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Kmenove bunky: kriteria a definice
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Kmenoveé bunky se sebeobnovuji, mnozi

Symetrické déleni Asymetrické déleni
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Embryonalni KB

Fetalni a dospélé KB (s vyjimkami)

Kombinace obou mechanismu = neuralni KB !!!



.... a diferencuji a regeneruji tkaneé organy

Embryonalni KB SEIRECT L EHCH =N Gastrointestinalni KB KB prostaty

Priklady



Puvod a vyvojova ontogeneze kmenovych bunék (KB)

embryonalni KB

EERIVRISKOISMEEBES =~ rrimitivni entoderm

Primordialni zarode&né buriky |\
« gamety
\\

Ektoderm
* nervova tkan — neuralni KB
- kiize — kozni KB

Visceralni entoderm

Mesoderm Parietalni entoderm

- kostni dien a krev — hematopoetické a mesenchymaini KB
- svaly a kosti — tkanoveé specifické KB

Entoderm
-plice, jatra, pankreas — organové specifické KB
- jicen, Zaludek, stfevo — intestinalni KB




Kmenove bunky v medicine

* Pluripotentni
embryonalni a indukovane...

* Mezenchymalni (Dr. Pesl)
experimentalni lecba a turistika za
Kmenovymi bunkami

« Hematopoeiticke (prof. KrejCi)
predevsim hematoonkologicke a
Imunitni onemocneni



Kmenove bunky v medicine

* Pluripotentni
embryonalni a indukovane.«

« Mezenchymalni (Dr. Pesl)
experimentalni lecba a turistika za
Kmenovymi bunkami

« Hematopoeiticke (prof. KrejCi)
predevsim hematoonkologicke a
Imunitni onemocneni
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Co myslime EMBRYEM, kdyz mluvime
& O kmenovych burnkach

* preimplantacni stadium
* blastocysta 4 dny stara

« tvofi ji nékolik desitek
bunék

« embryoblast a trofoblast

~9000 embryi implantovano (vétsinou po tfech) roéné v CR
zbytek >50% zUstane zamrazen a ...



Benedict XIV

The destruction of human embryos to harvest stem
cells is "not only devoid of the light of God but is

also devoid of humanity" and "does not truly serve
humanity."

James Thompson

"[T]he bottom line is that there are 400,000 frozen
embryos in the United States, and a large
percentage of those are going to be thrown out.
Regardless of what you think the moral status of
those embryos is, it makes sense to me that it's a
better moral decision to use them to help people
than just to throw them out. It's a very complex
iIssue, but to me it boils down to that one thing."




Zakon 227/2006 Sb

Zakon o vyzkumu na lidskych embryonalnich kmenovych burnkach a
souvisejicich ¢innostech a o0 zméné nékterych souvisejicich zakonu

Statem provozovany registr linii lidskych embryonalnich kmenovych bunéek
Vyzkum Ize provadét vyhradné s povolenim MSMT
Vyzkum/€innost nesmi vést k vytvoreni jedince (klonovani)

Zakon 273/2011 Sb

- Skladovani embryi neomezenou dobu (EU vétSinou 5 let)
- Likvidace embryi po 10 letech, pokud si par nepfeje jinak



Zakon 227/2006 Sb

Zakon o vyzkumu na lidskych embryonalnich kmenovych burnkach a
souvisejicich ¢innostech a o0 zméné nékterych souvisejicich zakonu

Mozna Hlava 22...7?

,<Zamrazena generace” — cca 2 milionu zmrazenych embryi v US
CR: skladovani embryi (CR) .... ~ 10 000 K& (jednorazové

v roce 2007 — 3400 asistovanych reprodukci

§9 odstavec 1: a) je mozné udelit, je-li zrejmé, ze jde o nadbyteCné lidské embryo, a
zaroven drive, nez dojde k jeho pouziti k ziskani lidskych embryonalnich kmenovych
bunek.



Blok | - Diskuze

* Relevance vyuky o KB pro studenty
mediciny

* Relevance argumentu o lidskem jedinci
od oplozeni do smrti a ucelovosti

argumentu o absenci nékterych
schopnosti embrya (myslet, citit bolest)

* (ne)dostatecnost souCasne legislativy o
EKB v CR



Albert Lasker basic medical
research award 2009

Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors
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Indukované pluripotentni KB (vamanaka 2006)

Alternativni zdroj pluripotence - Indukované pluripotentni KB (IPS ceIIs)
- KB vytvorené ze somatickych tj. diferencovanych bunék pomoci genetické metody

Kinetika reprogramace fibroblastu do pluripotentnich KB - relativné kratka cesta zpét

Stabilni reprogramace na “kmenovost”
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Somatické buriky markery pluripotentich ke Il IPS bunky

Napf. kozni fibroblasty .
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IPS jsou schopny vytvorit chimérni organizmus

Oct-4 GFP  Oct-4 GFP Nanog GFP
fibroblasty IPS iPS

" | Injekce chiméry
V. (bila a hnéda srst)

o

Nanog GFP iPS chiméra Oct-4 GFP iPS chiméra

F Department of Biology

A iment of Bl Brambrink et al. Cell Stem Cell, February 2008



Indukované pluripotentni kmenove bunky

maji obrovsky potencial pro medicinu - tzv. patient-specific cells
Transplantation of genetically
L’.f:t;'j;: matched healthy cells

. -
Patient
Dasease-specmc drugs cMYC O cTa

Healthy cells
Screening for . KLF4

therapeutic SOX2 In vitro

compounds _ differentiation
&*f

&L’( Skin biopsy (5\4% g

Affected cell type Repaired iPS cells

(0

) Use gene targeting to repair
_Invitro @ (@ disease-causing mutation
differentiation \ '

Patient-specific iPS cells



LIDSKE INDUKOVANE PLURIPOTENTNI
KMENOVE BUNKY

* neni potreba destrukce embrya

* pro “reprogramaci” lze pouzit vlastni bunky
pacienta a odpada tak riziko GVH

Eticky problem s hiPSC?



Eticky problém s hiPSC .... |
Zarodecne bunky z
pluripotentnich

Diferenciace do PGC

Spermatocyt
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Eticky problém s hiPSC .... |l
Cell Stem Cell Cell

Patients’ Attitudes toward the Donation
of Biological Materials for the Derivation
of Induced Pluripotent Stem Cells

Ishan Dasgupta,’ Juli Bollinger,'-2 Debra J.H. Mathews,-* Neil M. Neumann,** Abbas Rattani,” and Jeremy Sugarman’:3*
1Berman Institute of Bioethics, Johns Hopkins University, Baltimore, MD, 21205 USA

2Genetics and Public Policy Center, Johns Hopkins University, Washington, D.C., 20036 USA

3School of Medicine, Johns Hopkins University, Baltimore, MD 21205, USA

“Medical Scientist Training Program, Johns Hopkins University, Baltimore, MD 212105, USA

*Correspondence: jsugarman@jhu.edu

http://dx.doi.org/10.1016/j.stem.2013.12.006

Altruisticky sentiment a o¢ekavani benefitu

vVersus

Ochrana soukromi

Ustaveni permanentni linie bunék (nesmrtelné; napr.HelLa)
Komercionalizace lidskych bunék a tkani

Moznost vytvorit gamety (zarodecneé bunky)

Editace genomu pred transplantaci bunék



INSIGHTS

Edited by Jenmifer Sills

research involving human subjects and
cells, as well as the transfer of materials
into other vertebrates, partly to reassure the
public that biomedical research is ethically
conducted. In the recently posted notice
NOT-OD-15-158, the NIH stated that it “will
not fund research in which human pluripo-
tent eells are introduced
into non-human
wvertebrate animal pre-
gastrulation-stage
embryos while the
agency considers a
possible policy revision
in this area” (7). This
notice encompasses
human pluripotent
stem cells (hPSCs]
including human
induced pluripotent
stem cell (hiPS
based human/
non-human chimera
studies. We believe
that this notice poses
a threat to progress in
stem cell biology, developmental biclogy,
and regenerative medicine. We hope the
guideline recommendations that emerge
from the NTH Workshop on 6 November
will accelerate the decision to reinstate
NIH funding for this research area, which
has tremendous promise. trongly
believe that a continued dialogue between
scientists and bioethicists regarding
human/non-human chimera studies
is critical for advancing human health
through basic science.

Much of the bioethical concern in regard
to human/non-human chimerism
from the possibility of chimeric animals har-
boring human neurons and germ eells. Can
human neural cells coexist with those from
animals and establish “humanized” cerebral
anatomy and circuitries? Furthermaore,
would such chimeras be elevated to a higher
metaphysical state and “think” more like
us (2)? Current scientific data have not sup-
ported such possibilities, despite hundreds
of xenotransplant studies introducing
human neurons into the mouse brain (3-5).
With regard to germline transmission, the
National Academy of Medicine and the
National Research Council have stated in

VEMBER 2015 + VOL 350 ISSUE 6261

Engraftment of hiPSC (red) info mouse
blastooyst-stage embryo

the Guidelines for Human Embryonic Stem
Cell Research that animals in which human
pluripotent stem cells (hPSCs) have been
introduced during development should ne
breed and that hPSC chimerism with non-
human primates is restricted (6).

Research involving hPSC complementa-
tion in nen-human, pre-gastrulation-stage
vertebrate embryos represents a special
topic with tremendous potential to elucidate
early human development. Development
of stem and progenitor cells from pre-
gastrulation embryes oceurs over the weeks
following blastocyst implantation into
appropriate hosts. Currently, it is i

development in vitro, and there is no ethical
‘method to obtain post-
implantation-stage
human fetal tissue for
isolating tissue and
‘organ stem cells for
regenerative medi-
cine. Although earl;
chimera studies involy-
ing hESCs/iPSCs and
non-human vertebrate
‘animal blastocysts have
shown some capac-
ity for contribution
o host tissues (7-9),
much work remains to
unravel key differences
in early development
between humans and
other vertebrates. If we
sueceed in inducing significant chimerism
between hPSCs and pre-gastrulation-stage
embryos from non-human vertebrates,
tremendous potential exists to develop
humanized disease models for studying
drug pharmacology. Similarly, implantation
of hPSCs derived from patients with herita-
ble diseases could illuminate genetic disease
pathogeneses in an appropriate in vivo
context. It may even be possible to generate
an unlimited supply of therapeutic replace-
ment organs using porcine or sheep models,
an effort that we (H.N.) have undertaken
with support from the California Institute
for Regenerative Medicine. By eliminating
federal funding for this research, the NIH
casts a shadow of negativity towards all
chimerism studies regardl f whether
human cells are involved.

Ultimately, we believe that human/
non-human chimerism studies in pre-
gastrulation embryos hold tremendous
potential to improve our understanding
of early development, enhance disease
modeling, and promote therapeutic
discovery. Given that the ohjective of the
NIH is to enable discoveries that advance
human health, the restrictions presented

Cell Stem Cell

UK

Human-Mouse Chimerism Validates
Human Stem Cell Pluripotency

Victoria L. Mascetti'* and Roger A. Pedersen’
The Anne MeLaren Laboratory, Welloome Trust-Medical Research Gouncil Gambridge Stem Cell Institute, Department of Surgery and British
Heart Foundation Centre of Regenerative Medicine, University of Cambridge, Cambridge, CB2 082, UK

*Corresponden
dx.doi.org/10.10
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Mezidruhove chimeéry pro
vyzkum a tranSplantacni
medicinu




Blok Il - Diskuze

* Relevance vyuky o reprogramaci pro
studenty mediciny

» Relevance argumentu o lidském
individualite ve vztahu ke klonovani

* (ne)dostatecnost souCasne legislativy o
hiPSC v CR



Predpoklady racionalniho vyvoje aplikaci pluripotentnich

kmenovych buneék v klinické mediciné

Oteviena a pravdiva komunikace s laickou vefejnosti

Dokonaly informovany souhlas

Naprosta transparentnost vyzkumu a preklinickych testu

Dlvéra v systém a jednotlivce (védce a lékare)



K ¢cemu to vlastne je?

Modelovani chorob

Regenerativni a transplantaéni Pochopeni Vyvoj léCiv
bunééna medicina patologickych procesu




K ¢cemu to vlastne je?

Modelovani chorob

Regenerativni a transplantadhi Pochopeni Vyvoj lédiv
bunééna medicina patologickych procesu




Jakakoliv aplikace PKB je podminéna kvantitativni diferenciaci do kyzené tkané

Vztah mezi pluripotenci a tumorogenicitou

///—\
\,

pluripotent cell

(a) Telomeraza

(b) Absence kontaktni inhibice

(c) Silny antiapoptoticky aparat
(d) Vysoka proliferacni schopnost

Kooreman, J R Soc Interface. 2010

Soucasny standard pro klinické zkousky: Maximalné 1 pluripotentni burika na 108
diferencovanych bunék v off-the-shelf produktu!



Pluvod a vyvojova ontogeneze kmenovych bunék (KB)
— pro dospélée KB hypoteéza II.

embryonalni KB

| Primordialni zarode&né buriky | Multipotentni KB

* gamety  neuralni KB
W * kozni KB
Ektoderm * hematopoetické KB
« nervova tkan * mesenchymalni KB
. kGize * intestinalni KB \/
’ tkar!ove vs peCIfI.C.ke !(B Visceralni entoderm
Mesoderm » organové specifické KB Parietalni entoderm

 kostni dien a krev
* svaly a kosti

Entoderm
* plice, jatra, pankreas
« jicen, zaludek, stfevo




Co ridi a urcuje diferenciaci KB In vivo a In vitro:

Liniova diferenciace embryonalnich kmenovych bunék ve élenité krajiné vysokych
kopcti (=NESTABILNi STAV BUNEK), horskych tdoli (=RELATIVNE STABILNi ALE
REVERZIBILNi STAV BUNEK) a hluboké niziny (=TERMINALNi DIFERENCIACE BUNEK)

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

Transkripéni a rustové faktory! namure



DIFFERENTIATION OF PSC - analogie embryonalniho vyvoje...

H, OH

Retinova kyselina

Ustaveni AP osy RA indukuje tvorbu ektodermu z PSC
& 8 2 888ssss
5 & 3 e
Raldh2
RIA Ectoderm
AT
[\ )
| W“isa"c Mesoderm
i Fof signalling =
A\
N\ Ve Endoderm
! Brachyury

Ribes, Development 2009 Zhang, PLOS 2015



DIFFERENCIACE PSC DO FUNKCNICH KARDIOMYOCYTU...

A

hPSCs on feeder
e — — —— .

EB formation Stage 1

Stage 2 Stage 3

-7 2 6 10 30
BMP4
HES medium BMP4 FGF2 IWR1 FGF2
Activin A VEGF VEGF
t Ascorbic acid
————————— Hypoxic conditions (DO - D14) =mmmee——rf]

BMP4 pomaha
polarizaci
embrya pfi
gastrulaci
(primitivni
mesendoderm)

Hensenuv uzel v
pritomnosti FGF2
spousti
kardiogenezi

Activin A spousti

tvorbu
mezodermu

IWR inhibuje Wnt
signal — zabrani
neurodiferenciaci
atp.

VEGF is je
treba pro
pozdni
morfogenezi
srdce (tvorba
komor)

, Pesl, Heart and Vessels, 2014

Kardiomyocyty
zacinaji
spontanné bit




FUNCTIONAL CHARACTERISATION OF PSC DERIVED CARDIOMYOCYTES.
A

hPSCs on feeder EB formation Stage 1 Stage 2 Stage 3
o — — —— 9
-7 0 2 6 10 30
BMP4
HES medium BMP4 FGF2 IWR1 FGF2
Activin A VEGF VEGF

Ascorbic acid

|— Hypoxic conditions (DO - D14) =]

Cardiac Markers & Morphology Electrophysiology (Patch Clamp)
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Pokroky v diferenciaci lidskych
pluripotentnich KB - biologickeé
modely a aplikace

“INeurony, astrocyty, oligodendrocyty
_Kardiomyocyty

JInsulin-produkujici pankreatické buriky
“Krevni bunky
Jlmunokompetentni bunky
“Endotelialni bunky
~Bunky trofoblastu
“Respiratorni bunky
1Osteoblasty
~Hepatocyty
Melanocyty
1Bunky prostaty
~Zarodecne bunky




Priklad: traumatickeé poskozeni kréni michy, myelopatie a Ié€ba kmenovymi bunkami

Patofyziologie a strategie |eCby KB  Anatomie poSkozeni Stav po transplantaci
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obnoveni pohybovych funkci Adaptovéno ze Stem Cells, 2010



Uspéchy: Indukované pluripotentni KB

...ordecni zaplaty...

-
v

Pacient s akutnim 5% ejekeni frakce
srdecnim selhanim

A

30% ejekeni frakce
... pacient odchazi z JIP

A

Teruo Okano: ISSCR Yokohama 2012; current status: unknown



Uspéchy: Embryonalni kmenové bunky

...Regnerace RPE...

l!D "
aacular
Degeneration |

& Lidske embryonalni kmenové bunky @
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Disease

iPSCs and/or
ES cells

Robust
differentiation

Cell type

Current stage

Vybér recentnich aplikaci PSC v klinickych studiich

(dalSi info v Casti || — Dr. Martin Pesl

Age-related macular Parkinson disease

degeneration

CJ

Retinal pigment A9 dopaminergic
epithelium neuron

Clinical Phase |
and Phase |l

Clinical Phase |

Spinal cord injury

@

Oligodendrocyte
progenitor

Clinical Phase |

Diabetes Myaocardial infarction

Pancreatic islet B-cell Cardiomyocytes

progenitor m
© © o7

Clinical Phase -l Clinical Phase |

Nature Reviews | Molecular Cell Biology

Trounson, 2016



K ¢cemu to vlastne je?

Modwlovani chorob

Regenerativni a transplantaén Pochopeni Vyvoj leCiv
bunééna medicina patologickych procesu




Duchenova muskularni
dystrofie

-Postizené kosterni
svalstvo

-Srdecni selhani

Predpoklad:
-Chybi dystrofin

-Unik kalcia ze
sarkoplazmatického
retikula

-Pomonhly by inhibitory
vapnikovych kanalu?

Chceme je testovat na
srdecCnich bunkach!!!

Duchenne's Muscular Dystrophy

Sex-linkea Mother Only males affected,
recessive normal, Q D Fa!ha_r but females may be
inheritance carrier normal carners
B

B <0 ¢H 0 B

2 yrs old, 5 yis old, 8 yis old, 10 yrs oid, 15 yrs old,

alfected normal aftected nermal; affacted

may or

may not
be carner

; 15 years

2 years

Minimal or no symptoms ws e
Severe crippling
Weakness, especially of deformities and contractures
Progression with age

pelvic girdle muscles;
2N
/f g{a cina

marked lordosis.
enlarged calves \
& : / - T0)

Calf muscles usually
but not always
enlarged

Lordosis disappears
when child sits




Duchenova muskularni
dystrofie

-Postizené kosterni
svalstvo

-Srdecni selhani

Predpoklad:
-Chybi dystrofin

-Unik kalcia ze
sarkoplazmatickeho
retikula

-Pomohly by inhibitory
vapnikovych kanalu?

Chceme je testovat na
srdeCnich bunkach!!!
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Nalezeny fyziologicke rozdily, ale nic co by
ohrozilo pfirozenou regeneraci a vysvétlovalo
srdeCni selhani....




ROS
Relative fluorescence
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-Postizené kosterni
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Extracellular

Duchenova muskularni Hoalthy " DMD (g matrix

d ySt rOfI € Cvtoviasmic
% | LS
-Postizené kosterni aNos»
svalstvo ﬂ i : s
X*.«'-._.,Q.C ”

-Srdecni selhani

Cytoplasm

Zavér: defektni dystrofin zpusobuje produkci ROS pfes NO syntazu,
zvySenou mutagenezu KB a naslednou depleci progenitoru



K ¢cemu to vlastne je?

Modelovam chorob

Vyvoj 1é&iv

Regenerativni a transplanta¢ni Pochopeni
bunécna medicina

patologickych procesu




Katecholinergni polymorfni ventrikularni tachykardie (CPVT)

Syndrom nahlé srde¢ni smrti (Casto u ,zdravych sportovci®) i Y

Endoplyermic
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Mutace RyR:
Pomaly unik Ca2+
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PoZzadovan skrining inhibitort kanaltl Ca%* - pomohou hiPSC?



... aneb jak dostat srdeCni bunky z pacienta, ktery nam
je dat nemuze..

Biopsie koznich bunék a-actinin
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Embryonalni teliska



... aneb jak dostat srdeCni buriky z pacienta, ktery nam
je dat nemuze..

Mechanické vlastnosti:
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. aneb jak dostat srdeCni bunky z pacienta, ktery nam
je dat nemuze..
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Konecna diskuse — cast | (pluripotentni
bunky)

«Starnuti PKB v kultufe a adaptace na in vitro podminky-hrozi nebezpecné zmény?
*Geneticky reprograming — predstavuje riziko bunécné terapie?

*Problém “bezpelnosti” bunécnych transplantatl derivovanych z pluripotentnich KB
*Problémy rejekce KB imunitnim systémem a omezené genetické diverzity linii?

*Nedostatecné/korektni/premrsténé legislativni a etické prekazky?



