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Vyjmenujte co nejv ice rozd ilu mezi
embryon alnimi kmenovymi bu nkami
a tzv. dosp elymi kmenovymi bu nkami
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Diferenciace

nky

eIndukované pluripotentni kmenové bu

*Embryonalni kmenové bu
*“Dosp élé’kmenové bu nky

nky




Plavod a vyvojova ontogeneze kmenovych bun  ék (KB)
— hypotéza I.

embryonalni KB

Primordialni zarodetné buiiky |\
* gamety N

Ektoderm
* nervova tka i — neuralni KB Y
* kiize — kozni KB

Visceralni entoderm

Mesoderm Parietalni entoderm

« kostni d fen a krev — hematopoetické a mesenchymalni KB
« svaly a kosti — tkanoveé specifické KB

Entoderm
eplice, jatra, pankreas — organov é specifické KB
« jicen, zaludek, st fevo — intestinalni KB




Plavod a vyvojova ontogeneze kmenovych bun  ék (KB)
— hypotézal ll.

embryonalni KB

e
| Primordialni zarodedné buiiky | Multipotentni KB
* gamety * neuralni KB
A4 « kozni KB

Ektoderm * hematopoetické KB
e nervova tka i * mesenchymalni KB
« klize « intestinalni KB Y

* tkafové specificke KB Visceralni entoderm
Mesoderm * organov é specifické KB Parietalni entoderm

« kostni d fen a krev )
« svaly a kosti }

Entoderm
« plice, jatra, pankreas
e jicen, zaludek, st fevo




Pouziti KB: “From bench to bedside ”

-

Téma pro vyzkum Budoucnost biomediciny

*Mechanismus sebeobnovy KB *Bun é¢éna terapie
Mechani diferenciace a zastaveni diferenciace ,
echanismus di [ Z veni di | -Modely nemoci

- nddorové paradigma A
*Mechanismus déleni bunék a regulaci bunééného cyklu *\/yvoj leCiv
*Vznik genomickych abnormalit se vztahem k nadorim «Testovani toxicity

*Mechanismus ¢asného vyvoje Clovéka



Mechanismus sebeobnovy kmenovych bu nék (KB)

Symetrické d éleni Asymetrické d éleni

®

@%@‘

Bun écéna smrt

/@\@
P
()

L)

Embryonalni KB

Fetalni a dosp élé KB (s vyjimkami)

Kombinace obou mechanism U = neuralni KB !l!

Kmenové bu riky maji obecn & velké jadro, tzv. otev feny chromatin a mélo cytoplazmy



Kapacita KB replikovat se invivo a in vitro

e @ . €0 _ €CCO
® L { L L ( {

IN VIVO
Embryonalni a indukované KB  -v podminach in vivo neexistuji !!!
Dosp élée KB -po cely Zivot (??77?)
IN VITRO
Embryonalni a indukované KB -neomezena
Neuralni KB -neomezena (?)
Dosp eélé KB -nekolik d éleni

Pro srovnani Somaticke bu nky -0-50x

Transformované (nadorove) bu nky -neomezena



Diferencia €ni kapacita KB

Embryonalni KB Hematopoetické KB Gastrointestinalni KB KB prostaty

PFiklady



Pochopeni molekularnich mechanism G, které Fidi
sebeobnovu a diferenciaci norm  alnich KB p rfedstavuje kli €
k pochopeni vzniku mnoha nadorovych onemocn  éni !l!

Pluripotence @ @ / . @
- O O- Q\l
Bun ééna smrt . . . . .

+ Hypotéza nadorovych kmenovych bun  ék
Nadory obsahuji “mutované” KB, které jsou schopné re-populovat nador nebo mohou byt dokonce jeho po&atkem -
napr. nadory tlustého stfeva a nadory mozku




Porucha diferenciace jako zdroj nemoci

Jeden pfiklad za vSechny

Hematopoetickd kmenova bu nka  Leukemicka kmenova bu nka

m___)-

Mutace

Porucha
diferenciace

Normalni r ast
a diferenciace

Leukemické blasty

...a cil |ecby

Normalni krevni bu nAky o L .
Modifikovano z Current Opinion in Cell Biology



Dosp élé KB a jejich ,,niche

Niche cell A B

Progeny cell

Differentiating Cells
-Enteroendocrine |
-Goblet

Adhesive

moIecule -Enterocyte

ECM TA = transient amplifying cells TACels ': 0 \ Cet Migration
\ 7 FE ST .‘-

Basement '

membrane Stom el o

De-differentiation

Mesenchymal
Cell

\/
Ceé

1-7 = signaly, které urcuji prostredi ,niche*
8 = adhezni molekuly podporuji prezivani KB

Basement Membrane Ll

Endothelium

Signaly, které definuji ,niche” Gl KB
T a reguluji jejich proliferaci

a diferenciaci - napf. Wnt, BMP, Notch, lhh

A Osteoblasts _
/]
.'"l ,-" g‘ > Stimulatory
Faiify Q _| Inhibitory
-~ ‘H'__ ~ «— Stromal cells

“Niche” je charakterizovano pfitomnosti nékolika typu podpurnych bunék a mnoha signalnimi

molekulami, které spolecné vytvareji podminky pro prezivani, pripadné diferenciaci KB



Linie KB - neomezeny zdroj pluripotentn ich bun ék

(“Dostupnost” kmenovych bunék ; . o
l Priklady dosp élych KB

—

CD34*
CD133*
c-kit+
HLA-DR-
CD38-

CD71
CD45

pro manipulace in vitro)

Embryonalni KB



Tajemstvi kmenovosti pluripotentnich kmenovych bun ek

diferenciace = dIferenclace

(transkrip€ni faktory)

Epigenetické
represivni
mechanismy-
Polycomb,
microRNAS,
metylace DNA

Represivni
a pro-proliferaéni
signalni drahy-
Gremlin, Lefty, IGF,
EGF, TGF ...

A
\

TGFs, FGFs

(USIEE o) | diferenciace

diferenciace

diferenciace diferenclace



Co ridi a ur ¢uje diferenciaci KB invivo a in vitro :

Liniova diferenciace embryonalnich kmenovych bun &k ve “svazité krajin &
hlubokych tdoli” (= STABILITA) a “vysokych kopc  @” (= NESTABILITA)

Thomas Graf & Tariq Enver Nature 462, 587-594 (2009) doi:10.1038/nature08533

Transkrip €ni a rastové faktory! nagure



Historie objev u kmenovych bun ék (KB)

® Omnis cellula e cellula“ - Rudolf Virchow 1855
® Buriky s regeneraénim potencialem v krvi -1917

@ ,Kolonie-formujici” bunky v kostni dfeni -1961

® Embryonalni karcinomové buriky -1974

Moznost kultivaci KB in vitro a preklinické testy !



Kde je skute €ény po ¢atek éry pluripotentnich KB in vitro?

1954 — Stevens & Little
“Spontanne” vznikajici testikularni nadory,
teratokarcinomy , u mysi kmene 129

1964 — Kleinsmith & Pierce
Teratokarcinomy obsahuji morfologicky
rozliSitelnou populaci bunék, které maiji
kapacitu diferencovat do ruznych bunécénych
typl — embryonalni karcinomové bu nky

Davor Solter, Nat Rev Genet., 2006



Bunky ziskan é z teratokarcinom u
a udrzovan € in vitro jsou
pluripotentn i

Gall
Martin Evans

1974 — Martin & Evans

Embryonalni karcinomové buriky lze udrzovat
dlouhou dobu in vitro a stale si udrzuji ptvodni
morfologii a exprimuji markery nediferencovanych

bunék - SEBEOBNOVA

1974 — Martin & Evans
Po injekci embryonalnich
karcinomovych bunék do
embrya ve stadiu blastocysty
je mozné ziskat mysi chimeéry
-PLURIPOTENCE



1981 — Martin & Evans

Linie pluripotentnich kmenovych bun €k z mySich embryi

— zasadni krok od pluripotentnich bun  ék s nadorovym charakterem
k norm alnim pluripotentnim kmenovym bu  Akam

Y
@‘ Casné embryo ve stadiu blastocysty

i v
A
e

a v médiu s leukemickym inhibi¢nim faktorem (LIF)

¢ === Enzymaticka disagregace rostouci kolonie bunék
ey - e . , ;v ;s s
==~/ a pravidelné pasazovani

Linie mySich embryonalnich kmenovych bun  ék




Nobelova cena za fyziologii a medicinu 2007

Vyvoj technik pro produkci tzv. “knockout” mysi prostiednictvim
embryonalnich kmenovych bunék jako nosic¢u genu — moznost vytvofit zivy
organismus s pozadovanou mutaci v kazdé bunce téla

A. Gene targeting of embryonic stem cells

Targeting vector
introduced by _—
electroporation :
S oats (B e
— Kt
Mouso N e
—
blastocyst
Rare cell carmying
targeted gene
i

Pure population
of targeted ES cells

Targeted ES cells
are injected
into biastocysts...

which give birth
ta chimenc mice

Oliver Smithies

Mario R. Capecchi



Embryonalni kmenove bu nky z lidskych embryi v Madisonu a Brn

D¢

Scie nce

wwiwsciencemagarg  SUIENCE VOL Z82 & NOVEMEBER 1998
REPORTS

Embryonic Stem Cell Lines
Derived from Human
Blastocysts

Jamas A, Thomson,* Joseph Itskovitz-Eldor, Sander 5. Shapira,
Michelle A Waknitz, Jennifer | Swiergiel, Vivienne 5. Marshall,
Jeffrey M. Jones

1998 - James Thomson

charakterizace linii

== Derijivace a

2002/3 — AleS Hampl & Petr Dvorak

lIs for EU ruling

together with colleagues at the Mendel
lture and Forestry in

Martina Vodinska
i Tana KoSkova

4 Klara Koudelkova
1 lveta Peterkova
S




Etické a legislativni aspekty derivace kmenovych bun ek z lidskych embryi

%
%

’\.\M%&*
Pro derivace jsou pouzivana pouze embrya
ziskana po fertilizaci a vyvoji in vitro

Year 2006
& COLLECTION OF LAWS

I OF THE CZECH REPUBLIC




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

mazutcshl rEIHEhEIS-"I. aind 5|'III'I:,'EI 'r'-\.'II'I'IEII'I-\.'Il-':EII o

ilem Lel Bizlogy. Imshitute far Fronher Yedoal Seienzes. Byoio Universte, Koo S3- 82007 Japan

Decartmeant =
SREET. Japen Science and Technaolooy Apency. Keeraguzhe 3020001

Copilimzl warvanaba S honlisn kyulo-uas g

D A0, 1075 el 2066 07 OF4

v;A'reakthrough of the Year
B\ Reprogramming Cells

o
AYAAAS

shinya Yamanaka

Albert Lasker basic medical
research award 2009




The Nobel Prize in Physiology or Medicine 2012
Sir John B. Gurdon, Shinya Yamanaka

The Nobel Prize In Physlology or Medicine 2012
Sir John B. Gurdon

Shinya Yamanaka

atrve Commons Attr 2.0

Gean EEE

Sir John B. Gurdon Shinya Yamanaka

The Nobel Prize in Physiology or Medicine 2012 was awarded jointly to Sir John
B. Gurdon and Shinya Yamanaka "for the discovery that mature cells can be
reprogrammed to become pluripotent”




Indukovaneé pluripotentni KB (vamanaka 2006)

Kinetika reprogramace fibroblast 0 do pluripotentnich KB - relativn & kratka cesta zp ét

Stabilni reprogramace na “kmenovost”

Cas ve dnech

eny typické pro fibroblasty))

Somaticke buriky markery pluripotentn_ IPS bunky
Napf. kozni fibroblasty e
-lrova aktivita
geny pIuripot-

aktivita telomeré_
umlcéeni chromozo_




Technologie derivace indukovanych pluripotentnich K B
pomoci indukovatelneho lentiviroveho systému -
dvoukrokovy proces

1 ] Oct-4 lokus nebo Oct-4 lokus nebo
Nanog lokus Nanog lokus

L| GFP [ I GFP [
O

Dox
I

A
Fibroblast IPS bunky
2. (GFP-) Infekce (GFP+)
Oct-4
Sox2
—1 5’LTR tetO 3LTR —

Klf4

»Lentivirovy systém slouzi k introdukci genetické informace c-Myc

(TF) do diferencovanych bunék

»Transkripéni faktory reprogramuiji diferencované buriky na
-KkKmenovost” se vSemi vlastnostmi

»>Jsou vyvijeny noveé strategie reprogramace, GFP = Green Fluorescent Protein

napft. bez virovych vektor G



Pokroky v diferenciaci lidskych
pluripotentn ich KB - biologick é
modely a aplikace

Neurony, astrocyty, oligodendrocyty
Kardiomyocyty

JInsulin-produkujici pankreatické bunky

_Krevni bunky

JImunokompetentni bunky

~Endotelialni bunky
Bunky trofoblastu
Respiratorni buriky
Osteoblasty
‘Hepatocyty
Melanocyty

Bunky prostaty

1 Zarodecne bunky




Lidsk & pluripotentn i kmenov € bunky
maji nejv etsi v eédecky I terapeuticky
potencial do budoucnosti:

*Protoze je umime mnozit v podminkach invitro aniz by diferencovaly
*Protoze se relativn é dob fe studuji (také na molekularni drovni)
*Protoze maiji velkou diferencia ¢€ni kapacitu

*Protoze jsou vyvinuty nebo vyvijeny i €inné diferencia €ni protokoly

* Protoze jsou relativn € snadno geneticky manipulovatelné

Proto ze o nich vime nejvice !



Pluripotent stem cells in treatment of human diseas

Three major access roads to get:

*Generation of mutant pluripotent ste

m cells for

studies of the pathophysiology of diseases and drug

evelopment

*EX vivo repair of genetic mutations in pat
somatic cells that are reprogrammed into
stem cells (iPS cells) followed by different
desired cell types and transplantation

ent-der

ived

pluripotent

ation in

to

- s
- .
L el b e e e
... .. =
B S

-

Transplantation of genetically
matched healthy cells

Treatment
with drugs \ N

"] \ Il
\ u /

b P28

L ® Patient

e, 3
°
Disease-specific drugs oMYC OCT4 $
90 Healthy cells
©® O KLF4
B SOX2

®o

Screening for
therapeutic

compounds &s{

Affected cell type

In vitro
differentiation

Repaired iPS cells

Use gene targeting to repair

In vitro disease-causing mutation

differentiation

Patient-specific iPS cells

From Robinton and Daley, Nature,481:295,2012




Humanizované kultiva ¢ni podm inky a VegetaCell




Humanizovane kultiva €ni podm inky a VegetaCell

1

mEF hFF Matrigel
—— contro] ————— control

KSR KSR VC mEF-CM VC

POU5F1
NANOG

SOX2
GAPDH



Humanizovan é kultiva €éni podm inky
a syntetické substraty




Humanizovan é kultiva €éni podm inky
a syntetické substraty

Hydrogels and collagen scaffolds for propagation

(A) Human foreskin fibroblasts and expanSIOn of hESCS
(B) hESC-derived fibroblasts

(C) Humanized culture medium and human fibroblasts




Tkanoveé inzenyrstvi

Zpusob vytvoreni komplexniho organu nebo tkané s pouzitim
kmenovych bunék nebo diferencovanych bunék a casto
v kombinaci s biokompatibilnimi nosici

Priklady:



Biokompatibilni nosice jsou dulezité pro funkce
bunék v uméle vytvorenych organech

Url?ele (ch,egmclfi) MOEIE S Biologické bezbun &é&né nosi ée
a Kmenove bu nky a zdravé funk éni bu fiky
+ Neomezené zdroje

- Limitace podobneé jako s organy

- Pouze “jednoduché” aplikace
- Absence bioaktivnich molekul a
induktivnich signal u

+ Klinicky pouzitelné

Lidské organy ve zvi Fratech

+ Perspektivni
- Legislativni a etické bariéry
- Nejasna biologie
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Repopulace bezbunééné plicni matrix plicnimi bunkami a
Implantace funkcnich plic do experimentalniho zvirete
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Catecholamine polymorphic ventrlculrar tachycardla (CPVT) is.an mhented arrhythmla
syndrome, which can lead to sudden cardlac *death (SCD) in 'young peoplejrom
vehtricular fibrillation during physm;al or em,otlonal stress

Patient-derived iPS cells
& calcium channel stabilizers

+LEOPARD syndome |
Long QT syndromes
DMD




P‘I:I,k|ad traumatické poskozeni kr  €ni michy, myelopatie a lé €ba kmenovymi bu fkami

Patofyziologie a strategie |leCby KB Anatomie poSkozeni Stav po transplantaci
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Vysledek: obnoveni bilé a $edé hmoty v mist& poskozenl
obnoveni funkénosti motorickych neuront e

obnoveni pohybovych funkci T Adaptovano ze Stem Cells, 2010



ARTICLE

Generation of functional thyroid from
embryonic stem cells

Francesco Antonica’, Durmmka Figini Kasprzyk', Robert Opitz!, Michelina Iacovino®, Xiao-Hui Liao®,
Alexandra Mihaela Durmmssw Samuel Refetof™ , Katheliine Peremans®, Maria Manto®, Michael K)’bdé & Sabine Costagliola'

doi:10.1038/naturell525

The primary function of the thyroid gland is to metabolize iodide by synthesizing thyroid hormones, which are critical
regulators of growth, development and metabolism in almost all tissues. So far, researchmﬂtymidmurphogenﬂishas
been missing an efficient stem-cell model system that allows for I:hemv{n'urecapimlatlon of the molecular and
morphogenic events regulating thyroid follicular—cell differentiation and subsequent assembly into functional thyroid
follicles. Here we report that a transient overex; of the transcription factors NKX2-1 and PAXS is sufficient to
direct mouse embryonic stem-cell differentiation into thyroid follicular cells that organize into three-dimensional
follicular structures when treated with thyrotropin. These in vitro-derived follicles showed appreciable lodide
organification activity. Importantly, when grafted in vivo into athyroid mice, these follicles rescued thyroid hormone
plasma levels and promoted subsequent symptomatic recovery, Thus, mouse embryonic stem cells can be induced to
differentiate into thyroid follicular cells in vitro and generate functional thyroid tissue.

The mammalian thyroid consists of two endocrine cell types, the

thyroid follicular cells (TFCs) that produce the thyroid hormones

T3 and T4 and the C-cells that produce calcitonin'. In the adult

thyroid gland, TFCs are organized into follicular structures”, in which

a monolayer of polarized TFCs enclose a luminal compartment filled

with a colloidal mass containing thyroid hormone precursors bound

to thyroglobulin®, A follicular organization of TFCs is considered to

be the prerequisite for efficient thyroid hormone biosynthesis®. It has

been demonstrated that NKX2-1 (ref. 5) and PAXS (ref. 6) function

are vital for TFC survival, differentiation” and function during thyroid

organogenesis and in mature thyroid tissue'. During thyreid organo-

genesis, the onset of NEX2-1 (ref. 7) and PAXS (ref 8) co-expression

ina small group of ventral foregut endodermal cells represents the first

molecular marker of cell specification towards a TFC fate. Although

NKX2-1 (ref. 7) and PAXB (ref 8) are expressed individually in a
variety of tissues and cell types, their co-expression is restricted to cells
committed to differentiate into TFECs. Induced overexpression of
defined transcription factors has been shown to have a directing effect
on the differentiation of embryonic stem cells (ESCs) into specific cell
types™ '\, Despite the success of this experimental approach for cell
differentiation or reprogramming. protocols promoting coordinated
self-assembly of differentiated cells into distinct morphological units
with functional properties reminiscent of organs and tissues in vive™ '
are still very sparse. In this study, we explore whether overexpression of
the transcription factors NKX2-1 and PAXS could promote differenti-

ation of murine ESCs into TFCs and subsequent self-formation of
thyroid follicles.

In vitro thyroid cell differentiation

Because the factors and signalling pathways inducing concurrent
expression of NKX2-1 and PAXS have not yet been resolved’, we
generated recombinant ESC lines (Fig. la and Supplementary Fig. 1a,
¢, €) in which expression of these transcription factors can he tem-
porally induced on the addition of doxycycline (Dox; I pgml '} to the

medium" (Supplementary Fig 1b, d, f). These genetic manipulations
did notaffect the pluripotent state of the ESCs (Supplementary Fig. 1g).
In our experimental set-up, Dox induction of NKX2-1 and PAXS was
initiated after a 4-day ESC culture in hanging drops to allow for dif-
ferentiation into embryoid bodies (Fig. 1b). We first used a recombin-
ant ESC line in which Dox treatment induces NKX2-1 and PAXS
overexpression (Supplementary Fig 1a, b). After 3 days of Dox treat-
ment (on days 4, 5 and 6), co-expression of NKX2-1 and PAXS was
detectable by immunofluorescence in almost all Dox-treated cells on
day 7 but never in cells incubated in the absence of Dox (Supplementary
Fig. 2a), To determine whether the combined activity of NKX2-1 and
PAXE promotes TFC differentiation, we first examined the expression
of various TFC markers by quantitative reverse transcriptase PCR
(qRT-PCR). Notably, messenger RINA expression of functional mar-
kers, including the thyroid-stimulating hormone (T5H) receptor
(Tshr), the sodium/icdide symporter NIS (8lc5a5) and thyroglobulin
(T), was strongly upregulated within 3 days of Dox treatment (Sup-
plementary Fig. 2b). The expression of Foxe I, another key transcription
factor for thyroid development', was also upregulated (Supplementary
Fig. 2b), and NKX2-17 FOXEL " cells were prominent throughout cell
cultures {Supplementary Fig. 2c}. Interestingly, our gRT-PCR analyses
also demonstrated a robust increase in endogenouns Nkx2-1 and Pax8
mRNA levels (Supplementary Fig. 2d), indicating an auto-induction
of these transcription factors, Together, these data demonstrate that
forced co-expression of NKX2-1 and PAXS readily acts on cell fate,
driving the differentiation towards a TFC lineage. However, assembly
of Dox-treated cells into three-dimensional aggregates reminiscent
of follicle-like epithelial structures was rarely cbserved under these
conditions. This was true for cell cultures using a variety of distinct
Dox treatment protocols, suggesting that additional factors might be
required to promote follicular morphogenesis. We therefore revised
the treatment protocol on the basis of two critical observations. First,
we limited the Dox treatment to a 3-day period from day 4 to day 6
(Fig. 1b), as this seemed to be sufficient to induce the auto-induction of
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Mezidruhové chimeéry, genetické manipulace a
vyvoj lidskych organu ve zvifatech

Listopad 2010

Generation of Rat Pancreas in Mouse
by Interspecific Blastocyst Injection
of Pluripotent Stem Cells

Toshihiro Kobayashi,!2 Tomoyuki Yamaguchi,’-2 Sanae Hamanaka, -2 Megumi Kato-ltoh,22 Yuji Yamazaki,'2
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ol ] e Normalni vyvoj jedince —
mezidruhové chiméry

MyS s nefunkénim genem Pdx-1

(Pdx-1 je kli€ovy gen pro vznik pankreatu)
) Vpraveni normalnich krysich
Casné mysi embryo Z kmenovych bunék do mysiho
(blastocysta) s nefunkénim embrya - blastocysty
genem Pdx-1
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4D). The dispersive nature of AV waves is - - g & &
illustrated by the presence of phase accurnuls- vt & &°
st by e e of e wcumle-— (ffpring from Oocytes Derived 2 A
High-frequency waves (40 to 50 kHz) incur some - = = e 2 @ S
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whereas low-frequency waves (10 kHz), travel- - - - O
ing 400 . secumue w0 300 40, C@ll-like Cells in Mice O
The velocity of wave propagation varies with fre- _ Pousf1(Tg)
quc-uclylﬁ‘umtlms”’ (10kHz) to 8 ms '(50kHz), Katsuhiko Hayashi,**3* Sugako Ogushi,™* Kazuki Kurimoto,™* So Shimamoto,* =p,dm14
exhibiting a pattem similar to those reported for  Hiroshi Ohta,™® Mitinori Saitou™>%+ = )
marnrmals and other insects (13, 19). Vi ;

Deflection shape analysis conducted i the  Reconstitution of female germ cell development in vitro is a key challenge in reproductive biology
spectral domain (5- 1o S0-kHz sweeps) confirms — and medicine. We show here that female (XX) embryonic stem cells and induced pluripotent stem
the unambiguous presence of traveling waves  cells in mice are induced into primordial germ cell-like cells {(PGCLCs), which, when aggregated with
(fig. S6) (14). The data imply that AV provides  female gonadal somatic cells as reconstituted ovaries, undergo X-reactivation, imprint erasure, and cyst
the anisotropi i bling dispersive wave  fi ion, and exhibit mefotic potential. Upen transplantation under mouse ovarian bursa, PGCLCs in
propagation and tonotopic delivery to the audi-  the reconstituted ovaries mature into germinal vesidle-stage oocytes, which then contribute to fertile
tory receptors. Further experiments establish that  offspring after in vitro maturation and fertilization. Our culture system serves as a robust foundation
both an intact AV and its fluid are required for  for the investigation of key properties of female germ cells, including the acquisition of totipotency, and
frequency decomposition as well as for genera-  for the reconstitution of whole female germ cell development in vitro.
tion of traveling waves (fig. 87). In contrast to

observations from the phaneroplerine katydid he germ cell lineage in mammals onginates  dimorphic development, penerating spermatozoa

Mecopoda elongata (13), removal of the dorsal from pluripotent epiblasts as primordial  in males and cocyles in females. These cells fer-

cuticle m C. gorgonensis markedly alters AV germ cells (PGCs) and undergoes sexually  tilize to form zygotes with full developmental
www.sciencemag.org SCIENCE VOL 338 16 NOVEMBER 2012 971

K Hayashi et al. Science 2012;338:971-975
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Hlavni prekazky na cest e pluripotentn ich
kmenovych bun ék z laborato Fi k pacient um

sLepSi pochopeni mechanizmi sebeobnovy a vyvoj novych kultivaénich systemu
LepSi pochopeni mechanizmu diferenciace a vyvoj “negenetickych”
diferenciacnich protokolu

*Problém “bezpecnosti” bunéénych transplantatt derivovanych z pluripotentnich KB
*Problemy rejekce KB imunitnim systemem a omezené genetickeé diverzity linii

sLegislativni a etické prekazky



Hlavni prekazky na cest e pluripotentn ich
kmenovych bun ék z laborato Fi k pacient um

LETTER

Negligible immunogenicity of terminally
differentiated cells derived from induced pluripotent
or embryonic stem cells

Ryoko Araki'?, Masahiro Uda', Yuko Hoki', Misato Sunayama', Miki Nakamura', Shunsuke Ando', Mayumi Sugiura’,
Hisashi Ideno'?, Akemi Shimada®, Akira Nifuji® & Masumi Abe'

doi:10.1038/nature11807

*Problémy rejekce KB imunitnim systémem a omezeneé genetické diverzity linii

sLegislativni a etické prekazky



PotFebujeme nove linie lidskych embryonalnich KB kdyz mam e indukované pluripotentni KB?
Bun ééné banky a registry linii pluripotentnich KB a popula ¢ni diverzita
existujicich linii lidskych embryonalnich KB

The NEW ENGLAND JOURNAL of MEDICINE

‘ CORRESPONDENCE ‘ Mhﬁce”hnes

Lack of Population Diversity in Human Embryonic
Stem-Cell Lines
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Masaryk University (Czech Republic) Spanish Stem Cell Bank / CIPF (Spain) 18 HUES8 31 HUES26 NSCB / UCSF (USA)
1 CCTL-6 8 VAL4 19 HUES10 32 HUES27 42 UCO06 (HSF6)
2 CCTL-8 9 VALS 20 HUES12 33 HUES28
10 VAL7 21 HUES14 34 HUES42 NSCB / WiCell (USA)
NSCB / Technion (Israel) 11 VAL10b 22 HUES16 35 HUES44 43 WAO01 (H1)
hES cell lines |3 TE03(13) 23 HUES17 36 HUES45 44 WAO7 (H7)
Harvard University (USA) 24 HUES18 37 HUES49 45 WAO09 (H9)
NSCB / ES Cell International (Singapore) 12 HUES2 25 HUES19 38 HUES53 46 WA13 (H13)
4 ESO02 (HES-2) 13 HUES3 26 HUES20 39 HUES62 47 WA14 (H14)
5 ESO03 (HES-3) 14 HUES4 27 HUES21
6 ESO5 (HES-5) 15 HUES5 28 HUES22 NSCB / Novocell (USA)
7 ES06 (HES-6) 16 HUES6 29 HUES23 40 BGO1(BGN-01)
17 HUES7 30 HUES24 41 BGO3 (BGN-03)
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Sergyi Kyrylenko, Martina Vodinska, Klara Koudelkova



Genomicka nestabilita pluripotentn  ich KB in vitro
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uripotentn ich KB in vitro

Numerical chromosomal abnormalities — gain or loss
Large chromosomal aberrations >3Mb
Small chromosomal aberrations <3Mb (CNV, LOH)

Possible mechanism — APE and BER ?

hESCs
Passage Number

60

Sample

HS306 p35
CCTL-12 p143

13.2ps5

HT 56 p128
11756 p132

H7 56 Tera p125
H7 56 Tera p127

HS401 ps3
HI p61
H9 p25
HO p34

HS237 p135

CCTL-14 p38

CCTL-14 p49

CN
State

Type

Gain

Gain

Gain

Loss
Loss.

Loss

Loss.

Loss
Loss
Gain
Gain

Gain

Gain

Gain

Chr

20

Q12
Q12

Q12
Q12

ql12
ql12
qll2
qll2

ql1.21

ql121

End

Q213
Q213

Q213
Q213

ql12

ql12
qll2

qll2

ql121

ql121

Size(kh)

1081

2534

1203

1288
1288

1288
1288
1009
1243
1357
1434

1713

1829

1831

%CNV

25

100

15
15

15

100

100
100

100

38

Start

93332297

81717787

46010225

63869872
63869872

63869872
63869872

18875309

18846092
18732853

18655531

56145790

29298698

29298698

Name of
Variation

10054

22770

0136

30508
30508

30508
30508

0318

0318
0318

0318

3171

35916

35916

RefSeq Genes on

GRID2?
XRCC4 VCAN HAPLNI EDIL3

PTPN20B FRMPD2L2
FAM35B SYT15 GPRIN2
PPYRI ANXAS ANXASLI

ZNF365 C100rf22 EGR2
NRBF2 JMJDIC REEP3

HERC2P3 POTEIS

'MC4R CDH2() RNF152

DEFBI15/116/118/119/121/
123/124 REM1 HM13 ID]
COX412 BCL2LI TPX2
MYLK2 FKHLI8 DUSPIS
TTLLY PDRGI XKR7
C20011160 HCK TMISF4
PLAGL2 POFUTI KIF3B
ASXLI C2001112 LOCI49950
COMMD7 DNMT3B MAPRE]
SPAGAL BPILI BPIL3
20011185

*Why do they occur? What could be the source?
*Can we manipulate with mechanism(s) of their genesis?
*What could be their biological significance in vivo?
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High-resolution DNA analysis of human embryonic
stem cell lines reveals culture-induced copy number
changes and loss of heterozygosity

Elisa N, Relja Aul, Nely Rahkonen, Linila Kong, NeilHarison, Danny Kisberg, Lodevica
Borghece, Joseph skovle£ldor,

‘Omid Rasoo, Pet Dvorak, Oul Hovat, Timo Oonkosk, Timo
da Wlty, Hary D Mooro, Niesim Benvenst, Poler
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Tumor formation iIs still a concern!

Pluripotency

- A
AN d
e ™
Embryonal carcinoma cells Tissue and organ stem cells Differentiated somatic cells

Cancer stem cells | Progenitor cells

Cancer stem cell hypothesis

Tumors are maintained by a small
population of stem cells that might even be
at the origin of a tumor and are the only cells
capable of tumor re-initiation

Gene expression overlap



...however pluripotent stem cells hold great promise
for the understanding of human disease!

Pluripotency

Human embryonic stem cells Tissue and organ stem cells Differentiated somatic cells
Induced pluripotent stem cells Progenitor cells

* Quiescence/dormancy

e Genotoxic stress

« DNA damage

» Aberrant differentiation pathways
o Cell cycle arrest x apoptosis
i « Uncontrolled proliferation

Gene expression overlap - Carear



Phase 1 clinical trials using GMP -grade
hES cells

e Spinal cord injury — hES cell-derived oligodendrocytes

o Stargardt macular dystrophy and dry age-related
macular degeneration — hES cell-derived RPE cells

. Petr Dvorak
M g Masaryk University
) <& Brno, Czech Republic
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Thank you for your attention!
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Definice I.

« Embryon alni KB jsou bunky
embryonalniho puvodu se schopnosti
sebeobnovy, multiliniové diferenciace in
vitro a in vivo, klonogenni kapacitou,
normalnim karyotypem, dostatecnou
proliferacni kapacitou in vitro v
definovanych podminkach a schopnosti
hlubokého zamrazeni a rozmrazeni bez
vyrazné ztraty zivotaschopnosti. Kombinace
téchto vlastnosti je nazyvana “kmenovosti”
(stemness).



Definice Il.

 Dospelé KP jsou bunky s klonalnim
potencialem, které jsou za fyziologickych
podminek pritomné v ruznych organech a
tkanich, sebeobnovuji se, a prubézné, nebo
kdyz dostanou vnéjsi signal, zacCinaji
diferencovat a vytvareji funkéné
specializované bunky potfebné k regeneraci
organu a tkani.




Definice .

* Indukovan é pluripotentn i bunky (tzv.
iInduced pluripotent stem cells; IPS cells)
jsou bunky vytvorené z dospelych
diferencovanych bunék (tj. somatickych

punék) pomoci ,jednoduché” metody - geny

Kodujici nekolik (2-4) transkripcnich faktoru

Jjsou klonovany do viroveho vektoru a

ednoduchym pfidanim takovych vektoru do

in vitro kultury somatickych bunék (napf.

fibroblastu) dojde za urcitych podminek k

Jreprogramaci* bunék do pluripotentniho

embryonalniho stavu.




