FERTILIZACE
A
EMBRYOGENEZE

_RNDr. Jakub Neradil, Ph.D.
Ustav experimentalni biologie
Prirodoveédecka fakulta MU




Program prednasky:

meidza a gametogeneze

mechanismy fertilizace

casna embryogeneze

hybridi a chiméry



Zpusoby rozmnozZovani eukaryot

Nepohlavni rozmnozovani

« potomstvo geneticky identické s rodiCovskym
organismem

Pohlavni rozmnozovani

» pivodni kombinace gentl zanikaji a vznikaji
nove — kazdy organismus je geneticky
jedinecny

» kompetitivni selekcni vyhoda pro organismy v
nepredvidatelne variabilnim prostredi
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« dveé po sobe jdouci déleni:
I. meiotickeé (heterotypickeé, redukcni)
I1. meiotické (homeotypické, ekvacni)

Geneticky vyznam meiozy:
 redukce poctu chromozomd pri tvorbé pohlavnich
bunek

« nahodna segregace chromozomd - v gametach 2"
(223 = 8.388.608) moznych kombinaci chromosom(

« parovani homologickych chromosomd, které umoziuje
crossing-over a tim i rekombinaci genll
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Schéma kombinace
chromozomul v gametach

« pocet kombinaci 2"

tfi pary homolognich
chromosomi

materské

otcovské

duplikace a nezévislé
usporadani matefskych a otcovskych
homologi b&éhem meiozy

0008

mozné gamety
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Stadia meiotického dé

Premeioticka interfaze

« Meioza I
profaze I: leptotene
zygotene
pachytene
diplotene
diakineze

metafaze I, anafaze I, telofaze I

« Meidza II:
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ZYGOTENE

PACHYTENE

DIPLOTENE
+
DIAKINESIS

prophase |

_| completion

"} of meiosis | and

entire meiosis

profaze II, metafaze II, anafaze 11, telofaze II



(A) Metaphase plate in mitosis;
homologous chromosomes act
independently

. &
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(B) Metaphase plate in meiosis;

homologous chromosomes pair
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Tvorba bivalentt a crossing-over
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centromere
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Chromatidy v pribéhu I.profaze

LEPTOTENE PACHYTENE

paternal _Chromatid M@&

sister assembling

chromatids _ central region of_—
_Chromatld 2 Synaptonema|

complex

— chromatid 3 Wf\b\w/&q

disassembling
protein axes
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sister ﬂm \‘\m"“
chromatids| chromatid 4 ~ '

DIPLOTENE FOLLOWED

INTERPHASE ZYGOTENE
BY DIAKINESIS
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SYCP (synaptonemal complex protein ) 1 - 3
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Svynaptonemalni komplex
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Poruchy meidzy a jeiich genetické disledky

a) Nerovnhomerny crossing-over
e v profaziI

e dUsledek: ztrata (delece) v jedné a zdvojeni (duplikace)
ve druhé zucastnéné chromatidé
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Poruchy meidzy a jejich genetické disledky

b) Neoddéleni (nondisjunkce)

« chromozomy v anafazi I nebo chromatidy v anafazi II
« porucha centromer nebo porucha mitotického aparatu

« dlsledek: aneuploidie

NONDISJUNCTION AT FIRST DIVISION

NONDISJUNCTION AT SECOND DIVISION
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GAMETOGENEZE
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Srovnani
spermatogeneze
a oogeneze

Spermatogonium Oagonium | s

Grawth/Maturation

Primary Primary
spermatedyle oocyte |

Muelosds |

Secondary Secondary [
SEErMalecyles oacie |

Neiosis 1

Spermatozos
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GAMETOGENEZE: SPERMATOGENEZE

« primordidlni zarodec¢na bunka -> spermatogonie

(46, soustavné se mitoticky déli)
« spermatocyt I. radu
(46, probiha meioza 1.)
« spermatocyt II. radu
(23, probiha meidza II.)
« spermatida
(23, dozrava bez dalSiho déleni)
« spermie
(23, uvolnuiji se do lumina semennych
kanalkd)

1 spermatogonie -
- 4 haploidni rovhocenné spermie

MITOSIS

MEIOSIS |

MEIOSIS 11

¥

} ' ___7 primary spermatocyte

.|




Pribéh
spermatogeneze
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Epididymis

Testis —
Primordial
germ cell
Y
N\ Spermatogonium ——
(1) (diploid)

;\_.ﬁ Mitotic division

Primary spermatocyte (diploid) -
(in prophase of meiosis |)

7ol f First meiotic division
@ @ Secondary spermatocyte —
) (haploid) s
/\ ]\ }secondmeioticdivision g
E -~ '/' . { - o
Z &N @ Oy Spermatids Spermatids <
| (haploid) (at two stages
’

l of differentiation)

|
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" rmcells —
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2 2.2

Seminiferous ‘ e

Seminiferous tubule
(cross section)




Syncytia v pribéhu
spermatogeneze

spojeni cytoplasmatickymi
mustky

synchronizované déleni

spermatogonia typu A =
kmenove b.

dalsi typy jsou ,committed"

vznik spermatocytll

- regulace GDNF

(glial derived neurotrofic
factor), - sekrece Sertoliho b.
|c = diferenciace

tc = self-renewal




Morfologie spermie
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GAMETOGENEZE: OOGENEZE
« primordialni zarode¢na bunka
(46, mitotické déeleni)
* 00gonium
(46, mitoza, ve 3.mésici po oplozeni vyvoj v
oocyty)

7

6
4_{
3F.
2+
l'_}

oliiiriniing
0 3 6

pocet oogonii v
ovariu béhem zivota

Number of germ cells x 10°

(

10 20 30 40 50

Birth

Months before Years after birth




GAMETOGENEZE: OOGENEZE 25

=00cyt 1. radu
(46, zacne meiodza I, zastaveni v profazi jesté pred
narozenim, pri dozravani se délici vieténko presunuje k
periferii bunky — nerovhomérné déleni)
=oocyt II. radu (+ podlocyt)
(23, vstupuje do meiozy 11, zastaveni v metafazi II.)
=ovum (+ polocyt)
(23, meidza dokoncena v pripade oplozeni)
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Pribéh oogeneze

Oogenesis (Figure 42.14)

Primordial germ cells Corpus luteum Primary oocyte
1 Ruptured follicle
Oogonium
P Primaryj
dipl 2
@ (diploxd) follicle
Ovary

Primary
oocyte
First
Resting state —---;/——— i ] meiotic
/ . division
Secondary )\ First polar
oocyte - @ body
Second
/ } meiotic
division

Second polar
body

Ootid
(haploid)

1 oogonium = 1 zralé
vajicko + 2-3 polocyty

(haploid)
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Stadia folikulu

Figure 5.6

Schematic diagram of stages

in follicle development.
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REGULACE OOGENEZE

1. regulacni bod = diplotene meidzy I

« dlouhodobé zablokovani bunécného
cyklu (u Clovéka az 50 let); u nekterych Oocye 1
zivociSnych druhd az do fertilizace Oiplotene{

arrest

« dekondenzace chromosomd,
pocet chromozomdl = 2n -
genova davka = 4c Homonal simulaion l

« transkripCni aktivita — akumulace
materialu pro casnou embryogenezi, s
rlst oocytu
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diplotene meidzy I => pribéh meidzy I

hormonalni stimulace (LH) — Cdk1/cyklin B (MPF =
maturation promoting factor) — kondenzace
chromosomd, rozpad jaderné membrany,
formovani spindlu, pokracuje déleni

anaphase - promoting
complex — spousti anafazi (2

probéhne cytokineze

pouze castecna deaktivace
Cdk1 , pretrvavajici M-faze |-~
(kondenzovany chromatin,
bez jaderné membrany)

Hormone Cytokinesis Metaphase Il arrest




REGULACE OOGENEZE =

2. regulacni bod = metafaze meiozy 11

« po cytokinezi I. meidzy - zvyseni aktivity MPF
« metaphase arrest - u vétsiny obratlovci az do fertilizace

« anaphase-promoting komplex syntetizovan az po
fertilizaci (do te doby blokovan)

MPF activity$ Ca?*-induced cyclin degradation
l—Interphase amest—{ f———Metaphase arrest——
1st polar body malg%r;d ué?e'?ab 2nd polar body
; TN X ; Ql) ; '
£ o \Growth £ o N ¥\ 3 ) ® OO )
Completion Entry into Meiosis Il Fertilizaton ~ Completion Mitosis Mitosis
immature of Meicsis | of Meiosis ||
oocyte Mature cocyte Diploid zygote
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MECHANISMY
FERTILIZACE







Kapacitace spermii
* 5-6 hodin (Clovek)

- zmeny lipidd a glykoproteint plazmatickeé membrany
(ztrata cholesterou — zvyseni fluidity)

« zména membranoveho potencialu (efflux K+)

« influx Ca* a HCO,~ — aktivace adenylatcyklazy —
syntéza cAMP — indukce kapacitace

« zvyseni metabolismu a pohyblivosti spermie

Kontakt spermie a oocytu

« 300 miliénd spermii v ejakulatu — 200 spermii v misté
fertilizace ve vejcovodu

« termotaxe, zmeéna teploty az o +2°C

 chemoatraktanty uvolnované folikularnimi bunkami
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Zona pellucida

« extracelularni matrix oocytu (specifické slozeni)
« 3 typy glykoproteind (ZP2+ZP3, ZP1)

« bariéra mezidruhove fertilizace

» ZP3 - receptor druhove specificke vazby, na ngj se vaze
GalT (galaktosyl transferaza) spermie

Zona pellucida

(A)

N-acetylglucosamine
residues on ZP3

Oviduct-derived — £
ligand w
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Akrosomalni reakce
e obsah akrosomu uvolnén exocytozou

 vazba na ZP3 - indukuje zvyseni koncentrace Ca%* v
cytoplazme spermii — exocytoza

e hydrolytické enzymy — prtchod zonou pellucidou

e vazba proteind vnitini akrozomalni membrany spermie
na ZP2

Sperm
Hyaluronan W w

Cumlus cel %@ E /é B

Zona peIIucida\ jﬁ Ooofi?;g
Egg plasma SoAcrosing e
membrane = = S
(@)
Cortical granule —© © o0 0 Qi O 0.9 0 0O 0..0 0 9 o O Q.0
(a) Hyaluronidase helps sperm (b) Binding of sperm to zona (c) Acrosome reaction

penetrate the matrix
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Mechanismus fuze spermie a oocytu

* U vétSiny druhl nejasny

u mysi: vazba proteind ADAM na integriny oocytu

« Fertiliny (a, B) — patfi do skupiny ADAM = trans-membranove
proteiny spermii s vazebnou domeénou pro integriny oocytu

« CD9 nutny pro fuzi plazmatickych membran (CD9 KO-
nefuzuje)

« po fuzi exocytoza kortikalnich granuli

Proteases and

: — o’Pronucleus glycosidases
| } | . } ° oozi o oOO °o°
Integrin o O — o L Tail
O O i /3?\ (—N\
O O O Centriole

(d) Sperm-egg adhesion (e) Cell fusion (f) Cortical granule exocytosis
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Mechanismus fuze spermie a oocytu

« u savcl nové popsan komplex Izumol / Juno

« spermie exprimuje ligand Izumo1l

« oocyt exprimuje receptor Juno (folatovy receptor 4)

« po fertilizaci je Juno vyloucen v extracelularnich vaccich
« nepritomnost receptoru na povrchu blokuje polyspermii

a b
Zona pellucida —

Sperm —. Fertilized egg
Unfertilized egg

—— Plasma
membrane

) ==t .
= Extracellular vesicle
== Juno &

,i‘ § ‘,:::l/
:

||

!

lzumo1l

A




Binding of
sperm to
zona pellucida

Acrosomal
reaction

Pribéh
fertilizace

cumulus cell laye

N

acrosomal vesicl
zona pellucida
follicle cell

vznik polarniho
teliska

Penetration
through
zona pellucida

: Sperm tnucleus
Zmena / egg i;tgﬁasm
konc. Caz+

Fusion of
plasma
membranes

4

15 seconds 19 seconds 25 seconds 31 seconds 36 seconds
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Fuze prvojader

« U nizSich zivocichll ihned po fuzi gamet

u savcll pouze prostorové priblizeni prvojader

« dekondenzace chromatinu, replikace DNA

« priblizeni prvojader pomoci MT z centriolu spermie
« rozpad jadernych membran |
az pri prvnim mitotickém
deleni zygoty

« navazani chromozom( na
spindl tvoreny z centriolu
spermie




Fuze prvojader
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haploid
chromosomes

egg pronucleus
CYTOSOL , N /
centrosome ' 3 \ , .'III

centrioles
74 ’ s \Q‘,{R

centrosome o | ‘las
|
| /{ K

matri\x N
\\ Z
. i’ —— sperm tail ‘ @ ll
axoneme \ /
O
CHROMOSOMES FROM EGG AND

REPLICATION OF
SPERM ALIGN ON A SINGLE

haploid NUCLEAR
sperm pronucleus ENVELOPES CENTROSOME, FOLLOWED
INTERDIGITATE; BY NUCLEAR ENVELOPE METAPHASE SPINDLE
BREAKDOWN

CHROMOSOMES HAVE
DUPLICATED

DIVISION TO
PRODUCE

TWO DIPLOID

CELLS
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Mechanismy blokuiici polyspermii

« primarni blok:
depolarizace plazmatické membrany oocytu po fuzi s prvni
spermii

« sekundarni blok - kortikalni reakce oocytu:
v uvolnéni obsahu kortikalnich granuli — enzymy menici
vlastnosti zony pellucidy (Stépeni ZP2, hydrolyza cukernych

zbytkl na ZP3)
v intracelularni zvySeni koncentrace Ca?* (vede k dokonceni

II. meiotickeho deleni)

Disledky polyspermie:

vice centriold — multipolarni spindl — porucha segregace
chromosom{l — nondisjunkce — aneuploidie — zastava vyvoje
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y

CASNA
EMBRYOGENEZE
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Casna embryogeneze u oboijzivelniki:

« velmi kratky bunécny cyklus (30 min)
« zmensovani objemu dcerinnych bunék

tadpole




46

Casna embryogeneze u oboijzivelnikd:

« 3 faze vyvoje: ryhovani, gastrulace, neurulace
celkem 24h

1. a 2. déleni vertikalng, 3. ekvatorialné
5. déleni = 32 bunék = blastula

12. déleni = £4000 bunék = midblastula
« déleni uz nejsou synchronizovana,

Vegetal pole

zpomaluji se

(a) Nomenclature of blastomeres

Unfertiized agg

Animal Figmented
hemisphere  cortical

Lnpigmented

YO | |vegetal hemisphere

Fertiizad agg

Midblastula
{4,000 celks, T hours)

Early gastrula
120,000 calls, 8 hours)

Blastocoel Ectoderm

Late gastrula
112 hours)

1ol
cytoplasm Earty
L. rEral
pilate
A =t [ o
Dorsal
Figs ol
blastopore
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Casna embryogeneze u savci:

« zygota — 1. deleni po 24h, 2. a 3. po dalSich 12h
vznik blastomer

« morula - do 32 bunék

« blastocysta — od 64 bunék,

« trofoektoderm (3/4), inner cell mass

« =]ICM (1/4), blastocoel, zona pelucida

Pronuclei

Zona Polar bodies Polar body Trophectoderm

(a) Fertilized egg (b) 2 cells (c) 8cells (d) Compaction (e) Blastocyst




48

- blastocysty

Gustav Klimt — Danae (1908)
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Casna embryogeneze u savcul:

« diferenciace trofoektodermu
a) polarni cast — priléha k ICM, proliferuje
b) muralni ¢ast — kolem blastocoelu, velké polyploidni b.

« diferenciace ICM
a) epiblast — zaklad pro 3 zarodecné vrstvy
b) hypoblast — extraembryonalni tkan

blastocyst

« Hatching — opusténi zony pelucidy, |  zonapeiiucida SN

v déloze, proteolytické enzymy 5 s
produkované trofoblastem | z

'\/

blastocoel ~

. .
- S
S
A o~ /

>

- -
S {ophoblast

200 pm
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Prdbéh casné embryogeneze u mysi

____Zona Pellucida Uterus
m

‘Trophoectoder!

y/

Zygote (- ELIGY
f

Bl / Trophoectoderdi /. 8 .

y. ¥ Y /4 (CDX2) pimithe ~ g
S\?} ' k. Endoderm T
=\ ' Epiblast
N7\ ~ (Octd,

K, & i 7 4 LRH-1,
‘\ Oocyte | . SOX2)

o
\_ Fallopian

Tube
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h €asné embryogeneze u cloveka
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.
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57 <l fe|| Tvorba a umisténi
AN - : <

== =t | zarode¢nych listd
u lidského embrya

Zygote Blastocyst

—
Mesoderm Endoderm —
(Middle Layer) (Internal Layer)
v y v l v EMBRYONIC
[ | == E7man B TISSUES
srau | o = 0t P “.! 2N Embryonic
.I .]‘ 5 b & @ T 1
Lol e == | |0 (S bt cctoderm
Rl A i ~—— | o L il B
Cardiac  Skeletal Tubule Red Blood Smooth Lung Cell Thyroid Pancreatic
Muscle Muscle  Cell of Cells Muscle Alveolar | Cell
Cells the Kidney (in Gut) ell) Embryonic _ | Embryonic
[ epiblast ‘s " | endoderm
: Primitive
(—v Epiblast ~— o
Inner cell \ Amnionic & o | Embryonic
( mass ectoderm "~ | mesoderm
Extraembryonic Extraembrionic
Blastocyst o Hypoblast —— o 4oderm ool sl e e me e mesodermry
EXTRAEMBRYONI
TISSUES
~— Trophoblast —————— Cytotrophoblast ————— Syncytiotrophoblast




Inaktivace chromozomu X

« v Casné blastocyste inaktivace paternalniho X

- z{stava inaktivovan v extraembryonalnich tkanich

« v ICM se inaktivace ztraci - pozdeéji nahodna inaktivace

@ Mature gametes
© Zygote

e Q —mmmr—Xa

Germline imprint foum ___mmd €.}

established
Paternal
X-chromosome
inactivated

© Primordial
germ cells
P @ Early blastocyst
/"’
i
‘4\‘“
o SEDEARE R
Inner cell mass P li e
loses inactivation aterna mdacnvanon
pattern maintaine
Germline
cells lose

@© Embryo
Q —mmm—Xa
inactivati Q —mmm—Xa o —m—Xi . e
X-inactivation :
and imprinting d'ZQIZXi O’ZIQE)Q
I 11
B T s

o @x=Xi Random
X-chromosome
o —— Xa inactivation
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V 4

A CHIMER

TVORBA
HYBRIDO
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HYBRID

z genetického pohledu
potomek vznikly pohlavnim rozmnozovanim dvou
odlisnych homozygotl stejného druhu =>heterozygot

« Z taxonomického pohledu
potomek vznikly z krizeni mezi 2 jedinci odliSného
taxonu

v v ramci druhu (mezi poddruhy)-tygr bengalsky x sibirsky
v' mezi druhy - tygr x lev (Panthera tigris x P. leo)

v mezi rody - ovce x koza (Ovis x Capra)

v’ mezi Celedémi - vyjimecné

v mezi fady - u Zivocichll neni znamo
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MEZIDRUHOVY HYBRID

krizeni v ramci rodu (odlisné druhy)

« potomek fenotypoveé podobny rodic¢lim

« Casto infertilni (rlizny pocet chromosom{)

« odliSnosti v namluvnich ritualech, pareni a chovani
« jina sezona pareni

« antigenni reakce na spermie
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mul, mezek (63 chr.)

osel (62 chr.) x ktn (64 chr.) - Equus sp.

mezek
oslice x hrebec

Bi8120 Aplikovana bunécna biologie / 03 / 6.3.2017
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zeedonk, zonkey

osel (62 chr.) x zebra (32- 46 chr.) - Equus sp.

Bi8120 Aplikovana bunécna biologie / 03 / 6.3.2017



liger, tigon

lev (38 chr.) x tygr (38 chr.) — Panthera sp.

LION L RN
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MEZIRODOVY HYBRID

kfizeni odliSnych rodd

prirozene vyjimecny vyskyt (Toast of Botswana)

« moznost (nutnost) asistované inseminace (cama)

60



Jloast of Botswana" (57 chr.), popsan r.2000

ovce (54 chr.) x koza (60 chr.)
odlis Geep = chiméra

61
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cama
velbloud (74 chr.) x lama (74 chr.)
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Y 4

CHIMERA

\"4

Imaera

); latinsky Ch

Imaira

ioa (Chi

Xiua

Ky

rec
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CHIMERA

organismus obsahujici alespon 2 geneticky odliSné bunécné
populace ptivodem z odliSnych zygot

Vznik:
« ze 4 bunek- dve zygoty (tetragameticka ch.)

« ze 3 bunék — (partenogeneticka ch.)

« transplantaci kostni drené (prenos kmenovych bunek)

« spojenim cévnich obéht (anastomdzy) u dvojvajecnych
dvojcat

« z ¢asného embrya a diploidnich bunék (flizi, injekci)
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Tetragameticky chimerismus

« vrozeny chimerismus - u lidi vyjimecné (bézné u primat()

« spojenim dvou zygot (Casnych embryi)

* riziko i pri asistované reprodukci

« organismus obsahuje dvé odliSné sady chomozomd

« organy a tkané maiji jiny plvod

- viditelné rozdily: barva oci, vlasd, ,Hitchhiker's thumb,,
(AR), Blaschkovy linie, pohlavi mtize byt hermafroditni
(46,XX/46,XY), 2 populace krvinek (imunologicka

tolerance obou skupin)



Hitchhiker's thumb

Blaschkovy linie
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Tetragameticky chimerismus




Partenogeneticky chimerismus

« oocyt podléha partenogenezi a rozdéli se
« vznik 2 haploidnich bunek

« oplozeny 2 spermiemi

S —Q [ X
" ) \ | | '
o) /\1"‘ Xz uu:> | |
'L _“n=23 ,| II _n =23 | 46,XmXp |
k. / (; 1m x)” 3 o) | AtmAZ
\R- B \Azp Xp L\v '-.n\ /
n=23 “"‘*- \ / ;
Zygote
2n=486




Androgeneticky chimerismus

« standardni fertilizace oocytu spermii (23,X)

« vznik sekundarniho polarniho téliska

« endoreplikace parentalniho prvojadra

« vznik 1 diploidni bunky (46,XX) a 1haploidni (23,X)

« haploidni bunka podléha endoreplikaci
->androgeneticka linie

) En—dg\\
-~/ /4 ,
< \i N N (s
A1m Xm A1m Xm \ \1 1;’1/,/ \\
| \“____ n 23 n 23 (ﬂﬂp Xp j 46 ‘ﬁ”p‘ﬂ' P
\ e x > o X N——T /46 me\\xi?xl? %
\ '\M%_p___inz / N __" " / \n 2/ Amﬂny 2n=46
T \ / 2n=46
Diploidization of the paternal genome
and mitotic division of the biparental cell
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VYUZITI CHIMER VE VYZKUMU

studium vyvoje savCiho embryogeneze
overeni podilu kmenovych bunék na vyvoji embrya

tvorba ,novych druh{"

medicinsky vyznam
priprava - agregacné
- injikacné
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Embryo <> Embryo  ES cells¢»Embryo  ES cells ¢ MNembryo TS cells ¢ ) Embryo 71
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Original Article

Leukamiz (20061 20, 857-269, doi:10,1038/5j.leu. 2404171 ; publizhed online 23 February 2008

A population of very small embryonic-like (VSEL)

CXCR47SSEA-170Oct-4" stem cells identified in adult
bone marrow

i F:uu:ial, R Re:al, FR Camphelll, E Euha—Surmal, i Majkal, ] F:Lata_jn::zalc:l and M
7 Ratajczakt

lstern cell Biology Program at James Graham Brown Cancer Center, University of Louisville,
Louiswville, Kv, USA

72

pocet: cca 0,02% BM MNC
definice: Sca-1+* (stem cell antigen-marker HSC) d
lin- (lineage-negative) :

CD45- (Leukocyte Common Antigen) K

exprimuji: SSEA-1, Oct-4, Nanog, Rex-1

2um

velikost: 2-4 um
schopnost diferenciace do rliznych linii 3 zarodecnych vrstev
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VSELs (GFP+)

8-cell embryo

Schéma experimentu
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Chiméry: tvorba ,,novych druhd"

geep (kovce?) chiméra kozy a ovce (ne hybrid)
poprve v roce 1978 Australie, Dr. R.S. White
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Chimeéry: medicinsky vyznam

Critical Reviews in
o ONCOLOGY/
; Ir . HEMATOLOGY
E*’L;E.'gni“."‘f{ﬁ.‘; Critical Reviews in Oncology/Hematology 15 (1993) 35-48

In utero transplantation of hematopoietic stem cells

Alan W. Flake®, Esmail D. Zanjani*"

“Depariment of Surgery, Division of Pediatric Surgery, Fetal Treatmeni Program. University of Californiu, Sun Francisco artd " Depavtment of
Medicine, Veterans Affairs Medical Center, Reno, NV and Fetal Treatment Program. University of Cualifornia. San Franciseo, USA

Vyzkum krvetvorby a krevnich chorob:
hematopoetické kmenoveé b. z lidskych fetalnich jater
intraperitonealni injekce do fetu ovce

lymfoidni prekurzory pretrvavaly az 3,5 roku po
transplantaci
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Formation of human hepatocytes by human hematopoietic stem cells in sheep

Graca Almeida-Porada, Christopher D. Porada, Jason Chamberlain, Ali Torabi, and Esmail D. Zanjani

We took advantage of the proliferative
and permissive environment of the devel-
oping preimmune fetus to develop a non-
injury large animal model in sheep, in
which the transplantation of defined popu-
lations of human hematopoietic stem cells
resulted in the establishment of human
hematopoiesis and led to the formation of
significant numbers of long-lasting, func-
tional human liver cells, with some ani-
mals exhibiting levels as high as 20% of
donor {(human) hepatocytes 11 months
after transplantation. A direct correlation

was found between hepatocyte activity
and phenotype of transplanted cells, cell
dose administered, source of cells used
on a cell-per-cell basis (bone marrow,
cord blood, mobilized peripheral blood),
and time after transplantation. Human
hepatocytes generated in this model re-
tained functional properties of normal
hepatocytes, constituted hepatic func-
tional units with the presence of human
endothelial and biliary duct cells, and
secreted human albumin that was de-
tected in circulation. Transplanting popu-

lations of hematopoietic stem cells can
efficiently generate significant numbers
of functional hepatic cells in this nonin-
jury large animal model and thus could be
a means of ameliorating or curing genetic
diseases in which a deficiency of liver
cells or their products threatens the life of
the fetus or newborn. (Blood. 2004;104:
2582-2590)

2 2004 by The American Society of Hematology
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Figure 1. Adult human HSCs generate significant numbers of hepatocytes in a noninjury fetal model. {A) Control sheep liver section (nontransplanted) stained with an
antibody antihuman hepatocytie (clone OCH1ES) as described in *Materials and metheds.” (B-C) Liver sections obtained at 3 weeks (B) and 4 months (C) after transplantation
from sheep that received transplanted human 8M CD34*Lin~ cells, stained with the same antibody showing a higher number of human hepatocytes in the latter (C). (D) Liver
section obtained at 11 months after fransplantation from sheep that received transplanted CB-derived CD347Lin~ cells, stained with antihuman hepatocyte antibody. Human
hepatocytes in all sections can be identified by the dark brown coloration.
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fature Medicine 9, 53 - 60 (2002)
Fublished online: 23 December 2002, | doi:10,.1038/Mma12

Human and porcine early Kidney precursors as a new
source for transplantation

Benjamin Dekell, Tatyana Burakoual, Fabian . ;ﬂxrdittil, Shlomit Reich—ZeIigerl, Oren

Milsteinl, Sarit ;&uiel—RonenB, Gideon Rechavi™ 4, Mir FriedmanS, Maftali Kaminskig, Justen

H. Fﬂasswell2 & Y air Reisnerl

Nahrada organd

« prekurzorové ledvinove b. z lidské fetalni tkane
« transplantace do mysiho embrya

- diferenciace ve funkcni nefrony a podplrné tkané

« tvorba miniaturniho funkcniho organu - produkce moci




Human mesenchymal stem cells in rodent
whole-embryo culture are reprogrammed
to contribute to kidney tissues

Takashi Yokoo*!*, Toya Ohashi'®, Jin Song Shen', Ken Sakurai'®, Yoichi Mivazaki*t, Yasunori Utsunomiya®,
Masanori Takahashi", Yoshio Terada’, Yoshikatsu Eto's, Tetsuya Kawamura®, Noriko Osumi", and Tatsuo Hosoya®*

Departmants of *Internal Madicdne and Gena Thera|:l||5r and SPedlatrics, tinstitute of DHA Medlcing, Jikel Unhersity school of Madicine, 3-25-8,
MEhl-shimbashl, Minato-ku, Tokyo 105-8461, Japan; "Divislon of Developmeantal Meurcsclence, Tohoku University Graduate School of Meadicine, 2-1,
salryo-mach|, Aoba-ku, Sandal 980-8575, Japan; and 'Departrment of Homeostasls Medicing and Nephralogy, Tokyo Medical and Dental Unbearsity,

5-45 vYushima 1-<chome, Bunkyo-ku, Tokyo 113-8519, Japan
Edited by Erkkl Ruoslahtl, The Burmham Insthute, La Jolla, CA, and approved January 4, 2005 (recehved for review Septembsr 16, 2004)
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Development of functional human embryonic
stem cell-derived neurons in mouse brain

Alysson R. Muotri*t, Kinichi Nakashima***, Nicolas Toni*, Vladislav M. Sandler*, and Fred H. Gage*®

*Laboratary of Genetls, The salk Irstitute for Blological Studies, 16010 Morth Torrey Pines Road, La Jolla, A 92037; and *Laboratory of Molecular
Meurosclence, Graduate School of Bloleglcal Scences, Mara Instiute of Sclence and Technology, 89165 Takayama, Ikoma 630-0101, Japan

Contributad by Fred H. Gage, October 27, 2005

Thalamus

Vyzkum neurodegenerativnich chorob:
« hESCs implantovany do mysiho fetalniho mozku
- diferenciace ve funkcni linie neuralnich bunék
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Available online at www sciencedirect.com

nclsuc:@umscT- DEVELOPMENTAL
BIOLOGY

ELSEVIER Developmental Biology 295 (M06) 90— 102

wwwoslsevier com/Jocateldbio

Contribution of human embryonic stem cells to mouse blastocysts

Daylon James ', Scott A. Noggle ', Tomasz Swigut, Ali H. Brivanlou *

Laboraswy of Moleeulo Embrypology, The Rockefeler University, 1230 Yok Avenue, New Foek, NT 10020, U84

Received for publication 18 January A revised 13 Febroary 2006; scoepted 16 March 2006
Availahle onling 12 June 20405
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Generation of Chimeric Rhesus Monkeys

Masahito Tachibana,! Michelle Sparman,' Cathy Ramsey,' Hong Ma,' Hyo-Sang Lee,' Mara Cecilia T. Penedo,?
Cell 148, 285-295, January 20, 2012

and Shoukhrat Mitalipov12*

« 2012 - prvni primati umele vytvorena

chiméra

model: Makak rhesus

L' \VAAV4 Vé ’ 1 v _ \-V
vznik: agregace 6 x 4-bunecna zygota Roku & Hex “Chimero

narozeni: Roku+Hex (dvojcata), Chimero

bez vyvojovych vad

Whole embryo aggregation O
@ 'T r.\l [
‘ — — “ 0 el - <
L; "

A Chimera

SllSS:



http://www.youtube.com/watch?v=t_nUZApIq7A
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) : . Wu et al., 2017, Cell 168, 473-486
Interspecies Chimerism

with Mammalian Pluripotent Stem Cells

Jun Wu," Aida Platero-Luengo,’ Masahiro Sakurai,’ Atsushi Sugawara,' Maria Antonia Gil,”> Takayoshi Yamauchi,'
Keiichiro Suzuki,’ Yanina Soledad Bogliotti,® Cristina Cuello,? Mariana Morales Valencia,' Daiji Okumura,’-’

Jingping Luo,’ Marcela Vilarifio,® Inmaculada Parrilla,? Delia Alba Soto,* Cristina A. Martinez,” Tomoaki Hishida,’
Sonia Sanchez-Bautista,* M. Llanos Martinez-Martinez,* Huili Wang,® Alicia Nohalez,? Emi Aizawa,’

Paloma Martinez-Redondo,’ Alejandro Ocampo,' Pradeep Reddy,' Jordi Roca,? Elizabeth A. Maga,®

Concepcion Rodriguez Esteban,’ W. Travis Berggren,' Estrella Nuhez Delicado,* Jeronimo Lajara,* Isabel Guillen,>
Pedro Guillen,** Josep M. Campistol,® Emilio A. Martinez,?> Pablo Juan Ross,® and Juan Carlos Izpisua Belmonte'&*
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Podil lidskych kmenovych bunék (hiPSCs) na tvorbé postimplantacniho

prasecCiho embrya — 28. den
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