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Nobelova cena za fyziologii a medicinu 2012

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

Pholo: Crestive Commons Attr. 2.0 Pholo

Ganenc koense Goodfelicw

Sir John B. Gurdon Shinya Yamanaka

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




Kmenove bu nky: kriteria a definice

Sebeobnova

Schopnost vytvaret
vlastni kopie

Schopnost ménit
vlastnosti a funkéné
se specializovat

Diferenciace

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

~Stresem-natkovane~{(STAR -bt—ly—



Plavod a vyvojova ontogeneze kmenovych bun  ék (KB)
— pro dosp élé KB hypotéza .

d

embryonalni KB

EIREVASROOSNEEBES =~ Primitvni entoderm

Primordialni zarode¢né bunky
e gamety

Ektoderm
* nervova tka i — neuralni KB
» kaize — kozni KB

Visceralni entoderm

Mesoderm Parietalni entoderm

« kostni d fen a krev — hematopoetické a mesenchyméalni KB
« svaly a kosti — tkanové specifické KB

Entoderm
eplice, jatra, pankreas — organov é specifické KB
s jicen, Zaludek, st Fevo — intestinalni KB




Plavod a vyvojova ontogeneze kmenovych bun  ék (KB)
— pro dosp élé KB hypotéza Il.

d

embryonalni KB

EINEVASROOSINEENES =~ Primitvni entoderm

Primordialni zarode&né burky Multipotentni KB
* gamety  neuralni KB
* kozni KB
Ektoderm * hematopoetické KB

* mesenchymalni KB

* intestinalni KB

« tkanové specifické KB

e organov é specifické KB

* nervovatka n
« klize

Visceralni entoderm
Parietalni entoderm

Mesoderm
* kostni d Fen a krev
* svaly a kosti

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




Kmenoveé bu nky se sebeobnovuji, mnozi

Symetrické d éleni Asymetrické d éleni

Bun ééna smrt

Embryonalni KB

@ Fetalni a dosp élé KB (s vyjimkami)

Kombinace obou mechanism U = neurélni KB li

Kmenové bu rfiky maji obecn é velké jadro, tzv. otev feny chromatin a malo cytoplazmy




.... a diferencuji a regeneruji tkAhn € organy

Embryonalni KB Hematopoetické KB Gastrointestinalni KB KB prostaty

PFiklady



Pochopeni molekularnich mechanism u, které Fidi
sebeobnovu a diferenciaci normalnich KB p  redstavuje kli €
k pochopeni vzniku mnoha nadorovych onemocn  éni !!!

Pluripotence @ @7 . @
OO @ @Gy
Bunéénésmrt. . - . .

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




Nobelova cena za fyziologii a medicinu 2007

Vyvoj technik pro produkci tzv. “knockout” mysi prostrednictvim embryonalnich
kmenovych bunék jako nosiCl genu — moznost vytvofit zivy organismus s
pozadovanou mutaci v kazdeé bunce téla

A. Gene targeting of embryonic stem cells

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

Pure population
of targeted ES cells

Targeted ES cells
are injected
into biastocysts...

which give birth
1o chimenc mice

Oliver Smithies

Mario R. Capecchi



Etické a legislativni aspekty derivace kmenovych bun

ek z lidskych embryi

Pro derivace jsou pouzivana pouze embrya
ziskana po fertilizaci a vyvoji in vitro

&

+

Year 2006

COLLECTION OF LAWS
OF THE CZECH REPUBLIC

PROFILE OF THE REGULATION:

Title of the Regulation:
Act

on Research on lluman Embryonic Stem Cells and Related Activities and on

Amendment to Some Related Acts
Citarion: 227/2006 Coll. Part: 7572006 Coll,




Embryonalni kmenové bu nky z lidskych embryi v Madisonu a Brn

e

Scien(;_g

wwhwsciencemagorg  STIEMCE VOL Z832 & NOVEMBER 15398
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

Derivace a charakterizace |linii

- -

. . , Czech stem-cell work heightens calls for EU rulin
Martina Vodinska P Sl o m:;,,g“m%

Tana KoSkova
4 Klara Koudelkova
l lveta Peterkova




Proc¢
nezijeme
vVecne,
kdyz
kmenoveé

bunky...
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Model of stem cell use over the life span

Outside of evolutionary
Shaped by natural selection selective pressure

| [
Development and growth Adult reproductive years “Protected aging”

Stem cell activity

Margaret A. Goodell, and Thomas A. Rando Science
2015;350:1199-1204

A AAAS

Published by AAAS
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In vitro diferenciace lidskych
pluripotentnich kmenovych bun ék

JNeurony, astrocyty, oligodendrocyty
JKardiomyocyty

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



CPVT patient-derived iPS cells

& calcium channel stabilizers

+LEOPARD syndrome
Long QT syndromes










"0OJJIA U

sisolaw Jo uononposdal [euoijouny
bunensuowsep ‘bBuudsyoajipay pue ajgelan
aonpoud ueo jey} sHS] 9sSnNOoLW Loy
sajaweb ajew piojdey jo uoijeisusb ay)
podai “[e 12 noyz "yoo|qpeods Jueayiubis
B sl a.n}no ul sisolew Bunenudeoal Ing
‘Apuagun 1oy Juawyeau) e apinosd pinoo
sajaweb piojdey jo uononpoid 0JpA U|

joug U

(Z"A-"X) uo'npanwsgbuefoexoeyz
‘("g"r) uonparnwiugyfeys
‘(-Z'0) uoroe-zoignoyzb

aouapuodsalion

noyz 1o ‘eys oeyeir ‘oeyz Guej-oery
“=‘uenp ueA ‘Buepy 1oy ‘noyz uenp

sioyiny

eluoBoieuads &7 )
=

&

1521
phew=ds |22 2y paewdsds

< =
® )
ahroeuuads (22 #)|
Aoie LA

@ L

oA Uy 0J43IA UJ i,

1se)q)dy

sajalled |euoijauny jo uoiealaq

10e4Sqy [eoiydein)

OJ}IA U] S||29 Wian) paAlIaQg

-1199 wa}s diuokiquizg wod} sisold) a1a|dwon

120 WIB)S 19D




‘sajaquoup 7 adA3ynm sidoad fo swiapsds aumdinn
Ay oL sjunidsuna] oo joajosd 07 s125Uaf) DY 343 MOp]

NSy SojoqeIp Spre
S$SSIIINS [[29-UI3§

JHI0TH TALLVEINISIE

gjje0 wys usuny Sursn H)=0 Bugainas ) n) apew sy (e ueglags) sefEnog & paj ey o s s g

e LI 0T PO 0 WS 0 LT T HHYIN S



Priklad: traumatické posSkozeni kr €ni michy, myelopatie a lé €ba kmenovymi bu nAkami

Patofyziologie a strategie 1éCby KB~ Anatomie poSkozeni Stav po transplantaci
A A _ e » C

e

Human Nuclei / mm?

\ , Makrofag @  Axony s myelinem
I\

6 Astrocyt <a®. Progenitory oligodendrocyta - Py
3K Oligodendrocyt —<w— Progenitory motoneuront J'g@ |

PSS A

Vysledek: obnoveni bilé a $edé hmoty v misté& poskozeni Model: laboratorni potkan
obnoveni funké&nosti motorickych neuront

obnoveni pohybovych funkci Adaptovano ze Stem Cells, 2010
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Organoidy

Mesendoderm

Wnt3a ' Bmp4
de / NP

Hindgut endoderm Intermediate mesoderm

.

~ Matrigel RA

Intestinal organoid

Minimal media

Ectoderm/neurcectoderm

EG%K? ' \1.\5%&3&

Neuroepithelium Retinal epithelium

Mat_lr_igel 2% matrigel
agitation

Cerebral organoid Optic cup organoid
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Mezidruhové chimeéry, genetické manipulace a
vyvoj lidskych organu ve zvifatech

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

Toshihiro Kobayashi,!2 Tomoyuki Yamaguchi,!2 Sanae Hamanaka,"-? Megumi Kato-Itoh,?3 Yuji Yamazaki,'2
Makoto Ibata,? Hideyuki Sato,!-2 Youn-Su Lee,-2 Jo-ichi Usui,’-¢ A.S. Knisely,> Masumi Hirabayashi,®*

and Hiromitsu Nakauchi'-2*
1Division of Stem Cell Therapy, Center for Stem Cell Biology and Regenerative Medicine, Institute of Medical Science, University of Tokyo,
4-6-1 Shirokanedai, Minato-ku, Tokyo 108-8639, Japan

2Japan Science Technology Agency, ERATO, Nakauchi Stem Cell and Organ Regeneration Project, 4-6-1 Shirokanedai, Minato-ku,
Tokyo 108-8639, Japan

3Center for Genetic Analysis of Behavior, National Institute for Physiological Sciences, Okazaki, Aichi 444-8585, Japan

4School of Life Science, The Graduate University for Advanced Studies, Okazaki, Aichi 444-8585, Japan

5|nstitute of Liver Studies, King’s College Hospital, London SE5 9RS, UK

6Present address: Department of Nephrology, Graduate School of Comprehensive Human Sciences, University of Tsukuba, 1-1-1 Tennoudai,
Tsukuba, Ibaraki 305-8575, Japan

K . o vt v 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



Tajemstvi kmenovosti pluripotentnich kmenovych bun
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Tajemstvi kmenovosti pluripotentnich kmenovych bun ek

diferenciace «recnee  dIf@renciace

Oct4, Nanog, Sox2 ...

(transkripéni faktory)

Epigenetické

represivni Represivni
mechanismy- - a pro-proliferaéni
Polycomb, - signalni drahy-

Gremlin, Lefty IGF,
EGF, TGF .

microRNAs,
metylace DNA

ttt

TGFs, FGFs

(rustove faktory)

diferenciace diferenciace

diferenciace diferenciace




Albert Lasker basic medical
research award 2009

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

Warutcshi Takahasa and Shin vl Yamanaka '~

"Demartme it o Sem Sel Biclogy, s itute far Fronber Semcal Sciences. Kyodo Unierste, Byola GE-8507 Jagan
CREET. Japen Scienze and Technakooy Apency. Kasagaszh J312-30785 Japan
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John Gurdon

: _‘;i'ealdhrough of the Year
A" Reprogramming Cells

e
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REPROGRAMMING

Somatic cells

Viruses, mRNAs, or proteins
mediate delivery of
reprogramming factors:
OCT4, SOX2, KLF4, MYC,
NANOG, LIN28, etc.

Y

hiPSCs

DIFFERENTIATION

&

o ©
2 @ a&%
? 5

blood cells muscle cells gland cells  fibroblasts  neurons




Indukované pluripotentni kmenoveé bu  nky
maji obrovsky potencial pro medicinu tzv. patient-speci fic cells

Transplantation of genetically

-
reatment matched healthy cells

with drugs

ot

=_ 1

Disease-specific drugs

o Healthy cells
Screening for gogzmm
therapeutic In vitro
compounds ' —_— differentiation
. & ==

: Kg Skin biopsy

Affected cell type Repaired iPS cells

Ae gene targeting to repair
@ (@ / disease-causing mutation

Patient-specific iPS cells

In vitro
differentiation
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DalSi Nobelova cena?

Snip snip here

Emmanuelle Charpentier (left) and Jennifer Doudna (right) seek gene-editing patents.

« Editace genomu libovolnych lidskych bun  ék
« Editace genomu divokych zvi Fat a rostlin



IPS cells meet CRISPR/Cas9 technology of genome editing

EXAMPLES FOR POSSIBLE GENETIC MODIFICATIONS

Activation of a Transgenesis/ Defined deletions/ Base pair changes/ Genome wide
defined locus overexpression/ inversion of generation barcoded
reporter genes Coding elements of disease alleles sgRNA libraries
L——— -; -;‘;——— -;——— L ar
GFP I———— Ly '
c~T %k”
Repression of a Non-coding elements S o P
defined locus ,n,{u Y
L——— —/\;——— -t
‘q
1 j
PHENOTYPIC ANALYSIS 1 l
Genome editing in patient iPSCs Genome editing in wild-type hPSCs Phenoytypic selection
Condition A Condition B
Introducing a Genetic modification
mutation (e.g., GFP-reporter) S S -3 F e i S

/\ /\

® o 06 © - -
J& %
]

x__ B %
gene correction i w
i Differentiation i Differentiation Barcode sequencing of
selected or sorted cell
Genetically defined Genetically defined - < populations to identify
isogenic cells experimental systems B enriched or depleted

% PNMANMANA

Mut control (WT)  experimental (GM) Gene of interest




Don’t edit the

human germ line

Heritable human genetic modifications pose serious risks, and th

tis thought that studies involving the
I use of genome-editing tools to modify

the DNA of human embryos will be
published shortly',

There are grave concerns regarding
the ethical and safety implications of this
research. There is also fear of the negative
impact it could have on important work
involving the use of genome-editing tech-
niques in somatic (non-reproductive) cells.

We are all involved in this latter arca of
work. One of us (EU.) helped to develop the
first genome-editing technology, zinc-finger
nucleases’ (ZFNs), and is now senior scientist
at the company developing them, Sangamo
BioSciences of Richmond, California.
The Alliance for Regenerative Medicine
(ARM; in which E.L., M.W. and 5.E.H. are
involved), is an international organization
that represents more than 200 life-sciences
companies, research institutions, non-profit
organizations, patient-advocacy groups and
investors focused on developing and com-
mercializing therapeutics, including those
involving genome editing.

410 | NATURE | VOL 519

26 MARCH 2015

Genome-editing technologies may offer
a powerful approach to treat many human
diseases, including HIV/AIDS, haemo-
philia, sickle-cell anaemia and several
forms of cancer’. All techniques currently
in various stages of clinical development
focus on modifying the genetic material of
somatic cells, such as T cells (a type of white
blood cell). These are not designed to affect
SDEIIm OF CEES.

In our view, genome editing in human
embryos using current technologies could
have unpredictable effects on future gen-
erations. This makes it dangerous and ethi-
cally unacceptable. Such research could be
exploited for non-therapeutic modifica-
tions. We are concerned that a public outery
about such an ethical breach could hinder a
promising area of therapeutic development,
namely making genetic changes that cannot
be inherited.

At this early stage, scientists should agree
not to modify the DNA of human repro-
ductive cells. Should a truly compelling
case ever arise for the therapeutic benefit

B 2015 Macmillan Publishers Limited. A1l rights reserved

of germline mo on, we encourage
an open discussion around the appropriate
course of action.

EDITING TOOLS

Genome editing of human somatic cells
aims to repair or eliminate a mutation that
could cause disease. The premise is that
corrective changes to a sufficient number of
cells carrying the mutation — in which the
genetic fixes would last the lifetimes of the
modified cells and their progeny — could
provide a ‘one and done curative treatment
for patients.

For instance, ZFNs are DNA-binding
proteins that can be engineered to induce
2 double-strand break in a section of DNA.
Such molecular scissors enable researchers
to 'knock out’ specific genes, repair a muta-
tion or incorporate a new stretch of DNA
into a selected location.

Sangamo BioSciences is conducting
clinical trials to evaluate an application of
genome editing as a potential “functional
cure’ for HIV/AIDS®, The hope is that

SHUTTERSTOCK

Bioeticka komise je v souladu se svétovou
odbornou verejnosti pfesvédcena, ze
jakékoliv vahy o editaci genomu gamet v
humanni klinické praxi vyvolavaji zavazné
etické a socialni pochybnosti, pfinaseji
nepredvidatelna rizika a jsou pred¢asne.

Bioetick& komise, v souladu s Umluvou o
lidskych pravech a biomediciné Rady
Evropy, kterou Ceska republika ratifikovala,
zada védeckou obec neprovad ét vyzkum,
ktery se tyka editace genomu lidskych
gamet a zada poskytovatele financnich
prostfedka v Ceské republice, aby
nepodporovali takové projekty.

Soucasné Bioetickad komise podporuje nazor
svétové odborné verejnosti, Ze s vyjimkou
lidskych gamet je d ulezZité vyzkum
zahrnujici editaci genomu podporovat a
zadnym zp tsobem nechce brzdit dalSi
vyvoj a debatu v této oblasti vyzkumu



