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Tato prezentace je spolufinancovana

Evropskym socialnim fondem

a statnim rozpoétem Ceské republiky



Program prednasky:

e vlastnosti kmenovych bunéek
e embryonalni kmenové bunky
e |inie kmenovych bunék v podminkach in vitro

e indukované pluripotentni bunky
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Totipotence

e nelimitovany diferenciacni potencial

e schopnost tvorit embryonalni i extraembryonalni
tkané

e Casna stadia ryhovani zygoty

Pluripotence
e schopnost tvorit buriky vSech 3 zarodecnych listu
e bunky ICM (embryonalni kmenové bunky)

Multipotence
e schopnost tvorit bunky prislusného typu tkané

e napr. hematopoetické kmenové bunky, neuronalni
kmenové bunky...
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VLASTNOSTI KMENOVYCH BUNEK
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Kmenové bunky (Stem Cells, SCs)

= bunky z embrya, fetu nebo dospélého organismu,
které se za urcitych podminek mohou
neomezené mnozit a rovnéz davat vzniknout
specializovanym bunkam rtznych typu tkani

e zdroje kmenovych bunék:
embryo, fetus, dospely organismus
[+ placenta, pupecnikova krev]
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TERMINOLOGIE:

e embryonalni SCs (ESCs):
e embryonalni kmenové (Embryonic Stem Cells)
e embryonalni zarodecné (Embryonic Germ Cells)
e embryonalni karcinomové (Embryonic Carcinoma)
e |linie embryonalnich kmenovych bunék

e dospélé (adultni) SCs (ASCs)

e kmenové bunky nadoru (Cancer SCs, CSCs)
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HUMANSTEM CELLS

Embryonic Fetal Infamnt Adult
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Figure 1. Classification of human stem cells.
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Sebeobnova (self-renewal)
SCs se mohou délit po ,,neomezené” dlouhou dobu,
narozdil od ostatnich bunék organismu

Diferenciace
SCs jsou nespecializované bunky, postupnou diferenciaci
vznikaji specializované typy bunék

Differentiated
cells

Committed
cell

Illustration by Cell Imaging Core of the Center for Reproductive Sciences,




Plasticita (Transdiferenciace)

schopnost adultnich SCs urcitého organu nebo tkané
diferencovat do jiného druhu tkané

CNS stem cells
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Replikacni potencial SCs:

In vivo
e ESCs - tvorba ICM ve stadiu blastocysty
e ASCs - po celou dobu zivota organismu

In vitro
e ESCs, neuronalni ASCs - neomezené
e veétsSina ASCs —omezené déleni

e telomerazova aktivita

ESCs - symetricka mitdza
ASCs - asymetricka mitoza
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Replikacni potencial SCs:

A — kmenova bunka
B — progenitorova bunka
C — diferencovana bunka

1 — symetrické déleni

2 —asymetrické déleni

3 — déleni progenitoru

4 — terminalni diferenciace




“Niche” (hnizdo) SCs

e mikroprostredi (microenvironment):

podpurné bunky, extracelularni matrix, adhezni
molekuly a signalni molekuly

e udrzuje self-renewal SCs
e chrani pred depleci zivin
* reguluje proliferaci SCs

e ASCs - po celou dobu
Zivota organismu

SCs (mitoza)
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Diferenciacni potencial lidskych SCs

Human Developmental Continuum ———»

Single-cell 3-day 5-7 day 4-week 6-week
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Embryonalni zarodecné bunky (EG cells)

vznik z primordidlnich zarodecnych bunék (PG cells)

migruji vembryu do genitalni listy

pozdéji spolecné se somatickymi bunkami tvori gonady

izolace ve vhodny ¢as + kultivace in vitro — pluripotentni (EG cells)
lidské EGCs netvori teratomy ani chiméry

A_ Fertiization
Sperm

l "
Maturity 1

Primordial
germ cell
pracursors

Migration of
Primordial germ celis

). Primordial
germ cells

Genital ridge =~

Primordial
EB.5 germ cells




Fetalni kmenové bunky

e primitivni (malo diferencované) bunky v organech fétu

* napr: KB neuralni listy, hematopoetické KB, pankreatické
progenitory, neuralni KB

e jzolovany z abortovanych fétu

Kmenoveé bunky z pupecniku

pupecnikova krev — hematopoetické KB (HSCs), endotelialni
progenitory, mezenchymalni KB (MSCs), VSELs...
Whartonuv rosol — zdroj mezenchymalnich KB (MSCs)

e vétsSinou jsou multipotentni

* bunky tvori kolonie, mohou byt kultivovany a maji dlouhé
telomery

e vysSi imunologicka kompatibilita nez bunky KD

* HSCs - frekvence vyskytu minimalné stejna jako v kostni dreni



EMBRYONALNI KMENOVE BUNKY
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5denni blastocysta
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Blastocyst

= Primitive
(a) No feeders or LIF Q} endoderm

Embryoid body

ES cell
clump
<> )8 Feeder (b) Injection into blastocyst

Wy At

Chimeric

in vitro culture




Embryonic Stem Cells

Transfer of
stem celis
to mouse
blastocyst

Normal
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|zolace a indukovana diferenciace ESCs

t\
Undifferentiated

embryonic stem cells
Inner cell

mass of '
blastocyst

EMBRYOID BODIES

ITFSn medium (Insulin/transferrin/
floronectin/selenium)

Adherent substrate

SELECTION OF NESTIN-POSITIVE CELLS




SELECTION OF NESTIN-POSITIVE CELLS

N2 medium/bFGF/

N2 medium/bFGF/laminin B27 media supplement

Expansion

Phase
NESTIN-POSITIVE NEURONAL NESTIN-POSITIVE PANCREATIC

PRECURSOR CELLS PROGENITOR CELLS

Remove bFGF Remove bFGF
Differentiation Add nicotinamide

Phase

DOPAMINE- AND SEROTONIN- INSULIN-SECRETING PANCREATIC
SECRETING NEURONS ISLET-LIKE CLUSTERS

TYROSINE HYDROXYLASE/SEROTONIN INSULIN/GLUCAGON




LINIE EMBRYONALNICH
KMENOVYCH BUNEK
V PODMINKACH IN VITRO
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1981 - mysi ES bunécna linie:

M.J. Evans and M.H. Kaufman
University of Cambridge, UK

Gail R. Martin
Ty i€ University of California,
Melol Rtz A8Y) San Francisco, CA, USA

1998 - lidska ES bunécna linie:

J.A. Thomson et al.
University of Wisconsin,
Madison, WI, USA
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Postup pri vytvoreni
linie ESCs:
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Embryonic Stem Cell Lines
Derived from Human
Blastocysts

James A. Thomson,* Joseph ltskovitz-Eldor, Sander S. Shapiro,
Michelle A. Waknitz, Jennifer ). Swiergiel, Vivienne S. Marshall,
Jeffrey M. Jones

Science 282, 1145 (1998);

exprese a aktivita MEF  Hi
telomerazy

A L PP EN s PO o e 4
(A) Gut-like structures (B) Rosettes of neural
epithelium (C) Bone (D) Cartilage (E) Striated
muscle (F) Tubules interspersed with
structures resembling fetal glomeruli.

—IrF —

exprese: AP, SSEA-3, SSEA-4, TRA-1-60, TRA-1-81



Derivation and characterization of new human embryonic

stem cell lines in Czech Republic

Ales Hampl 7, Stanislava Koskova !, Martina Vodinska ', and Petr Dvorak

e odstanéni zony pelucidy pronazou (proteaza)
e imunochirurgické uvolnéni ICM
(anti-lidsky 1gG, komplement)
e preneseni ICM na feeder-layer (MEFs)
e pasazovani mechanicky nebo enzymaticky
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Czech stem-cell work heightens calls for EU ruling

Alison Abbott
ﬁzcch scientists say they have derived three
human embryonic stem-cell lines from
spare embryos stored at an in vitro
fertilization clinic in Brno.

This makes the Czech Republic the first
of the eastern European countries poised to
join the European Union (EU) to move into
\mis controversial research area.

|

allowed under strict ethical supervision in
some EU countries, such as Britain and
Sweden, but is banned in others, including
Germany and Italy. Last week the Spanish
government changed sides and approved a
proposed law to allow the production of cell
lines from spare embryos for research.

The Czech Republic has no law controlling
human embryonic stem-cell research. But Eva

]

It also adds to pressure on the EU to
decide whether to fund research on newly
derived stem-cell lines. This research is

602

Sykova, head of the Centre for Cell Therapy
and Tissue Repair at Charles University in
Prague, who developed the three cell lines

227

ZAKON

ze dne 26. dubna 2006

together with colleagues at the Mendel
University of Agriculture and Forestry in
Brno, says they are working to high ethical
standards. They received informed consent
from donor couples undergoing in vitro
fertilization, she points out.

The scientists are now characterizing the
lines, and plan to study the cells’ potential
to develop into differentiated cells such as
neurons, which they believe could have
therapeutic potential. They presented their
results at a meeting in Prague last month. W

NATURE|VOL 424 ‘ 7AUGUST 2003 | www.nature.com/nature

o v¥zkumu na lidskych embryonilnich kmenovych bunkich

a souvisejicich ¢innostech a o zméné nékterych souvisejicich zakonu



http://portal.gov.cz/app/zakony/zakon.jsp?page=0&fulltext=&nr=227~2F2006&part=&name=&rpp=15

Zakon ¢€. 40/2009 Sb., trestni zakonik

f3 167 Nedovoleneé nakladani s lidskym embryem a lidskym genomem

(1) Kdo v rozporu = jinym pravnim predpisem
a) pouZije pra wyzkum lidske embryo nebo vetgi mnoZstei lidskych embryonalnich kmenowich bunék nebo jejich linii,
b} doveze nebo vyveze lidske embryo nebo vatsi mnodstyi lidskych embryanalnich kmenowych bunék nebo jejich linii, nebo
) pfenese lidsky genam do bunék jinghao Zivadigneho druhu nebo naopal,
bude potrestan odnétim svobody 22 na i 18ta nebo zakazem ginnosti.
{2) Stejné bude potrestan,
a) kdo provadi zakroky sméfujici k wytvofeni lidského embrya pro jing Ocel nez pro pfeneseni do Zenskeho organizmu,
b kdo prenese wyhworene lidské embryo do délohy jineho Zivocigneha druhu, nebo
) kdo béherm wyzkumu na lidskych embryonalnich kmenowvych burfkach provadi = t2mito bufkami manipulace smefujici k
wyhiofeni noveho lidskeho jedince (reprodukeni klonawani.

(3) Odnétim svabody na i 18ta 32 osm let nebo propadnutim majetku bude pachatel potrestan,
a) spacha-li in uvedeny v odstavci 1 neba 2 jako Clen arganizovang skupiny,
b spacha-li takowy Cin opétovné, nebo
3 2iska-li takowym Cinem pro sebe nebo pro jineho znacny prospéch.
{4) Odnetim svobody na pet a2 dvanact let nebo propadnutim majetku bude pachatel potrestan,
a3 spacha-li in uvedeny v odstavci 1 nebo 2 ve spojeni s organizovanou skupinou pdsobici ve vice statech, nebo
b} ziska-li takovym Cinem pro sebe nebo pro jineha prospech velkeha rozsahu.

(5) Ffiprava je fresta,




Alternativni metody ziskani pluripotentnich SCs

Strict hESC
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Alternativni metody ziskani pluripotentnich SCs

D. Genetically Abnormal Embryos PGD identifies Disease-bearing
Remove blastomere, genetic defect ' BESEme

presumably without e ——
harming the '
embryo

Embryo not used to establish
pregnancy to avoid generating
offspring with genetic defect

hESC line
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presumably without ' S
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Parthenogenetic
activation

(Trick the egg into
behaving as if it's
fertilized)

Embryo not capable
of establishing a
viable pregnancy




Alternativni metody ziskani pluripotentnich SCs

G. Somatic Cell Nuclear Transfer (SCNT)

Nucleus from
la somatic cell Artificially activate

the egg
\' A

Enucleated oocyte (egg with
its own nucleus removed)

H. SCNT Using an Embryo at Mitosis "
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Zygote arrested at mitosis / into enucleated

using drug treatment
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l. Altered Nuclear Transfer (ANT) cdx2 gene
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| nucleus back on
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_ Not known if embryo
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Strict hESC ANT pluripotent
culture conditions  stem-cell line

-‘.

ANT embryo not
capable of implanting,
so cannot establish
viable pregnancy




Markery lidskych ESCs:

e Oct-4 (TF, octamer-4 binding protein)
e Nanog (homeobox TF)
e SSEA3

SSEA4

(povrchové markery: Stage Specific Embryonic
Antigen)

e Tra-1-60
Tra-1-81
(Tumor-Rejection Antigen)
e alkalicka fosfataza (Tra-2-54)
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Kultivacni médium pro izolaci lidskych ESCs:

e DMEM (Dulbecco’s Modified Eagle’s Medium)
e 20% FBS nebo KO-SR (serum replacement)

e aditiva (3-merkaptoethanol, GIn, AAs, Atb)

e rustové faktory: bFGF (FGF2)

e feeder-layer (mysi embryonalni fibroblasty, lidské
fibroblasty): inaktivace mitomycinem-C

e matrigel

Metody diferenciace lidskych ESCs:

e kultivace pri vyssi densite

e kultivace v pritomnosti dalSich bunécnych linii
e pridavek rlstovych faktord / cytokinl do média
e aktivace endogennich transkripcnich faktoru

e suspenzni kultura (tvorba embryoid bodies)
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Zachovani self-renewal
MESCs vs. hESCs

nepotrebuji feeder

e LIF (leukemia inhibitory factor)

 vazba na LIF R a gpl130 receptor

» aktivace (fosforylace)
transcripcniho faktoru STAT3

* protihac: ERK1/2 — diferenciace

* specificky marker SSEA-1

Blastocyst /\

inner cell Y.
mass v
Embryonic
stem cells \ /

Cell receptors

Plasma
membrane

Transcripfion STAT3 ERK
factor o’ : activation

STAT X . Slgnal
.

Transduction

activation Pathway

STAT3

Self-Renewal
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Zachovani self-renewal
MESCs vs. hESCs

* potrebuji feeder layer nebo

e adhezivni matrix (laminin, kolagen IV, heparan sulfat
proteoglykany(HSPGs), entaktin — Matrigel)

* kondiciované médium z MEF

e KO - serum replacement (insulin, transferin, BSA)

* FGF-2 (4ng/ml)

* aktivace signalnich drah: FGF, TGF[3 rodina - activin, nodal

protihac: BMP — diferenciace
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Zakladni signalni drahy ovlivnujici self-renewal a pluripotenci

TGF-B/Activin/Nodal
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feeder-layer
mysi vs. lidsky

* druhova odlisnost
e odlisnosti v produkci
rastovych faktoru

- HFFs
MEFs HFFs 1042 1043 1044 2429

CF1 1041 1042 1043 1044 2429 control
FGF-2 FGF-2

TGFp1

TGFR1 ——

-
_—
activin A
activin A ' (D S =

BMP-4 aMP-4 <l

hGAPDH O-tUDUIIN s S a—— -
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hESCs niche

regulace Smad1 signalni (diferenciacni) drahy

e agonista-BMP2 (bone morphogenic factor)
e produkovan extra-embryonalnim endodermem

e antagonista — GDF3 (growth and differentiation factor (GDF)
e produkovan hESCs

A Extra-embryonic Human embryonic stem
endoderm (ExE) cells (hESCs)




~Adaptované” lidské ESCs:

e ESCs v podminkach in vitro

e zmeny v karyotypu

* nejcastéji zisky (gains) chromosomu 12, 17 a X
e obdobné zmény - markery germinalnich nadort
e prokazano jiz od nizkych pasazi

Peter Andrews
University of Sheffield
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Percentage trisomy

Hid4=3+6 Hi4.53 + 15 H14.52 + 20 Hi1d4.53 + 27

Passage number

Baker et al., Nature Biotechnology 2007




Pluripotent Stem Cells

(" Totipotent

. /J

In vivo
fertilized egg

Cultured
undifferentiated
stem cells

Blood cells
Neural cells

Cardiac muscle




Diferenciacni protokoly pro ESCs in vitro:

neurony, astrocyty, oligodendrocyty
kardiomyocyty

endotelialni bunky

pankreatické B-bunky

CD34+ hematopoetické progenitorove bunky
antigen-prezentujici bunky a NK-bunky
bunky plicniho epitelu

osteoblasty

hepatocyty

melanocyty

bunky prostaty
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Prinos studia kmenovych bunek

e Studium vyvoje organismu na bunécné a molekularni Urovni
 Nadorova biologie — nadorové KB

 Tvorba modell riznych onemocnéni

e Studium ,,genovych cilG“ pro nova léCiva

* Testovani léCiv, teratogennich a toxickych sloucenin

e Studium mechanismu regenerace tkani

 Bunécna terapie - nahrada chybéjici nebo nefunkcni

bunécné populace
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Indukované pluripotentni kmenové bunky (iPSCs)

diferencovana somaticka bunka Lte Erbryo SO ;?Lineagec:ﬁ,snmm
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Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors

Kazutoshi Takahashi' and Shinya Yamanaka'-=*

'Da partmant of Stam Ceall Biology, Institute for Frontier Madical Sciences, Kyoto Univarsity, Kyoto 8068-8507, Japan
2CHEST, Japan Science and Technology Agency, Kawaguchi 332-0012, Japan

‘Contact: yamanaka@frontier kyolo-u.ac.jp

LM 10101 64.cell.2006.07.024 Ce” -}'26- 663_6?6‘ August 25‘ 2006

vytvoreni iPSCs bez vyuziti embrya
metoda:“jaderné programovani somatickych bunék”
4 geny : Oct4, Sox2, c-Myc, Klf4

retrovirové vektory (nahodna integrace, nadorova
transformace bunék)

preprogramovani kozni bunky na pluripotentni

overeno diferenciaci a podilem iPSCs na tvorbé embrya
(chimerické embryo)



Schéma tvorby mysich iPSCs

AN ) %/ 4 Reprogramming
A enes
UAVAY N
_ y U% Mouse skin cell Mouse skin cell
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Retrovirus

A
Fibroblast Days after infection

Activation of

Expression of
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E'xﬂg

pluripotency
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- 44 Time of transgene expression
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Podil iPSCs na chimerickém mysim embryu

Gastrointestinal tract

iPS-TTFgfp
4-7
epiblast
I
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Induced Pluripotent Stem Cell Lines
Derived from Human Somatic Cells

Junying Yu,>** Maxim A. Vodyanik,” Kim Smuga-Otto,"* Jessica Antosiewicz-Bourget,™*
Jennifer L. Frane,® Shulan Tian,® Jeff Nie,” Gudrun A. Jonsdottir,® Victor Ruotti,*
Ron Stewart,” Igor I. Slukvin,** James A. Thomson'<>*

Science 318, 1917 (2007);

* 4 geny: Oct4, Sox2, Nanog, Lin28

* |entivirové vektory (ndhodna integrace, nadorova
transformace bunék, nekontrolovana exprese)

e preprogramovani kozni bunky na pluripotentni

e overeno: celogenomova exprese podobna hESCs, exprese
povrchovych antigenu, tvorba teratomu po injekci do
imunodeficientni mysi



vyuziti iPSCs

e studium vyvoje a funkce tkani
e transplantacni medicina
(vlastni bunky)
* VyvOj a testovani léCiv
 modelovani chorob
e |écba genetickych poruch (genové inzenyrstvi)
 nahrada za hESCs z embryi

rizika spojena s prenosem a indukci exprese novych genu
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Priprava télu vlastnich iPSCs
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FIG.1. Direct reprogramming. Somatic cells are obtained from a patient and expanded if necessary. Reprogramming factors
are added, and the pluripotent state is induced. iPSCs are cultured in embryonic stem (ES) cell media for 1-2 weeks, after
which colonies are isolated at clonal densities and expanded. iPSCs, induced pluripotent stem cells.




ARTICLE

doi:10.1038/nature12968

Stimulus-triggered fate conversion of
somatic cells into pluripotency

Haruko Obokata'*, Teruhiko Wakayama®, Yoshiki Sasai®, Koji Kojima', Martin P. Vacanti'”, Hitoshi Niwa", Masayuki Yamato’
& Charles A. Vacanti'

Here we report a LuuquL LL]]uLLr l"L‘pl"[H,l":‘lJ]ll]l]lll, phummumn L:l]]l;lj 5t1mu]m tru_,L,Lru:l acquisition of pluripotency
(STAP), which rg n factors. In STAP, strong external
stimuli such as aftransient low-pH stressor reprogrammed mammalian somatic cells) resulting in the generation of plu-
ripotent cells. Through real-time imaging of 5TAP cells derived from purihied lymphocytes, as well as gene rearrange-
ment analysis, we found that committed somatic cells give rise to STAP cells by reprogramming rather than selection.
STAP cells showed a substantial decrease in DNA methylation in the regulatory regions of pluripotency marker genes.
Blastocyst injection showed that STAP cells efficiently contribute to chimaeric embryos and to offspring via germline
transmission. We alsodemonstrate the derivation of r[}bmt]v expandable pluripotent cell lines from STAP cells. Thus, our
findings indicate that epigenetic fate determination of mammalian cells can be markedly converted in a context-dependent
manner by strong environmental cues.

30 JANUARY 2014 VOL 5035 NATURE G4l




Lymphocyte FACS e Q

fraction sorting Centrifugation Plating
—_— — — —_—

CD45+ Remove

Splec supernatant ) .
=pleen nH 5 Resuspend in DMEM/F12 medium

(Oct4-gip) 37 °C, 25 mi medium (B27+LIF)

Oct4-GFP* * Exprese: Oct4, Nanog, Sox2

Oct4-GFP-  Diferenciace: ektoderm,
mesoderm, endoderm

e Tvorba teratomu

e Tvorba chimér

L)
@
&
[
-
2
=
-
@
o
0
©
o
o
0
5
=

d0 d1 d2 d3 d4 d5 dé d7




The JapanTimes

NEWS

Obokata falsified data in STAP papers: probe

Riken report slams scientist’s lack of 'ethics’
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A glossary for stem-cell biology

Austin Smith’

Stem-cell biology is in a phase of dynamic expansion and is forming connections with a broad range of

basic and applied disciplines. The field is simultaneously exposed to public and political scrutiny. A common
language in the stem-cell community is an important tool for coherent exposition to these diverse audiences,
not least because certain terms in the stem-cell vocabulary are used differently in other fields.

Generation of distinct fates in progeny from a
single mitosis. Oriented division may position daughter cells in different
microenvironments or intrinsic determinants may be segregated into only
one daughter. Observed insome but not all stem cells and can occurin
other types of progenitor cell.

Precancerous cell that gives rise toa cancerstem cell.

May be a mutated stem cell, or a committed progenitor that has acquired
self-renewal capacity through mutation.

General term that encompasses both cancer cell of
origin and cancer stem cell.

Self-renewing cell responsible for sustaining a cancer
and for producing differentiated progeny that form the bulk of the cancer.
Cancer stem cells identified in leukaemias and certain solid tumours are
critical therapeutic targets.

Reconstitution of tissue by functional
incorporation of transplanted stem-cell progeny. Distinct from ‘bystander’

trophic, anti-inflammatory or immunomodulatory effects of introduced cells.

Investigation of properties of single cells. Essential for
formaldemonstration of self-renewal and potency.

Cellular microenvironment providing support and stimuli necessary
tosustain self-renewal.

Unproven notionthat tissue stem cells may broaden potency in
response to physiological demands or insults.

Therange of commitment options available to a cell.

Sufficient to form entire organism. Totipotency is seenin
zygote and plant meristem cells; not demonstrated for any vertebrate
stem cell.

Able to form all the body's cell lineages, including germ
cells, and some oreven all extraembryonic cell types. Example:
embryonic stem cells.

Can formmultiple lineages that constitute an entire
tissue or tissues. Example: haematopoieticstem cells.

Able to form two or more lineages withina tissue. Example:
a neural stem cell that can create a subset of neurons in the brain.

Forms a single lineage. Example: spermatogonial
stem cells.

Generic termfor any dividing cell with the capacity to
differentiate. Includes putative stem cells in which self-renewal has not yet
been demonstrated.




Engagingin a programme leading to differentiation. For a
stemn cell, this means exit from self-renewal.

Pluripotent stem-celllines derived from early
embryos before formation of the tissue germ layers.

General terms for cell without self-
renewal ability that contributes to tissue formation. In some cases they
generate tissue stem cells.

The hypothesis of selective retention of parental DNA
strands during asymmetric self-renewal. Potential mechanism toprotect
stem cells from the mutations associated with replication.

Self-renewal ex vivo in cells that do not overtly behave
as stem cells in vivo. Occurs due toliberation from inductive commitment
signals or by creation of a synthetic stem-cell state.

Candidate for adult tissue stem cell because of slow
division rate and/orimmortal strand retention. Interpret with caution.

Promiscuous expressionin stem cells of genes
associated with differentiation programmes.

Lifelong renewal of tissue by transplanted cells.
The definitive assay for haematopoietic, epidermal and spermatogonial
stem cells. Transplantation assay may not be appropriate for all tissues.

Reconstruction of diseased or injured tissue by
activation of endogenous cells or by cell transplantation.

Increase in potency. Occurs naturally in regenerative
organisms (dedifferentiation). Induced experimentally inmammalian cells
by nuclear transfer, cellfusion, genetic manipulation or in vitro culture.

Cycles ofdivision that repeatedly generate at least
one daughter equivalent to the mother cell with latent capacity for
differentiation. This is the defining property of stem cells.

A cellthat can continuously produce unaltered daughters and
alsohas the ability to produce daughter cells that have different, more
restricted properties.

Persistence oftissue stem-cell poolthroughout life.
Requires balancing symmetric self-renewal with differentiative divisions at
the population level, or sustained asymmetric self-renewal.

Unproven notion that different stem cells are regulated by
common genes and mechanisms.

Derived from, or resident in, a fetal or adult tissue, with
potency limited tocells of that tissue. These cells sustainturnover and
repair throughout life in some tissues.

Proliferative stem-cell progeny fated for
differentiation. Initially may not be committed and may retain self-renewal.




