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Placental Development: Fertilization to Full Term
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Eliaritinic gmiiadotropin Trophoblastic lacunae Enlarged blood vessels

,C'horionic gonadotropin
Syncytiotrophoblast
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.. Cytotrophoblast
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Epiblast
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Exocoelomic (Heuser's)
membrane

Lines primitive yolk sac

Exocoelomic cavity
(primitive yolk sac)
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3 weeks 5 weeks
Fundus of uterus

Cervix of uterus

8 weeks Decidua

parietalis Yolk sac
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W trzynastym dniu rozwoju zarodkowego plyta kosmowki:
A. Przylega bezposrednio do cytotrofoblastu

B. Cze¢sciowo otacza pecherzyk zoltkowy

C. Jest utworzona z mezodermy pozazarodkowej scienne;j
D. Jest utworzona z mezodermy pozazarodkowej trzewnej

E. Przylega bezposrednio do syncytiotrofoblastu



W trzynastym dniu rozwoju zarodkowego plyta kosmowki:
A. Przylega bezposrednio do cytotrofoblastu

B. Czesciowo otacza pecherzyk zottkowy
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E. Przylega bezposrednio do syncytiotrofoblastu



Mezoderma pozazarodkowa

erytropoeza

Sciana pecherzyka zottkowego
Sciana omoczni

Warstwa zewnetrzna owodni
Blaszka kosmowki
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Trzeci tydzien

Trojblaszkowa tarcza
zarodkowa



Trzeci tydzien

Powstanie trojblaszkowe;j tarczy zarodkowej — GASTRULACJA
(powstanie trzech listkow zarodkowych: wewnatrzzarodkowe: ektoderma,
mezoderma, endoderma)

Powstanie struny grzbietowej

Rozw0j mezodermy wewnatrzzarodkowe;
(somity, jama wewnatrzzarodkowa)

Powstanie cewy nerwowej
Tworzenie omoczni

Powstanie kosmkow pierwszorzedowych, drugorzedowych,
trzeciorzedowych

Rozwo6j uktadu sercowo-naczyniowego

Faldowanie zarodka



Amniotic
cavity

Smuga pierwotna 15-16 dniowy zarodek

Amnion

Body stalk
/ y

Bilaminar
disk
Yolk sac Embryonic disc
(features)
Cranial
2 epiblast
Cranial c q
fmnfngi primitive
of amnio s
— Yolk primitive
sac streak
“ connecting
stalk
///// Primitive
node
Primitive
Caudal streak

Caudal

Dorsal views of 16-day (A) and 18-day (B) human embryos. Top, Sagittal section through an embryo
and its extraembryonic membranes during early gastrulation.
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Human embryonic disc
epiblast layer, dorsal view
primitive streak (bottom)
connecting stalk (bottom)
amniotic sac removed

Human embryonic stage 7 occurs
during week 3 between 15 to 17 days.

Smuga pierwotna




Cranial Prechordal Amnion
I plate

Oropharyngeal
membrane

Primitive Primitive node
Notochordal
process Body stalk

Primitive
groove

Embryonic
ectoderm

Extraembryonic

Extraembryonic Embryonic mesoderm

mesoderm mesoderm

Embryonic
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Cranial end of

neural plate Cardiogenic plate

Maintains & induces Down-regulates Pax6
Pax2 expression expression (a lateral marker)
(a midline
marker)

Prechordal plate

Promotion of further Shh
in neurocctoderm

Shh & nodal-
related proteins

PRECHORDAL NOTOCHORD
PLATE

Normal midface
development

Ptytka przedstrunowa
Indukcja przodomozgowia

Somite | Notochord Intermediate

Neural Somitgesoderm
Somatic plate Endoderm of
Splanchnic mesoderm yolk sac
mesoderm




THIRD WEEK :

At the beginning of the 3rd week, an important process occurs
the formation of the third laver of the embryvo, the mesoderm.

: gastrulation,

Somatopleure

Amnion

Notochordal or head process

— HENSEN'S NODE

AR POt a : — PRIMITIVE STREAK

Splanchnopleure
Yolk sac entoderm

Ectoderm

Entoderm

Fig. 1. — 15th-16th day human
embryo, dorsal view, with
the amniotic cavity open.
(Length approximately
1.5 mm.)

Primitive streak, Hensen’s node,
and notochordal process are clearly
visible : these are the morphologic
indications characteristic of gastru-
lation.

Formation of the mesoderm occurs
through a process of cellular migration :
ectodermal cells glide downward at the
level of the primitive streak (fig. 2).

Fig. 2. — Cellular movements at the level
of the primitive streak. (Cross section.)

Smuga pierwotna

Wezet pierwotny =
wezet Hensena

z dotkiem pierwotnym
ORGANIZATOR

Inwaginacja
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5 Mesoderm
= Endoderm
Prospective
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Cells
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Glowne geny wilaczone podczas wezesnych stadidow rozwoju zarodka
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{ streak
C:‘\g;:iln Notochord Noggin
Cerberus-like = Chordin
Wit/ DKK-1; HeSXL Pliive Shh
R Otx-2; Lim-1 Foxa-2 | ater inductions of:
e toopi
somites
endoderm E;?:;r: N;;Jeral Shh dorsal endoderm
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Primitive ooty BMP-4 Foxa-2
node godal i
e Retinoic Wnt FGF
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Brachyury L Reorganizacja komorek
Cdx , . .
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Cripto streak
FGF-8
Brachyury
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A E8.25 B

Wezet pierwotny: FGF8

/‘\ /‘\ Nodal flow >
- ® MRS O Nodal — lewa

strona zarodka
| \d Serotonina — lewa
g Heart * Nodal strona zarodka
o Lefty
« Pitx2
O (f_sc’mites MAD3- ogranicza
o O C  [Nodal flow > ekspresje Nodal do
[Morphogen | lewej strony
O/ O §,08 zarodka
p—
\ - | ORN A2 .Y, N0 _
LEFTY21 PITX2 —
w ustanowienie
Node \ lewostronnosci
® @ « Nodal
. Lefty
« Pitx2
Sonic hedgehog —
gen linii
mySz Development 147(15):dev185579 posrodkowej

DOI: 10.1242/dev.185579



B Monocilia

KIF3A/B
&KAP3

CyDy2

Transport
particles

Adapter
— proteins

J

Conventional cilia




Defekty lateralizacji

Situs Inversus — odwrocenie trzewi

Dextrocardia — serce po prawej stronie ciata

Heart in normal \





http://3.bp.blogspot.com/_uUrfr6aBPRY/Rn96OpW3UEI/AAAAAAAAABU/OCypsy7CIaQ/s1600-h/medical.JPG

EMT *

Epithelial to mesenchymal transition

',); Prlmary EMT, ‘ ‘ EMT
= OMesoderm o
Y -
r < Q Q -

’ MET

b

Endoderm

FGF8

Journal of Mammary Gland Biology and Neoplasia volume 15, pages117-134 (2010)



Prechordal plate Oropharyngeal membrane

Neural plate
Primitive node

Primitive pit

Primitive streak

Spreading mesoderm
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Btona ustno-gardtowa Ektoderma
Btona stekowa Mezoderma



Teratoma Potworniaki
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Zygote

& -

g 8-Cell
Spermatoz/ogff Fertilization "

Round
Spermatoid
Secondary @

e

Migracja pierwotnych
komorek rozrodczych

1y Compaction

TSCs-Trophectoderm
ESCs-Epiblast
XENSs-Primitive Endoderm

{ Blastocyst

Spermatogonia

Type A 69

Spermatogonia

2 Thymus (anterior
Implantation mediastinum)

& Primary Oocyte
G (In Secondary Follicle)
Germ Cell

Germ Layer a1t/ ?

gonads)

PGC Coloniation

and Migration

Front. Bioeng. Biotechnol., 22 July 2020 |
https://doi.org/10.3389/fhioe.2020.00781



Primitive pit and
Amnion neurenteric canal

Prechordal
mesoderm
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Ectoderm

Oropharyngeal
membrane

; : Cloacal plate

Wall of
yolk sac

Allantois

Notochord

Connecting
stalk

Notochordal
plate

Intraembryonic
mesoderm

Endoderm

Intraembryonic
mesoderm

KEN
Notochor HUB
©® www.kenhub.com

Endoderm

Btona stekowa

16 dzien rozwoju:
uchytek omoczniowo-
jelitowy = omocznia

Pecherz moczowy
poczgtkowo potgczony
jest z omocznig.
Omocznia zarasta
stajgc sie
moczownikiem —

wiezadto pepkowe
posrodkowe *



MOVEMENTS IN GASTRULATION

Formowanie struny grzbietowej
Centrum indukcji szkieletu osiowego

Od ptytki przedstrunowej do dotka pierwotnego

Kanal nerwowo-jelitowy

Prechordal
Primitive pit plate Notochord
rimiive pi g
P Oropharyngeal Neurenteric
Amnion Body membrane canal

Allantois

Notochordal Prechordal/ Mesoderm Notochordal process
process plate with open bottom

Neural ectoderm

.
'l

Wyrostek SG

Extraembryonic

mascdaim Notochord

Wall of
yolk sac mesoderm

Piytka SG Ostateczna SG

Intraembryonic

17 Days 18 Days 19 Days



Cell and tissue lineages in the mammalian embryo

Extraembryonic
endoderm

Allantoic

endoderm
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Epiblast

l ECTODERM L ENDODERM

v 4

v v

s

A\ v v \ 4 v
* Epidermis, hair, Epithelial lining
nails, glands of skin and glands of
digestive and
* Brain and spinal respiratory
cord tracts
* Neural crest and
derivatives (e.g.,
cranial, spinal, and
sympathetic
ganglia and
associated nerves;
chromaffin cells of

the adrenal
medulla; pigment
4 cells of the skin)

© 2013 Pearson Education, Inc
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Powstaje w 20 dniu rozwoju zarodkowego

. Uczestniczy w powstaniu jelita pierwotnego

Jest wyscielona endoderma
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Human embryonic stage 8 occurs during
week 3 between 17 to 19 days.




Human embryonic stage 9 occurs
during week 3 between 19 to 21 days.




A Cut edge of amnion

Early stages in the formation
of the human central nervous
system

Neural fold

Neural plate

Neural groove

Somite

Primitive node

Primitive streak

18 days 20 days

Anterior
neuropore

Neural fold D

Pericardial bulge

=

Somite

o

Tl

Cut edge of amnion

L L LTI

200 micron

Posterior )i\
neuropore Basicmedical Key
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ektoderma

. Cranial neuropore
*, Closure at 25" day

Lo

l."/'AIpha feto protein (AFP) increases
"." in maternal AF if neuropores fail to
/' close (neural tube defects).

b 3 1

7 e
4§
=

N
= '.’wﬂ.-.'..'....‘
P S WS-
"s —

Cedla punna

v

Caudal neuropore
Closure at 27t day

Fuzja w okolicy szyjnej



WEEK 3 Rynienka nerwowa

Neural fold

Intermediate
mesoderm

Neural
fold

Neural Neural
crest crest
Neural groove
Somite %Dl“/ Zz—;;pﬁﬁ
(covered by Lateral plate:
Setmasan) / Coelom Splanchnic
Primitive streak )/ @ mesoderm
Somatic
VRS, mesoderm
Head _.-7 Surface Suttfzce
Neural : Tk Neural eclodenn . yial SR
fold 58] tube crest ?reet;:al
," Neural
Somite W _ gries
] Cut edge @ — Notochord Somite —§
24"/ of amnion Notochord
(d) 22 days T cewa nerwowa

Copyright © 2004 Pearson Education, Inc,, publishing as Benjamin Cummings
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Back

21 days

22 days

Normal Spine

https://www.youtube.com/watch?v
=bLnYzCcTEEA

Abnormal
Opening
in Bone

Spina Bifida Occulta

With Meningocele

With Myelomeningocele

Ficniirea 1 A ~comparicon of A normal eoine 1o the tvphee of enina bificda (Aifferina in coverityv)




o)

Komorki erzebienia nerwowego

f

]

b  Cranial migration: C Main NC contributions:

Craniofacial skeleton

Vagal Cranial ganglia
neural crest I?;trg iﬁjodmca>lr|\;oblasts)

Enteric ganglia
Smooth muscle cells

Vagal Cranial

Cardiac septa
Trunk Trunk migration:

neural crest Ventral Dorsolateral x| Dorsal root ganglia
2 Sympathetic ganglia
—§ Adrenal medulla

: ‘@l Enteric ganglia
Sacral S Sympathetic ganglia
neural crest n

https://doi.org/10.1016/j.ydbio.2018.07.026



Embryo — Week 5: Migration of the Cardiac Neural Crest

Stage 14
32 day

35 somite Neural Tube

[>,» Cardiac Neural Crest

Aortic Arch
Arteries

\
h,

Dorsal

.....
.

Py
Developing ' Develc
A Pulmonar

‘Conotruncus

Neural crest

Neural tube

Aortic arch
arteries




Mezoderma
wewnatrzzarodkowa

.,-’;(,ﬁ : &
Lateral plate ™%

mesoderm

Notochord

Extraembryonic
mesoderm



Human embryo
25 days, 19
somite pairs
Scanning EM.
(Carnegie
stage 11)

amniotic cavity

surface
ectoderm

RS urface
etoailin



https://embryology.med.unsw.edu.au/embryology/index.php/Carnegie_stage_11

Somitogeneza
Mezoderma przyosiowa

Unsegmented -~
mesoderm




Somitomere Prechordal
plate
Somitomery:
Okolica
gtowowa
Wytworza Somite A
mezenchyme 5 1

g’fowy Notochord

Hensen's node
Primitive streak

https://basicmedicalkey.com/establishment-of-the-basic-embryonic-body-plan/
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8.5-day mouse embryo

rhombomeres

hindbrain ————»

rsmss s s,

+——— spinal cord

=
-

primitive
streak

Anterior

-y
retinoic acid
production in
mesoderm

retinoic acid

gradient

hidd '

FGF
gradient

Posterior

[] highFGF [ ] intermediate FGF [ | low FGF

20 dzien — pierwsza para somitow

Powstawanie somitow pod
kontrolg kwasu retinowego

Struna grzbietowa zanika w 4
tygodniu rozwoju



Hoxb1

Hoxb4 Hoxb9

b1 b2 b3 b4 b5 b6 b7 b8 b9  b13
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biatka homeotyczne
sg czynnikami transkrypcyjnymi

Kontrola tozsamosci
| potozenia segmentow,
informacja o specjalizacji segmentow
| wyksztatcaniu charakterystycznych
dla nich narzagdow
przestrzenno-czasowa kolejnosé ekspresji gendw

homeotycznych koreluje z ich utozeniem w
chromosomie — zjawisko kolinearnosci

¢ Ekspresja konieczna
do przejscia komorek
w stan zréznicowania
| do podtrzymania roznicowania
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geny homeotczne

7~ O\

HOX skupione geny homeotyczne nieskupione geny homeotyczne

HOX1 - ramie krotkie chromosomu 7
HOX2 - ramie dtugie chromosomu 17
HOX3 - ramie dtugie chromosomu 12
HOX4 - ramie dtugie chromosomu 2

¢ Mutacje w genach homeotycznych prowadzg do zaburzen w organogenezie
(zmiany w budowie i potozeniu uktadéw lub narzgdow)



Hox Knockout Mutants Lead to Abnormal Limb
adius & ul
::«e trjriissiu i &
N Qe %

No Expression of Hoxg-11 of Hoxg-11

Mouse Knockout for
Hoxa-11 & Hoxd-11

O'Day after Devis et o, 1995. Hatute 325: 791
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Tylomozgowie - rombomery
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Muscle

Dermis

Copyright ® 2015 Wolters Kluwer - All Rights Reserve d

NT3 (neurotrophin 3) dermis PAX3 demarcates the dermatome.



Neural folds

A Ventral

Copyright @ 2015 Wolters Kluwer - All Rights Reserve d

In combination, somitic
cells and lateral plate
mesoderm cells
constitute the abaxial

mesodermal domain

CQ@Wolters Kluwer

somite wall Notochord

The primaxial mesodermal domain only contains
somitic cells (paraxial mesoderm)

Domena
przyosiowa

Dorsomedial Neural tube
muscle cells

Dermatome

Ventrolateral
muscle cells

Domena
odosiowa®

Intra-
embryonic ——
cavity

Sclerotome Dorsal aorta

Copyright ® 2015 Wolters Kluwer - All Rights Reserved
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Age Longitudinal sections Cross sections
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cavity ~ Amniotic cavity
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stalk LS / tube

Ectoderm —  Amnion

Hindgut Ectoderm

(a) 20-21 days Neural grcove

o
———— Mesoderm

Koniec 3 Allantois ——
tygodnia Yolk sac Yolk sac
rozwoju

Caudal -—|—» Cephalic

— Neural tube
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gut
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(body cavity)
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Primordial brain Notochord

Amnion

Endoderrr
Oropharyngeal membrane

Pericardial cavity

Heart tube
Septum transversum

Oropharyngeal membrane

Heart tube (cut ends)

Pericardial cavity

Septum transversum
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A. Jest zrodtem Sonic Hedgehog

Powstaje doogonowo od wezta pierwotnego

Powstaje z komorek epiblastu

. Zwykle zanika podczas rozwoju

Znajduje si¢ nad kanalem nerwowo-jelitowym

Jest odpowiednikiem smugi pierwotnej



Struna grzbietowa:
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A. Jest zrodtem Sonic Hedgehog

Powstaje doogonowo od wezla pierwotnego
Powstaje z komorek epiblastu

Zwykle zanika podczas rozwoju

Znajduje si¢ nad kanalem nerwowo-jelitowym

Jest odpowiednikiem smugi pierwotnej



Drawings of fetuses from 8 to 25 weeks’ fertilization
age.The fetuses from 8 through 17 weeks are drawn
actual size. The fetuses from 20 and 25 weeks are

7 2 drawn two-thirds actual size.
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