TOKETO2 ME NMPOIPAMMATIZMENH
KAIZAPIKH TOMH KAI KINAYNO2
[NAIAIKHZ AEYXAIMIAZ

©. OwpomouAoc, M. KapaAeén, E. Mmouka, E. Metpidou

’4:;4 Epyaoctnplo Yylewng, Emdnuioloyiag kat latplkng ZTATLOTLKNAG,
latpikr ZxoAr), Mavemnotipuwo ABnvwyv




Mepiypauuo

® 2uyvotnta Koloaplkn tounc (KT)
® MokpormnpoBeopec emumAokec KT

® KolwoopLkn Topn Kot ItoitoLkn AguxolLLo
e YAwko-MeBodol

e AmnoteAeopata

e [laBoyeveTiKoL pnxowviLouoLl
® JUUTTEPOOLLOL
® MeAAovTIKN EpEvvVA



Zuyvotnta Katoaptknc tounc (KT)

2100epn aug¢non KT TIC TEAEUTAIEC DEKAETIEG,
TTAYKOO MiWG.
2.€ OUO OeKaeTiec: aucnon atro 1% oe 30—-38% (AyyAia)

AIOKPATIKEC OIAKUNAVOEIG:
30% oTic HIMA
>50% o€ xwpec NS AaTIVIKNG ANEPIKAG
35% EANGOa (1996-2010):
2008-9: Anuodoia paieutipia (43%) 101wWTIKA (55%)

2000-2011: MNapa TNV OIKOVOJIKN Kpion, oTa JEYyAAa paleutnpia
TNS ABrvac 50% aucnon

Petridou, et al. Annales Clinicae Paediatricae Universitatis Atheniensis; 2014
Guibas et al. Clin Exp Allergy; 2013



Moocoota yevvnoewv ava €i6o¢ toketou to 2010

Belgium

BE: Brussels
BE: Flanders
BE: Wallonia
Czech Republic
Denmark
Germany
Estonia

Ireland

Greece

Spain

ES: Catalonia
France

Italy Iceland
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Luxembourg
Hungary
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Netherlands | EU-MEDIAN: 25.2%
Austria n.s sig. %
Poland : M W G6.1-522]
Portugal . Il W G16-36.1]
(25.2-31.6]
) (20.7-25.2]
Slovenia I W (7.1-207
Slovakia L M W (148-17.1]

Finland
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United Kingdom
UK: England
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UK: Scotland -
UK: Northern Ireland _ 13.1
Iceland - 6.5
Norway _ Lk
Switzerland . N
T

T
20.0 30.0 40.0 50.0
Percentage of births

EURO-PERISTAT Project with SCPE and EUROCAT.
European Perinatal Health Report. The health and care of
B vaginal instrumental pregnant women and babies in Europe in 2010.

Total caesareans




Moocoota yevvnoswyv ava giboc¢ KT to 2010

Belgium

BE: Brussels
BE: Flanders
BE: Wallonia
Czech Republic
Denmark
Germany
Estonia
Ireland
Greece
Spain

ES: Catalonia
France

Italy

Cyprus
Latvia
Lithuania
Luxembourg
Hungary
Malta
Netherlands
Austria
Poland
Portugal
Romania
Slovenia
Slovakia
Finland
Sweden
United Kingdom
UK: England
UK: Wales
UK: Scotland
UK: Northern Ireland
Iceland
Norway

Switzerland

20.0 30.0
Percentage of births

Caesarean before labour / Elective

. Caesarean during labour / Emergency

40.0

EURO-PERISTAT Project with SCPE and EUROCAT.

European Perinatal Health Report. The health and care of

pregnant women and babies in Europe in 2010.



Moocooto KT to 2004 kat uetaBoAn tnv nepiodo 2004-2010

Slovenia
Netherlands
Norway
Czech Republic
Finland

BE: Brussels
Lithuania
Sweden
Estonia

BE: Flanders
Slovakia
Latvia
France
Denmark
UK: England
Austria

UK: Scotland
UK: Wales
Ireland
Luxembourg
Hungary
Poland
Germany
UK: Northern Ireland
Malta
Portugal
Italy

15.0 20.0 25.0 30.0

Percentage of births

Rate in 2004 EURO-PERISTAT Project with SCPE and
. EUROCAT. European Perinatal Health
. Difference between 2010 and 2004 Report. The health and care of pregnant

women and babies in Europe in 2010.



O lNaykooutio¢ Opyaviouocg Yyeioc ntpoeLtdomnolEl...

® 1-5%: ZuvioTwpevo eAaxIoTo TTooooTO KT yia atropuyn
UNTPIKNG BvnNoInoTNTAC KOl 0oBapnsg voonpoTnNTag
® H veoyvikn BvnoipotnTta peiwvetal he augnon KT pexpr 10%

O]

Annual number of Annual number of .
Cesarean Section Countries cesarean sections births (year 2006) R

Rates (thousands) (thousands) -
~ The Global Numbers and Costs of Additionally Needed
N % N % N % ~ and Unnecessary Caesarean Sections Performed per Year:
o ~ Overuse as a Barrier to Universal Coverage
<10% 54 39.4 4,556 24.7 77,417 60.0 B
~ Luz Gibbons, José M. Belizan, Jeremy A Lauer, Ana P Betran,
Between 10 and 15% | 14 10.2 414 2.2 3,177 2.5 B 80 and Feuindo Althabe

~ World Health R (2010)
>15% 69 50.4 13,479 73.1 48,390 37.5 e m,m...ap.;'l}',';o

Total 137 100.0 18,449 100.0 128,984

B8t &
=
ey

#
"HEALTH SYSTEMS FINANCING g

87 Organization

The path to universal coverage

%‘g World Health

Gibbons, et al. World Health Report 2010



Mntpikn Kot veoyvikn dvnouotnta ava mtocooto KT

io per

Maternal mortality rat
100,000 live births

0% 5% 10% 20% 25% 30% 35% 40% 45%
Cesarean section rate

= High-income countries + Medium-income countries © Low-income countries
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Neonatal mortality rate per

0
0% 5% 10% 20% 25% 30% 35% 40% 45%

Cesarean section rate

Althabe et al. Birth; 2006 = High-income countries + Medium-income countries - Low-income countries



MakpomnpoBeopec emumAoKeC KT

Zakxap(ban GLaBr']tng TUTTOU 1 (Cardwell, et al. Diabetologia; 2008)
'AoGua (Thavagnanam, et al. Clin Exp Allergy; 2008)

Alatpodikec aAAepylec-aAAepyLKN pLVITIOA-EKIEMA (Bager

et al. Clin Exp Allergy; 2008)

KOlAlOKdKI’] (Marild et al. Gastroenterology; 2012)
NéGOC Crohn (Li et al. Scand J Gastroenterol. 2014)

2UOTNMATLKOC EpuOnuatwdnc AVKo¢, veavikn LdLtonadne
apoitlﬁa, aVOO'O(IVET[de£lE§ (Sevelsted et al. Pediatrics; 2015)

MadLKEG KAKONOELEC: N CEMLVWULATWOELC OYKOL OPXEWC,
Aeuxoup.ia (Cook, et al. IntJ Cancer; 2008; Francis, et al. CEBP; 2014)



NARECHEM-BT - Nationwide Registry of Childhood Hematological Malignancies and Brain Tumors

Prelabor cesarean delivery and early-onset acute childhood
leukemia risk |
Thomas P. Thomopoulos® Alkistis Skalkidou!, Nick Dessypris®,

George Chrousos®, Maria A. Karalexi®, Theodoros G. Karavasilis?,
Margarita Baka®, Emmanuel Hatzipantelis?, Maria Kourtih,.

Sophia Polychronopoulou®, Vasiliki Sidi", Eftichia Stiakaki', Maria Moschovi®,
Dimitrios Loutradis’ and Eleni Th. Petridou®

Thomopoulos et al. Eur J Cancer Prev; 2015



YAiko-MeSodbdoc

MNaveAAnvia Baon Moditkwv ALLaTtoAoyLKWV
KakonBswwv (NARECHEM) (1996-2013)

1246 acBevelc Kol OL AVTIOTOLYOL LOPTUPEC TOUC,
géopolwpEVOL yLa nAkior kot dUAO
1099 ALL (oéeia AepdoPBAaoctikn Asuyopiat)
957 precursor B-cell ALL (mpodpoun B-ALL
131 AML (oéetla pueloyevnc Asvyatuia)
16 un ALL, un AML.



YAiko-Medoodoc (2)

(Kowwviko-dnuoypadika
XOLPOKTNPLOTLKA, TPOTIOC {WNC, TIEPLYEVVNTLKA
XOLPOLKTNPLOTLKA, CULTIEPLAOMBAVOUEVOU TOU
£lOOUC TOKETOU, EMUTAOKEC KOTAL TNV EYKUMOOUVN
KOLL TOV TOKETO)

OL mAnpodoplec amo 10 EpWTNUATOAOYLO
oLUANPwWONKav amo 6edopeva Tou LOToPLKOU.

Thomopoulos et al. Eur J Cancer Prev; 2015



YAiko-MeSoboc (3)

MoAAartAn Aoyaptduikn naAtvépouncn

Aveéaptntn ustaBAntn:
Eidoc TokeTOU:

KT vs. (ouCLOAOYIKO TOKETO
Mpoypauuatiocuevn KT, Enciyovoa KT vs. (pUOGLOAOYIKOG TOKETOG

ZUYXNTLKOL MapayovIeG: Bapoc yevvnong,
Eknatbevon HNTEPOAC, OELPA YEVVNONG, NALKLOL
LLNTEPOC KOTAL TN YEVVNON.
lotoptko OnAaouou, madoloyia tnC UNTEPOC Kol ToU EuBpuUou
(EvaAdaktika povteda)

HAwkiec 0-14 €tn, 0-3 €1Tn

Thomopoulos et al. Eur J Cancer Prev; 2015



\ ResuLTs

Upper panel (age 0—-14 years)
ALL B-ALL AML

1099 cases and 1099 controls 957 cases and 957 controls 131 cases and 131 controls

Variables Increment OR® (95% CI) P-value OR® (95% CI) P-value OR® (95% CI) P-value

Cesarean delivery Yes vs. no 0.99 (0.83-1.19) 0.93 1.00 (0.83-1.21) 1.00 1.03 (0.58-1.83) 0.93
Alternative to CD introduced variables
During labor CD Yes vs. VD 0.90 (0.66-1.23) 0.51 0.90 (0.64-1.286) 0.53 0.93 (0.37-2.30) 0.87
Prelabor CD Yes vs. VD 1.02 (0.84-1.24) 0.84 1.03 (0.84-1.28) 0.76 1.06 (0.57-1.95) 0.86

Lower panel (age < 3 years)®
ALL B-ALL AML

291 cases and 291 controls 279 cases and 279 controls 50 cases and 50 controls

Cesarean delivery Yes vs. no 1.57 (1.10-2.24) 0.01 1.66 (1.156-2.40) 0.007 1.30 (0.561-3.34) 0.58

Alternative to CD introduced variables
During labor cesarean Yes vs. VD 0.45 4 0.48 1.16 (0.28-4.91) 0.84

@] . @]
Prelabor cesarean Yes vs. VD 1.66 (1.13-2.43) 0.01 1.79 (1.21-2.66) 0.004 1.34 (0.50-3.60) 0.56

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; B-ALL, precursor B acute lymphoblastic leukemia; CD, cesarean delivery; Cl, confidence interval; OR,
odds ratio; VD, vaginal delivery.
ZAll models adjusted for birth weight, maternal education, birth order, and maternal age.

Thomopoulos et al. Eur J Cancer Prev; 2015



lMpotewvouevol unyoviouol

FIGURE
Mechanisms by which mode of delivery may influence immune system

Cesarean section
delivcry

No stress response
before birth

Perturbed bacterial colonization Failed / maladaptlve Altered epigenetic regulation
of the intestinal tract immune activation of gene expression

1570, ®®

I ——

Impact on the immune system of the offspring

esarean delivery may affect immune system of offspring by: (1) perturbing bacterial coloniza-
ion of gut; (2) mounting poor and maladaptive stress response; and (3) altering epigenetic
egulation of gene expression through DNA methylation on cytosine-phosphate-guanine (CpG)
dinucleotides. Stress is also thought to influence epigenome.

G, cytosine-guanine; Me, methylated.

ho. Cesarean section and immune system of offspring. Am ] Obstet Gynecol 2013,




H vrtodeon tn¢ puotoAoyikng xAwpidoc

Vaginal Delivery Cesarean Delivery

o

Introduced to Vaginal Microbes: Lactobacillus Introduced to Skin Flora: Staphylococcus
| i | |
Normal Introduction of Gut Microbes Abnormal Microbial Introduction

- - — —
Normal Development of the Immune System Disrupted Intestinal Microbial Colonization
*Production of specific cytokines for proper *Increase risk for Atopic Diseases, Asthma,
immune system development Allergic Rhinitis, and Celiac Disease
*Association: Delayed Onset of Lactation
Richardson; 2013 *Lack Breast Milk Support for Gut Flora




H vrtoveon tou Stress

Avemapknc EkBeon Tou veoyvou oTLC PUCLOAOYLKEC OPUOVEC TOU
OTPEC (aépsva?\'tvr], vopadpevaAivn, KopTl(OAn) & avemapKnc
evepvonomor] TOou afova unoea)\auou urtopuon-emvedppLdiwyv
KOLTAL TNV Ttpoypappatiopevn KT.

H koptl{OAN Umopel va KataoTeIAEL avadUOUEVOUC KOKONBELC N
NPO-KakonOeLc KAwvoug pue SUo UNXAVLIOHOUG:
Evepyormoinon tn¢ amontwong o€ TTPOAEUXOULLLLKOUC KAWVOUG

2tpodn mpo¢ tnv Th2 avooia pe ETIOLY WY TNG TOPAYWYNC
aVTLGAEYLOVWO WV KUTTOPOKLVWVY KOl Vva.OTOAN TNG mapaywync IL-12.
Avénon twv emumedwv TGF-a.

Zanardo et al. Int J Gynaecol Obstet; 2006
Schmiegelow et al. Leukemia; 2008



H vrtoveon tou Stress

Table 1 Immune-neuroendocrine cord blood status in relation to mode of delivery*

Variable Vaginal delivery(n=25) Elective cesarean delivery(n=25) P value'

Cortisol, nmol/L 393.52 +29.19 12552714 0.001
Noradrenalin, ng/mL 0.98 +0.17 0.45 +0.05 0.01
TNF-«, pg/mL 10.08 +0.30 11.36 + 0.61 0.06

IL-1(3, pg/mL LallcE 1239 0.64 +0.07 NS
IL-6, pg/mL o=l 1.32 0.2 0.01

Abbreviations: IL, interleukin; TNF, tumor necrosis factor.
* Values are given as mean + SEM.
' Overall difference between the groups.

Zanardo et al. Int J Gynaecol Obstet; 2006



ETTLYEVETIKEC TPOTTOTTOLNOELC

Neoyva rtou yevvnOnkav pe KT kat tblaitepa
TPOYPOUUOTLOMEVN Ttapouactalouvv upnAotepa
entneda peBuliwonc tov DNA

Vaginal Delivery

Hpall/Mspl ratio

Global DNA methylation of CD34+ cells in cord
blood was significantly higher in the group of
infants born after elective CS compared with
infants born after VD (P = .02).

<~ DNA-methylation

— kkk —)

. —_— ok ————

VD CS VD CSs
Cord blood Day 3-5

Schlinzig et al. Acta paediatr; 2009
Almgren; Am J Obstet Gynecol; 2014



ETTLYEVETIKEC TPOTTOMOLNOELC

* IRS1
* PRDX1
| @ SORTH

beta value

T T
0 8

CS :
Duration of labor (h)

Three genes differentially methylated in CS (n = 5) vs VD (n = 6) with a significant correlation
between duration of labor (hours) and degree of DNA methylation. CS represents time point 0 hours.
CS, cesarean section; DNA, deoxyribonucleic acid; VD, vaginal delivery.

Almgren. Epigenetics in stem cells after cesarean section. Am ] Obstet Gynecol 2014.



ETTLYEVETIKEC TPOTTOMOLNCELC

Genes Vaginal delivery newborn (n=20) Caesarean section p-value’
newborn (n=28)

Global DNA-methylation status 3.6 (0.84-8.28) 3.9 (1.68-8.5) 0.732

FOXP3 89.9 (6.5-99) 95.3 (11.04-99.28) 0.452
cD7 94.2 (49.3-99.9) 99.8 (86.22-99.95) 0.668

ELA2 41 (29-57.5) 56.9 (37.73-77.74) <0.001"
IRF1 6.2 (0-10.3) 7.3 (0-34.1) 0.017"

ELA2 and IRF1: Yneppebuliwon otnv opada tng KT
MetaAAagelc tov ELA2 oxetifovtol Ue KUKALKI KoL OUYYEVH oUdETEPOTIEVIL
O IRF1 emayet tn petaypadn tng lviepdepovnc a kat B

O IRF1 padl pe tov IRF2 gpmAgkovtal otn puOULON TS GUOCLOAOYLKNAG
OLLLOTTOLNONG KoL AEUXOLLLOYEVEDNG

MetaoAec oto yovidlo IRF1 €xouv mapouoiaotel o€ LUEAOOUOCTIAACTIKA
oUVOPOLLA KOL TIOLKIAEC HopdEC AsuxaLpiog

Franz et al. Eur J Obstet Gynecol Reprod Biol; 2014



Juurepaouato

Ta moocootd Twv KT avéavouv maykoouilwc vtepBaivovrac ta
OUVLIOTWLLEVA OpPLAL.

H KT pmopetl va emnpeaoel pokpompoBeopa TNV LYELD TOU
veoyvou

H nmpoypappatiopevn KT paivetal va oxetiletol pe avENUEVO
Kivouvo yla Aevyatpio eldlaitepa ota pkpa motdia.

Ta rtadla tou yevviouvtal pe KT mapouotalouv
SUCAELTOUPYLEC OTO OLVOCOTIOLNTLKO CUOTNULOL TTOU UTTOPEL val
odeilovtal oe petaBoAec otn Ppucloloyikn YAwpida,
SUCTIPOCAPOOTLK OVTOTIOKPLON OTO OTPEC KOl ETILYEVETLKEC
TPOTIOTIOLN OELC.



MeAAovTikn Epsvva

MeAetec yia TNV StaAevKkovon Twv
UTTOKELUEVWYV TIAOOYEVETLKWVY UNXOAVIOUWV.

MeAgtec o€ aipa opdaiiov Awpou yia:

o Avayvwplon KUTTOPOYEVETIKWY VW UOALWY TTOU
avamntvooovtal evoountpLa

o MNpoobdloplopog TWV EMUTESWV TWV OPUOVWV TOU OTPEC.

o Ektipnon tou emnyevetikoL podiA

Meyalec peletec evywv adeAdpwy, mou Ba
eTMITPEPOUV TO EAEYXO VLA OCUYXNTLKOUC TTOPAYOVTIEC
TTOU OXETL(OVTOL LE TO OLKOYEVELOKO TIEPLBAAAOY, TN
dlatpodn, Tov TPOTOo (WNC, T XOLPAKTNPLOTLKA TNG
LLNTEPOC KOLL TO UTTOKELUEVO YEVETLKO UTTOPBaBpo.






