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Klonovani je podle bézné definice vytvareni nového
jedince geneticky identického (shodného) s predlohou.
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Chemical or electrical
‘shock' kick starts
development

‘I can’t really imagine
cloning taking off..."
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Vyvoj oocytu
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RUst oocytu

Pomaly, u ¢lovéka nékolikamésicni proces

100x zvétSeni objemu — akumulace organel a molekul davajicich vajicku

schopnost podporovat vyvoj embrya az do okamziku ziskani autonomie
(asi 10° mitochondrii oocytu podporuje vyvoj embrya aZ do stadia blastocysty)

Intenzivni transkripce - akumulace
MRNA v dormantnim stavu

PIné vyrostly oocyt —~2,5 ng RNA

Intenzivni translace — mnoho protein{ (velmi omezené znalosti)
Priklad: ZP1, ZP2, ZP3 — proteiny zona pellucida
PIné vyrostly oocyt —~120 ng proteinu

Transkriptom a proteom — podminuji unikatni vlastnosti oocytu



Epigenetické zmény odehravajici-se béhem rlstu

Reaktivace X chromozomu
e somatické bunky — jeden X chromozom inaktivovan hypermetylaci cytozin(
v molekule DNA

e rostouci oocyt — oba X chromozomy aktivni (nutné pro vyvoj oocytu — karyotyp
45, X0 ma za nasledek abnormalni vyvoj ovaria)

Genomicky imprinting

e epigenetickd modifikace autozomalnich chromozom vedouci
k monoalelické expresi genll - umoznéna aktivitou enzymu DNA
metyltransferazy &

e PGC jsou globalné demetylovany

e béhem rlstu oocytu dochazi k novému ustaveni imprintingu (asi 40 gena)

Abnormality v imprintingu mohou byt ddvodem spontdnnich abortd pfi asistované reprodukci
(in vitro manipulace s gametami a embryi muzZe vést k abnormalitdm v imprintingu)
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Carlson: Human Embryology and Developmental Biology, 4th Edition.
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Hormonalni regulace
ovarialniho cyklu
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Casna embryogeneza — Druhy tyden

Ukonceni implantace + DalSi embryonalni vyvoj

Cytotrofoblast

» Mitoticky se délici buriky (jedna vrstva)
e Zdroj bunék syncytiotrofoblastu

Trofoblast

¢ Pokracujici invaze do endometria
¢ Destrukce kapilar a Zlazek
¢ Pohlcovani apoptotickych bunék (Fas/Fas ligand)

Syncytiotrofoblast

e Flzované buriky (nédélici se, mnohojaderné)
Lakuny e Produkce hCG (stimuluje CL)
trofoblastu
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» Organogeneze a vyvoj tkani
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Hensen's node
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v celém embryu, ventralizace endo- a mesodermu
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V budoucim notochordu, primitivni jamce,
prechordalnim mesodermu

Inhibuji BMP-4

Neuralizace ektodermu a vyvoj predniho a
stfedniho mozku

Kaudalni neuralni struktury — zadni mozek a micha



KLONOVANI A EXPERIMENTALNI EMBRYOLOGIE



Epigeneze nebo preformace?

Willilam Harvey

ex ovo omnia

Antonie van Leeuwenhoek

spermatozoa ¢
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Nicolas Malebranche

embryos ad infinitum i




Hans Adolf Edward Dreisch
1885 — Kazda z bunék raného embrya muze dat vznik celému organismu

JEZOVKA
NenaroCny organismus, velky oocyt i embrya
vyborny model pro studium vyvojove biologie

Hypotéza: vyvine se z disociovanych bunek raného,
dvoubunécného embrya prislusna Cast téla jezovky?



Hans Spemann
1902 — Funguije to i obratlovcu!

MLOK

Embrya mloku ,drzi mnohem vice pohromadé nez embrya jeZovek.

Experiment: Blastomery mechanicky rozdeleneho dvoubunécného embrya umoznuji
vyvoj normalni embryonalni vyvo.

Ale rozdéleni pozdejSiho embrya, neni
zdaleka tak uspésné.

Bunky rozdélenych embryi se mohou
vyvijet pouze do urcCitého stadia
embryogeneze




Hans Spemann
1928 — Embryonalni vyvoj kontroluje bunécné jadro

MLOK

Ligaci oocytu dochazi k vyvoji pouze v oblasti s bunécnym jadrem

Navrat jadra do puvodni oocytarni cytoplazmy a jeho odskrceni v 8-bunééném
stadiu indukuje vyvoj samostatného embrya

Jadra bunék do 8-bunécného stadia @
jsou vyvojove totipotentni

1938 — prvni idea klonovani: ,fantasticky experiment” Hanse
Spemanna nahrada jadra oocytu jadrem jiné somatické bunky
a nasledny vyvoj embrya
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Robert Briggs a Thomas King TRANSPLANTATION OF LIVING NUCLEI FROM BLASTULA
1952 — Prvni Uspé&ny prenos jadra CELLS INTO ENUCLEATED FROGS' EGGS*

By RoBERT BRIGGS AND THOMAS J. KING

InstITUTE POR CANCER RESEARCH AND LANKENAU HOSPITAL RESEARCH INSTITUTE,
PHILADELPHIA, PENNSYLVANIA

ZABA (Skokan leopardi, Rana pipiens)

Prenos jadra z zabiho embrya do
enukleovaného oocytu

V pfipadé ranych donoru, byla
uspésnost normalniho vyvoje pulct
vysoka. Jadra starSich donort zdaleka
tak uspésna nebyla — prezivajici pulci s
vyraznymi vyvojovymi abnormalitami

Endodermalni jadro embrya ve stadiu embrya neumoznuje normalni vyvoj



1930 — nova laboratorni hvézda

Drapatka vodni (Xenopus laevis)

Vysoka citlivost na FSH a LH
Rezistence k chorobam
Snadny chov

Vyborny embryologicky model




John Gurdon
1952 — Prvni uspesny prfenos jadra somatické diferencovaneé burky

ZABA (Xenopus laevis)
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Rana swimming tadpoles
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Heart beat Swimming

% Blastulae developing normally

Blastula| Neurula
Gastrula Tailbud
Developmental stage from which nuciei were taken

Samotna oocytarni cytoplazma umoznuje preprogramovani jadra pouze do urcitého stadia vyvoje



John Gurdon
1952 — Prvni uspesny prfenos jadra somatické diferencovaneé burky

ZABA (Xenopus laevis)

Jadro somatické determinuje fenotyp vyvijejiciho se zarodku

| diferencované, somatické bunky
z pIné vyvinutého organismu
obsahuji veSkerou genetickou
informaci nezbytnou k Uspésnému
embryonalnimu vyvoji




Pro spravny embryonalni vyvoj jsou
nezbytné geny exprimované pouze
béhem rané embryogeneze

Oocytarni cytoplazma umoznuje
preprogramovani jadra pouze do
urcitého stadia vyvoje
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embryo-soma epigenetic
barrier
reprogramming Lo totipotency (prevents revision)
(blastomere nuclear transfer)
relatively efficient and error-free
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fertilization

reprogramming to pluripotency
(iPS generation or cell fusion)
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(somatic cell nuclear transfer)
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Kmenové bunky se lisi ve schopnosti diferenciace

Totipotence

- V8echny bunky téla v€etné extraembryonalnich tkani

- Zygota a rana stadia

Pluripotence

- VSechny buriky téla s vyjimkou trofoblastu

- Blastocysta — Inner cell mass - ICM (embryoblast)

Multipotence

- RUzné bunécéné typy v ramci tkané

- Mesenchymalni SC, hematopoietické SC

Oligo- a unipotence

- Jeden nebo nékolik bunéénych typl — hematopoietické burky, tkanoveé
prekurzory (obnova epitelt apod.)

Mast-CFC

U R
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http://imww.embryology.ch/anglais/evorimplantation/furchung01.html



Indukovane pluripotentni kmenove bunky maji
vlastnosti embryonalnich kmenovych bunek
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J. Derek Bromhall
1975 — Prvni savCi embryo vytvorene prenosem embryonalniho jadra

/ 0
(0(-;0,'.‘
KRALIK W,
pfenos jadra a embryonalni vyvoj do stadia moruly ' ® %
Bromhall v experimentu nepokracoval .
C ) (9
\ / /
~ > o o=~ / . .;:,.'..1
L= }:' Rez

Steen Willadsen
1984 — Prvni narozeny savec vytvoreny prenosem embryonalniho jadra

OVCE

separace bunék z 8-bunécného embrya
fuze s enukleovanym oocytem
embryotransfer a narozeni tfi jehfat




Neal First, Randal Prather, Willard Eyestone
1987 — Dalsi uspésné experimenty s pfenosem embryonalnich jader

KRAVA
Wilandsenova technika pfenosu embryonalnich jader

telata ,Fusion“ a ,Copy"

pouziti somatickych jader v savCim klonovani povazovan stale za nemozné



lan Wilmut a Keith Campbell

1996 — Prfenos jader embryonalnich bunék kultivovanych in vitro a vznik
Zivatoschopnych zvirat

OVCE , _
zdroj jader - ov¢i buriky kultivované in vitro 6-12 pasazi o gline BB
indukce klidové GO faze absenci ristovych faktort v meédiu k "ﬁ

- QEDW 4 Megan a Morag
hypotéza: klidovy stav bunék umoznuje
efektivni reprogramovani a vyvoj @

zaver: nejen totipotentni ale i diferencované nebo modifikované bunky mohou slouzit
jako donory jader pro vznik zvifat se specifickym genotypem nebo dokonce jeho
modifikaci (produkce insulinu v miéku)



HELLO DOLLY!

lan Wilmut a Keith Campbell

1996 — Pralomovy experiment — uspésny pfenos jader somatickych bunék

OVCE
prenos jadra vysoce diferencované
somatickeé buriky, mammarniho fibroblastu

modifikovaného chromatinu

433 oocytu
277 uspésnych fazi ¥

29 zivotaschopnych embryi J /
1 Dolly O

nutné reprogramovani epigeneticky vysoce @



Viable offspring derived from
fetal and adult mammalian
cells

1. Wilmut, A. E. Schnieke", J. McWhir, A. J. Kind*
& K. H. S. Campbell

Roslin Institute (Edinburgh), Roslin, Midlothian EH25 9PS, UK
* PPL Therapeutics, Roslin, Midlothian EH25 9PP, UK

Table 1 Development of embryos reconstructed with three different cell types

No. of fused No. recovered No. of morula/ No. of morula No. of pregnancies/ No. of
couplets from oviduct blastocyst or blastocysts no. of recipients live lambs
Cell type (%%)* (%) No. cultured (%) transferredt (%) (%)t
Mammary epithelium 277 (638)° 247 (89.2) - 29 1.7y 29 1/13(77) 1(3.4%) |
Fetal fibroblast 172 (84.7)° 124 (86.7) - 34 (274)° 34 4/10(40.0) 2 (5.9%)
24 13 (54.2F° 6 1/6 (16.6) 1(16.6%)8
Embryo-dernived 385 (82.8)° 231(85.3) - 90 (39.0)° 72 14/27 (51.8) 4 (5.6%)

92 36 (39.0)" 15 1/6(20.0) 0
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Angelika Schnieke, Keith Campbell, lan Wilmut
1997 — jaderny prenos geneticky modifikovanych bunék

OVCE —— o v
lidsky Faktor IX " B o
l m‘b’/x Gene, l IX - IXa
/”‘ L vm-i Villa
.” \;» Xa
— g =) | i

PDFF =% ~ (D —
poll dorset fetal fibroblasts :\ |
lipofekce DNA faktor IX "u o

82 embryii

5 embryotransferu
3 zivotaschopna jehnata

Polly




1998-99 — klonovani ruznych savcu

Mysi, kozy, mufloni, gaur

plany na klonovani ohrozenych i
vyhynulych zvirat



Li Meng, John Ely, Richard Stouffer, Don Wolf
1997 — prvni primat po pfenosu jader embryonalnich bunék

MAKAK RHESUS
subhumanni experimentalni model
29 klonu, 2 zivotaschopni makakové

dosud jedini klonovani primati

Netisa Ditto.

neobycCejna obtiznost uspésného -
prenosu jader a embryonalniho vyvoje @

-
-
-~




Vol 436)4 August 2005 natre

Hwang Woo-Suk
2005—prvn|'k|onovany pes BR'EF COMMUNICAT'ONS

Dogs cloned from adult somatic cells

Two Afghan pups could help to unravel the genetics behind the assorted traits of other canine breeds.




Hwang Woo-Suk Patient-Specific Embryonic
2005 — prvni klonovana lidska embrya Stem Cells Derived from
Human SCNT Blastocysts

Woo Suk Hwang,”** Sung Il Roh,? Byeong Chun Lee,’

Sung Keun Kang,! Dae Kee Kwon,? Sue Kim," Sun Jong Kim,?
Sun Woo Park,’ Hee Sun Kwon,' Chang Kyu Lee,? Jung Bok Lee,?
Jin Mee Kim,? Curie Ahn,* Sun Ha Paek,* Sang Sik l::hilng‘.5
Jung Jin Koo,® Hyun Soo Yoon,® Jung Hye H‘l.ll.ﬁ\ng,,E
Youn Young Hwang,® Ye Soo Park,® Sun Kyung Oh,* Hee Sun Kim,*
Jong Hyuk Park,” Shin Yong Moon,* Gerald Schatten™®

Patient-specific, immune-matched human embryonic stem cells (hESCs) are
anticipated to be of great blomedical importance for studies of disease and
development and to advance clinical deliberations regarding stem cell trans-
. plantation. Eleven hESC lines were established by somatic cell nuclear transfer
(SCNT) of skin cells from patients with disease or injury into donated oocytes.
These lines, nuclear transfer (MT}-hESCs, grown on human feeders from the
same NT donor or from genetically unrelated individuals, were established
at high rates, regardless of NT donor sex or age. NT-hESCs were pluripotent,
chromosomally nomnal, and matched the NT patient’s DNA. The major histocom-
patibility complex identity of each NT-hESC when compared to the patient's
own showed immunological compatibility, which is important for eventual
transplantation. With the generation of these NT-hESCs, evaluations of ge-
netic and epigenetic stability can be made. Additional work remains to be
done regarding the development of reliable directed differentiation and the
NT-hESC2 NT-hESC-3 NT-hESC-2 NT-hESC-3 elimination of remaining animal components. Before clinical use of these cells
G can occur, preclinical evidence is required to prove that transplantation of
differentiated NT-hESCs can be safe, effective, and tolerated.




Hwang Woo-Suk

2004-2005 — pOdVOd St( This article has been retracted

Published Cnline May 19 2005

Unor 2004 Tym Dr. Hwang Woo-
suk's zvérejnil Uspésné vytvoreni 30
klonovanych lidskych embryi a
hESCs

Kvéten 2005

bunécéné linie kmenovych bunék z
koznich bunék 11 lidi

Listopad 2005 Hwang pfiznava a
omlouva se za nedobrovolné odbéry
oocytl

15 prosince 2005

jeden z ¢lend tymu udava, ze
vyzkum z roku 2005 je
manipulovany

23 prosince 2005

Nezavisly akademicky panel zjistuje
zasadni manipulaci s vysledky z
kvétna 2005

10 ledna 2006 Panel zjistuje zZe i
prace z roku 2004 je zfalSovana

Science 17 June 2005:

Wal. 308 no. 5729 pp 17771783
DOl 10.1126/5cience 11122856

REPORT

Patient-Specific Embryonic Stem Cells Derived from Human SCNT

Blastocysts

Woo Suk Hwang' =<, Sung Il RohZ, Byeong Chun Leel, Sung Keun Kang!, Dae Kee Kwor, Sue Kim-,
Sun Jong KimZ, Sun Woo Park., Hee Sun Kwonl, Chang Kyu Lee2, Jung Bok LeeZ, Jin Mee KimZ, Curie AhnZ,

Sun Ha Paek?, Sang Sik ChangZ, Jung Jin KooZ, Hyun Soo Yoon2, Jung Hye HwangZ, Youn Young HwangZ,

Ye Soo ParkZ, Sun Kyung Oh%, Hee Sun KimZ, Jong Hyuk ParkZ, Shin Yong Moon2, Gerald Schatten’-

+ | Author Affiliations

- To whom correspondence should be addressed. E-mail: hwanaws@snu.ac kr (W.S.H.); aschatten@pdc. magee. edu

(G.5.)
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Shoukhrat Mitalipov
2007 — jaderny pfenos somatickych bunék primatu

MAKAK RHESUS

experimentalni medicina

< 5
A\
- antee =



Shinya Yamanaka

2006 — senzace stoleti
Indukované pluripotentni kmenoveé bunky (IPSc)

<

| prize 2012

Nobe

- dospéla diferencovana burika (fibroblast) je dediferencovana do pluripotentniho stavu (reprogramovana)

- Diferenciace do Zzadaného bunécného typu

- regenerativni medicina, bunécna a genova terapie

Sox2 Growth factors
Oct3/4 Chemicals
KIf4

c-Myc ogoo Supx:girtll;\ cells
O
— 0 o=

Reprogramming Differentiation

Fibroblasts iPS cells

Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors

Knzutoshi Takahashi' and Shiya Yamanaka'
y ohogy, Irethute kv Fron




Fibroblast Neuron and Neural Hepatocyte Definitive Cardio- Cardiac iPSC
Glial Cell Puasnnor and




Shoukhrat Mitalipov

2013 — vytvoreni lidskych embryonalnich kmenovych bunék somatickym
jadernym prenosem

CLOVEK

prenos jader somatickych (koznich) bundk

do enukleovaného oocytu @

vznik linii hRESCs .
2% @

experimentalni medicina, IéCba p @\@)

mitochondrialnich poruch v



Haruko Obokata

2014 — nova senzace stoleti
Stresem Indukované pluripotentni kmenové bunky (STAP)

ARTICLE

doi:10.1038/naturel2968

ersion of
tency

, Jartin P. Vacanti'®, Hitoshi Niwa®, Masayuki Yamato’

Haruko Obokata*#, Teruhiko Wakayama®t, Yoshiki Sasai®, Koji
& Charles A. Vacanti'

- indukce plurinotence v somatickvch bunkac ténd vvstavenim bunék stresovému prostredi

a
Lymphocyte FA . do d7
fraction sorti Centrifugation Plating _—+— S
- — —_— — k3 " b=
Yot Remove
Spleen Mpamaan - DMEM/F12 medium
pH 5.7 Resuspend in

(Oct4-gfp) 37 oC' 25 min medium (827+L|F)
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