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PRVNI UDALOSTI V LIDSK

Oplozeni

* Adheze blastocysty
e Diferenciace trofoblastu

* Dokonceni implantace

Ryhovani

2. tyden

Diferenciace embryoblastu

Vznik bilaminarniho zarodec¢ného disku
ZaloZeni amniové dutiny

Primarni zZloutkovy vak
Extraembryonalni mezoderm

3. tyden

Vznik trilaminarniho zarodec¢ného disku
Diferenciace epiblastu

Primitivni uzel a primitivni prouzek

Vznik a diferenciace mezodermu
Diferenciace ektodermu a neuroektodermu
Somitogeneze



PRVNI UDALOSTI V LID

1.tyden | JAKY JE VYVOJOVY POTENCIAL BLASTOMER?

e - AREEM
Towako Frgnchise Osaka
Y BABSLTA—2R9U=wd

Zaver experimentu: véechny blastomery jsou stejné.



PRVNI UDALOSTI V LID

« Embryo s 16 burikami je stale totipotentni — pozdéji (32), ale ztraci plny vyvojovy
potencial — bunky jsou jiz determinované.



PRVNI UDALOSTI V L

1-2. tyden BILAMINARNI ZARODECNY DISK o

Inner cell mass dutina
5. den 712, den

Primordial amnion

amniotic cavity
Open roof of

Cytotrophoblast amniotic cavity

Extraembryonic
mesoderm

Zloutkovy vak
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Zygota

Ryhovani

Determinace
blastomer

Vznik zarodec¢nych listi
(ektoderm, mezoderm, entoderm)

Neurulace (CNS, gangliova
lista, PNS)

Sekundarni indukce
(vnitfni ucho, Cocka)

Dalsi indukce
(rohovka, kozni zlazy, vlasy)

Totipotentni bunky

Celé embryo + placenta
a plodové obaly

Embryoblast Celé embryo

Derivaty ektodermu

Zbyvajici derivaty
ektodermu

Zbyvaijici derivaty
ektodermu

Epidermis

Mozek
Micha
PNS

Cocka
Rohovka
Kozni Zlazy

Pigmentové Vlasy

buriky Epidermis
Vnitfni ucho
Retina
Iris
Vnitfni ucho
Cocka
Rohovka
Kozni zlazy
Vliasy
Epidermis
Rohovka
Kozni Zlazy
Vlasy
Epidermis



EMBRYONALNI IND
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PRULOMOVY EXPERIME

A/‘aDCCC
AXXN)
o8

Blastula, stage 10 Early gastrula, stage 10.5 Gastrula, stage 11 Late gastrula,stage 12

marginal Animal pole blastocoel archenteron archenteron yolk plug
zone P

" yolky
Vegetal pole vegetal cells
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PRULOMOVY EXPE

Adult (stage 66)

Metamorphosis
Blastula
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frte-mimmlng tadpole (stage 45)
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PRULOMOVY EXPERIMENT HAN

A co vzniklo?




PRULOMOVY E

Induction of Embryonic Primordia by Implantation
of Organizers from a Different Species

by

HANS SPEMANN and HILDE MANGOLD (Nee Prascholdt)

Freitwrg i B.
With 25 illustrations

(Scbmitied I fune 1923)

,A piece of upper blastopore lip of an amphibian embryo undergoing gastrulation exerts and
organizing effect on its environment in such a way that, if transplanted to an indiferent region

of another embryo, it causes there the formation of a secondary embryonic anlage. Such a
piece can therefore be designated as an Organizer.”




SPEMANNUV ORGANIZATOR

Dorsal
lip graft

Body of host
embryo

Dorsal lip
i Secondary embryo
\ of host induced by dorsal

Blastopore lip graft

Blastopore

Induced

Hensen's neural tube Host embryo
node graft \ /




ORGANIZATOR EXIST

Amniova
dutina

Syncytiotrofoblast
Epiblast

Hypoblast
% Cytotrofoblast

N Extraembryonalni
Zloutkovy . | mezoderm

vacek

Orofaryngova membrana

Amnion

Primitivni
uzel

Primitivni Zloutkovy
prouzek vacek

Hypoblast Epiblast



TRILAMINARNI ZARODECN

2. tyden konci

amniova dutina

Vznik novych struktur

amnion ,
Orofaryngova
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TRILAMINARNI ZAROD

‘ 3. tyden

Camnegie Collection ($tabe 8)

Prechordova ploténka

Neuralni ploténka

Chordomezodermovy
vybézek
‘ Orofaryngova
ya membrana
/ \
i -— Amnion
L
‘\ Chordomezodermovy
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Primitivni jamka

Primitivni prouzek



PRIMITIVNIi PROUZEK

‘ 3. tyden

Carnegie Collection (Stage 8)

Prechordova

ploténka  Notochord
Orofaryngova . . o ,
Zarodeény memb?én% Lieberkiihnliv kanal

Primitivni jamka

stvol
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PRIMITIVNiIi PROUZE
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PRIMITIVNIi PROUZEK A P

‘ 3. tyden

Primitivni jamka

Primitivni prouzek Epiblast

Kranialné

Hypoblast
Entoderm
Migrujici bunky

Kaudalné
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DERIVATY MEZOD

Prospective
Notochordal

Konec druhého tydne

Konec tretiho tydne



NEURULACE
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Neuralni ploténka
Neuralni valy
Neuralni trubice

Neuralni liSta




NEURULACE

3. tyden
Neurulation
Neural plate Neural fold
Notochord
Epidermis

Neural crest

Entoderm a mezoderm produkuji
BMPA4, ktery indukuje vznik
epidermis.

Notochord produkuje inhbitory
BMP4 - noggin, chordin a follistatin
(kranialné) a wnt3a a FGF
(kaudalné) - ektoderm diferencuje
do neuroektodermu.




NEURULACE

3-4. tyden
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NEURULACE

MNeural crest

. Ectoderm

Migrating neural crest cells ——

MNotochord

* Periferni nervovy systém véetné enterickych plex

* Enterochromaffini bunky

* Melanocyty

* Kraniofacidlni vazivo, svaly a chrupavky (faryngovy aparat)
 Odontoblasty

e Dren nadledvin



NEURULACE
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Human Brain Growth

1cm

Late Fetal ——
UNSW Embryology

119

Week 4




POSTNATALNI N

Sclerotome

Notochord

Intervertebral
disc

Annulus fibrosus

Nucleus pulposus




GASTRULACE AF

3. tyden
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DERIVATY MEZO

3-4. tyden
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DERIVATY MEZ

Neural tube

Midline
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dal | Notochord Somatic
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surface
ectoderm’




DERIVATY MEZODE

Neural tube

Skin ectoderm Somite

Intermadiata

mesoderm

Endoderm Lateral plate
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Forming vertebra
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Veartabral spine

Vertabral arch
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OSTATNI DERIVATY ME

Intermediate

3-4. tyden

": :‘ki .

Lateral plate ™%
mesoderm

Notochord

Extraembryonic
mesoderm

» srdce, kardiovaskularni systém

« urogenitalni systém

« svalovy a kosterni system

« hematopoeticky a lymfaticky systém
* vazivo, dermis

* mezotel




PORUCHY VYVOJ

* Primitivni prouzek je do€asna embryonalnim struktura. Persistence primitivniho
prouzku vede k sakrokokcgyealnim teratomum.

» Selhani primitivniho prouzku naopak vede k absenci mezodermalnich struktur v
postizené oblasti - sirenomelii

- koncCetiny
- urogenitalni systém
- GIT




PORUCHY VYVOJE BE

« Pokud se vytvori dva primitivni prouzky, mohou vzniknout siamska dvojCata s
riznym stupném postizeni
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Orofaryngova

3. téyden

membrana

\
: \_. Amnion
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Primiti:vm' jamka
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https://doi.org/10.1371/journal.pone.0171180



https://doi.org/10.1371/journal.pone.0171180

Anterior

Node

Right
Fluid
current
D Monocilium
Posterior

Three pre-existing 1. AP: posterior tilt

pieces of information 2. DV: direction of protrusion

in the cilia 3. Chirality of rotation

DOI: 10.1111/j.1440-169X.2008.01008.x
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PORUCHY PRAV

* situsinversus (1:10 000) x situs solitus
* heterotaxie (situs ambiguus)

» dextrokardie

* isomerismus

situs solitus situs inversus totalis left isomerism (polysplenia)

stomach

situs inversus thoracalis  Situs inversus abdominalis  right isomerism (asplenia)




ZMENA TELNIHO PL

4. tyden

Endoderm
Amniotic cavity
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ZMENA TELNIHO PL

extraembryonalni coelom

amnion

I |
¢ umbilikalni véna

extraembryonalni
coelom

umbilikalni arterie
chorion
allantois



ZMENA TELNIHO PLAN

dutina extraembryonalniho coelomu chorion a primarni

choriove klky

cytotrofoblast s pupeny medularmi

trubice

zarodecény stvol
5 allantois

kozni pupek
extraembryonalni somatopleura extraembryonalni splanchnopleura
modra barva: ektoderm zarodku a amniova dutina

Zluta barva: endoderm zarodku, dutina Zloutkového vacku, ductus omphalomesentericus a allantois
cervena barva: extraembryonalni mezoderm



ZMENA TELNIHO PLANU

* bilaminarni — trilaminarni zarodecny tercik
» cefalokaudalni a lateralni flexe embrya

http://www.embryology.ch/anglais/iperiodembry/carnegie03.html#st710

19. den
0,4 mm
Carnegie stage 7

Zloutkovy vacek
Primitivni prouzek
Primitivni uzel
Zarodecny tercik

25. den
1,5-2,5 mm
Carnegie stage 9

1 Primitivni prouzek
2 Neurdlni valy
3 Amnion

Dorsalné

O o

1 Amnion

2a Neuralni brazda
2b Neuralni trubice
2c Kaudalni neuropor
2d Rostrdlni neuropor

28. den
2-3,5 mm
Carnegie stage 10 Ventralné

5 J20)

© o o

3 Neurdlni valy
4 Somity
5 Zloutkovy vacer
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CARNEGIE STADIA EMBRYOGENEZE

ﬁ Human Embryo - Carnegie Stages

Dr Mark Hill, School of Medical Science, UNSW AUSTRALA
https:/fembryology.med.unsw.edu.au
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JAK TO ZACALO
Andrew Carnegie (1835-1909)

ot tclince | Embryology

Carnegie Institute of Science

Carnegieho ocelarny v Pittsburgu
prodej JP Morganovi — US Steel
filantrop

1902 - Carnegie Institute in Washington
Department of Embryology

ARNEGIE
A

Andrew Carnegie Bill Gates Sam Walton Warren Buffett




BRNENSKA EMBRYOLOGIE VE 30. LETECH NA SVETOVE SPICCE

et Scéﬁgﬁ | Embryology

Franklin Mall

< R v
% 0
Urrps we®

zacatek 20. stoleti
stari embrya a jeho velikost nejsou vhodné
pro vyvojovou klasifikaci

George Streeter Jan Florian
* 1942 ,horizonty” * 1927 —unikatni popis ranych
lidskych zarodku




BRNENSKA EMBRYOLOGIE VE 30. LETECH NA SVETOVE SPICCE

International Institute of Embryology
London, 2-5 August 1938

Jan Florian
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Jan Florian 1897 - 1942

+ profesor histologie a
embryologie LF MU a
posledni pfedvalecny
dékan LF MU

» spisovatel, prekladatel a
basnik

 aktivni v protinacistickém
odboji, zastfelen 1942

Encyklopedie mésta Brna

RAUM DER NAMEN

1897 - 1942
Geboren 24.11.1897 in Brno
Gestorben 7.5.1942 in Mauthausen ‘
‘1

Jan Florian attended the First Czech State Grammar School in Brno. After gaining
is school leaving certificate he was called up to the Austro-Hungarian army and
fought on the Itallan front in the First World War. Following his return home he
began to study chemistry at the Faculty of Seiences of the Masaryk University in
Brmo. However, after only a year he transferred to the Faculty of Medicine of the
Masaryk University. His talent soon revealed itself and he became the assistant of
Professor Karel Studnizka (1870-1955) at the Histolagical Institute, At the same -
time he was working at the skin clinic with Professor Antonin Tryb (1884-1960).
After being awarded his doctorate on 16 December 1825 he stayed in the faculty
and completed his habilitaticn in just two years. Between 1930 and 1333 Jan
Florlan worked in the department of embryology at University College London
under Professor |. P. Hill. He published several scientific studies here and over
time became an internationally recognised authority in the fields of histology and
embryloay.

Sprachversionen

Druckversion

After his return to Czecheslovakia, Jan Flarian was appeinted senior lecturer at
the Medical Faculty of the Komensky University In Bratislava, where he
contributed to the creation of an independent Institute for Histology and
Embryology. Three years later he was appointed senior lecturer at the Medical
Faculty of the Masaryk University. He was already a leading and internationally
recognised figure in his fleld. On 1 January 1937 he was appointed professor, the
high paint of his academic career. In tatal he published 33 original scientific
papers, including the monograph Od prvoka k Elovéku (From Protozoa to Human
Being) (1939).

Ne. 1983 March 2, 1946

and far more than a woman of her age should have
attempted ; but she would not and, indeed, could not
eage up ; there is no respite for a farmer in war-time,
In the last year, when her head man was away ill
for months, she still managed to carry on. It wore
her out. She had served her generation in so many
ways to the utmost of her powers, that when illness
struck her, she was left with too little strength to
fight. for herself.

S0 this great-hearted woman became a War
cagualty, laying down her life for her country in the
Battle of the Home Front., G. L, EnLes.

Prof. Jan Florian

Ir is with feelings of desp regret that we have to
meord the death at the hands of the Gestapo of the
distinguished Czoch embryologist, Prof. Jan Florian,
dean of the Medical Faculty in the Masaryk Univer-
sity, Broo, on May 7, 1942, By his rescarches on
early human embryos, Prof. Florian had established
for himsell an international reputation as an embryo-
logist and had made many friends among the
anatomista in England and other allied countries,

The following notice iz contributed by his teacher
end friend, Prof. F. K. Studnitka, of the Charles
University, Prague.

During the first yvear of their oecupation of Bohemia
and Moravia, the Germans closed all the universities
and oolleges, seven in number, and subjected their
ataffs to the harshest treatment. Many of them were
sent to comcentration camps and died there; others
were executed., The Masaryk University at Brno was
especially bratally treated. The institutes were
Iooted and some twenty members of the staff were
murdersd, among them Jan Florian,

Florian was born in Brno in 1887, He served as a
conseript in the Austrian Army throughout the First
Warld War, and in 1919, when the Masaryk University
was founded, he was among its first medical students.
In 1923 he graduated M.D. and became assistant in
the Institute of Histology and Embryology. In 1928,
he was admitted Docent, and in 1933 was appointed
professor  of histology and  embryology in the
Comenius University, Bratislava, Eventually he
returned to Broo as professor in suecession to me.

Early in his career, Florian became intorested n
embryology, and with the help of Dr. 0. Bittmann
sueceeded in forming a fine collection of woll-
preserved human developmeontal material. He de-
voted himself to the study of the early stages in his
colleetion and, in papers published between 1927 and
1930, added much to our knowledge of early human
development. We need only mention here his work
on embryos Bi 1 (1927) and TF (1928) and his
redescriptions of the Fetzer embryo, with Fetzer
(1930), and the Beneke embryo, with Beneke
(1930-31).

In the years succeeding 1930, Florian, with the aid
of granta from the Rockefeller Foundation, was
enabled to spend several long periods of study-leave
at University College, London, where as honorary
mesarch assistant he continued his investigations.
He participated actively in the meetings of the
Anatomical Society and contributed several valuahble
papers to its Joewrnal, and he also collaborated with
Prof. J. P. Hill in the description of an early human
embryo (1931) and in a study of early embryonic
stages of Tarsius. He was co-author, with Prof.
Frankenberger, of a text.book of embryology, the
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first to be published in the Czech language, and
author of a popular work entitled “‘From Protomoon
to Man™ (alzo in Czech).

Florian was an excellent mathematician, and
utilizing the principles of projective geomeiry, he
perfected & method of ;,mph:.c reconatruction which
has proved of great value in the interpretation of
serial sections of embryos in which the sectional plane
is oblique to the median plane of the embryo. He
also designed an improved type of micro-manipulator,

In 1938, Florian was elected a momber of the
Institut International d'Embryologie, an honour he
greatly appreciated. In 1939, he was appointed dean
of the Medical Faculty in the Masaryk University,
but he had barely assumed the doties of the office
when, in November of that year, the universities
were cloasd by the Nazia. Florian for & while tried
to carry on with his work, and at the same time was
active in alleviating the hardships of the families of
those who had been persecuted. Eventually in
October 1941 he himself was imprisoned by the
Gestapo, at first in Brno, but at the end of January
1942 he was deported to the notorious concentration
camp of Mauthsusen, near Linz, There he was kept
in solitary confinement, tortured and finally shot on
May 7, along with seventy-six other prisonsra.

Such was the end of an ardent and noble-hearted
patriot and a gifted man of science. His death at
the sarly age of forty-five is an irreparable loss to his
beloved eountry and to the seience he did so much
to advanes. F. K. StUpNiiga.

Mr. ). H. Driberg

Tur death of Mr. Jack Herbert Driberg on February
45 will come as & shock $o his many friends and
admirers. Born in April 1888, he was educatod at
Laneing College and Hertford Cu[lol.,u, Oxford, and in
1912 joined the Uganda Administration, spending
nine years in it before he was transferred to the
Sudan Political Service, from which he was invalided
on pension in 1925. In 1923 he had written his well-
known book, “The Lango: A Nilotic Tribe of
Uganda™, and thus ostablished his claim as an
anthropologist, and, after a training in the London
School of Economics, was appointed to a lectureship
in the School of Archeology and Anthropology in
Cambridge. He held this post until the outbreak of
the War in 1939, when he resigned and volunteered
for war-work and was poated to the Near East; at
the time of his death he was concerned with Middle
East affairs in the Ministry of Information.

Driberg was a man of exeeptional ability, and on
the gound foundation of Greats at Oxford, developed
a keen sense of the right word and turn of phrase
which made hiz “People of the Small Areow™ (1830)
and “Ngato, the Lion Cub™ (1933), to mention only
two of his works, such delightful reading. As a
teacher he was inspiring, and devoted rmuch time to
helping his students. His appreciation of the value
of anthropology to administrators in the Colonial
Service, gained by his experience in Uganda and the
Sudan, did much to inspire Colonial probationers
whe attended his lectures and talled with him in his
rooms with the practical walue of the science in
rolation to their future work, and seeds were sown
in suceessive generations of probationers which to-day
are bearing fruit.

He was a good linguist and spoke a numboer of
African languages, and this, coupled with his magni-
ficent physical strength and power of endurance,

@ 1846 Nature Publishing Group
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CARNEGIE STADIA EMBRYOGENEZE
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« stafi embrya na zakladé vnéjsi a vnitni
morfologie a velikosti
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CARNEGIE STADIA EMBRYOGENEZE

« O'Rahillyho a Mullerova
(Carnegie) stadia

Carnegie Collection Embryos
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* Délky zdrodku udany v obvyklém rozmezi. Ve stadiich 9 a 10 je mirou nejvétsi délka (GL), v ndsledujicich stadiich pak délka temenokostréni (CRL)

(obr. 5-23).

Carnegie
stadium

Pocet
somiti (mm)*

Délka

Zevni charakteristika+

22

23

1-3
4-12
13 =20
21-29
30-35
-t

1,530

2,0-3,5

25-45

3050

4,0 -6,0

2.0= 10

7,0-9,0

8,0-11,0

11,0 - 14,0

13,0-17,0

16,0 - 18,0

18,0 -22,0

22,0 24,0

23,0 -28,0

27,0-31.0

Plochy zdarodeény tercik. Hluboka neurdlni brazdicka.
PFitomny I — 3 pary somitu. Zietelny hlavovy zahyb.

Embryo rovné, ¢i lehce zahnuté. Neurilni trubice vytvoie-
na v oblasti somitii, aviak Siroce oteviena v misté neu-
roporit. Je viditelny 1. a 2. par faryngovych oblouki.

Embryo ohnuté diky hlavovému a kauddalnimu zdahybu.
Piedni neuroporus se uzavird. Otické plakody a oéni
vacky jsou vytvofeny.

Objevuji se pupeny hornich kondetin. Pfedni neuropo-
rus uzavien. Dolni neuroporus se uzavira. Viditelné
jsou tfi pary faryngovych oblouki. Srdeéni hrbol
zfetelny. Usni jamky jsou pfitomny.

Embryo je ohnuté do tvaru C. Kaudalni neuroporus uza-
vien. Horni kongetinové pupeny maji tvar ploutvi.
Vyvinuty 4 pary faryngovych obloukii. Objevuji se
pupeny dolnich kon&etin. Orické vicky pritomny.
Cotkové plakody distinktni. Vyvinut zizeny ocas.

Horni konéetiny maji tvar padel. Piitomny cockové a
¢ichové jamky. Vyvinuty oéni poharky.

Wyvinuty dlanové ploténky a digitalni paprsky. Pfitomny
jsou Eo&kové vagky a vyrazné Eichové jamky. Dolni
kondcetiny tvaru padel. Jsou viditelné cervikalni si-
nusy.

Wvinuty plantarni ploténky. V reting viditelny pigment.
Vyvijeji se aurikularni hrbolky.

Zretelné digitalni paprsky v dlaiiovych ploténkach. Auri-
kularni hrbolky vyty¢uji obrysy boltce. Trup se
pocind napfimovat. Mozkové vacky jsou zietelné.

Digitdini paprsky zFetelné i v plantarnich ploténkach.
Viditelna loketni krajina. Formuji se o¢ni vitka. Mezi
digitdlnimi paprsky rukou se vytvéfeji zarezy. Zie-
telné prsni bradavky.

Koncetiny sméfuji ventrdalné. Trup se prodluzuje a déle
napiimuje. Zietelna herniace stfedniho stieva.

Horni koncetiny del$i, ohnuté v loktech. Prsty zfetelné,
ale spojené blanami. Zitezy mezi digitdlnimi pa-
prsky chodidel. Objevuje se cévni pleten skalpu.

Nohy a ruce se k sobé pribliZuji. Prsty rukou delsi a
volné, na nohou jesté propojené blanami. Ocas je
vyvinut, ale otupen.

Prsty nohou delsi a volné. Oéni vicka a usni boltce vice
vyvinuty.,

Hlava je vice zakulacena a ma lidsky charakter. Zevni
genitalie dosud obojpohlavni. Na pupecniku stale
patrny hrbol podminény fyziologickou herniaci
stiev. Ocas jiz vymizel.

+ Podle Nishimura et al. (1974), O'Rahilly a Miiller (1987) a Shiota (1991).
++ V tomto a nasledujicich stadiich lze pocet somitl stanovit jen s obtiZzemi, a proto pfestiva byt uzitenym kritériem.



VYVOJ EMBRYA

« Segmentace mezodermu

* Primitivni stfevo

» Laryngotrachealni vychlipka

+ Srdce (zacina bit 22-23. den)

» Zaklad koncetinovych pupenu

* Primarni mozkové vacky a uzavér
neuroporu

 Diferenciace neuralni liSty

» Zaklad thyroidey a adenohypofyzy

+ Zaklad ektodermalnich plakod, opticky
vacek

+ Jaterni vychlipka

» Septum transversum

PokraCuje segmentace mezodermu
Neurohypofyza

ZacCatek septace srdce

Plicni pupeny se vétvi,
pseudoglandularni stadium vyvoje plic
Rust hlemyzdé

Cockova vychlipka, nasalni plakody
Ctvrta mozkova komora

Zaberni oblouky, brazdy a vychlipky
Koncetinové pupeny rostou
Zacatek krvetvorné funkce jater
Retinalni pigment

Vyvoj derivati entodermalnich
Zabernich vychlipek (pFistitna téliska,
thymus)

Zaklad nadledvin

Srdce a plice v hrudni obalsti
Zaklady koncetin inervované,
diferenciace myoblastu

Vyvoj obliceje — maxilarni a
mandibularni vybézky, zaklad patra,
choany

telencephalon diferencuje — archicortex,
paleocortex a neocortex. Zaklad
choroidniho plexu

Rotace Zaludku

Fuze zakladu pankreatu



VYVOJ EMBRYA

 Sekrece endokrinniho pankreatu * Klouby hornich a pozdéji i dolnich kon€etin umoZzriuji rotaci
« Rast jater, vznik a luminizace vyvod * Rust prstd
» Zaklady osifikace koncetin + Stratifikace klry mozecku
* Vyvoj mozkovych jader * Analni membrana perforuje
» Herniace stfevnich klicek
* UZ potvrzeni tehotenstvi « Testes produkuiji testosteron

» Na hlavé vyvinuty nos, zvukovod, vicka, zaklad usnich boltct
» Pater - 33-34 chrupavcitych obratlt
* Embryonalni ,ocas“ vymizel



DELKA TEHOTENSTV

280 dnu (= 40 tydna = 10 lunarnich mésicu = 9 kalendarnich mésicu) od prvniho dne
posledni menstruace

266 dnu (= 38 tydnu) od oplozeni (uréuje skutecné trvani téhotenstvi)
Vypocet data porodu: Prvni den posledni menstruace + 1 rok — 3 mésice + 7 dn

FERTILIZACNI STARI
oplozeni
0 3tydny 8 tydno 38 tydna

0dOd

3.trimestr

B=

0 40 tydnd
zatatek posledni
menstruace MENSTRUACNI STARI

] ]

preembryo embryonalni obdobi fetalni obdobi



VYVOJ PLODU

60-70mm, 150 g

130mm, 450 g

* Rychly rast

* Plod polyka plodovou vodu — nezbytné pro dalSi vyvoj GIT . Osifikace skeletu

* Rychly rust hlavy (nepomér k velikosti t€la) . Rust obliceje, viditelna mandibula
» OCni vicka srustaji + Zevni genital zfetelny

» Osifikacni centra patrna UZ - Seda zona hranice viability (22-24tt)
* Vyvoj zevniho genitalu

» Ledviny tvofi mo¢€, ostatni organy zacinaji fungovat
+ Kosterni svalstvo je inervované
* V pupecniku pfetrvava fyziologicka hernie, ve 12. tydnu repozice stfevnich klicek



160-200mm, 500- 300mm, 800-900.g 400mm, 2000g

* Rdst koncetin » Oteviraji se vitka » Akumulace podkozniho tuku
* Matka citi pohyby plodu » Vrascita kGze s prosvitajicimi kapilarami i na koncetinach

* Vernix caseosa, tvofi se lanugo « Zacina se tvofit podkozni tuk + Hladka, ¢ervena klze

+ Viditelné kratké vlasy, fasy « Dalsi rast vlasu * Znaky zralého plodu

* Plod reaguje na zvuk a pozdéjii na svétlo < Zrani organovych soustav
* Plice zacinaji tvofit surfaktant
Hranice viability 25tt (plna péce)

L




HASSEHO PRAVI

HASSEHO PRAVIDLO
(urCovani stafi plodu na zakladé jeho délky — uziva se v soudnélékarské praxi)

3. — 5. lunarni mésic: délka plodu v cm = druha mocnina prislusného mésice
6. — 10. lunarni mésic: délka plodu = pétinasobek poétu mésicu

Lunarni mésic Délka plodu [cm]

4 16




ZNAKY ZRALEHO NOVORO

Donosenost — vztahuje se k délce téhotenstvi (menstruacni stari)

nedonoseny (do 37 tydnu)
donoseny (38 — 40 tydnU)
prenoseny (déle nez 42 tydnl) (mekoinum v plodové vodé)

Zralost — vztahuje se ke stupni vyvoje plodu: zraly X nezraly

ZNAKY ZRALOSTI PLODU

Hlavni:

délka (50 - 51 cm),

hmotnost (obvykle kolem 3500 g, fyziologické rozpéti 2500 - 4000g),

rozmeéry hlavicky,

chlapci - varlata sestoupla v Sourku, divky - labia majora prekryvaji labia minora

Pomocné:

plod je eutroficky, je vytvoren podkozni tuk,

k(ize neni modra (neni cyandéza), lanugo je pritomno jen ve zbytcich na raminkach a
zadech,

jsou vytvoreny rasy a oboci, vlasy jsou dlouhé nékolik centimetrt, nehty presahuji okraje
prstu,

lebecni kosti jsou tvrdé, velka a mala fontanela jsou hmatné a navzajem oddélené,
novorozenec kfic¢i a pohybuje se (APGAR)



ZNAKY ZRALEHO NOV

Pri¢éné rozmeéry:

Diameter bitemporalis — 8,00 cm

(spojnice nejvzdalenéjSich mist na sutura coronaria)
Diameter biparietalis — 9,5 cm

(spojnice stfedul tubera parietalia)

Diameter bitemporalis

Diameter biparietalis



ZNAKY ZRALEHO NOVOR

Sikmé rozméry:
Diameter frontooccipitalis — 12,0 cm (spojnice stfedu Cela a nejvzdalenéjSiho mista zahlavi)
circumferentia frontooccipitalis — 34,0 cm

Diameter suboccipitobregmatica — 9,5 cm (spojnice protuberantia occipitalis externa se stfredem
velke fontanely)
circumferentia suboccipitobregmatica — 32,0 cm

Diameter mentooccipitalis — 13,5 cm (spojnice stfedu brady a nejvzdalenéjSiho mista zahlavi)
circumferentia mentoocipitalis — 35 - 36 cm

Diameter biacromialis — 12,0 cm, circumferentia biacromialis — 35 cm
(vzdalenost akromion — akromion)

Diameter frontooccipitalis Diameter suboccipitobregmatica

\ . 5%, TN : Diameter

mentoooccipitalis




ULOZENI PLODU V DELOZ

1. POLOHA (SITUS) = vztah podélné osy téla plodu k podélné ose délohy

» podélna: (99 %) osy rovnobézné (hlavickou nebo koncem panevnim kaudalné)
* pficna: (1 %) osy kolmé

* Sikma: nestala, prejde v polohu podélnou nebo pfichou

2. POSTAVENI (POSITIO) = vztah zad (hibetu) plodu k hrané dé&lozni

* prvni = levé (zada vlevo — 2x Castéjsi)

» druhé = pravé (zada vpravo)

* prvni obyCejné (zada vlevo vpredu) - prvni méné obyCejné (zada vlevo vzadu) - druhé
obyCejné (zada vpravo vzadu) - druhé méné obycCejné (zada vpravo vpredu)

3. DRZENIi (HABITUS) = vztah &asti plodu k sob& navzajem

» pravidelné = hlavicka a koncCetiny jsou flektované, horni koncCetiny jsou zkfizeny na
hrudniku, dolni konCetiny jsou flektovany a pfitistény k bfiSku tak, aby plod zaujimal co
nejmensi objem

* nepravidelné = kazdé jiné

4. NALEHANI (PRAESENTATIO) = ¢&ast t&la plodu, ktera naléha na panevni vchod
 zahlavim (nejCastéji)

» temenem, Celem nebo tvari (1%)

« zadeCkem a chodidly (pfi poloze podélné koncem panevnim)

* trupem, ramenem (pfi poloze pricné)



POLOHA PLODU V DE

podélna zahlavim

- 4

podélna koncem panevnim pricna

X /ﬁ%@%

Sikma




POSTAVENI PLODU V

2. OBYCEJNE

,PRAVE* .
S

(
\
zada vpravo vzadu \

ROP

0:~ht occipitoposterior

Posterior

Anterior

2. MENE
OBYCEJNE

. —ROA
Right occipitoanterior

(iq

Y

LOP
Left occipitoposteric

Left occipitoanterior

Lie: Longitudinal or vertical

Presentation: Vertex
, . Reference point: Occiput
zada vpravo vpredu Attitude: General flexion

1. OBYCEJNE
LEVE"

zada vlevo vzadu

1. MENE
OBYCEJNE

zada vlevo vpredu



DRZENi A NALEHANI

DRZENI

nepravidelné (vSe ostatni)

pravidelné
NALEHANI

zahlavim predhlavim celni oblicejem




FYZIOLOGICKE ULOZ

« POLOHA PODELNA HLAVICKOU
« POSTAVENI PRVNIi OBYCEJNE
« DRZENIi PRAVIDELNE

« NALEHANI ZAHLAVIM




SEZNAMENI S TERA

* Vrozena vyvojova vada — v dusledku
abnormalnich udalosti béhem vyvoje

* Genetické (vrozené) i negenetické (vnéjsi) priciny

« Teratogeny

» Kiriticka obdobi béhem vyvoje

- Zivotni styl (alkohol, kouFeni, drogy) pre-embryonic e _
X7 Xt ~ petlod (cleava’ge (tissues ;)r:d orgp:nsform) Fetal period (gth,
* InfekEni onemocnéni (zardénky, HIV, shd Kplaiegtion) Weeks 3.8 Week 9-bith
toxoplazmoza) 2 3 4 5 6 7 8 9 16 20-36 38

* Nedostatek nebo nadbytek kliCovych latek
(kyselina listova, x retinoidy)
« Chronicka onemocnéni (léky)

a0Q2RG
333598

Iy

\«’

{

z

Exposure to a Exposure during the
harmful agent embryonic period can = x
during the produce the most [ External genitalia I

pre-embryonic severe birth defects.

period may cause

spontaneous Harmful agents cause

abortion minor birth defects
Harmful agents cause
major birth defects




SEZNAMENI S PRENATA

» Mezioborova péce — biochemie, genetika, gynekologie a porodnictvi,
neonatologie — soucast fetalni mediciny

* Odhaleni rizikovych téhotenstvi a umoznéni preventivni i terapeutické péce

» Prevence narozeni déti s tézkymi poruchami vyvoje VVV
« Umoznéni narozeni geneticky rizikovych deti
« Planovani a zajisténi klinické péce

Jiné vrozené vady

. , , Vroz?né vady ) (QB80-Q89) chr::-,r::;:::éit[)(rggo. ne:\:zzzn:o:asf:vy
« Genetické poradenstvi svalové s kosterni 43 as9) (00-a07)
- Biochemicky a ultrazvukovy screening are) b "
- Karyotypizace a DNA diagnostika Vo omeie 8
« Klinicka diagnostika rozene vy B
(Q60-Q64)

5%

Vrozené vady

. . Vrozené vady obéhové soustavy
b I nd I kaCe . pohlavnich organi (Q20-Q28)
(Q50-Q56) 29%

- vyskyt VVV v rodinné Ci osobni anamnéz ™
- pozitivni screening v I. nebo Il. trimestru

Jiné vrozené vady
Rozitép rtu a

- abnormalni nalez na UZ S rozstep patra (035 dgane: souctavy
v o Q37) .
- vék (nad 35 let) RO

CR 1994-2008



GENETICKE PORADENS

« Zajisténi anamnézy
- Prekoncepéni poradenstvi /./ +60 let, ca?

« Vysvétleni vysledku vySetfeni, pficin, klinickych
projevdl a moznosti fedeni &i—# i ﬁ
+41 let 39 let, ca 2x CRC 40-50 let

* Minimalizace rizika opakovani choroby

« Sdéleni diagndzy a podani informaci pro svobodné e
rozhodnuti pacienta é 6

« Zajisténi pfesné diagnozy a vyhodnoceni rizika +ea? ve 14 letech 4

« Zajisténi pécCe v téhotenstvi i nasledné péce "
O] s :;rl;;l:iortikélni i ;:‘::::‘#PS%

Snatek nebo svazek ca, TP53+
O  zens

O MNeznamé pohlavi E':(:)
] Podet déti ]
@ oznacengho pohlavi Monozygotni dvojcata

ca jicnu plic

Rozvod

Konsanguinita

. . Postizeny i i .
Dizygotni dvojéata . . ,
[}
[EI (D Ne;;e;etruiigri pmnaée& - Nedlre ktlvnl
na manifestace chorol g i w rd w V4 ré r -
e ?()  Dvoicata s neznémou zygozitou « Veskera vysetieni a zakroky jsou
Obligatorni pfenaed, ”
EI @ nezixg-nanilelnsxace choroby 1 2 Rodokmen dObI'OVOl ne
. 5 ofislovanymi
Proband generacemi
/F 1 1 2 3 a jedinci
JZ'[ Zemiely jedinec el
@5 Mrtvé narozends dité A Fotrat

[|:|] Adoptovany do rodiny E}IO Zadné potomstvo

[(5] Adoplovany z rodiny D%D Mékolik svazki



BIOCHEMICKY SCREENIN

* Neivanzivni
- Odhaleni rizikovych té€hotenstvi — chromozomalni aberace a rozStépové vady
- Screening neni diagnostika — dalSi vySetfeni (aminocentéza, karyotyp, UZ)

« Kombinované vysetreni v 11-13. tydnu

- chromozomalni aberace — Down: 47,XY,+21, Edwards: 47,XY,+18, Patau 47,XY,+18
- UZ - stanoveni Sijového projasnéni (nuchalni translucence, NT)

- PAPP-A, hCG (hodnoty v nasobcich medianu, MoM)

- algoritmus vypoctu zahrnuje vék matky

- vystup: screening pozitivni vs. negativni (hranice 1:100)

Abnormal

* \ySetfeni v 14-16. tydnu (, TRIPLE test")

- Relativné nizka senzitivita a specifita (50-60%),a naopak vysoka faleSna pozitivita (70%)
- AFP, E3, hCG

- chromozomalni aberace, poruchy uzavéru neuralni trubice, defekty bfisni stény



INVAZIVNI DIAGNOSTIKA

 Amniocentéza | 2 \ YV .l f’ ¥4 ji
- 16-20. tyden i H n ||
- Odbér plodové vody pod kontrolou UZ ; . , )
- Kultivace buneék, karyotypizace 1
- Risk 0,5-1% : £ w4 $a F3 4
(@ RIEER R

» Biopsie choriovych KlIku & 2 g s oy
- 10.-13. tyden
- Karyotypizace, molekularné-genetické vySetreni u “ §d il i
- Risk 0,5-1% u - '

’ 13 14 15 16 17 18
« Kordocenteza i 8% s N
- 22.tyden e > . 1!
- Odbér vendzni pupecnikové krve X

- Nyni zejména diagnostika a terapie krevnich onemocnéni
(anemie, infekce), ev. diagnostika v pfipadé viceCetnych
téhotenstvi

- Risk 1%

» Fetoskopie

- Transabdominalné (dfive transcervikalné)
- Vizualizace a biopsie plodu

- Risk 3-10%, provadi se vyjimecné




ULTRAZVUKOVA DIAGN

« ©6-8. tyden
- potvrzeni téhotenstvi, srdeCni akce
- pocet plodu

* 13-14. tyden (kombinované vySetreni)

- nuchalni translucence (risk > 3 mm)

- nosni kustka (je x neni), pfipadné dovysSetfeni dalSich minor markert (omfalokéka, trikuspidalni
regurgitace, abnormality prutoku ductus venosus, zvétseni moCového méchyre-megavesica)

- velikost plodu

. 20-22. tyden

- podrobné vysetieni

- biometrie plodu (biparietalni primér, obvod hlavi¢ky, délka femuru)

- hlava a CNS (tvar, dutina v septum pellucidum, komory, mozecek, cisterna magna), obliCej (ret+horni a
dolni Celist, nos, orbity, profil), srdce (akce, velikost, osa, 4-dutinova projekce, vytokové trakty, ...), hrudnik
(patologické struktury), bfiSni dutina (zaludek, stfevo, ledviny, moCovy méchyf, upon pupecniku, pocCet cév
v pupecniku), patef, konCetiny v€etné ruky a chodidla

- placenta, mnozstvi plodové vody

« 30. tyden

- poloha a velikost plodu
- placenta (vylou€eni placenta praevia)



POKROKY MOLEKU

Cell-free DNA in placenta Cell-free DNA in maternal plasma

Maternal DNA

4

* Analyza mimobunécné fetalni DNA v matefském
Red blood cell krevnim obéhu

&L « 0Od 12. tydne
oy Fetal DNA « Masivni paralelni sekvenovani (Next-Gen
l Sequencing)

Monogenic disorders Aneuplcidies » Bézné aneuploidie (trisomie 21,13,18)
s . v v 7
RHD Massively parallel sequencing of total 1.3 Monogenne pOd minene ChorOby
DMNA present in maternal plasma 1.0
- - -
1.1 3
od--- -
Conventional or real-time PCR using 1.
primers to genes unique to the fetus 0.9+
and not present in the mother
084 Chr1
l Alignment of sequencing reads
to human genome sequence
and determination of relative
chromosome representatian
% Detection of aneuploidy
e.g. trisomy 21
ROV o e
o
Detection of PCR products R - = = =
corresponding to fetal-specific SOP-MS NEINVAZIVNI DETEKCE ANEU ]"LOIDII CI-IRON!OZOMU 13,18 ,§ 21 pomoOcCi
genes such as RHD MULTIPLEX PCR A MASIVNIHO PARALELNIHO SEKVENOVANI (MPS)
WL SC chouw ,, CE ni pro provedent tohot Setfeni v zemich ELL splije zakladni ¢
iy IVD 98/ 79EC p i
VYSLEDEK VYSETRENI:
Shriniozom Stav Fetdlni Piedpokladané
frakee pohlavi plodu
13 normalni
18 normalni 7,1 % zenské
21 normalni
ZAVER:
Analyzou volné fetdlni DNA cirkulujici v krvi t&hotné nebylo zjisténo zvyiené riziko
aneuploidie chromozomi 13, 18 a 21.

Komentdi: doporuéujeme genetickou konzultaci.
Puzr,: Pri patologickém ndlezu je vysledek nutné ovéfit nékterym z invazivnich postupi (napf. odbér plodové vody,
choriovich klkil, kordacentéza s ndslednou QF-PCR analyzou nebo stanovenim klasického karyotypu apod.).
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