;
SCFA, short chain fatty acids; IBS, Irritable Bowel Syndrome; CFS, Chronic Fatigue
Syndrome; DEXA, Dual-Energy X-Ray Absorptiometry; TNFa, Tumour Necrosis
Factor alpha; CRP, C-reactive protein; IL-6, interleukin 6; IGF-1, insulin like growth
factor 1; GLP-1, Glucagon Like Peptide 1.

* Corresponding author at: Repromed, 180 Fullarton Road, Dulwich, South

Australia, Australia. Tel.: +61 883338111; fax: +61 883338188,

E-mail address: I d.com.au (K. T ).

0306-9877/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.mehy.2012.04.016

chronic low grade inflammation [4-6]. It is believed that insulin
resistance and inflammation are responsible for the increased risk
of diabetes, metabolic syndrome and cardiovascular disease ob-
served in long term PCOS patients [7,8]. In addition, the majority
of women with PCOS are overweight or obese, yet this is not uni-
versally the case [2,9,10].

The exact patho-physiology behind PCOS is presently unknown,
although genetic, neuroendocrine and metabolic causes have been
suggested [7,11-14]. It is possible that no single pathological pro-
cess can account for all cases of PCOS since the disorder is some-
what heterogeneous, with many patients not exhibiting all three
cardinal features of the PCOS “triad” [14,15). This view is sup-
ported by the conflicting definitions of PCOS generated by various
reproductive medicine societies before the publication of the Rot-
terdam consensus [3]. For example, the American National Insti-
tutes of Health (USA) 1990 definition of PCOS [16] placed
emphasis on the presence of hyperandrogenism and menstrual
irregularity, disregarding polycystic ovarian morphology. Con-
versely, the European view considered the presence of polycystic
ovarian morphology on ultrasound as being paramount for making
a diagnosis of PCOS [17]. Even since the publication of the Rotter-
dam consensus statement there is still considerable debate on
what exactly constitutes PCOS [18]. However, there is agreement

meta-gyulladas
IR/hiperinzulinémia

ovarialis hyperandrogenismus
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Intestinalis dysbiosis exacerbalja a PCOS
tuneteit
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Liu J, Liu Y and Li X (2023) Effects of intestinal flora on polycystic ovary syndrome. Front. Endocrinol. 14:1151723
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Fig. 1. Pathways and Mechanisms via which Gut Microbiota Influences PCOS Phenotypes.



Bél-egeszséget fenntarté etrend

PCOS-n6k prekoncepcionalis anyagcsere-rendezés kapcsan

ajanlot
a modern nyugati étrend és é?etmgd ellentétben all evolucios hatterunkkel.

Ajanlas: Emészthetetlen szénhidratokban (poliszaharidokban) gazdag és  fehérjében, zsirban szegény
etrend
Diverzifikalt taplalkozas

Az egészséges taplalkozasi mintak / a teljes értéki étrend hatékony a PCOS-hez kapcsolddo szamos tunet
es

anyagcsere folyamat szabalyozasaban és visszaforditasaban.
Parker, J.; Hawrelak, J.; Gersh, F.L. Nutritional role of polyphenols as a component of a wholefood diet in the management of polycystic ovary
syndrome.

J. ACNEM 2021, 40, 6-12.

Az élelmi rostbevitel mértéke (szurrogat markere):
egészséges, teljes értékii étrend megbecsuléséhez

Osi populaciokbed 80-150g/nap
modern populaciokban 20g/nap

Megfelel6 rost-bevitel javitja: dysbiosis eubiosis és a PCOS tuneteit
inzulinérzékenységet
csokkenti a vércukorszintet
ccenlkkanti 2 evievtamacec aviilladact
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Anti-obezogén gyogyszerezés
1.

GLP-1 agonistak nem ajanljak csaladi medullaris cc és MEN2 esetén

Semaglutid

Liraglutid

Wegovy 2,4mg /hét kronikus testsuly menedzselés - 2021 FDA

Ozempic 2TDM
Rybelsus (p.o0.) 2TDM

a terhesség tervezése el6tt 2 hénappal be kell fejezni
magzati visceralis malformacidk veszélye

Saxenda 3mg/nap kronikus testsuly menedzselés - 2014 FDA
rovidebb felezési ideji

Victoza 1,8mg/nap 2TDM

terhesség el6tti abbahagyasrol hivatalos ajanlas nincs



Naltrexone-bupropion

Bupropion

Naltrexone

Anti-obezogén gyogyszerezés

2.

(Mysimba 8mg/90mg) FDA 2014-ben jovahagyta az anti-obezogén indikaciot.

nucl. arcuatus anorexigén POMC-sejtjeit stimulalja

alfa-MSH termelése n6 és Melanocortin-4 receptorhoz kotédik

modulalja a mesolimbikus dopaminerg reward-rendszert

csOkkenti az élelmiszer-jutalom akarasat, ezaltal csokkenti a taplalék felvételt
antidepresszans hatasu (PCO-ban dualis indikacié alapjan hasznalhato)

opiat-antagonista, (LDN1-5mg), TLR-4 receptor antagonista (anti-inflammatorikus)
Naltrexone noveli a korai terhesseg vesztés rizikojat a
Bupropion pedig magzati novekedeési restrikciot okozhat

kezelés alatt antikoncepcié alkalmazasa javasolt
legalabb 2 hénappal abba kell hagyni gyermekvallalas el6tt



Anti-obezogén gyogyszerezeés
3.

Tirzepatide (Mounjaro) 2TDM-re engedélyezte — FDA
kivald sulycsokkent6 hatast mutat.
GLP-1 és GIP agonista (glukoz-dependens inzulinotrép polypeptid)

72 hét alatt heti 5mg sc. -15% 10mg -19,5%  15mg -20,9% sulycsokkenés

Metformin off-label anti-obezogén farmakoterapia

biguanid anti-hiperglikémias gyogyszer

csOkkenti a hepatikus glukéz kibocsatast

csOkkenti a glukoz intestinalis abszobciojat

javitja az inzulin-szenzitivitast a periférias szovetekben

noveli az ovulacids aranyt

nem noveli az élveszuletési aranyt obes PCOS-ban
nem csokkenti a GDM-et

csOkkenti a sulygyarapodast

pozitiv terhességi teszt esetében abba kell hagyni
34.000 eset (meta-analizis) I. trimeszterben szubfertilitas miatt szedett metformin
nem mutatott magas rizikét sulyos fejl. rendellenességekre

@%Iega Dukhovny S, Van Bennekom CM, Gagnon DR, Hernandez Diaz S, Parker SE, Anderka M, et al. Metformin in the first trimester and
risks 101

Nnficinalice apecific hirth  defects in the National Birth Defecte Prevention Studv Birth Defects Research 2018:110(7)-579—86



PCOS-ndk cirkadian-ritmusanak

Modern életmod: tobbszoros cirkadian ritmus-zavarok:
étkezés helytelen iddzitése,
megvaltozott taplalkozasi-bojtolési szokasok,
nem-optimalis edzésidozités,
megzavart alvas-ébrenlét ciklusok, miszakos munka

exacerbalja a PCOS tuneteit és szovédmeényit
Karos hatassal vannak: in utero fejlédés epigenetikai programozasara,

megvaltozott anyagcserere és IR-re,

testsulyra és elhizasra

termékenységre (PCOS)

hierarchikus hal6zat:
mesteréra: suprachiasmatikus mag (retino-hypothalamikus traktus)
homeosztatikus szabalyozo magok, hypophysis, vegetativ idegrendszer, keérgi
kOzpontok

Cirkadian-ritmus:
kornyezeti valtozasok elérejelzésével adaptiv tulélési elonyoket biztosit

élelmiszer hianyban, a napfény szezonalis valtozasakor
c7AaleAcAdnac hAamarciaklati avnnziriA acatdan



Endokrin-diszruptorok eés a PCOS

ED jelen van: anya—maggat szérum-vizelet, magzatviz, KZS vér, anyatej
atjut a placentan — transzgenerikus toxicitas
ED részt vesznek a PCOS patogenézisében, MESTERSEGES MODERN KORNYEZET RESZEI
exacerbalja a PCOS tuneteit és szovodmeényeit
befolyasolja:
metabolikus gyulladas
intrauterin magzati fejl6dés epigenetikai programozast
mikrobiom Osszetétele és mikodeést
IR
testtomeg és taplalkozas szabalyozasat

Osztrogenikus ED: per-fluor-alkil anyagok [PFAS] ,,6rok vegyi anyagok”
Konyhai eszkozok: tapadasmentes edények és serpenyodk.
*Textilidk: viz- és foltallo ruhazat, szGnyegek és butorhuzatok.
*Papirtermékek: zsirall6 csomagoléanyagok, példaul gyorséttermi
csomagolasok.
*Tisztitdszerek: egyes ipari és haztartasi tisztitdszerek.

di-2-etil-hexil-ftalat gyakran hasznalt lagyitéanyag
oJatékok: mUanyag jatekok, amelyek rugalmasak és tartosak.
Epitéipar: padloburkolatok, kabelek, linéleum.
*Csomagoldéanyagok: élelmiszer-csomagolasok



Androgenikus ED
patogenézisében !

Endokrin-diszruptorok és a PCOS

n%ggﬁ androgén expozicidnak epigenetikai szerepe van a PCOS

Triklozan - antimikrobialis hatas
 Fogkrémek és szajvizek
*Folyékony szappanok és dezodorok
Borotvalkozas utani szerek
Kozmetikai termékek

Glifozat — széleskorben hasznalt gyomirtészer
 Mezbgazdasag: Gyumolcsok, zoldségek és szantofoldi novények termesztése
soran.
*Kertészet: Pazsitok, gyepek és kiskertek gyomirtasara.
eIpari teruletek: Uveghazak, lakonegyedek

Tibutil-6n - széleskorben algagatlé, gombaodlo
» Hajofestékek: Antifouling festékek,
Mezbégazdasag: Gombadlb szerként hasznaltak kulonbo6zd novények védelmére

Nikotin
e Hormonalis egyensuly: stressz , metabolizmus és reproduktiv egészseég
 Reproduktiv egészség: karositja a spermamindseégét és a petefészek mikodeéset



OSSZEFOGLAL PCOS
AS diagnozisa

/ (revidealasa)

Jobb

Eletmod Rend P PCOSpatogenézis
enaszeres - -4 . (o) evolucios
iegyenstulyozottsaga monitoring OrVOS-paciens i tedridjanak
tiinetek enyhitése, ka pcsolat megbeszélése
pszicholoégiai foleg terhesség elof
amogatas
csokkent
morbiditas

Javulo onbizalom, Jobb e Taplalkozasi és kornyezet

csokkend éngondoskodas com°"ence tényezok szerepének

szorongas és depresszié QoL P jobb

megnétt felel6ségtudat megértése
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