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Embryonen und Stammzellforschung I: Stammzellbiologie

. Entstehung der Stammzellforschung - Historischer Uberblick
. Wie macht man embryonale Stammzellen?

. Wie macht man induzierte pluripotente Stammzellen?

. Wie isoliert man somatische adulte Stammzellen?

. Welche Eigenschaften haben Stammzellen?

. Wie macht man somatische Zellen aus Stammzellen?

. Stammzellen in der Medizin und die damit verbundene ethische Problematik.
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. Neue Herausforderungen in der Grundlagenforschung zur Stammzellbiologie.
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2. 3 Herstellen von geklonten Embryonen fir die Herstellung von ESCs

Wie IVF, aber unter Bedingungen, die Mitose des somatischen Kernes in der Zygote
erlauben und die Zytokinese der Blastomeren unterstiitzen.

Genome Avoiding calcium influx;
removal diuted Sendal virus To maintain Histon Acetylation
f call fusion HDAC inhibitor (Trichostatin A, 10mM, 12h)
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Im Gegensatz zum erfolgreichen SCNT bei Macaca mullata (Rhesusaffe) (Bryne
et al., 2007), starben Homo sapiens Embryonen immer im Morula Stadium.

*Inactivierter Hemagglutinating virus of Japan type E (HVJ-E) fiihrt zur Fusion von MEDIZINISCHE
Somatischen Zellen und M. mullata Oozyten (100%). — wenn Kerne in GO/G1 Phase! UJ UNIVERSITAT
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Kritische Parameter fiir den Kerntransfer

1. Extranukleare Bestandteile des somatischen Kerns stéren
(Somatischer Kern und anhaftendes Soma ist ,giftig“; Intermediarfilamente, die an der duBeren Kernmembran Gber

Plectin und Nesprin 3 haften, ebenso das Endoplasmatisches Retikulum).

2. Mechanische Beschaddigung des Oozyten
(Mdoglichst wenig Zytoplasma aus der Eizelle entfernen. Chromosomen assoziiertes Material
[Spindelapparat] ist fur die Reprogrammierung bzw. Aktivierung des embryonalen genetischen

Programmes mitverantwortlich.)

3. Cytoplasten_Aktivierung statt Befruchtung funktioniert bei H. sapiens nicht.
(Aktivierung = Aufheben des Metaphase Il Blocks und Ausbildung eines weiblichen / somatischen
Pronukleus; Bei Tieren reicht Sr**, 7% EtOH, lonomycin (Ca**), StromstoR, ...)

4. Meose |l Metaphase in H. sapiens ist instabil.

(Meose hat nicht ,genug Zeit". spezifische Faktoren sind fur die Reprogrammierung notwendig.)

5. Phase des Zellzyklus des somatischen Kernen entscheidend.

Was tun? =  Tachibana et al., 2013; Cell 153, 1228-1238.
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Kritische Parameter fir den Kerntransfer

1. Extranukleare Bestandteile des somatischen Kerns stéren

Hyaluronidase Behandlung, um die Cumulus Zellen zu entfernen; Proteolytische Behandlung der Kerne.

2. Mechanische Beschaddigung des Oozyten

5ug/ml Cytochalasin B (Inhibiert Aktin Filament Bildung); Zellfusion mittels Hemagglutinating virus of Japan
3. Oozyten Aktivierung statt Befruchtung funktioniert bei H. sapiens nicht.

lonomycin (Ca++-lonophor + 2mM 6-DMAP (Kinase inhibitor); Nocodazole

4. Meose Il Metaphase in H. sapiens ist instabil.

Inhibierung der Histondeacetylaseaktivitat mittels 10nM Trichostantin A fur 12 h. + Koffein

5. Phase des Zellzyklus des somatischen Kernen entscheidend.

GO / G1 Arrest mit 3-5 % FCS furr 3 Tage vor Kerntransfer. 5% Serum, Nocodazole
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Chemikalien die zum erfolgreichen SCNT bei Homo sapiens
gefiihrt haben.

Cytochalasin B (Helminthosporium dematioideum, a fungus)

Cytochalasin B makes the cytoplasm of the oocytes more fluid and
makes it possible to aspirate the nuclear genome of the oocyte.

lonomycin (Streptomyces conglobatus)

Reduziert Ca++ Konzentration und verhindert die friihzeitige Beendigung der Meose . Ist aber auch giftig
weil: “Calcium lonomycin can serve as an inducer of apoptosis”.

OH ?Hi

6-Dimethylaminopurine CHs

(Kinase Inhibitor) CH,

6-DMAP-sensitive kinases are involved in the control of post-
fertilization events such as the formation of the interphase

network of microtubules, the remodelling of sperm HsC.. .CH3 A H A | ©
chromatin and pronucleus formation. N H CHy CHy CH; CHy CHy

NN

P
Nocodazole (Streptomyces conglobatus) N Q H [e] /
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Verhindert die Mikrotubulipolymerisation; \ / />—N>_
|6st Apoptose aus. N H
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Chemikalien die zum erfolgreichen SCNT bei Homo sapiens

gefiihrt haben. o CH
N. =~
HO. </N [ N,)N
Puromycin ©
Blockiert die Proteinsynthese. Oy NH OH

Trichostatin A (Streptomyces platensis),
_OH
Blockiert selektiv die Klasse I- und Klasse II- ocH, W}j
Histon-Deacetylasen (HDAC) von Sdugetieren. ~n
9 cH,
Koffein HiCoy N
(1,3,7-Trimethylxanthine) A [ »
07 "NT N
CHgz

Ein Protein phosphatase Inhibitor; erhalt die Phosphorylierung von CDC2 + cyclin B = ,Maturation promoting
factor” and kann den ,,cell cycle checkpoints” und ,G2 arrest” nach DNA Beschadigung aufheben.

Hemagglutinating virus of Japan

Zur Fusionierung ganzer somatischer Zellen mit den Oozcyten.

- Es bedarf noch sehr viel Forschung zur Biochemie, Zell- und Entwicklungsbiologie der Zygote!

Georg Weitzer

Spekulationen was man mit SCNT beim Menschen alles
machen konnen wird.

e Austausch von Mitochondrien mit defekten Genom.
e (Mts haben 37 Gene und uber 250 Mutationen sind bereits bekannt.)

— Durch Spindeltransfer
— Durch Pronukleustransfer (,,Drei-Patienten-IVF“)
— Durch Polarkorperchentransfer (,kinder fiir alte Frauen (<45a) aus jungen Oozyten.”)

Theoretisch moglich:

e Zeugung von Madchen durch zwei Frauen
e Zeugung von Kindern durch zwei Manner
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SCNT = Somatic Cell Nuclear Transfer 2 Weiterentwicklung:

Spindeltransfer = Transfer of a karyoblast from an foreign egg

X wg kD et * Beim SCNT wird statt dem Ei
and fused Into " snuuciastiac” donar 6g0 eine somatische Zelle genommen.

Problem: Heteroplasmie!

*

e

karyopiast from donated
090 and descordod

Spindle transfer technique
Three-parent in vitro fertilization: gene replacement for the prevention of inherited mitochondrial diseases

Paula Amato , Masahito Tachibana, Michelle Sparman, Shoukhrat Mitalipov
Fertility and Sterility, Volume 101, Issue 1, 2014, 31 — 35. http:/dx.doi.org/10.1016/j.fertnstert.2013.11.030

Umbenanntin :

Mitochondrial replacement therapy (MRT)
= Reproduktives Klonen von Menschen

9
Georg Weitzer
SCNT = Somatic Cell Nuclear Transfer = Weiterentwicklung: Pronukleustransfer
1. Patient" ith
abn m:;l:snl't%gmmn«drla
fertilised with partner’s 2. Patients’ zygate with 3. Patients’ pronuclel removed
sperm abnormal mitochondria from zygote and transferred to
enucleated egg, which has
normal mitochondria
Q 4. Cleaving embryo with
normal mitochondria and
maternal and paternal
O genome can be transfemed
1o the uterus. r
Donated egg fertilised Zygote Zygote enucleated Zygote reconstructed
Normal mitochondria Normal mitochondria Normal mitochondria Normal mitochondria
Figure 1 Pronuclear transfer technique.
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Gefahrenquellen bei der Zeugung von Kindern mit Hilfe von SCNT

¢ Ist das Genom der Oozyte identisch mit dem der 1. und 2. Polkérperchen ?

¢ Welche vielleicht einzigartigen Faktoren im Zytoplasma der gespendeten
Oozyte beeinflussen die Embryogenese des Kindes und somit dessen
Individualitat?

¢ Ist die Programmierung des Genoms in einer kiinstlich aktivierten Zygote
wirklich vollstandig?

e Bewirkt SCNT das gehaufte Auftreten von Mutationen?

Georg Weitzer  ESF-I WS2019 11

Reproduzierbarkeit der Methode

1. Publikation: Alle 4 NT-ESC Linien stammen von einer Eispenderin (A)

1. Wiederholung: Statt fotale Haut-Fibroblasten wurden Fibroblasten eines Kindes mit

Leigh Syndrom verwendet (Mitochondrien bedingte Erkrankung).

2. Wiederholung mit Spenderinnen B (15 Oozyten, 4 Blastozysten, 1h ESC Linie) und C (5
Oozyten, 3 Blastozysten, 1 hESC Linie (7% bzw. 20% Ausbeute)

3. Wiederholung: Haut-Fibroblasten von 35 jahrigen und 75 jahrigen Mannern. E 1 hESC
Linie (8% bzw. 20% Ausbeute)

4. Wiederholung: 54 Spenderinnen, 3NT-hESCs von Vorhaut-Fibroblasten neugeborener
Knaben und 1 NT-hESC von einer Frau mit Diabetes Typ 1 (6% Ausbeute)

Yamada et al., 2014; Nature 510, 533-536.
Chung et al., 2014; Cell Stem Cell 14, 1-4.
Tachibana et al., 2013; Cell 153, 1228-1238.
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Rind-Mensch SCNT Blastozysten

Interspecies-SCNT preimplantation embryos derived from human granulosa cells fused

with enucleated bovine oocytes. Cleavage embryos (A) and blastocysts (C) derived from SCNT.
Parthenogenetically developed cleavage embryos (B) and hatching blastocysts (D) as controls.
(aus lllmensee K., J. Reproduktionsmed. Endokrinol 2007; 4 (1), 6-16)

Georg Weitzer ESF-I WS2019 13

Autoren weiterfihrender Literatur:

e Shoukhrat Mitalipov
e Dong Ryul Lee
* Dieter Egli

Rudolph Jaenisch

Georg Weitzer ESF-I WS2019 14
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Leigh-Syndrom (engl.: Leigh's disease)

e auch als Morbus Leigh oder als subakute nekrotisierende Enzephalomyelopathie

bezeichnet, ist eine Erbkrankheit, die zur Gruppe der so genannten

Mitochondriopathien gehort. Beim Leigh-Syndrom liegt eine Stérung des

mitochondrialen Energiestoffwechsels vor. Viele Kaskaden sind betroffen,

besonders die Pyruvat-Dehydrogenase und die Cytochrom c Oxidase in der

mitochondrialen Atmungskette. Der Erbgang kann autosomal-rezessiv, X-

chromosomal-rezessiv oder maternal sein. (Wikipedia)

Georg Weitzer ESF-1 WS2019 15

Embryonen und Stammzellforschung I: Stammzellbiologie
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Herstellung von iPSCs

0...0ct4
K...KIf4

S...Sox2
Lentivirale polycistronische OKSM Vektoren M...c-Myc

FBx15::EFGP Reporter-Fibroblasten, um entstehende Stammzellen auf finden zu kénnen.

(Fbx15 = Bestandteil des Proteinkomplexes der E3-Ubiquitinligase)
BAC: Nanog::GFP-IRES-Purof in Nanog Reporter-Fibroblasten = Nanog Expression erlaubte

erstmals iPSC Mause herzustellen. (BAC= Bacterial artificila chromosome aus F1 Plasmid von E. coli hergestellt.)

Lentivirale OSNL Vektoren ~ N--Nanog
L...Lin28
Reprogrammieren nur mit Proteinen, RNA, kleinen synthetischen Molekiilen.= z.B.: RepSox
...... alles sehr ineffizient!
stimulus-triggered acquisition of pluripotency cells (STAP-Zellen) = S-iPSCs (stress induced) ,

Zitronensdure oder Mycobacterium laprae induzierte Reprogrammierung.
c-iPSCs (pure chemially induced PSCs, 2016, 7 Chemikalien reiche aus!)

Georg Weitzer  ESF-I WS2019 17

Herstellung von iPSCs

Models of cellular reprogramming. (A) Mature

A
cells, such as lymphocytes, reprogram into iPSCs
— o @& ® @@ © J— at lower efflc!en'aes than immature cells, such
cal fow efficiency as hematopoietic stem cells. This may be due to
i a lower number of stochastic epigenetic events
— @ @ () . - — (representedlby c!rc!ed numbers and arrom{s)
progaritos coll nigh efficiency that are required in immature cells to acquire
se pluripotency. The precise number and nature of
such changes is unclear (represented by “n”).
B (B) Scheme summarizing major changes that
characterize the transition of somatic cells into
Lote po— “mature” . )
inlanmediates PSCs Pscs iPSCs. The early steps are reversible, as

indicated by the dashed reverse arrows.
N —~‘> 4.‘ “Immature iPSCs” are defined as cells that have
already acquired pluripotency but still retain an

epigenetic memory of their cell type of origin,
while “mature iPSCs” have lost this memory.

Inhibition of activation acquisitionof . complete reprogramming
somatic reguiatars ofpluripstoncylocl  actorindepedence oo A o The wavelines befow indicate assumed
— \nnibition of f— reprogramming roadblocks that cells are facing
prollferstion senescence & apoplosts pathways tiization at different stages. Failure to pass any of these
Aus Genes Dev. Oct 15, 2010;: 24(20): 2239-2263. roadblocks may r?sult in cells that arrest at that
stage or, alternatively, undergo senescence or
apoptosis.

‘ Gene, die fur die Selbsterneuerung verantwortlich sind.

Gene, die fur die somatische Zellen verantwortlich waren.

Georg Weitzer  ESF-I WS2019 18
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Putative role of reprogramming factors during
iPSC formation. (A) Scheme depicting the
expression of exogenous (red circles) and
endogenous (dark-green circles) pluripotency
factors at the protein level during different
stages of reprogramming. The reprogramming
PECs process is initiated predominantly by the
exogenous factors, which are gradually replaced
by endogenous proteins as well as their targets,
such as Nanog (N) or as-yet-unidentified factors
(X) (light-green circles). The endogenous loci of
B some reprogramming factors (such as c-Myc,
‘Somatc & phupotency genss KIf4, and Sox2) are expressed in some somatic

A
oo M cell types, and the corresponding endogenous
-Sn it

proteins might thus become available before
e )
e
ESC a ESC A ESC
c

activation of the Oct4 locus. (B) Scheme
Coll cycle & sanesconce-associated genes

Eary Late
cels inemedistes inemesles

exogenous andogancus
tactar factors

illustrating how the reprogramming factors may
exert the rapid repression of somatic genes and
the gradual activation of pluripotency (ESC)
genes, two processes assumed to be mediated
largely by KIf4, Sox2, and Oct4. Somatic gene

----- = A ~R I - X ™
’_i silencing is associated by single-factor binding to
ol ayole oll eyelo| promoter regions, while ESC gene activation
Ann involves the establishment of multi-protein
HH complexes. The initial loss of repressive marks
iadd Somatis (such as DNA methylation and H3K27 histone

trimethylation) at ESC promoters might be a

passive process driven by multiple rounds of cell
division. (C) Scheme showing activation of genes
promoting cell division (such as cyclins) by c-/

factor-dependent factorindependent
phase

@  ropressive chramatin mark

- s ansonpton Myc and repression of the Ink4a/Arf tumor
PO0 active transeription suppressor locus conferring immortality by an
as-yet-undefined combination of reprogramming
Aus Genes Dev. Oct 15, 2010; 24(20): 2239-2263. factors.
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OSKM ‘Stochastic' phase

Nat Rev Genet. 2013 Jun;14(6):427-39.
doi: 10.1038/nrg3473.

Mechanisms and models of somatic cell
reprogramming.

Buganim Y?, Faddah DA, Jaenisch R.

Rate-limiting step

7

® ® ® @®

Intermediate phase Late/maturation and stabilization phase

of plurlpotency ganes = Activation of the com pluripotency
prmental regulatars o

2 wation, o
= Activation of gycalysis aetic resetting

J segregation

tlvation of RNA procassing o
et scesion proteing
» Activation ansport
~. Epithlal . B Fibeoblast flpy Teamstomed call . iPsc b
@ eocholor " ke,

78 or Dppa?

rent expression profile P cnesconncell

Phases of the reprogramming process|

In the model we discuss in this review, the reprogramming process can broadly be divided into two phases: firstly, a long “stochastic' phase of gene activation; and
secondly, a shorter hierarchical more “deterministic' phase of gene activation that begins with the activation of the Sox2 locus. After a fibroblast is induced with
OSKM, it will initiate stochastic gene expression and assume one of several possible fates (such as, apoptosis, senescence, transformation, transdifferentiation or
reprogramming). In the early phase, reprogrammable cells will increase proliferation, undergo changes in histone modifications at somatic genes, initiate
mesenchymal to epithelial transition, and activate DNA repair and RNA processing. Then the reprogrammable cells will enter an intermediate phase with an
unknown rate-limiting step that delays the conversion to iPSCs and contributes to the long latency of the process. In this phase, cells undergo a stochastic
activation of pluripotency markersZ, a transient activation of developmental regulatorsiZ, and activation of glycolysis:. In general the transcriptional changes in
this phase are small. In some rare cases, the stochastic gene expression will lead to the activation of "predictive markers" such as Utf1, Esrrb, Dppa2, and Lin28,
which then will instigate the second phase that starts with the activation of Sox2. Activation of Sox2 by the “predictive markers” can be direct or indirect and will
trigger a series of deterministic events that will lead to an iPSC. In this late phase, the cells eventually stabilize into the pluripotent state in which the transgenes
are silenced, the cytoskeleton is remodeled to an ESC-like state, the epigenome is reset and the core pluripotency circuitry is activated€1823, |n this model,
probabilistic events decrease and hierarchical events increase as the cell progresses from a fibroblast to an iPSC.
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Bereits reprogramierte Zellen

Georg Weitzer  ESF-I WS2019 21

iPSC - Probleme

Effizienz
Reprogrammierung nicht vollstandig

Reprogrammierung nicht stabil>
,Epigenetisches Gedachtnis der iPSCs*

Spatere Tumorbildung c-Myc, Lentivirus
Reaktivierung

Reaktivierung der Transgene

Georg Weitzer  ESF-I WS2019 22
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iPSC-Anwendungsmaoglichkeiten

* Herstellung von patientenspezifischen iPSCs
-> Erforschung von Ursachen und Therapiemdglichkeiten von
Krankheiten polygenetischen Ursprungs.

* Verwendung dieser Zellen zum Auffinden neuer Krankheits- oder

Patienten-spezifischer Medikamente.

* Entwicklung von alternative Strategien zur direkten

programmierten Transdifferenzierung von einem somatischen

ZeIItyp in einen anderen. z.b. Herzzellen und Leberzellen aus Fibroblasten

Georg Weitzer  ESF-I WS2019 23

Kapitel 8:
Herstellen von induzierten pluripotenten Stammzellen aus
somatischen Zellen -und daraus wieder- Herstellung von Keimzellen

Reconstitution in vitro of the entire cycle of the mouse female germ line

Orie Hikabe1*, Nobuhiko Hamazakil, Go Nagamatsu1, Yayoi Obata2, Yuji Hirao3, Norio Hamada1,4, So Shimamoto1,
Takuya Imamural, Kinichi Nakashima1, Mitinori Saitous,6,7,8 & Katsuhiko Hayashi1,9*

The female germ line undergoes a unique sequence of differentiation
processes that confers totipotency to the egg. The reconstitution of
these events in vitro using pluripotent stem cells is a key achievement
in reproductive biology and regenerative medicine. Here we report
successful reconstitution in vitro of the entire process of oogenesis
from mouse pluripotent stem cells. Fully potent mature oocytes were
generated in culture from embryonic stem cells and from induced
pluripotent stem cells derived from both embryonic fibroblasts

and adult tail tip fibroblasts. Moreover, pluripotent stem cell

lines were re-derived from the eggs that were generated in vitro,
thereby reconstituting the full female germline cycle in a dish. This
culture system will provide a platform for elucidating the molecular
mechanisms underlying totipotency and the production of oocytes
of other mammalian species in culture.
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Kapitel 7.2. Herstellung von Keimzellen und Mausen aus iPSCs
-> Reproduktionsmedizin

@ of

Reconstitution in vitro of the entire cycle Complete Meiosis from Embryonic Stem
of the mouse female germ line Cell-Derived Germ Cells In Vitro

Orie Hikabe, Nobuhiko Hamazakil, Go Nagamatsu Yayoi Obata Yuji Hirao3, Derivation of functional gametes

Norio Hamada So Shimamoto, Takuya Imamural, Kinichi Nakashima1, Mitinori Q

Saitoug Katsuhiko Hayashi 2016 £ . S %/wmn
o W

The female germ line undergoes a unique sequence of differentiation \

processes that confers totipotency to the egg. The reconstitution of pece

these events in vitro using pluripotent stem cells is a key achievement

in reproductive biology and regenerative medicine. Here we report

successful reconstitution in vitro of the entire process of oogenesis 250 Invitro In vive /
(@) ] Spenmategonia

from mouse pluripotent stem cells. Fully potent mature oocytes were
generated in culture from embryonic stem cells and from induced

pluripotent stem cells derived from both embryonic fibroblasts it ey

and adult tail tip fibroblasts. Moreover, pluripotent stem cell ( “)

lines were re-derived from the eggs that were generated in vitro, = 8o o

thereby reconstituting the full female germline cycle in a dish. This Spermatid lie cell /Spermatid

culture system will provide a platform for elucidating the molecular =i

mechanisms underlying totipotency and the production of oocytes @

of other mammalian species in culture.

https://www.nature.com/articles/nature20104 Zhou et. Al.Cell Stem Cell Volume 18, Issue 3, 2016, 330-340

http://dx.doi.org/10.1016/j.stem.2016.01.017
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Kapitel 7:

2 Fibroblasts iPSCs or nt ESCs
1 | *

+ ‘) 4 +

i09.com

Sperm Artificial placenta*

\ J

* Experimente mit Schaffoten (F105-111)/147 entsprechend der 28. Schwangerschaftswoche
beim Menschen (280 Tage oder 40 Wochen Uberlebenschancen ab 23-25 SSW).

Siehe auch:

Self-r ing end rial epithelial or ids of the human uterus.
Fitzgerald HC, Dhakal P, Behura SK, Schust DJ, Spencer TE.

Proc Natl Acad Sci U S A. 2019 Nov 12;116(46):23132-23142. doi: 10.1073/pnas.19153¢

26
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16. Epub 2019 Oct 30.
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Vergleich ntESCs mit iPSCs

e

Mice derived from iPS (2n)

=) i)
Frumen karyoplast
Y
=
O-D-@
#mGCNT  2cellstage  Blastocyst
e #5th gener
Fibroblass (2n]) : -

-~

Mice derrved from SCNT (2n)

Repregramming human cells to pluripotency
by nuclear transfer Muclear-transfer
ES cell
&
Human | — ™ -
somatic y o
cell = =
]
o
=]
7]
- @
+ g
—
—~ -
by defined factors iPS cell
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Figrire 2 http://dx.doi.org/10.1016/].gde.2015.06.007
® Feprogramming Blenooy . ®
o — @
Fibroblast (2n) iP5 (2n) Blastocyst (4n)
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Curml O i Currics & Duvikcgrnd

Propagabon of mcs by rpeogromming, (s Schamatc of successive rounds of IPS reprogramining and ingction into letrapiond blsstocysts to
genenmte alkIPS mice. (b} The percentage of Ive-bom oB4PSC pups that reached acithood (rom [30°]. (e Schematic of repeated rounds of
SONT. foliowesd by foster smbryo transfer and generation of cloned mice. i) The Tuccess rate of Mouse recloning in sach generation with o
without e use of trichastatin A (TSA), an HDAS inhibitor during ruclear ransfer {sdapted from [31°]1

-> Es bedarf noch sehr viel Forschung zur Biochemie, Zell- und Entwicklungsbiologie iPSC Herstellung!
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