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Pathophysiology of pregnhancy
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Significance of asymptomatic
disease?

Coagulation
Hypercoagulation,
thrombi and emboli

Respiratory
Pneumonia and respiratory
distress syndrome

Cardiovascular
Cardiac strain and
endothelial dysfunction

Breastfeeding
Concerns about breast milk
transmission

Immunity
Alterations in cell-and
antibody-mediated
immune response

Placenta
Placental infiltration and
thromboembolic
complications

Increased anxiety and stress

Adrenal axis

Fetus
Possibility of vertical
transmission
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Fetoplacental unit

Fetoplacental unit:
- consists of placenta, fetal adrenal gland and fetal liver. In this unit, the fetal adrenal gland is
the primary source of dehydroepiandrosterone. It is further metabolized by the fetal liver and
placenta to a wide range of estrogens.

There are several diseases that can affect the fetal and maternal adrenal glands during pregnancy.
Most often, it is steroid 21-hydroxylase deficiency, which leads to abnormalities in sexual
development and may even endanger the life of the newborn.

Pregnancy is marked by accretions in several endocrine systems, particularly the renin-
angiotensin-aldosterone system and the hypothalamus-pituitary-adrenal system.

Maternal abnormalities are associated with a significant risk of maternal morbidity and mortality.
Fortunately, they are rare.
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FERTILIZATION AND
QOCYTE ACTIVATION

Second [BRONUCLEUS FORMATION
polar BEGINS

®

The sperm is absorbed into

Ovulation releases a secondary
oocyte and the first polar body;
both are surrounded by the corona
radiata.The oocyte is suspendad
in metaphase of meiosis Il.

Acrosomal enzymes from multiple sperm the cytoplasm, and the
create gaps in the corona radiata. fernale pronucleus develops.

A single sperm then makes contact

with the oocyte membrane, and
fusion occurs, triggering cocyte

activation and completion of meiosis.

membrane

CYTOKINESIS
BEGINS

The first cleavage division nears
completion roughly 30 hours after
fertilization. Further events are
diagrammed in Figure 29.2.

(b)

METAPHASE OF FIRST
CLEAVAGE DIVISION

Amphimixis occurs, and
cleavage begins.

SPIMDLE FORMATION AND
CLEAVAGE PREPARATION

Female
pronucleus

The male pronucleus develops, and
spindle fibers appear in preparation
for the first cleavage division.

https://embryology.med.unsw.edu.au/embryology/index.php/




Polar bodies

First cbavage
division

DAY 0:
Fertilization

Implantation in
uterine wall. See
Fig. 29-3

https://embryology.med.unsw.edu.au/embryology/index.php/




Implantation

5-12 days after conception
Trophoblast grows and spreads

Maternal blood freely circulating in lacunes

Gastrulation

Embryonic target consists of:
Endoderm
Mesoderm
Ektoderm

https://embryology.med.unsw.edu.au/embryology/index.php/
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Internal cellular mass and gastrulation

ENDOMETRIUM, ~  Amniotic

Superficial
layer .

DAY 10 Blastocoele

The inner cell mass begins as two layers: a superficial layer,
facing the amnictic cavity, and a deep layer, exposed to the
blastocoele. Migration of cells around the amnictic cavity is
the first step in the formation of the amnion. Migration of cells
around the edges of the blastocoele is the first step in yolk
sac formation,

https://embryology.med.unsw.edu.au/embryology/index.php/

DAY 12

Migration of superficial cells into the interior creates a
third layer. From the time this process (gastrulation)
begins, the superficial layer is called ectoderm, the deep
layer endoderm, and the migrating cells mesoderm.




Extraembryonic membranes

| Amniotic cavity

ey _ . |- (containing
| Syncytial trophoblast ._| amniotic fluid)

' Head fold

of embryo’] : : — Allantois

] | Cellular

=—____ Chorionic
villi of placenta

TN
Yolk sac = S

iy _. | Blastocoele ) ‘
AR WEEK 3 [UinTar Mt e s

{a) Migration of mesoderm around the inner surface of the {b) The embryonic disc bulges into the amniotic cavity at the
trophoblast creates the chorion. Mesodermal migration head fold. The allantois, an endodermal extension surrounded
around the outside of the amniotic cavity, between the by mesoderm, extends toward the trophoblast.

ectodermal cells and the trophoblast, forms the amnion.

Mesodermal migration around the endodermal pouch

creates the yolk sac.

https://embryology.med.unsw.edu.au/embryology/index.php/




Placental development

Decidua
Uterus basalis

Umbilical

.| Tail fold stalk
Body
B Placenta
——Yolk stalk
——Yolk sac

gut parietalis |
i Chorionic

~.Embryonic GRS villi of
/ head fold el placenta
; S i : g
{c) The embryo now has a head fold and a tall fold. Decidua _~ \ 1 q AL Yolk sac
Constriction of the connection between the embryo capsularis : 3 i,
and the surrounding trophobiast narrows the yolk

stalk and body stalk.

WEEK S| B A\

(d) The developing embryo and extraembryonic
membranes bulge into the uterine cavity. The
trophoblast pushing out into the uterine lumen
remains covered by endometrium but no longer
participates in nutrient absorption and embryo
support. The embryo moves away from the
placenta, and the body stalk and yolk stalk fuse
to form an umbilical stalk.

https://embryology.med.unsw.edu.au/embryology/index.php/

Decidua
capsularis

Chorion

Amnion

Decidua 2
parietalis Decidua
basalis

(e) The amnion has expanded greatly, filling
the uterine cavity. The fetus is connected to
the placenta by an elongated umbilical cord
that contains a portion of the allantois, blood
vessels, and the remnants of the yolk stalk.

Placenta

Umbilical
cord




Embryo anatomy

Yolk sac

Where blood cells are produced

Amnion

Encompasses the fluid around embryo

Allantois
Bladder

Chorion

https://embryology.med.unsw.edu.au/embryology/index.php/
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Characteristic features of feto-placental circulation

« Parallel arrangement of two arterial systems and corresponding
chambers
Mixed venous return and preferential blood flow.
High resistance and low real circulation in lung circuit
Low resistance and high-flow circulation in placenta.
Shunt presence (3 shunts
- Ductus venosus
- Foramen ovale
- Ductus arteriosus




Arch of acrta
Supearior vena cava

DUCTUS ARTERIOSUS
becomeas:

Ligamenturm artariossm
Lung

Pulmonary artary
Pulmanary veins

Liver

Umbilicus
Inferior vana cawva
Abdominal aorta
Commaon iliac artery

UMBILICAL ARTERIES
become

Urinary bladder

Lirgthra
UMBILICAL CORD

{b) Circulation at birth

- Oxygenated blood

(a) Fetal circulation Mixed cxygenated and
decxygenated biood

https://fembryology.med.unsw.edu.au/embryology/index.php/ B i o
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Arch of acrta
Suparior vena cava

Letft
atrium

DUCTUS ARTERIOSUS
becomes.

ar i Ligamenturm arterioswm a
- * Lurg '
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Pulmanary veins

I-Ie-a.rt

FORAMEM
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Fossa ovalis

Liver
DUCTUS VENOSUS
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Inferior vena cava
Abdominal aorta
Commaon iliac artery
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Urathra
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P i {b) Circulation at birth

SEF £ - Oxygenated blood

(a) Felal circulation

Mixed coygenated and
deoxygenated biood

https://embryology.med.unsw.edu.au/embryology/index.php/ - - —




Fetal blood flow |

When oxygenated blood from the mother
enters the right side of the heart it flows
into the upper chamber (the right atrium).
Most of the blood flows across to the left
atrium through a shunt called the
foramen ovale.

From the left atrium, blood moves down
into the lower chamber of the heart (the
left ventricle). It's then pumped into the
first part of the large artery coming from
the heart (the ascending aorta).

From the aorta, the oxygen-rich blood is
sent to the brain and to the heart muscle
itself. Blood is also sent to the lower
body.

https://embryology.med.unsw.edu.au/embryology/index.php/
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Fetal blood flow i

Blood returning to the heart from the fetal body
contains carbon dioxide and waste products as
it enters the right atrium. It flows down into the
right ventricle, where it normally would be sent
to the lungs to be oxygenated. Instead, it
bypasses the lungs and flows through the
ductus arteriosus into the descending aorta,
which connects to the umbilical arteries. From
there, blood flows back into the placenta. There
the carbon dioxide and waste products are
released into the mother's circulatory system.
Oxygen and nutrients from the mother's blood
are transferred across the placenta. Then the
cycle starts again.

https://embryology.med.unsw.edu.au/embryology/index.php/
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Fetal blood flow lll

At birth, major changes take
place. The umbilical cord is
clamped and the baby no
longer receives oxygen and
nutrients from the mother. With
the first breaths of air, the
lungs start to expand, and the
ductus arteriosus and the
foramen ovale both close. The
baby's circulation and blood
flow through the heart now
function like an adult's.

https://embryology.med.unsw.edu.au/embryology/index.php/
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Pathophysiology of preterm birth
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Preterm Labor

* Preterm labor is defined as the onset of uterine
contraction of adequate strength and frequency
to cause progressive dilatation and effacement of

cervix between 20 and 37 weeks of gestation?

* Preterm labor is one of the leading cause of
perinatal morbidity and mortality?

* Preterm delivery effects almost 23% pregnancies
in developing countries like India3




Clinical Circumstances Associated
with Preterm Birth

* Spontaneous preterm labor with intact
membranes

* Preterm PROM

* Indicated preterm delivery
— Maternal (e.g. pre-eclampsia)

— Fetal (e.g. SGA/fetal compromise)




Risk Factors

Clinic Factors in preterm Labor

Maternal Past Obstetric History

Low socioeconomic

Uterine Factors

Uterine volume
status

Previous history of increased:
Age <18 years or >40 ) .
years preterm delivery Polyhydramnios,
. . Multifetal gestation
Low pregnancy weight Previous history of . g '
. Uterine anomalies
Smoking second trimester )
rauma
Substance abuse abortion -
Infection
Multiparity

11




Mechanism of Preterm Labor
Causes | Mechanism |

e Stress Activation of maternal-
ePremature activation fetal HPA-axis
of physiological effectors *CRH - Fetal

adrenal androgens
ePlacental estrogen
and progesterone
e Inflammation and infection e Pro-inflammatory cytokines
e Fetal inflammatory response

syndrome
e |schemia or hemorrhage e Thrombin activation
e Pathological Uterine e|ncreased gap junction along
distension with contraction associated

protiens and upregulation of
prostaglandins and oxytocin
rrrrr receptors




Common Uterine Features of Term and
Preterm Labor

* |Increased myometrial contractility

e Cervical ripening (dilatation and effacement)

Preterm Labor

[ J
Romero R, Mazor M, Munoz H et al: The Preterm Labor Syndrome. Ann NY Acad Sci 1994;734:414

* Decidual/membrane activation




Common Pathway of Parturition

* Anatomic, physiologic, biochemical,
endocrinologic, immunologic, and clinical events
in the mother and/or fetus in both term and

preterm labor

Romero R, Mazor M, Munoz H et al: The Preterm Labor Syndrome. Ann NY Acad Sci 1994;734:414




Synchronous and Asynchronous
Activation of Labor

Cervical
Ripening

Membrane-

Uterine

Contractility A'Z‘:_C':tlfz:‘
_ ivati

Preterm

Cervical
Insufficiency

Contractions

Preterm

PROM




Normal Term

Labor
|
Physiologic Pathologic
Activation Activation
\ Y/

Common Terminal Pathway




What causes pathologic
activation of the pathway ?




[ Maternal stress ] Fetal stress
(uteroplacental insufficiency)

Activation of maternal HPA axis Activation of fetal HPA axis
¢ /a lAacTH
@/ Cortisol < Adrenal
Tcox-2 in amnion / pecidua *
LPGDH in chorion,/ Placenta DHEAS

Membranes

Placenta ¢ Membranes

CRH - Estrogen
® T
¥ 1 :
@ T Myometrial OTR, PGs, MLCK,

Pmstaglandins EE—

calmodulin, gap junctions

Contractions Cervical RUPWTE:N
change membranes




Enflammatiun of decidua / amniochorion]

TIL-6 T FasL
TCRH TIL-8

T Cytokmes (TNFa, IL- 113)

T Uterotonins ) > T Proteases
(PGs, endothelin) (MMPs)
Apoptosis

v
Contractions Cervical
change

Rupture of
membranes




The Preterm Parturition Syndrome

Uterine Cervical
Overdistension Disease

Vascular

Immunological




Intrauterine infection |

e Sub-clinical
e Fetal disease

* FIRS

e Host defense




Subclinical infection

Clinical Chorioamnionitis

e 12% of preterm labor

e 20% of preterm PROM




Fetal inflammatory response syndrome

e Hematologic Abnormalities
e Endocrine System

e Cardiac Dysfunction

e  Pulmonary Injury

e  Renal Dysfunction

e  BrainInjury (PVL)
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POSTNATAL

Sleep development altered by:
- Preterm birth

- Infection/inflammation

= Hypoxia-ischaemia

» Intrauterine growth restriction

(IUGR)

Delayed sleep state
maturation

Reduced glia and neuron
production/maturation

Impaired neural network
connectivity

Impaired
neurotransmitter
function

Sleep development affected by:

» Gestational age at birth, IUGR,
chronic inflammation

» Brain injury —impaired brain
maturation

+ Environmental/socioeconomic
factors, parental input - sleep
training

« Sleep position

- Sleep disordered breathing —
obstructive sleep apnea, snoring

Placental hormones lost at birth -

important for neurosteroid

production, supporting:

= Neural development

= GABA neurotransmitter regulation
and transition from excitatory to
inhibitory

= Neuroprotection

The Journal of

Physiology

Waking up too early — the consequences of preterm birth on sleep development
Laura Bennet David W. Walker Rosemary S. C. Horne First published: 24 April 2018

https://doi.org/10.1113/JP274950

¢

« Reduced sleep quantity and
quality

» Delayed sleep onset

« Increased night waking

- Early chronotype?

¢

- Impaired learning, memory and
cognition

- Behavioural and emotional
difficulties

37




Pathophysiology of premature birth Il

{ Matemnal stress ]

Activation of maternal HPA axis

.

;@/ Cortisol

Tcox-2 in amnion / pecidua
LPGDH in chorion/ Placenta

Membranes

CRH

¢ i

Cerwcal

<

[ Fetal stress

(uteroplacental insufficiency)

Activation of fetal HPA axis

f iacm
Adrenal

Prostaglandins e

.
DHEAS
Placenta + Membranes

Estrogen

v

T Myometrial OTR, PGs, MLCK,

calmodulin, gap junctions

Rupture of
membranes

Autaimmune and PPROM
Allergy
Infection/
Stress Inflammation
Decidual 5 i Environmental
Haemorrhage y Y Factors
/ \
Myometrial
contraction
+
U:‘Ellll!::lslﬂﬂilﬂﬂ Membrane o -
~hhultiphe Pregnancy - . ehavioural an:
sUterine Anomalies activation Sncinleconnmsr

»Poly/Oligohydramnios Factors
+

Cervial ripening

!

Labour and Delivery |
\ J
poo o

Low Birth Weight and Adverse Perinatal Outcomes
*November 2019 DOI: 10.5772/intechopen.89049
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Hypertensive disorders of pregnancy

They are divided into four categories :
1-gestational hypertension
2-chronic hypertension

3-chronic hypertension with
superimposed preeclampsia

4- preeclampsia-eclampsia




Pathophysiology of pre-eclampsia

Proposed pathways

» 4 Nitric oxide * Oxidative stress
Stage | » JHeme oxygenase + Genetic/environmental
* AT1-AA immunologic factors
I 4COMT

\

v

Stage Il ' » TsFlit-1/sVEGFR1/sEng .

Placental Abnormal « }Circulating VEGF/ PIGF1 Inappropriate

ischemia placentation » Misfolded placental proteins spiral artery
» Unknown matemnal factors remodeling

v y Y y v

*HTN « Capillary leak * Headache «TLFTs « Activated coagulation
* Proteinuria * Pulmonary * Seizure * Hepatic system
= AKI edema * PRES infarction » Thrombocytopenia

Elizabeth Phipps, Devika Prasanna,
Wunnie Brima and Belinda Jim
CJASN June 2016, 11 (6) 1102-1113; DOI:
https://doi.org/10.2215/CIN.12081115

40




Epidemiology

 Hypertensive disorders of pregnancy
complicate nearly 10 % of pregnancy and
their incidence is increasing

 Preeclampsia causes 50000 - 60000
deaths per year worldwide

* In addition to causing significant maternal
and fetal morbidity in hundreds of
thousands of others

« Some of these outcomes can be prevented
or improved upon through implementation
of the updated recommendations in
clinical practice




Preeclampsia

* Preeclampsia is a multi-system progressive disorder
characterized by the new onset of hypertension and
proteinuria, or hypertension and end-organ
dysfunction with or without proteinuria, in the last half
of pregnhancy or postpartum

« The disorder is caused by placental and maternal
vascular dysfunction and always resolves after
delivery

« Although most affected pregnancies deliver at term or
near term with good maternal and fetal outcomes,
these pregnancies are at increased risk for maternal
and/or fetal mortality or serious morbidity.

* In addition, women with preeclampsia are at increased
risk for future cardiovascular disease.




Diagnostic Criteria for Preeclampsia (ACOG, 2013)

e 2 140 mm Hg systolic or 2 90 mm Hg diastolic one 2 occasions at least 4 hrs
apart notmoreihan 1wkapae after 20 wks GA in women with a previously normal BP

Blood Pressure
e 2 160 mm Hg systolic or 2 110 mm Hg diastolic, confirmed within a short
interval {minutes) to facilitate timely antihypertensive therapy
And
e 2 300mg per 24-hr urine collection (or this amount extrapolated from a timed
collection)
Proteinuria

Or
e Proteinfcreatinine ratio 2 0.3 mg/dL
» Dipstick reading of 2 1+ {used enly if other quantitative methods not available)

on at least two occasions at least 4 hours apart but no more than 1 week apart

Or in the absence of proteinuria, new-onset hypertension with the new onset of

one or more of the following:

Thrombocytopenia

e Platelet count < 100,000/uL

Renal insufficiency

e Serum creatinine > 1.1 mg/dL or a doubling of the serum creatinine in the
abzence of other renal disease

Impaired liver
function

& Elevated blood levels of liver transaminases to twice normal concentrations

Pulmonary edema

Cerebral or visual
symptoms




No longer in use are the criteria
of

* Increase in blood pressure above baseline
measurements of 30 mmHg systolic, 15
mmHg diastolic, or 20 mmHg mean
arterial pressure.

 Edema is a common finding in the
gravid patient, occurring in
approximately 50% of women. Lower
extremity edema is the most typical
form of edema.




Severity Of Preeclampsia

o N B o

Blood pressure

Proteinuna
Oliguria

Headache

Visual dishirbances
Platelet count

HELLFP syn drome

Serum transamimases(asT, a0T)
Epigastric pain
Fetal gmwﬁi restriction

FUJ.!‘J"LD‘T?EU‘}' D«E‘lﬁffmﬂ.

=z 140/90mmHeg but
<7160/110mmHe
=2+

Absent

Absent

Absent

Normal

-

Absent

Normal (<40 IU/L)
Absent
Absent
Absent

=z160/110mmHg

23+
<400ml/day
Present
Present

Thrombocytopenia
(100,000/mm3)

May be present
ALT AST =70 IU/L
LDH=600 U/L
Bilirubin >1.2¢/L

Elevated
Present
Obvious

present




HELLP Syndrome

A particularly severe and serious form of
preeclampsia is HELLP syndrome characterized by
hemolysis, elevated liver enzymes, and low platelets.

Prompt recognition is vital to improving outcomes.

Due to the different number of assays used to measure
liver enzymes, clinicians should be familiar with the
upper limit values used in their own laboratory.

Criteria for HELLP syndrome are:

LDH > 600 IU/L (more than 2 times the upper limit of
normal values) or

bilirubin > 1.2 mg/dL,

AST > 70 IU/L (more than 2 times the upper limit of
normal values), and

platelets < 100,000/uL.(Sibai, 2004)
Proteinuria may or may not be present with HELLP
syndrome




Pathophysiology

» The precise mechanism for the development of preeclampsia
IS
unknown

» The pathophysiology of preeclampsia likely involves both
maternal and fetal/placental factors.

« A major component in the development of preeclampsia is
the excessive placental production of antagonists to both
vascular epithelial growth factors( VEGF) and transforming
growth factorB ( TGF-B )

« These antagonists to VEGF and TGF-B disrupt endothelial

and renal glomerular function resulting in edema,
hypertension and proteinuria

 In addition there appears to be a heritable component and
oxidative stress and abnormal placental implantation can
further increase the risk of developing the disease




Aetiology of preeclampsia

(Genetic predisposition)
(Abnormal immunological
response)

(Deficient trophoplast

invasion) (Hypoperfused
placenta) (Circulating
factors)
(Vascular endothelial cell activation)

Generalized vasospasm Activation of
coagulation system Abnormal hemostasisAltered
thromboxane-
to-prostacyclin ratio Endothelial cell injury
Abnormal hemodynamics Reduced
uteroplacental blood flow

(Clinical manifoctatinne nf thao Aicancaa)




Pathophysiology of pre-eclampsia - Il

~Placenta
! IUGR =
. Stagel | Stage2 n
| \. Impaired placentation I Clinical manifestation
NK Cells. and pseudovasculogenesis ; of preeclampsia
2 1 / —Decidua
: ! Ul L - | )
—_ Lo - Pedal < g b 8% ¢ ~esu——|Trophoblast
Oxidative e : cedema {7 W E @ _| Decidua-
Stress - 6 { - : N ' T IS 9} ] myometrium
g bounda
N w "
b : v HElLy ~Placenta
Genetic Factors - \ ; Syndrome
.'.:-EE: / —Spiral artery
R
Other Factors Proteinuria
: "— Arcuate artery
Non pregnant Pre-eclampsia Normal pregnancy
Aspirin in the prevention of preeclampsia: the conundrum of how, who and when. Lina Bergman, Cerebral biomarkers in women with
Shanmugalingam R, Hennessy A, Makris A. preeclampsia

J Hum Hypertens. 2019 Jan;33(1):1-9. doi: 10.1038/s41371-018-0113-7. October 2017 DOI: 10.13128/RG.2.2.30083.81445




Context?




White adipose tissue (WAT)

Adipokines

— Terminology overlap with cytokines, also referred to as ,,adipocytokines”:

— sensu stricto definition: ,cytokines produced in WAT“
— sensu lato: ,various substances, including cytokines and hormones, produced in WAT“

HEART  VASA SKELETAL MUSCLE
@ g LIVER
KIDNEY L l
PAI-1 o INSULIN SENSITIVITY
CARDIOVASCULAR AGT i
SYSTEM — BLOOD APELIN RBP-4?
APN IL-6?

CLOTTING,
FIBRINOLYSIS, APen (L WD TNF-a b \NKREAS
ANTICOAGULATION @ VISFATIN G
LEPTIN @
S
APELIN w\'
TNF-a HYPERTROP
HY OF
ADIPOSE INFLAMMATION
TISSUE
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Adipokines in development of trophoblast

HYPOTHALAMUS

= GnRh production
ADIPOSE TISSUE

PITUITARYY, | f:l
FSH /7 A\I@)‘\_, -
LH /J_'/ 2 :i’ TT ’ o i, y
@ 2.

Bl

secretion

Trophoblast
invasion @ Leptin

@ Adiponectin

(R) Resistin

Tersigni C. Obstet Gynecol Survey 2011
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Adipokines, obesity and female fertility

* [nsulin resistance

* Obesity
Role for insulin-
sensitising agents?
Endocrine Metabolic
manifestations manifestations
Raised insulin * (Glucose intolerance
4 Y \ » Dyslipidaemia
Liver Ovary Adrenals * Vascular dysfunction
Y
Reduced
SHBG
N Y
Raised androgen activity
Clinical Long term
presentation Y Y sequelae
» Infertility or menstrual disturbance Vascular disease
e Hirsutism

SHBG=sex hormone binding globulin

Ramsay, J. E et al. BMJ 2006




Serum levels of leptin as function of % body fat
Considine RV. N Engl J Med 1996
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Adipokines in male fertility

Male Obesity
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What else? Sugar?
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Fetal programming

s rrtnsliniyhon -1 | Gene silencing !

yslems ngy ' ;
I suggests that ‘ aractivaion .. :
| modulation of the 1 - Y 5 2 @

histone acetylation= | —

I deacetylation i =
| gnon | S N \ oo o

Fiteraniaton, a . . x : ]
I siam call e ! ] Mcdu_]at.lun [ = . Leptin
| pluripotency ars | L= | H transcriptional ' i POMC

invalved in fetal || e it b ekl e bdos it Lot el program and protein  « Hrathalamis i__F'_FE(_JE'_I___
I matabolic | : Madulation of molecular networks and ' ' expression '

programming b ! epigenetic changes: hislone code, an ¢ TESTEREy b
I i ic ch hi de, DNA and ! *
______ ' k

histone methylation, histone acetylation

L e T T T A I (e e

Systems béiology showed a ||

I marked l'l’-ﬂl.ljﬁl‘lantr of (] Syslams biakogy |
- A | pathways associaled with | suggests thal i
iR e | the reguiation ot gene | pyocthatamus and tiver
: Fetal metabolic I transcription, | I seowm lo be diflererty. |
Systems biclogy ; i “"3"'5’“'*""'::-"?5'} activity, | I invotved in fetal i
showed a highly I a ‘:5‘“‘[”‘-' | I matabob I
predicted patbway for Pﬁ":‘gﬁlé‘:‘m‘gﬁm 1 programaming >
IUFGH called | medfications 00 e = = = =

: |
‘ |
“REACTOME_SiGNALl |
I neByTRFp )
| ihatinvohes genes
#ssocaied with I
| transtorming growil |
| tactorf (TGFR) i

¥ Systoms biology showed that an

| overnuintion feties amironment

1 mieght D associated with bt
metabalic programming of insulin

1 resistance and organ lipsd

1 accumulation

S ** —
."-' Reprogramming . A

Fetal matabaolic
anvirenment = under-
or overnutrition

———

|
| Changesim ¢

| fissue funclion i 1
| and stucture: 4 !}’:: of glucose and E
| growth factors ] lipd metabotism :

Fetal metabolic programming and epigenetic modifications: a systems
biology approach Silvia Sookoian, Tomas Fernandez Gianotti, Adriana L. Burguefio &
Carlos J. Pirola Pediatric Research volume 73, pages531-542(2013)

programming” and "Mt fetal

P o= e e e e e o ==
Systems biology supparts the I
ooncepts of Sver metabotic |
|

I

I 4
FOg FaMmITn

OOl

—

Mitochendrial i
programming and copy |

number

e

.

smmssdisssssssssssssssssssseaas
Changes in physiclogy and
metabolism of target tissues

-

o=y

Adult disease

Metabolic syndrome

Cardiovascular
disease

==

m

O =




Developmental plasticity
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Ancient origins of human developmental plasticity.
Crespi EJ, Denver RJ.
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Developmental plasticity?

Developmental plasticity in time
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DOHAD - Developmental Origins of Health and Disease

Environmental faCtorS Programming
Health Outcomes later in life
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