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Embryo nutrition
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1) Cytotrophic nutrition 2) Histiotrophic nutrition 3) Hemotrophic nutrition
- from conception (DO) to D10 pc - D11l pc-12wg - 12 wg to term
- use of maternal cellular sources - nutritients obtained from - nutritients obtained from
- quite metabolism maternal uterine gland maternal blood
secretions - oxidative phosphorylation

- glycolysis, low 0, environment



Syncitiotrophoblast Cytotrophoblast

Day 7-8

Lacunae

Primitive STB
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D 22

Amnionic sac

Inner cell mass Trophectoderm Hypoblast Epiblast

(primitive endoderm) (primitive ectoderm)
‘ Primitive
Blaminar embryonic disc yolk sac




establishing of a stable maternal-fetal
interface in specialized ephemeric organ

= placenta
contribution of both maternal gand fetatecells

Chorionic villi  and vein

L — Placenta
— Yolk sack

—— Amniotic fluid —
| ——— Uterus

— Chorion —

I~ Umbilical cord~

intervillus space

— Uterus

Key steps of placenta development:

1)

Trophoblast differentiation and
invasion

2) Developing of chorionic villi

(branching and angiogenesis)

3) Angiogenesis and remodeling of

maternal vasculature

o
8

DAYS

,@@ Trophectoderm

Inner cell mass

Extraembryonic mesoderm

Uterine endometrium

Lacunae —#

Matenal blood sinusoid Decidua

Floating vill l

Endovascular extravillous

Intervillous
space
Anchoring villi

Syncytiotrophoblast (STB)

Cytotrophoblast cell column

Decidua
Maternal spiral artery

Papuchova and Latos 2022



Trophoblast stem cell
Cytotrophoblasts (CTB)

‘ Syncytiotrophoblast (STB)

- erode maternal tissue
- invade stroma, uterine glands, and spiral arteries - direct c(?ntact with maternal b|_°°d
- interact with uNK cells and macrophages - responsible for deep placentation
- mediate induction of immune tolerance Villous Cytotrophoblast (vCTB)
- initiate process of vascular remodelling

- develop anchoring villi system

Giant cells
- multinuclated terminal

differentiation stadium of EVT
- in contact with myometrium,
looses invasive capacity

‘ X

- key role in vascular remodeling

N Extra-villous troph blasts (EV/T7/

a9

Interstitial EVT Endovascular EVT



Carlson 2009

* Villous cytotrophoblast s 6 7 & 1 s o
[ | | |
- i i Implantation begil ioni i
prohfe rative CTB cells make mplantation begins —— Chorionic plla::iaﬁng Vi”uimbryomc vessel

protrusions penetrating
primitive syncitium

Uterine
tissue
(decidua

! | basalis)

Cytotrophoblastic

primary villi —

Maternal

vessel Lacuna

+ branching and infiltration by
hypoblast-derived
extraembryonic mesoderm (ExM)

s

secondary villi

Syncytiotrophobiast Cytotrophoblastic Anchoring

cell column villus

Cytotrophoblastic shell

Syncytiotrophoblast Mesoderm core Villous capillary

+ vascularization

s

tertiary villi A Py B Secondary




e Cytotrophoblastic column

- rows of proliferative cells connecting
tertiary villi to cytotrophoblastic shell

- cease mitosis and undergo
endoreplicative cycles (polyploidization)
at distal ends - extravillous trophoblast
(EVT)

— Intervifioy

——Amnion

039003!

_— Spiral artery

cytotrophoblastic shell

— Chorionic plate -
(extraembryonic
mesoderm)

™ Syncytiotrophoblast

Decidua capsularis

Carlson 2009

Days 4 6 7 9 12 15 17

| | | | ]

Implantation begins
* Secondary villus

Chorionic plate Embryonic vessel
Floating villus

Tertiary villus

Uterine
tissue

(decidua
basalis)

Cytotrophoblastic
clump
Primary villus

Maternal
vessel

Lacuna

Syncytiotrophoblast

Anchoring

villus
< Cytotrophoblastic shell >

Cytotrophoblastic
cell column

Cytotrophoblastic shell

- continuous external CTB layer
- encapsulates fetus at maternal-fetal interface
anchors embryo to decidua

- defects (thin, premature, disorganized structure) can lead to
spontaneous miscarriage

™~ Chorionic cavity



Development of chorionic villus
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e Extravillous trophoblasts (EVTs)

& differentiation of villous CTB

- single cells detaching from tips of
anchoring villi (cell column trophoblas

- migrate through stroma and invade
uterine glands, and spiral arteries

vascular
remodelling Knofler et al 2013



Vascular remodeling

- transformation of narrow high-resistence maternal vessels to highly dilated low resitence conduits

- iEVT
- induce apoptosis and cellular
dedifferentiation of the smooth layer

spiral artery remodelling

- eEVT
- adopt vascular adhesion phenotype

- interdigitate into endotelial layer and

replace maternal endotelial cells

- form trophoblast plugs

I 1 1
decidua basalis myometrium

Knofler et al 2019




Late first trimr

Trophoblast plugs » Promotion of angiogenesis and
- Temporary occlusions of spiral vasculogenesis

arteries made by endovascular EVT > Enhancement of placenta development

~ low 0, environment > Prevention of ROS-induced damage




Vascular remodelling

Disintegration of trophoblast plugs
at the end of first trimestr

— perfusion with highly oxigenated
maternal blood

Blastocyst
Innercell Trophectoderm
mass l
{ CcTB
Embryo Y \
STB  EVT

<10 DPC

Until ~11-12 weeks of gestation

Blastocyst implants

EVT invades and remodels the maternal SA

SA cleared of EVT, maternal blood enters the IVS

Histiotrophic nutrition
Conceptus obtains nutrients from maternal UG secretions

Energy largely from glycolysis in low oxygen environment

Hemotrophic nutrition

Fetus obtains nutrients from maternal blood
Energy from oxidative phosphorylation

O’Brian and Wang 2023



- during the first trimester of pregnancy, narrow, high resistance and low capacity
uterine spiral arteries are transformed to wide, high-flow an low resistance vessels
capable to provide hemotrophic nutrition during later stages of pregnancy

DR® ({
Placental ~ a A o1¢
villus

Trophob

:
2

Decidua —

!

Interstitial
EVT

iral arte
Myometrium - o &

@

- vessel dilatation: 0.25 - 2-3 mm (3x * 0, tension)

Dimitriadis et al 2023



Chorion

= chorionic vesicle
- layer encapsulating embryo

- consist from trophoblast cells and extraembryonic mesoderm

primitive gut

neural tube

chorionic cavity -

chorion
laeve

chorionic villi

connecting stalk

chorion
frondosum

4th month

Chorion
frondosum

Amnion

Chorion
laeve

» primary and secondary villi project uniformly from entire outer surface

» tertiary villi formed asymmetrically, preferentially close to decidua basalis
» villi at embryonic pole grow and branch (chorion frondosum)
» villi at abembryonic pole atrophy (chorion leave)



» chorion laeve fuses with decidua parietalis

5 weeks

Fundus of uterus » chorion frondosum fuses with decidua
' basalis forming discoid placenta

Uterine ; Decidua
mucosa =55
(decidua)

capsularis

Chorion
frondosum

Cervix of uterus

8 weeks
Myometrium

Yolk sac

Decidua |
parietalis ‘
Chorion
laeve

Decidua
parietalis

Amnion

Decidua
capsularis

Cervical glands
Mucous plug

canal

Fornix
of vagina




direct contact of endometrial/fetal tissue with

maternal blood

- chorionic villi bathed in maternal blood filling
intervillous space

- capable to support fetal development for ~ 42 gw

(placental senescence)

**Hemochorial placenta

Umbilical
vein

Umbilical
AT Chorionic plate

arteries

2

Z = S =] o
Villous tree Fetal cir;ulation Materna‘| circu\af\on ““0\,\9“ ' overa | I Su rfa ce 1 2‘ 14 m
within villi

Calson 2012



¢ Oxigenation

+*¢* Nutrition

¢ Excretion

*** Immunity

+* Endocrine function
- hCG, hPL

¢ Anabolism
(glycogen, cholesterol, fatty acids)

(FAS)
Fetal Alcohol Syndrome
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From mother From fetus
to fetus to mother
(0))) CO2
Water, electrolytes Water, electrolytes
Nutrients Urea, uric acid
Carbohydrates Creatinine
Amino acids Bilirubin
Lipids Hormones
Hormones Red blood cell antigens
Antibodies
Vitamins
Iron, trace elements
Drugs
Toxic substances
Alcohol

Some viruses



- prevents direct contact of maternal and fetal blood cells

1st trimestr

- basal lamina (ECM)
- cytotrophoblast (CTB) forms a
continous layer beneath the
syncithiotrophoblast (SCT)

Placental barrier

Basal lamina
@ Maternal blood

Stromal cell

3rd trimestr

- basal lamina (ECM)
- discontinuous CTB layer beneath
thin STB cytoplasmic layer

Maternal blood

Connective tissue

Stromal cell

Basal lamina
Macrophage

Placental
barrier



- transcellular gradient transfer across STB syncitium via facilitated diffusion

a Iron b Fatty acids C Amino acids d Glucose

Maternal o

blood A
> NEFA 4
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. . s — Glycogen
Triglyceride synthesis Oxidative fuel supply - ST B C t 0SO I
Hemoprotein production Oxidative fuel supply Biosynthesis y
Cellular respiration Signal transduction Protein synthesis Cellular energy production
Regulation of gene expression Gene expression Carbon accretion Glycogen synthesis
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Mitochondri%
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defects of placental vasculature

A

paracellular transfer

{

small numbers of fetal cells can
escape to maternal circulation

A

mother develops antibodies
against allogenic epitopes

A

fetal blood cell’s hemolysis

A

Erytroblastosis fetalis
= Hemolytic Disease
of the Newborn (HDN)

(e.g. Rh factor, Kell)

hemorrhage during

Q previous delivery

AR athet e © 1 response to the fetal

e hor first Ain® fotus. A R the mother
antigens from the will produce anti-Rh
developing fetus can antibodies.
‘enter the mother's
blood during delivery.

Placenta v

Umbilical

artery/vein

(infant)

Placental arteriole (maternal)

Placental venule (maternal)

Maternal blood pool

First exposure:
Birth of first Rh* infant

Embryonic chorion
(isolates fetal blood
from maternal
blood pool)

(1) During birth, Rh*
fetal erythrocytes
leak into maternal

Infant blood

Rh* infant blood after breakage
erythrocyte of the embryonic
ryihrooys \ chorion, which
Embryonic S normally isolates

the fetal and
maternal blood.

chorion

(2) Maternal B cells
are activated by
the Rh antigen
and produce large
amounts of
anti-Rh antibodies.

antibody

Second exposure:
Rh* fetus

Infant blood

— (3) Rh antibody titer in
Rh* infant - mother's blood is
erythrocyte |- elevated after first
exposure.
Embryonic

chorion o Rh antibodies are
small enough

Rh™ maternal to cross the

blood embryonic chorion
and attack the fetal

Maternal Rh erythrocytes.

antibody



- defects in placental vasculature

e

small numbers of fetal cells can
escape to maternal circulation

e

Microchimerism

= presence of cells from one individual in
another genetically distinct individual

Beneficial Harmful

+ Milk Production + Autoimmune Disease
+ Bonding (oxytocin) + Cancer

« Thermoregulation * Preeclampsia

1

Neutral N
No observable

effect on maternal

health

Fetal Microchimerism & Maternal Health

Maternal Cells

Fetal Cells Fetal Cells

&€

Offspring 1 Offspring 2

A O

Boddy et al 2015

bi-directional cell trafficing between fetus and
mother during pregnancy
positive and negative effects



Blastocyst when Blastocyst with
implanted bilaminar embryonic disc Gastrulation



Lyonization

= X-Chromosome inactivation
- one of the X chromosomes in female embryos is packed into transcriptionaly inactive
heterochromatin

- demethylation of X-inactivation center on X-chromosome (XIST)
— translation of long non-coding RNA (IncRNA) that coats the entire X chromosome
and associates with chromatin remodelling proteins inducing epigenetic silencing
of genes encoded on one of the two X chromosomes in female cells

Epigenetic Xist IncRNA

silencing A ;’»
9 v, /TN .Q_."ﬁ‘
§ TR i

81 proteins

Inactive X ,/'J’ @ '




Lyonization

= X-Chromosome inactivation

Transient reactivation in ICM

- occurs randomly in peri-implantation female embryos of preimplantation mouse

- in PGCs X chromosome reactivate blastocyst
> Zygotic genome activation ——>Implantation >
Xa XaXa XaXiP 1 XaXiP XaXiP 1 XaXiP/XaXi XaXi XaXa - primary oocytes @ Primitive/visceral
] XaXa-Epiblast }XaXa-PGCs endoderm
Sperm : 1 @ Epiblast
\\—g 1 @ Trophectoderm/extra
I
I embryonic ectoderm
: @ Primordial germ cell
: O Amniotic epithelium
1 . O Undifferentiated cell
- Primary © XaXa nuclei
MIl Oocyte | Zygote 4cells 1 ROEHIES ® XaXi nuclei
: Foetus Adult @ XaXi/Xa nuclei
Xa XaXa XaXa CXaxa [xaxi XaXi
XaXa - pri t
Sperm E aXa - primary oocytes
1
1
1
1
1
! J
I
I ‘ y &
i R |
Zygote I 1\ Primar
MIl Oocyte % 4 cells : Blastocyst ' oocytel
1 I L
1 1
; ! Blastocyst Foetus Adult
> Zygotic genc;me activation > Implantétion >

Talon et al 2019



Lyonization

= X-Chromosome inactivation
- dosage compensation of X-coded genes between female and male cells

- influences severity of X-linked diseases in females

m e , v " Xist DNA loci

8 & e

il " & .‘

" e a8
4

_ 2

PR B
R ¥ 4L

Squamous cells in the buccal / smear

Barr Body Genotype XY XoyY XoXo XOX© XOxo
cmmeme (Ky)  (Ky) (K (X&) (K)=(X)
Phenotype F
Seen in 30% to 60% of the h—. h h.' e
female somatic cells e

Males Females

@ =inactivated X chromosome, also called a Barr body




= X-Chromosome inactivation

some genes are known to escape X inactivation
- increased gene expression in females

relative to males

e.g. sex-dependent expression of SMS gene and

synthesis of antioxidant spermine

- sexual dimorphismus in placental function

FGR

Lines of evidence:
RNA-sequencing, Oxidative bisulphite DNA-sequencing, Metabolomics,

Immunohistochemistry, In vitro cellular assays

tylspermine; PE: preeclampsia; FGR: fetal growth restriction

DiAcSpm: N1,N12-di

Gong et al 2018

- males more susceptible ’
to nutritional insults ,

N
Male P

o’*?

v

/

N

Cytokine-cytokine receptor interaction
Chemokine signaling pathway
NF-kappa B signaling pathway

IL-17 signaling pathway
NOD-like receptor signaling pathway
Toll-like receptor signaling pathway

\

v

lacenta C Most differential pathways) Female Placenta

- greater fetus to placenta
weight in females

/

Maxwell et al 2023




Cranial

Cranial

Cut edge
of amnion

- Establishment of 3 germ layers

Primitive
node

Primitive
Caudal streak
Graniel Prechordal Amnion
! plate
d k Caudal I Slerharyme]
3 rd wee pC Prechordal | Oropharyngeal BT s
plate membrane

Primitive groove

Notochord =

A B

Paraxial
mesoderm  Anterior Primitive node
visceral endoderm Notochordal

Lateral process Body stalk

plate
mesoderm Amnion

Primitive
node

Primitive
groove

Embryonic
ectoderm
Extraembryonic

Extraembryonic  Embryonic mesoderm

mesoderm mesoderm

Embryonic

Yolk sac endoderm

Caudal



Early derivatives

( syncytiotrophoblast]

[cytotrophoblast]
ﬁ % villous cytotrophoblast ]
N\
extraembryonic

~.,
extravillous
cytotrophoblast
mesoderm

N
extraembryonic
endoderm

[ hypoblast]

inner cell
mass

% ﬁ [ embryonic ektoderm I;:()-
epiblast

[embryonic mesoderm]

allantoic
endoderm

2 N
rimordial
[germ cells} %I




Sweat

Sebaceous glands

Hair

Embryonic Primordial
endoderm germ cells

Nails

Auditory Proctodeal
vesicle epithelium

Optic

Gametes Splanchnic ~ Somatic ~Myotomes Dermatomes ”
Gonads mesoderm mesoderm Sclerotomes vesicle
‘ Lens
; ; Inner ear § Anal canal
Dermis Retina

Axial Axial of skin Epiphysis Stomodeal
Pronephros Limb mtlsr:l:?es muscles oy eleton Posterior Anterior epihellm
skeleton pituitary pituitary \
Sg;r:gl Brain Cornea Oral
Parameso- || Mesonephros Trunk \\Cranial motor epithelium
neural nerves

nephric
ducts Spinal motor Schwann

Pleura
Panetal-[ Pericardium cmn Schwann
nerves  cells

: T
Metanephros \ Peritoneum \ cells
Sensory

) Visoeral-[ Pleura
9 Vagina Mesonephric Peritoneum nerves
Uterus ducts Pigment

Uterine tubes 1 d cells

Ductus epididymis
Ductus deferens

Mesenteries Dentine Enamel

Cranial / of teeth of teeth
neural

Sympathetic crest
ganglia \> Cephalic

connective
tissue and bones

Hemangioblastic
tissue

Blood cells
Endothelium

Allantois

\

Adrenal:
Urinary ~ cortex
bladder medulla

Gut

Epicardium

Myocardium -

Lungs Wall of Endocardium Outflow tract
respiratory Pharynx Walls of aortic

| Middle ear
tract arches :
Auditory tube Stroma of
Il Tonsils pharyngeal
Liver  Digestive Wgaﬂtm " pouch
tract Thyroid i Thymus derivatives

Pharyngeal .
oeuches _/' Inf. parathyroids

Trachea

Pancreas

IV Sup. parathyroids
Post. branchial bodies _|

Calson 2012



Clinical pregnancy

Cardiac
Gastrulation
crescent
Second heart
Second heart Arterial pole / field
field \ /

First heart Venous pole /
field Sinus horn

First HF = beating heart

Cardiogenic

mesodermal cells tube, left ventricle,
arise on both sides of right/left atriums.
the midline to form

the first and second Second HF > right
heart fields (HF). ventricle, parts of the

atriums, outflow tract.

Cardiogenic fields meet in the
middle at the anterior part of
the embryo to form cardiac
crescent.

4.0

First heart
field

Peristaltic Early looping Convergence

pumping

Future cardiac chambers
brought into their relative
spatial positions.

Outflow tract brought in line with
ventricular, atrioventricular and
atrial septums.

5.0

Looping completed Neural crest Septation

migration completed ansposition of

yreat vessels
Tetralogy of Fallot

— Left atrium

Atrial and
atrioventricular
septal defects

-
Primitive left
ventricle

Bilateral aortic arches
remodel into the
definitive great vessels.

Aortic and pulmonary

valve defects

Ventrict

Cardiac neural crest cells
migrate towards the outflow
tract; outflow tract elongates
to allow proper alignment.

6.0 9.0

,heart” beat

detection by ultrasound

Weeks of gestation

| | Limetal 2021




Ongoing clinical pregnancy

placenta and organ

systems fully formed

12 WEEKS AFTER LAST MENSTRUAL PERIOD

e

JUU Symptoms

L | Reduced Morning
| Sickness

12 Weeks Pregnant J S
Weight gain 73

//j(.:.
‘ . r
Y . :
=) Food Aversions and

~ ) Cravings

. & \ i
Urinary /¢ bV 4
Incontinence ;'Li &

- 4 t
to ,’:—\;\ Leg or Foot Cramps
V 1 ‘
? = \\%(Uuu' \ |
Mood Swings (o) ‘ % v \

\ |
G P Vi “‘
/(,\ } 77/ “‘ “‘J‘ I
bl )
/ Sensitivity to smell
< Y

JL

Bloating § ) ¢




Fetal Development

gestational age 38-42 weeks
~50cm, 3-3.5 kg

eutrophic

signs of fetal maturity

Trimester 1  Trimester 2 Trimester 3




- major anomalies present in ~¥3% of liveborn infants
- induced by genetic and/or environmental factors

Congenital heart |
Limb -

Kidney and _|
urinary tract

Nervous system -
Digestive system |
Genital
Oro-facial clefts -
Abdominal wall -
Respiratory

Genetic -

I:I Unknown etiology
- Multifactorial inheritance
l:l Chromosomal abnormalities
|:, Mutant genes

D Environmental agents

70

o o
=
o
S
o
w
o
s
(=]
o
o
@
o

Prevalence (per 10,000 total births)

- Nen-genetic - Genetic

v

1 | 2
dividing zygote,
implantation and

gastrulation

eye
heart

heart

LOSS OF
CONCEPTUS

MAJOR MORPHOLOGICAL

TIMING OF AIR POLLUTION RISKS:

Fetal growth restriction
Early susceptibility to later preterm birth

Interrupted placental development

Reduced weight gain
Preterm birth
Heart defects

Note: Blue bars Indicate time periods when major morphological abnormalities can occur, while light blue bars correspond to periods at risk

for minor abnormalities and functional defects.



Prevention of congenital anomalies

. Risk of Birth Defects Being Induced
Estimated RISK

with respect to maternal age

A 1

 Non-invasive diagnotic methods First prenatal visi
» Anamnesis
» Ultrasound

» Biochemical testing

Increasing Risk

<4— Parturition

-hCG, AFP, PAPP-A, eE3 4
0 3 5 8 38
> cfDNA L——Embryonic Period 1l Felal Period —
Weeks Gestation

3 Invasive diagnotic methods i
> PGT e

\ 4/ Placenta
» Chorionic villous sampling S o
» Amniocentesis e,
» Fetal blood sampling
» Induced abortion




Pregnancy complications linked to placenta pathology

» Pre-eclampsia
» Gestational trophoblastic diseases

» Pregnancy loss after 12 wg
- clinical miscarriage

- silent/missed miscarriage
» Fetal growth restriction

> Fetal macrosomia

> Preterm labour

Uterine Wall

Placenta

4 . — Ultrasound
. A((
i RS Injection

> Still birth

% — of potassium
chloride solution

,fetoreduction”
= elective reduction of number of fetuses in high
risk multifetal monochorial pregnancies

> Ceasarian section

> Placenta accreta




Pre-eclampsia

VVVY

life-threatening disease of pregnancy
caused by placenta dysfunction

exclusive to humans, 1-5% pregnancies (20+wg)
leading cause of maternal and neonatal morbidity
survivors have long-term complications and high risk of

later development of metabolic and cardiovascular
diseases

complex multisystem disease

manifested by
- sudden-onset hypertension
- proteinuria
- edema

complications
- HELLP syndrome = Hemolysis, Elevated Liver
enzymes and Low Platelet count
- Eclampsia - seisures and coma
- Haemorhagic stroke
- Placental abruption
- Renal failure

preterm pre-eclampsia with early onset < 34 wg
preterm pre-eclampsia with late onset > 34 wg

term pre-eclampsia > 37 wg

post-partum pre-eclampsia - diagnosed after delivery

Brain

= Eclampsia = Cortical blindness

= Haemorrhagic = Arterial ischaemic stroke
stroke = Cerebral venous

= Seizures sinus thrombosis

s Visual disturbance s« Severe headache

Vasculature
= Reduced blood flow (for example, heart, kidney)
= Systemic endothelial dysfunction
= Coagulopathy

= Thrombocytopenia

Lung

= Pulmonary cedema

Liver

= HELLP syndrome
= Severe liver dysfunction

Kidney
= Endothelial injury

= Glomerular endotheliosis
= Proteinuria
» Renal failure

Placenta
= Placental syncytial stress

= Angiogenic imbalance
= Placental abruption

Decidua
= Inadequate spiral artery
remodelling

Fetus
= Fetal distress
= Growth restriction

Dimitriadis et al 2023




Pre-eclampsia

caused by placenta dysfunction caused by defective or insufficient (“shallow) placentation

** Proposed mechanisms:

poor invasion and/or premature senescence of the trophoblast

?
?  STB stress

? inadequate spiral artery remodelling
?

?

?

incomplete plugging and premature onset of blood perfusion

imune imbalance at maternal-fetal interface
excessive blood clotting

g 1@ = , Placental compression
| | )
b |
Ischaemic
and hypoxic
placenta cediced
placental
| — perfusion =
Poor spiral andj/or
artery hypoxia
remodelling
»—— Shallow
EVT
Reduced invasion i
blood flow
Syncytiotrophoblast
Poor spiral senescence (premature

artery remodelling placental ageing)

placental malperfusion
(ischemia and reperfusion injury),

disregulated release of
placental factors, angiogenic
imbalance, maternal
endothelia dysfunction,
reduced vasodilatation and
systemic inflammation

Syncytiotrophoblast stress

Syncytiotrophoblast

Stressed

syncytiotrophoblast

releases into maternal

circulation

« Cell-free DNA

* Reactive oxygen
species

» Syncytial knot

» Pro-inflammatory
cytokines (IL-1B, IL-19)

Cell membrang —————

4

—_—

:{;‘g » Anti-angiogenic
Mitochondrial factors (sFLT1, SENG)
;? dysfunction » Extracellular vesicles
' Oxidative
stress
Apoptosis

Endoplasmic
reticulum stress

Dimitriadis et al 2023




Exact etiology?

Major Risk Factors
.
« Gestational
diabetes mellitus
« Multifetal
gestation
« Antiphospholipid [ Other risk factors
syndrome * Systemic  lupus
« Kidney disorders erythematosus
* Chronic * Prepregnancy
hypertension BMI >25
« Anemia. « Nulliparity
* High pre- + Chronic kidney
" BMI disease
ey * Genetic
susceptibility
(mother, father)
« Trisomy 13 fetus
Minor Risk Factors
« Advanced
maternal age
« Stillbirth history
o Nulliparity
« Placental
abruption,
e Ath lerosis,
* Use of assisted
reproductive
technologies
(ART)
« Family history of
preeclampsia

s % Y

O,

Genetic Theory Inflammatory Immune Imbalance Oxidative Stress Vascular Endothelial
Response in Maternal Interface Cell Damage

Role of miRNAs -
VEGF | NO | NK cells 1 HLA-G |
PLGF | Prostacyclin| Tcells | MCP-1 1
TGF-B | Endotlelin 1 Macrophages 1 CCR-2 1

DCsw»
3 . 3 .
Hypertension Proteinuria Rewfrglacema Periportal

Headache, Seizures
Visual Disturbance

F

Eclampsia

Preeclampsia

—

Pregnancy Loss

Recurrent Spontaneous Abortions

Abruption Placenta

Protein Delivery

Necrosis

!

HELLP Syndrome

Fetal Growth Restriction

Intrauterine Fetal Death

Lianetal 2022



Pre-eclampsia

¢ Antiphosholipid syndrom (APS)

problems

Putative “second” hit
- trauma
1 1 1 Ercetielal cel :L]ncﬁﬁ?rtrlw?r?une procoagulant
- autoimmune disorder associated m activation ]
.th I. t. PRI actisg}cgglr?tand Tcgll immune
Wi p reg nan Cy com p ICation to endothelial cells . aggregation et
. . . and platelets
including pre-eclampsia —— \ Prointammetory
cytokines
A{\g lgmm Br‘l
H H ibody exerts
- caused by antiphospholipid N iocile st
antibodies (APA) raising risk of B <t
blood clotting
APA binding to
Bo-glycoprotein,
prothrombin,
proteins C and S, : Protem C activation
rharerse it ¥ Aoy binding. ANTIPHOSPHOLIPID
coagulation cascade : Fibrinolysis SYNDROME
Tissue factor activity
\ ., Pleural ~ Butterfly rash
P <t '} effusions :
/ . . ':l \ >
Jeee] L \ .
e R | Heart

+* Systemic Lupus Erythematosus (SLE)

Lupus

nephritis | . - autoimmune disease in which immune system

Symptoms of mistakenly attacks nuclear and cytoplasmic
systemic lupus ) .
Arthritis _€rythematosus antigens in the body
may vary Wiqely M . . . .
with the individual - multisystem inflammation and increased risk of
P-Oor|pf-ripherial infertility and pregnancy complication including
circuliation

preeclampsia




- autoantibody effect on fetal maternal interface

Uklsiiieal— £ 4 Binding to trophoblasts

cord

Fetal blood Intervillous
vessels space

¢ Inhibition of trophoblast
proliferation and differentiation

e Induction of trophoblast
apoptosis

| S Anti-angiogenic effects
il * Affect angiogenesis and
spiral artery development

-

)
o<

) (») Oo (¢}
0 0
o O
Maternal Decidua Trophoblasts
blood vessels
Binding to decidual cells and Activation of complement system

extravillous trophoblasts ¢ Coagulation system interaction

e Induction of inflammatory e Fibrin deposition

responses

® Placenta vessel thrombosis

Meroni et al 2018



Gestation Trophoblastic diseases

- heterogenous group of pregnancy-related disorders arising from abnormal
proliferation of placental trophoblast

Malignant

l

|

l

I
Gestational A—

Premalignant <— Trophoblastic Disease —>

[T Tl
EPS (0.07*) and Molar.p.regnéncy Choriocarcinoma
PSN (0.08*) (1.36 ' |.ncludmg (0.03*)
unspecified moles)

Partial mole Complete mole Invasive mole

(0.67%) (0.52*) (0.01%)

PSTT
(0.0009*)

ETT
(0.0001*)

Gestational Trophoblastic Neoplasia (GTN)

Post-molar GTN

EPS, exaggerated placental site; ETT, epithelial trophoblastic tumour; PSN, placental site nodule; PSTT, placental-site
trophoblastic tumour. * Incidence rates per 1000 deliveries per year in the Netherlands between 1994-2013 (Figure drafted
by M Frijstein based on Eysbouts et al. Gynecol Oncol. 2016)

Lok et al 2021




Molar pregnancy

= Hydatidoform mole (mola hydatidosa)

- overproliferation and dysmorphysim of chorionic villi
- vascular obliteration and nodular swellings
- embryo is absent or non-viable

cause or consequence of
trophoblastic
transformation?




Molar pregnancy

Loss of maternal chromosomes (before or after fertil),
duplication of paternal chromosomes

23X
— Dispermic
23X or
23Y
23X or
23Y
— Diploid biparental

Ovum from individual with NLRP7 or KHDC3L mutation

23X
Complete Mole
- Monospermic |
\ :: ; t
/\é{ 2

N Multiple theca
lutein cysts

Partial Mole

23X or Y —~ N ~
23Y = AN WVYa
. . “ \“\: \ |
=55 Dispermic NG
23X or ; [

23Y Froeling and Seckl 2014




Molar pregnancy

- imbalance of genomic imprinting, dominance of growth-promoting paternal genes

KHDC3L-mutated

or
NLRP7-mutated Androgenetic derived
Control Placenta . :
molar tissue molar tissue

Oocyte-derived M
methylation P

Sperm-derived M
methylation P




Molar pregnancy

» Clinical manifestation:

- Vaginal bleeding

- Uterus enlargement

- Extremely elevated hCG
- Hyperemesis Gravidarum
- Theca lutein cyst

- Hyperthyreoidism

- Tachycardia

- High blood pressure

RISK of developing
post molar tumor !

(x1000)
1000 g
500 reseenes ,
E - N ', Possible Mole or
03 B H * Chorionepithelioma
§ E 100 :
o % 50 : '; T ————
°s b
I L 0
g '% 12 % ________ . Normal Pregnancy
- Pathologicall .
o o Low R T TR ——
1 E Values Disturbances of Pragnancy
015 E [ 1 1 1 .I-:l L 1 1 1 1 1 1 1 1 1 1 1 A1
4 8 12 16 20 24 28 32 36 40
Weeks of Gestation
= ; ‘
Curettage Hysterectomy Control of Chemotherapy

hCG hormone




Choriocarcinoma

@Pathweb

- Malignant trophoblastic cancer

- consists of CTB and SCT cells at the
absence of chorionic villi

- Elevated production of hCG

- Metastasis spreading typically to lungs

Liver Lung Spleen

<D

Preceded by
< molar pregnancy

< abortion = gestational

< normal gestation choriocarcinoma

& ectopic pregnancy

B | Bulky haemorrhagic
tumour occupying most
of the uterine cavity

& de novo = germ cell tumour




Fixed hysteroscopy samples

Carnegie S

Multinucleated

primitive syncytium Cytotrophoblast

Human Extended Embryo/ .2 ‘
Culture ™ Animal Models

o

l5rimary Placental

Trophoblast Stem Cells Culture
Models to Study the
Peri-Implantation Stage
lacenta
Immortalized

Drug-treated hESCs or iPSC
(induced trophoblast stem cells iTSC)

Trophoblast Cells

Zhou et al 2021



,»14 day rule”

1979 - Ethics Advisory Board of the US Department of
Health, Education and Welfare

- embryos shall not be kept

alive in vitro longer than 14 days after
fertilisation or the stage of development that
Is equivalent to when embryos finish
implantation

-4—05

Studies so far have
examined the embryo as it
makes its first divisions. In
the second week of
development, the inner
mass of cells forms two
layers — one becomes the
embryo itself and the other
supporting tissue — and
two cavities form.

(¥/ f ?ﬁ < ,@‘ Amniotic
: cavity
IS

‘“‘q"ge“u‘. \

ol

Yolk sac

After 14 days the embryo
begins gastrulation
through the primitive
streak. It starts to develop
a body axis and form three
layers of tissue that will
become different organs.

Ectoderm

Mesoderm

Endoderm
onature



Research of peri-implantation development

” 14 day rUIeu - introduction of culture system

capable to support embryonic
development past implantation stage

NATURE PROTOCDEZ.S o D Bedzhov et 2014 gaéillr%iology bl

PROTOCOL
Self-organization of the human embryo in the absence

In vitro culture of mouse blastocysts beyond the .
of maternal tissues

implantation stages

o ) Marta N. Shahbazi'®, Agnieszka Jedrusik"’, Sanna Vuoristo"’, Gaelle Recher"®, Anna Hupalowska',
Ivan Bedzhov'-3, Chuen Yan Leung!-3, Monika Bialeckal-3 & Magdalena Zernicka-Goetz!

Virginia Bolton’, Norah M. E. Fogarty’, Alison Campbell*, Liani G. Devito’, Dusko Ilic’, Yakoub Khalaf’,
Kathy K. Niakan’, Simon Fishel* and Magdalena Zernicka-Goetz'”

!Department of Physiology, Development and Neuroscience, Downing Site, University of Cambridge, Cambridge, UK. *Wellcome Trust/Cancer Res Elr{hl K Gurdon
Institute, University of Cambridge, Cambridge, UK. *These authors contributed equally to this work. Correspondence should be addressed to M.Z.-G. (mz205@cam.ac.uk).

1VC1 medium

Day 5

[ Nl
o~
@
@ ©
-
o
-
=

W Epiblast (OCT4) M Hypoblast (GATA6) Cytotrophoblast -

Syncytiotrophoblast
Prospective yolk sac

[ TE (CK7) W Pro-amniotic cavity (aPKC) Lacuna

- recapitulation of key
features of peri-
implantation embryo
development

IVC1 medium - - IVC2 medium

- ECM coated dishes, no endometrium! CGB, HLA-G




,»14 day rule”

namre [ o ] venu v

NATURE | COMMENT < =

Embryology policy: Revisit
the 14-day rule

Insoo Hyun, Amy Wilkerson & Josephine Johnston

%15 Gl'{‘zll]redian()pininns

04 May 2016

(o))

INTERNATIONAL SOCIETY
FOR STEM CELL RESEARCH

2021

- drop of 14 day limit

New ISSCR guidelines

Conditionally permitted human embryos
to be cultured in vitro beyond 14 days post-fertilization

Fertilization Fetus

2

& In vitro culture permitted (no time limitation)

Reason P Advances understanding of life events and disease
mechanisms

P Technically possible to culture for 14 days or longer

P Research on embryo-like structures* made 14-day
rule obsolete

P Inconsistent regulations may complicate international
cooperation.

P At what stage should the in vitro cultures of human
embryos be terminated?

Public discussion among citizens is needed

Need to decide how to proceed with research on

embryos and embryo-like structures




Research of peri-implantation development

Blastocyst

A N

Extravillous trophoblast (EVT)

= I \ /f;\
’f-f/
Human trophoblast stem cells (hTSCs) ,ﬁ
(;'- e j
» L
“°

Syncytiotrophoblast (STB)

ene®
-
P
(- P RO .
@ ° a g '.-:'t."
. :
Trophoblast organoids (TOs) STB-like
C}ftotrophﬂble{st (CTB) Syncy:iotrophmhlast (STB) CTB-like

EVT-like

CTE cell column-like

Papuchova and Latos 2022




Research of peri-implantation development

Gastruloid Embryo

¢ Gastruloids @ (%
\\)'

- stem cell-based models recapitulating gastrulation process
- 2D/3D structures generated by aggregation of pluripotent mouse/human stem cells

Single Cell Aggregation Symmetry- Elongation +
Dissociation breaking Patterning
PSC Culture
- ) G{}O o
o O
Drug
treatment

Sullivan and Santos 2023

Mouse Embryo E8.5 Gastruloid 144h

- mimic features of early
mammalian development and
generate embryonic cell types

Lateral view

W

D

p

Pax.
A
P

5 P
trackable and scaleable culture ’
S stem cells
2 i MESP1
2
: = Four-chambered heart
: (E10.5-adult)
A =
Cardiac crescent 'SI,",v ’
(E7.5) 144h - SH
»)
Heart tube 0@ — Endocardium
’ (E8.5) 168 h and vasculature




** Gastruloids

Compound
screening

Genetic disease and
gene function

@)

—

Evolutionary Biology
Interspecies comparison

Gastruloids as a
model of embryonic
development

@+ \

Cell function, behaviour, and
differentiation

Tissue morphogenesis

Od

Establishment and function
of embryonic signalling gradients
Current Opinion in Ganatics and Davelopment



Ex utero development

¢? CellP’ress Cel

OPEN ACCESS

Post-gastrulation synthetic embryos generated
ex utero from mouse naive ESCs

Shadi Tarazi,”** Alejandro Aguilera-Castrejon,’-#1%* Carine Joubran,’-# Nadir Ghanem,? Shahd Ashouokhi,’
Francesco Roncato,’ Emilie Wildschutz,” Montaser Haddad,” Bernardo Oldak,’ Elidet Gomez-Cesar,’ Nir Livnat,’

Sergey Viukov,' Dmitry Lokshtanov,’ Segev Naveh-Tassa,' Max Rose,’ Suhair Hanna,* Calanit Raanan,® Ori Brenner,®
Merav Kedmi,® Hadas Keren-Shaul,® Tsvee Lapidot,” Itay Maza,”*" Noa Novershtern,’:%1%* and Jacob H. Hanna'1%.17:*

Co-Aggregation

(Day 0)
\ ) /

oea® . ———> gy
Naive /
ESCs % Self-Assembly of
‘ Egg-Cylinder
Shaped sEmbryos

.Eleclronic
Regulator
Module

Synthetic Embryos (sEmbryo)
Assembled and Grown Ex Utero
Until Organogenesis Stages

Day 8

Day 7 Electronically Controlled
Ex Utero Culture Device
& EUCM Conditions

Day 5

E8.5 i E7.5 E6.5 E5.5

{1 Epiblast/ Embryo proper Anterior Visceral Endoderm (AVE) (1) Primitive Streak

Extra-Embryonic Ectoderm (EXE) ([l Visceral Endoderm (VE) @ Avantois / Amnion
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An extra-uterine system to physiologically support
the extreme premature lamb

Emily A. Par‘tru:lgs'1 *, Marcus G. Da\.reyr1 *, Matthew A. Hornlck', Patrick E. McGovernl, Al Y Me]addaml,
Jesse D. Vrecenak!, Carmen Mesas-BurgosW, Aliza O\ive], Robert C. Caskey], Theodore R. Weilandw,
Jiancheng Han', Alexander J. Schupper', James T. Connelly!, Kevin C. Dysart?, Jack Rychik3, Holly L. Hedrick',
William H. Peranteau’ & Alan W. Flake'
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uterus agenesis
anatomical malformations
previous hysterectomy

Donor uterus Transplant into recipent

IVF
m., m\. s ::>
Yo P
Uterus S ¢
Ovaries -;:“bé"‘ X// ___________ \/
Recipient
vossals

pregnancy

Donor Recipent

HOW DOES A UTERUS TRANSPLANT WORK"
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