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Generation of Bimaternal and Bipaternal Mice from Hypomethylated Haploid ESCs with
Imprinting Region Deletions

Zhi-Kun Li, Le-Yun Wang, Li-Bin Wang, Gui-Hai Feng, Xue-Wei Yuan, Chao Liu, Kai Xu, Yu-Huan Li, Hai-Feng Wan, Ying Zhang, Yu-Fei
Li, Xin Li, Wei Li, Qi Zhou, Bao-Yang Hu

Cell Stem Cell DOI: 10.1016/j.stem.2018.09.004
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Besugarzott egér lépe

Kolonia formald egységek
Till és McCullogh 1960
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MIK AZ OSSEJTEK? — \

* Olyan sejtek, amelyek mas sejtek létrehozasara képesek
és korlatlan osztédo képességgel rendelkeznek
= ez az 6onmegujulas

« sejtpotlas, regeneracioé

 Eredetuk szerint lehetnek: embryonalis vaqgy felnott
ossejtek

A bennuk rejlo fejlodési potencial alapjan: toti-, pluri-,
multi-, unipotens ossejtek

Az Ossejtek kivalaszthatok, életképesen meqgodrizhetbk és a
késdbbiekben barmikor felhasznalhatdok esetleges
u betegséaek kezelése céliabol

)

. Van nak tumor ossejtek is




vérképzo 6ssejtek -
csontvelBben talalhatoak,
felszini markereik alapjan
megtalalhatoak és

Maj
Majelégtelenség, cirrézis

izolalhatoak Stroke
multipotens vérképzo "%
Ssseijtek és Agy \
mesenchymalis '
Ossejtek = \
) | 4 Harantcsikolt
.~ Csontveld 1zom
L | __)"___l )
Leukaemia, Izomdisztréfia
lymphoma... y
Sikertérténet! O J
Csontvel6i /
- stroma sejtek
. 7 é | Epithelsejtek
A Zsirsejt - e " "
7 m o ) ' ‘ ""A'.:-'_-‘,_ TNy
csontveloi .' | T
V4 ] \“.'. >~ -,_.‘3‘\1
ossejtek
plaszticitasa szivizom | idegseit
Szivinfarktus Neurodege-
nerat!v
Gliasejtek ~ D€fegsegek



0 Are Broke
nomy | And What to Do

Heart Disease.
Parkinson’s.

How the Coming Revolution in

STEM CELLS

Could Save Your Life
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Conrad Hal Waddington (November 8, 1905 — September 26, 1975)

,Nem a gének formaljak igazan a fejlédési folyamatokat, hanem a
kornyezet formalja a géneket.”



Pluripotens (embrionalis) 6ssejtek



Leroy
Stevens

Pluripotens ossejtek lehetséges
forrasai (kezdeti probalkozasok):
Teratomak (1:35.000), embryonalis
karcinomak.

nature From teratomas to embryonic stem cells:
discovering pluripotency
REVIEWS Peter W. Andrews and Paul |. Gokhale

Thi term “teratcms” denctes the weird mandlestat ons of benign or masgnant  that EL cells are pluspotent, like the ICM of the sarly embays, ssggested an

HOI.E'::UI.AR s that possess the halmarks of abnormal embryogenesis. They contain opening 1o experimental mammalisn divelopmental bictogy before the 1ools
& arvay of tissues found in developing emisryos, snd malkgnant teratomas han wie niovw use became available, The study of EC cells bed o the Bolation,
0 years age, of mose smbrpenic stem (B5) cella BS cells now provide tools

CE LL BIuLuGY cotan thi archetypal carcer stem cell, the embryonic carcinema (EL) cell
The resemblance of these tumeirs 1o sbnormal embeyos, snd the discovery for expermental embryctogy and regenerative meedicine.
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Totipotens ossejtek

Pluripotens (embrionalis) 6ssejtek



Mario Capecchi, Oliver Smithies és Martin Evans

2007. orvosi-élettani Nobel-dij

A kutatok az egér genetikai allomanyanak embrionalis 6ssejteken
vegzett modositasaval olyan allatmodelleket hoztak létre, amelyek
segitségével szamos emberi életfolyamat és betegség valt
hatékonyabban tanulmanyozhatova.



Pluripotens embrionalis eredetl dssejtvonalak Ietrehozasa

-Korai embryobdl nyerhetdk
-mesterségesen tenyészedényben fenntarthatok
-lefagyaszthatd hosszu évekre.

E=_=== iE

trofektoderma /
[

taplalo sejt réteg
(egér fibroblaszt)

tripszin =——s o & &

mLIF, DMEN@ZO%FCS

blastociszta

ES sejt kolonia




bssejtek egy /
genetikailag kulonbozé / \
- - 144 o r
Hneany e az ossejteket tenyeszetben \\
C . 14 o 7
. lehet tartani, szaporitani €s
l [ ] [ ] r 14 [ ]
L S genetikailag modositani
ZAO N blasztocista
—&5 ) il
NG ssszetapadt
régzitd - dssejtek a
kapillaris = mikropipettaban
\ S '/ blasztocisztaba
\ '}7 injektalt éssejtek
1
[Ty WL, azinjektalassal Oct3/4 Nanog SSEA4 DXL
Q325 Ll bejuttatott sejtek
S%7 47/ beéplinek a gazda
Qe balsztocisztaba
o a blasztociszta
' egészséges kiméra
T 2 egérré fejlédik a y
v kihordé egérben; az \ s
- : =« .\ bssejtek barmely /
e e—— szovet 5. abgaHuks sejtelcplugipotencigigtislemzomaskerek vizgadlata:
e ' kialakulasaban részt Atranszkripcios faktorok Oct4 (zold) €s Nanog (piros) a sejtmagban (kék)
helyezkednek el. a sejtfelszini molekulak SSEA4 (z61d) és PODXL (z6ld) pedig a sejtek
membranjan.

vehetnek



BMP7 mutans eqgér

BMP-7 is an inducer of nephrogenesis,
and is also required for eye development
and skeletal patterning

G bin Luo,' Cl ine Hofmann,>* Antonius L.].J. Bronckers,* Melanie Sohocki,"
Allan Bradley,® and Gerard Karsenty'

!Department of Molecular Genetics, The University of Texas M.D. Anderson Cancer Center, Houston, Texas, 77030 USA;
?Department of Biochemistry, *Howard Hughes Medical Institute-Department of Molecular and Human Genetics, Baylor
College of Medicine, Houston, Texas, 77030 USA; “GSF, Forschungszentrum fiir Umwelt und Gesundheit, Institut fir
Saeugetiergenetik, Oberschleissheim, Germany D-85758

DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 4.20 (Part 1) © 2006 Sinauer Associates, Inc.
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Searchifor Hice Advanced Mice Search

FIND & ORDER MICE

JAX® Mice are the most published and well
characterized mouse models in the world.
Our most popular mouse models are readily
available in the guantities you need to
support your biomedical and drug discovery
research.

WHY JAXS MICE  HOW TO SEARCH JAX® MICE  POPULAR STRAINS  SURGICAL AND PRECONDITIONING SERVICES ~ NSG™ VARIANTS PORTFOLIO  BIDSPECIMENS
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Ossejtek alkalmazasa a klinikumban - sejttranszplantéacio
Gyogyszerkutatas Az egyedfejlodés és a
és toxicitasi genszabalyozas
vizsgalatok kutatasa
Tenyésztett pluripotens ossejtek
(embrionalis vagy szoveti)
¥ A7Z—

Sejtek/szovetek terapias céllal g sejtkutatés
w} tavlatai

— - ale} o
— - ;: 3 .;, 55
_:: p— ~ 43 _':'\' ,'49':'
=N . g~
o Tt o 2 ol & v oS
e o . s * - P
S ——— s Fig S, P
Csontvelo Idegsejtek Szivizom Pancreas :
sejtek |




A felnott (ezovet|) asseitek eredete

szoveti (szomatikus) 0ssejt — a mar kialakult, érett
szovetben talalhato, onmegujitasra és az adott

szovet sejtjeinek képzésére (differencialodas) is
alkalmas sejt (multipotens)

Idegszovet - NSC

Bor - bor SC

Csontvelo és vér - HSC és MSC
Izom és csont - szoveti SC

ectoderma

mesoderma

Tudd, maj, hasnyalmirigy - SC
Nyelécsd, gyomor, vékonybél - ESC

endoderma

Pluripotens
Ossejt

Primordialis csirasejtek




Roth A: Plastic repair of conjunctival defects with - _;._.j

fetal membrane. Arch Ophthalmol 1940,23:522-

placental derived stem celis

Go

Web [mages Vided

_Google Search
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Sperm
Production
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Chemotherapy
or Irradiation

Testis
Biopsy

Hg 1. Male line stem cell pr jon. Before for cancer by chemotherapy or
diath a boy could undergo a testicular biopsy to recover stem cells. The stem cells could be
d or, after development of the necessary techniques, could be cultured. After treatment, the

stem cells would be transplanted to the patient’s testes for the production of spermatozoa.

nature
biotechnology

Isolation of amniotic stem cell lines with potential
for therapy

Paolo De Coppil? Georg Bartsch, Jr'3, M Minhaj Siddiqui!, Tao Xu!, Cesar C Santos!, Laura Perin!,
Gustavo Mostoslavskyz, Angéline C Serre?, Evan Y Snydelj, James ] Yoo!, Mark E Furth!, Shay Soker! &
Anthony Atala'

Stem cells capable of differentiating to multiple lineages may be valuable for therapy. We report the isolation of human and rodent
amniotic fluid—derived stem (AFS) cells that express embryonic and adult stem cell markers. Undifferentiated AFS cells expand
extensively without feeders, double in 36 h and are not tumorigenic. Lines maintained for over 250 population doublings retained
long telomeres and a normal karyotype. AFS cells are broadly multipotent. Clonal human lines verified by relmvlral marking were

induced to differentiate into cell types representing each embryonic germ layer, i ling cells of adi ic, myogenic,
endothelial, neuronal and hepatic lineages. Examples of differentiated cells derived from human AFS cells and displaying speciali-
zed functions include neuronal lineage cells secreting the itter L or expressing G-protein-gated inwardly

rectifying potassium channels, hepatic lineage cells producing urea, and osteogenic lineage cells forming tissue-engineered bone.

SHED: Stem cells from human exfoliated
deciduous teeth

Masako Miura®, 5tan Gronthos®, Mingrui Zhao*, Bai Lu®, Larry W. Fisher*, Pamela Gehron Robey*, and Songtao Shi*s

crnnlnfadal and Skeletal Diseases Branch. National institute of Dental and Cranlofaclal Research. National Institutes of Health, Bethesda. MD 20832;

mal stem Cell Group, Division of Hazmatology, instrtute of Medical and Wetennary science, Frome Road, Adelaide 5000, south ALSHEI\I,
amml\a and #Section on Neural Development and Plasticity, National Institute of Child Health and Human Development, National nstitutes of
Health, Bethesda. MD 20892

Edited by Anthony P. Mahowald, University of Chicago. Chicago. IL. and approved March 12, 2003 (recelved for review December 16, 2002)



Bélidegrendszer fejlodését érintd zavarok:
-Intestinalis neuron dysplasia; hypoganglionosis, hyperganglionosis

Hirschsprung betegség (megacolon congenitum aganglionare)

-el6fordulasi arany: 1:5000

-fejl6dési rendellenesség; a vastagbél legalsé szakaszan hianyoznak idegelemek.

-az érintett bélszakasz motilitasa megvaltozik, folyamatos simaizom spasmus
és részleges vagy teljes obstructio |Iép fel, a tagult bélszakasz teriiletén pang a

béltartalom.

Hirschsprung
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Osseijtek izolalasa terapias célokra: lehetdségek

How do we collect cord blood stem cells?
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Milyen betegsegeket lehet
kezelni?

=

//- Egy sejttipus/sejtvonal funkcionalis kiesésébol ad(’)d(’)\\\
betegségek:

— évtizedes gyakorlat

— dopamin eloallitasaért felelds sejtek,
lehetséges embrionalis €s szoveti Ossejtbdl 1s

e [DDM - inzulin dependens — hasnyalmirigy
vagy maj eredetll sejtek in vitro inzulintermel6 sejtekkée
differencialodnak

--Az epidermisz Ossejteket javitasara

hasznaljak (atmeneti plasztik takard véd, amig az
dssejteket kitenyésztik)
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Eggs removed Udder cells removed
Z o) — Meiotic Udder cells
spindle grown in
G; stage.

Remove spindle

Dolly, 1997

Enucleated

Transfer cell
egg @ into enucleated egg

0) Egg and cell fused

Embryo cultured
7 days

Blastocyst
forms

Be AnotherYou?

Embryo transferred to Birth of Dolly 11| S . ¢ §cmw°~'c"'w"? Ian W|Imut
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surrogate mother



. The Nobel Prize for Medicine

Az jndukalt : pluripotens Gssejtek

(iPS-sejtek) létrehozasanak folyamata

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

Kazutoshi Takahashi' and Shinya Yamanaka'2*

" Department of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyoto University, Kyoto 608-8507, Japan
2CREST, Japan Science and Technology Agency, Kawaguchi 332-0012, Japan

*Contact: yamanaka@frontier.kyoto-u.ac.jp

DOl 10.1016/].cell.2006.07.024




ES cell transcription factor network and implications for reprogramming

A Activating function of Oct4, KIf4 and Sox2
Transcriptional

Yamanaka method:
Myc disrupts chromatin
OCT4 and SoxZ2 restore the pluripotency

KlIf4 cofactor and apoptosis inhibitor

&

ES cell targets:
transcriptional regulators of the pluripotent state

ion during reprogr
act vation of pluripotency regulators

B Repressive function of Oct4, KIf4 or Sox2

Transcriptional
repression

*Or binding by either
Sox2, KIf4, Nanog,
NrOb1 or Nac1.
ES cell targets:
regulators of differentiation and lineage commitment

ion during reprog
rep ression of somatic cell program

C cMyc function Transcriptional

activation l

ES cell targets:
metabolism and proliferation regulators

ion during reprogr
acl ivation of the basic energy, proliferation and
metabolism program of the embryonic state

\

¥X |
0 Reprogramming

towards iPS cells

transdifferentia

Difterentiation \ / \

Current Opinion in Genetics & Development

Zwaka, T.P. Nature. 2010;467:280

Hochedlinger, K. et al. Development 2009;136:509-523



A pluripotens éssejtek alkalmazasa
(j utakat nyit az orvostudomanyban

® 2012 The Nobel Committee for Physiology or Medicine
The Nobel Prize® and the Nobel Prize® medal design mark are registered trademarks of the Nobel Foundation
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Vol 45715 January 2009 |doi:10.1038 / nature07677 namure

ARTICLES

Induced pluripotent stem cells from a
spinal muscular atrophy patient

Allison D. Ebert', Junying Yu®, Ferrill F. Rose Jr, Virginia B. Mattis® Christian L. Lorson®, James A. Thomson™”
& Clive N. Svendsen"*™°

motor neurons dying

Transplantation of
Q genetically matched
"N, healthy motor neurons
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Z healthy motor neurons
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that prevent motor
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J Skin biopsy @

repaired iPSCs

o

SMA motor neurons

 — D —
In vitro Repair of disease-causing

differentiation 557 )
SMA-iPSCs mutation in SMN gene by gene targeting

Tuj1 + GFAP



WHAT’S THE

RUSH?
Diary lab reveals why
Iife ts so hectic
PAGE 852
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Noaxious cocktail mystifies
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A human
organoid
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set of renal
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Advantages of organoid models for studying adult stem cells.

© 2017. Published by The Company of Biologists Ltd

C High-throughput
screening
Identification
of soluble
niche factors 4D imaging
°
o. o \

Chemical
or genetic

manipulation Single-cell
resolution imaging

Lyndsay M. Murrow et al. Development 2017;144:998-1007

‘ Development



'Development Pluripotent stem cell-derived organoids ’;COWW

Heather A. McCauley and James M. Wells iologists

Generation of organoids from PSCs

The architectural and cellular complexity of PSC-derived organoids.
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Heather A. McCauley, and James M. Wells Development
2017;144:958-962

' Development
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2018:The year of the organoid
A brave new world of lab-grown body
parts



