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At the beginning

Oocyte: Differentiated? Totipotent?
Sperm: Differentiated? Totipotent?
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The fundamental cycle
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The range of commitment options available to a cell

e Totipotent

e Pluripotent
e Multipotent
e Oligopotent

e Unipotent

How does zygote become totipotent?

1. via demethylation:
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How does zygote become totipotent?

2. via removing maternal mRNAs:

mi SC>
mRNA mRNA .— @ A
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i Gene silencing degradaﬂon
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activation

wispy (wisp) encodes a conserved cytoplasmic poly-A polymerase of the GLD2 family
smaug (smg) encodes a sequence-specific RNA-binding proteins.

Passive and active DNA demethylation

> L @D

Oxidation product Deamination product

Unknown DNA Glycosylase

Abasic Site

—> Active DNA demethylation
--) Passive DNA demethylation

5hmC: 5 hyd roxymethyl cytosine Ladstitter and Tachibana, JBC, 2018

5fC: 5-formylcytosine

5caC: 5-carboxylcytosine

Tet: Ten-eleven translocation enzymes 1-3 (methylcytosine dioxygenases)
TdT: Terminal deoxynucleotidyl transferase
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Result of the asymmetrical demethylation
&=

Fertilized

MAT
PAT 1  diploid embryo
% . (zygote) y

2x MAY [TxmaT) MAT % « PAT PAY

OQC

Gynogenetic wm ype Androgenetic
lethal lethal

McGrath and Solter, Cell, 1984 Barlow and bartolomei, CSHL, 2014

Even if the lines were inbred.

Maternal / paternal imprints
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Maternal / paternal imprints

Translocatlon experiments
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Establishment, maintenance, and erasure of genomic
imprints in mouse development

Mechanisms of imprint erasure:
Changes in histone PTMs

DNA demethylation likely mediated
by TET1/2 and passive demethylation

.

/3 A\ \ Mechanisms of imprinting:
Imprints erased in germiine DNMT3A + DNMT3L
between E8.5 and 11.5 ‘ ~ Histone PTMs
Optimal CpG spacing
\

Transcription across ICE

e T
Blastocyst -
f Genomic imprinting
Imprints maintained e e e e
during passive demethylation during the mouse "-ua nmlu pmmm:"y
of mnleﬂ\\u] genome life cycle
/

Sperm
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Sperm
'wo-cell embryo
: ‘% e
of
Mechanisms of maintenance: —
\ ©

ZFPS7 + KAP1
PGC7/Stella + H3K9me2
DNMTH

Zygote

PTMs: posttranslational modifications DNMT: DNA methyltransferase
ICE: imprinting control elements Tet: methylcytosine dioxygenase

The Fundamental Cycle - Reloaded
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The range of commitment options available to a cell

e Totipotent

e Pluripotent

e Multipotent
e Oligopotent

e Unipotent

e Stem cells are biological cells found in all multicellular
organisms, that can divide (through mitosis) and
differentiate into diverse specialized cell types and can
self-renew to produce more stem cells.

@ |\ ——— | differencialédas
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Maintenance of ESCs’ pluripotency

Epigenetic modifications

y

ES Cells pluripotency
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SOX20T : SOX2 overlapping transcript SOX2
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Tss: transcriptional start sites HMG-box
o Transcription factor
Oct4: octamer (AGTCAAAT) binding tr. factor, Binds only to non-B DNA
Homeodomain Maintenance of pluripotency
Trimeric complex with/Oct4:
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Octamer-binding tr. factor Tir na nOg (Nanog): homeodomain tr. factor
ATTTGCAT Nanog -/- : entoderm formation
Maternal gene P53 binding site on the promoter

Heterodimer with Sox2
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REX:L: ReqUIFEd for EXC|S|0n 1 Hammachi et al., Cell Rep., 2012
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Control of the
core factors

s /- ke (feea} L oo S0

www.eBioscience.com

89 — let-7
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miR-134 ﬁ, e e | Maintenance ofpluripotency‘
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— | Differentiation
miR-145 _E/ R I,

\ VAN IncRNA-EST ]
\ W\ IncRNA-ES2

NN\ INC-ROR
Positive feedback J

—_— ] Reprogramming ofiPSCsl

Fatica and Bozzoni, Nat. Rev. Gen, 2014
CPTFs: core pluripotency transcription factors

LINC-ROR: long intergenic non-protein coding RNA, regulator of reprogramming
LIN28: micro-RNA binding protein

11



2021.04.21.

Formation of the germ layers

@ Trophectoderm eEndoderm
@ Inner cell mass « Mesoderm

= Ectoderm
« Hypoblast
@ Epiblast

Brevini and Pennarosa: Gametogenesis, Springer, 2013

Trophectoderm Blastula: Gastrulation:

(placenta formation) Epiblast and Trilaminar embrya disc
and inner cell mass hypobast layers + hypoblast

(embryo proper)

escs (@) Differentiation

|
EpiSCs@D
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Lineage-specific stem cells

@D D @D

Pluripotent stem cells

Differentiaﬁéﬁ

Multipotent stem cells

ESCs: Embryonal Stem Cells
EpiSCs: Epiblast'SCs

Terminally differentiated cells

Key ( ) Self-renew b Differentiation

sy CONversion
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Epigenetic landscape

Conrad Hal Waddington (1905-1975)

Classic epigenetic landscape 2015

2021.04.21.

13



2021.04.21.

The range of commitment options available to a cell

Totipotent

Pluripotent Embryonic

: }Amniotic
Multipotent

Oligopotent Adult

Unipotent

ICM or EpiSCs

0 Morula
~—

Blastocyst

v,
%Inncr cell

e mass
“\‘f& ESCs cul(ureg
k. &
. o

Muscle cells

Pancreatic Islet cells

Neurons Intestinal cells

Nearly all research to date has made use of Without optimal culture conditions or genetic
mouse embryonic stem cells (MES) or human manipulation, embryonic stem cells will rapidly:
embryonic stem cells (hES). differentiate. For mice: LIF, for human: FGF2.
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Cell Lineage Development

Differentiation

Transformation
probability

0-@-
! sTsc

LT-SC Early Late eren- Differens

progenitors progenitor: ng cells tiated cells

. . Commitment . _‘
Niche —» Expansion ———— : Differentiation

Tang, Cell Res. 2012

Stem cell niches
e cel @3

Microenvironment around stem cells that provides / I \
support and signals regulating self-renewal and XSS XHSXSD
differentiation

Niche

Direct contact Soluble factors Intermediate cell

@
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Signals from Niche

= Signals are local; niches have a limited capacity
and cells compete for the signals

= The signals control tissue homeostasis, also after
damage.

In the absence of
niche signals, adult
stem cells will
differentiate, by
default.

Alternate Stem Cell Fates

- (@ @)

symmetric SC renewal

asymmetric cell = ‘ sy tric SC
division (ACD) (differentiation)

O OO

Tang, Cell Res. 2012
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Motivation for Asymmetric Strand Segregation

e Adult rat contains 6x1010 cells

In its small intestine, a rat sheds over 1012 epithelial cells
during its lifetime.

Requires 102 symmetric cell doublings from embryo to adult
followed by 1012 asymmetric cell doublings during its lifetime

How do epithelial cells minimize mutations that lead to
cancer?

Cairns, Nature, 1975

Asymmetric Segregation of Parental DNA Strands?

Random template Non random template
Oldest template segregation segregation
(Grandparent)

Newer template
(Parent)

¢
‘; Newly synthesized strand

DNA REPLICATION

CHROMATID ALIGNMENT
AND SEGREGATION

€ N
(‘JI I’ 2
s Sag

W o
%

—

Rando, Cell, 2007 Symmetrio Asymmetric
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Asymmetric DNA segregation

Second round of DNA replication, cell division

o
& ot
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Daughters

DNA Replication . Daught
_— Cytokinesis indistinguishable
1dU
o
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i,

Daughters
distinguishable

Liu et al., Mol Cancer, 2013

Human breast cancer cell lines
asymmetrically
First Label Second Label Merge segregate their template DNA
(CldU) (1dU) strands.

Figure 2. Evidence of Co-Segregation of DNA Template Strands during Musdle Progenitor Cell Division
(B) Cell pairs were immunostained for U and IdU. Shown is a representative photograph of an pair of cells, in which both daughter
cells were [abeled with the second abel, IdU (areen). but only one daughter inherited the first label, CidU (red).

DNA re-replication

DNA re-replication occurs when one or-more of the normal
controls that prevent reutilization of replication origins during
S-phase is circumvented.

Re-replicated DNA sequences: amplicons
They are in: MA of Tetrahymena
SG of Sciarid flies
chorion genes on X in Drosophila
Tumor cells

2021.04.21.
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Replication Origin

Chorion genes in the
follicular cells are amplified

DNA Re-replication (S-phase)

/2 2\

\S-GZ<M-G1)

(S~G—S<G) (S*M ity )

®ed®

Replication Origin

Re-replication of chorion
genes

A

/ Genome Mﬂw«\7

<s.Gz-M-G|)
(s-c~s-c> Ptreicar )

EH=

Despite of the follicular cells are
endoreduplicated, they amplify
some of their chorion genes.

Figure 6, Detection of gene
. . . . - ampbfication in follicle cell nuclei
Minors: diploids, majors: amplified (blue) using BrdU {red). Inset: a
R . R single nucleus showing that BrdU
Minor: 15 hours long expression, abeling buGins ok & ow

Major: 2-3 hours long expression. amplifying genomic sites
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TF ~16-fold

Amplification goes hand in hand with
e chromatin rearrangement
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AcH4/Orc2

Rpd3: histone deacetylase
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Re-replication of genes (amplification)

DNA damage

Du
P Fragile sites

Re-replication

Activation
of pro-apoptotic genes
Defects in cell cycle P pop g
regllation of origins +

Cell Death
Re-replication Ianam replication

Checkpoints

1 4 %

apoptosis senescence
Genome instability

CANCER

DHFR amplification in drug-resistent cancer cells

DNA
synthesis

il — (775

i Purine Nucleic acid
Serine Formate + ATP synthesis * | synthesis

Glycine

Methionine

Homocysteine

10-formyl-THF

Heiden, Nat. Rev. Drug Discovery, 2011

TYM: thymidylate synthase, DHFR: dihydrofolate reductase, THF: tetrahydrofolate
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Amplification frequency in human neoplasms.

Skeletal Muscle Stem Cells

2021.04.21.
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Dorsal Axial
Sclerotome

TNC: tenascin (drug)

Pax3 == Pax7 ==MyoD

An overview of myogenesis

f f i

v
[ MYODiJ [ MYOD1 H Myogenin || Myosin |

PAX7

Quiescent Activated Myoblast Immature
MSC MSC myotube myotube

T3: trijodotironin
MyF5: myogenic factor 5, transcription factor
MyoD transcription factor

2021.04.21.
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Steps of myogenesis

B Mighty Mice |

Pax3 expression

“ Pax7 dependent ||_

Myostatin / ActivinA= Activin receptor 2B/A pathway

ACVR2A -/-: Mighty mice

Lee et al., PNAS, 2012

Myosatellite cells
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ttubuies ¢
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s Zline

1 band 1
Aband

Skeletal Muscle Satellite Cells

Stem Cells

Progenitor Cells J_

Differentiated Cells Myoblast differentiation

l

Myol miR-1/206

HDAC4

1

Quiescent
satellite cell

Pax7 bzzzzzzzMyoD [—>
l A
\,
¥ l

ey
@Dnﬂeren(lahon

Proliferating Differentiating
myoblast myoblast

Self-renewal
Al Lok

Activation

Relaix and Zammit, Development, 2012

2021.04.21.

24



A satellite cell in Pax7CreERT/*:Rosa260TA* mouse

(Rosa26| CSIORM [ D74 )

loxP loxP

Nucleus Cytoplasm

Muscle can
regenerate

B Satellite cell in Pax7CreERT/+:Rosa260TA* mouse + tamoxifen

joxp (Rosa26| D1A |

fox Muscle unable

to regenerate

2021.04.21.

How could we kill
a myosatellite and
why?

Relaix and Zammit, Development, 2012

Stem Cells Reprogramming

25
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There is no way back?

 Totipotent

* Pluripotent

» Multipotent

 Oligopotent

 Unipotent :
Somatic

cell

Epigenetic landscape

Conrad Hal Waddington (1905-1975)
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Change of differentiation potencial

~#0 - @0

EpiSCs \.) :)

Pluripotent stem cells

Unstable
intermediates
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Lineage-specific stem cells
.D (@3 ineage-specific
stem cells
.
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i l ¥ ' ‘\ /’—\
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Terminally differentiated cells

Multipotent stem cells

Key < ) Self-renew i Differentiation e Reprogramming

sty Conversion 7\ Transdifferentiation | e == Transdifferentiation Il

ESCs: Embryonic Stem Cells
EpiSCs: Epiblast Stem Cells
iPSC: induced Pluripotent Stem Cells

PD173074

Sus4o2 r‘(&
P
:‘% P Pluripotin

Gene expression

-9

: A 0SRRRRY
ﬂ' Epigenetic status 2

HMT inhibitor
BIX-01294 DNMT inhibitor
RG108
HDM inhibitor 5-AZA Cytoskeleton

s
Pamato Zhang et al., J Cell Sci, 2012
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Development and epigenetic

Developmental
potential

Totipotent
Zygote

Pluripotent

ICM/ES cells, EG cells,
EC cells, mGS cells
iPS cells

Multipotent

Adult stem cells
(partially
reprogrammed cells?);

programming

Epigenetic
status

Global DNA demethylation

active X chromosomes;

Global repression of differentiation
genes by Polycomb proteins;
Promoter hypomethylation

X inactivation;

Repression of lineage-specific
genes by Polycomb proteins;
Promoter hypermethylation

X inactivation;

2021.04.21.

Derepression of

Polycomb silenced

lineage genes;

Promoter hypermethylation

Unipotent
Differentiated cell
types

Hochedlinger, Development, 2009

Reprogramming strategies

Four strategies to i reprogr ing of tic cells

Nuclear transfer Cell fusion explgrelzlation m{ﬁ?},‘:ﬂ;

v
o

=
"

Reproductive Customized Reprogramming
cloning ES cells in the test tube

o Retroviral

Clones are I"meézm’ Fused cells Limited to vectors,

abnormal iR asas are 4n germ cells? mutations,
g tumors

CHALLENGES PROMISES
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Induced pluripotent stem cells (iPSCs)

1962
Cloning in frog
Gurdon
1997
Cloning in sheep
Wilmut
1987
Antennapedia 2001
Gehring ESC fusion
Tada
1987 2006
MyoD iPSCs
Weintraub Yamanaka

1998
Human ESCs
1981 Thomson
Mouse ESCs
Evans, Martin

4
Human

2007 2007 i?PSCS therapy

Human iPSCs Mouse
Thomson iPSC therapy
Yamanaka Jaenisch

Mouse iPSCs 2009

Yamanaka Patient iPSCs
2007 Daley
Germline Eggan
transmission
Jaenisch
Hochedlinger
Yamanaka

?

Drug discovery
w/ iPSCs

@

2008 Shinya Yamanaka

In vivo direct 20"_’ )
reprogramming  In vitro direct

Melton reprogramming H.
Wemig Nobel Prize: 2012

Induction of Pluripotent Stem Cells (iPS) from
Somatic Stem Cells

Apoptosis, senescence

Somatic Immortalization, open chromatin Tumor
Cells 08 Cells

Oct-3/4
Nullipotent ES-like Cells {7}

Transcription factors:

Pluripotent iPS Cells Myc (c-Myc)
Kruppel-like factor 4 (KLF4)

‘Yamanaka, Stem Cell, 2007
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Induced pluripotent stem cells

Proliferative Partially
fibroblast l'eprogra“nmed
cel

Fibroblast " 'lf-., Intermediate
& *, epithelial
cell

Arrested
fibroblast

j—————— Reprogramming ——————————— Maturation/ |

Correction

Liang and Zhang, Nature Cell Res, 2013

Cancer Stem Cells

2021.04.21.
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Three tumor biology puzzles:

1. Most tumors are of a clonal origin but tumor cells are heterogeneous.

2. Itis very difficult to establish stable tumor cell lines from tumors.

3. Large numbers of established tumor cells have to be injected to re-initiate
an orthotopic tumor in mice.

Key reviews:

. ReyaT et al. Stem cells, cancer, and cancer stem cells. Nature 414, 105-111, 2001.
Dick JE. Stem cell concepts renew cancer research. Blood 112: 4793-4807, 2008.
Visvader JE, and Lindeman GJ. Cancer Stem Cells: Current Status and Evolving
Complexicities. Cell Stem Cell 10: 717-728, 2012.

Tang DG. Understanding cancer stem cell heterogeneity and plasticity. Cell Res,
22(3):457-472,2012.

Magee JA, Piskounova E, & Morrison SJ. Cancer Stem Cells: Impact,
Heterogeneity,

and Uncertainty. Cancer Cell 21: 283-296, 2012.

Differentiation

Transformation
probability

: 0000

Early Late Differen- Differen-
progenitors progenitors tiating cells tiated cells

Self-renewal

Proliferation

Tang, Cell Res. 2012
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Cancer Stem Cells & Treatment

Drugs that

k;" tur:o"ur Tumour loses its
Siemgects ability to generate
new cells

Drugs that kill
tumour cells
but not cancer
stem cells QKA
degenerates
r shrinks

Tumou
but grows back

Weissman, Nature, 2001

Medical perspectives — ethical dilemmas

2021.04.21.
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Ethical dilemma
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The End
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