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Global DNA Demethylation in the Zygote

Zachary et al., Nature Rev. Genetics, 2013

ELP3: histone acetyltransferease elongator complex protein 3
Tet1/2/3: ten-eleven translocation family of proteins

PRC1: polycomb repressive complex 1

PRC2 and Stella: epigenetic silencers

Global DNA Demethylation in the Zygote

c PN3 d PN5

BER:

base excision repair

Zachary et al., Nature Rev. Genetics, 2013
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Dedifferentiation of Progenitor Germ Cells
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What is the ,potency of cell’?

Cell potency is a cell's ability to differentiate into other cell types.

The more cell types a cell can differentiate into, the greater its potency.
Potency is also described as the gene activation potential within a cell.

The range of commitment options available to a cell

* Totipotent Potency

Pluripotent

Multipotent

Oligopotent

Unipotent

Zygote (totipotent)

Embryonal stem cell (pleuripotent)

Germ layer stem cell (multipotent)

Lineage stem cell* (oligopotent)

Tissue-determined stem cell* (tri- or bi-potent)

Terminal cell (nullipotent)

2018.04.24.


http://www.3bscientific.com/ob-gyn-models/placenta-w10604,p_895_896_0_0_3376_image_zoom.html
http://www.3bscientific.com/ob-gyn-models/placenta-w10604,p_895_896_0_0_3376_image_zoom.html
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Totipotency: What it is and what it is not?

Totipotent cells are capable of developing into a complete organism or differentiating
into any of its cells or tissues of given organism.

DNA demethylation : active and passive

. » Embryonic
Under special conditions.... development

Reproductive
Tumor cells adult

From totipotent to pluripotent: ZGA

Somatic cell nuclear transfer

Induced
ZGA pluripotency I

‘ Pluripotent stem celis

0VO00080 G M

Qocyte Zygote 2-cell 4-cell 8-cell Morula Blastocyst
Totipotent ] Pluripotent® Muttipotent and
e - guripotenty) unipotent
MUERV-L
— AP
— LINE-1

Relative expression

Lu and Zhang, Nat Sci Rev, 2015

MUuERV-L: murine endogenous retrovirus with leucine tRNA primer
IAP: intracisternal A-particle, LINE-1: long interspersed nuclear element 1 (transposable elements)
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Loss of totipotency |

\ ¥ Cdx2 (homeobox) expression [N, '
and low mobility of oct4 7 Trophoblast

“ Epigenetic landscape '

Conrad Hal Waddington (1905-1975) |
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The range of commitment options available to a cell

Potency

* Totipotent

* Pluripotent

* Multipotent

* Oligopotent

* Unipotent

Pluripotency

Pluripotency refers to a stem cell that has the potential to differentiate into any of the
three germ layers.

| Segregated germ line potencial |
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Lineage restriction

Normal methylation Dnmt1 deletion

Extra-embryonic

Self-renewal Self-renewal

Extra-embryonii
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ESC ESC
Embryonic
Inhibited IIIII I Active fffifl
Elf5 / EIf5 \
CpG CpG CpG CpG
island island island island
EEEEEI Efffi’l 29999 -— 99999
Cdx2 Eomes Cdx2 Eomes

Zachary et al., Nature Rev. Genetics, 2013
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The range of commitment options available to a cell

e Totipotent

Potency

e Pluripotent Embryonic

}Amniotic
e Multipotent

e Oligopotent Adult

e Unipotent

Stem cell niches
Niche

e <ol [ @
Microenvironment around stem cells that provides

support and signals regulating self-renewal and SrerErErerey

differentiation

Direct contact Soluble factors Intermediate cell
&S0, IS S = SRS S SEESH N S &
o]
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A @) > Signals from Niche

5*5 = Signals are local; niches have a limited capacity
and cells compete for the signals

‘ = The signals control tissue homeostasis, also after

Ca damage.

N

Signals from niches maintain
adult stem cells and tissues.
- @D < D)
In the absence of . @ . >
niche signals, adult @_». @

stem cells will \
differentiate, by
default.

Alternate Stem Cell Fates
-® @-

symmetric SC renewal

asymmetric cell S @ symmetric SC commitment
division (ACD) (differentiation)

sC
‘©® 0O O O

Committed progenitor cells

Tang, Cell Res. 2012
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Stem Cell Niche in Small Intestine
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Barker et al., Cell Stem Cell, 2012

Asymmetric Segregation of Grandparental DNA Strands?

Random template
Oldest template segregation
(Grandparent)

Non random template
segregation

Newer template
(Parent)

Newly synthesized strand

- N N

DNA REPLICATION

CHROMATID ALIGNMENT
AND SEGREGATION

Rando, Cell, 2007 Symmetuio

Asymmetric
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Asymmetrical segregation of DNA in human

breast cancer cells

BrdU-
labeled

BrdU removal ----——-----

1st s
phase
1st
division
2md g
phase

won 7\
division

OO OO

Asymmetry : Symmetry

C““

Liu et al., Molecular Cancer 2013

Duplicating Muscle Cell Pairs Display Asymmetric
DNA Labeling Patterns

loechst First Label Second Label Merge
(Cldu) (IduU)

Figure 2. Evidence of Co-Segregation of DNA Template Strands during Mus(\e Progenitor Cell Division
(B) Cell pairs were immunostained for CldU and IdU. Shown is a rep of anii ined pair of cells, in which both daughter
cells were labeled with the second label, IdU (green), but only one dauqhter inherited the hm label, CldU (red)

Second round of DNA replication, cell division

Daughters
distinguishable

Conboy et al, Plos, 2007
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,,Ferreting out stem cells from their niches”

a Genetic elements
I Stem-cell-specific promoter H Cre I

X
IRosazs |-D-I neo cassette I-Q-D-I GFP |— dun <H> {]
loxP loxP loxP
c

loxP

b Cre recombination
stochastic possibilities:

3| Rosa26 H RFP H dH0
4| Rosa26 H CFP H &

Fuchs and Horsley, Nature Cell Biol., 2011
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Myosatellite cells
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Relaix and Zammit, Development, 2012

Myogenesis in adults
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Stem Cells Reprogramming

There is no way back?

Potency
Totipotent

Pluripotent

Multipotent

Oligopotent

Unipotent _
Somatic

cell
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Reprogramming strategies

Four strategies to ind reprogr ing of tic cells
Nuclear transfer Cell fusion explca;rﬂlation m{ﬁ%‘fxﬂ

%

e ey

ﬁ e ——

H s : YT

o Reproductive Customized Reprogramming

E cloning ES cells in the test tube

[

w 2 Retroviral
g Clones are Inzmic;znt, Fused cells Limited to vectors,
w abnormal e esas are 4n germ cells? mutations,
3 99 tumors
<

T

(3}

Induced pluripotent stem cells

1962
Cloning in frog
Gurdon

1997

Cloning in sheep
Wilmut

1987
Antennapedia
Gehring

2001
ESC fusion
Tada
1987
MyoD

Weintraub Yamanaka

Human ESCs
1081 19088 Thomson
Mouse ESCs LIF
Evans, Martin Smith
7
2007 2007 T
Human iPSCs Mouse !ZPSCS PR
Thomson iPSC therapy

Yamanaka Jaenisch

2006
Mouse iPSCs

2009
Yamanaka Patient iPSCs

.
Germline i -
transmission E,;‘}%gg:‘”e'y NObel F'I’Ize: 2012
Jaenisch o
Hochedlinger 3
Yamanaka

2008

In vivo direct 201!‘ )

reprogramming  In vitro direct

Melton reprogramming

Wemig
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Induction of Pluripotent Stem Cells (iPS) from

Somatic Stem Cells

Apoptosis, senescence

Somatic Immortalization, open chromatin Tumor
Cells o8 Cells

Nullipotent ES-like Cells [LUZ0

¥

Pluripotent iPS Cells

Induced pluripotent stem cells

Partially
reprogrammed
cell

Proliferative
fibroblast

) - el.@.. é ....... R
Fibroblast "+, Intermediate \ Nascent Refined
; ) epithelial N iPSC
: ]: B cell ;“ 2
Arrested
fibroblast
I Reprogramming ; Maturation/ 1

Correction

Liang and Zhang, Nature Cell Res, 2013

22



2018.04.24.

Direct Reprogramming and Lineage Conversion

of Cells

SCNT or cell

,,,,,, Fibroblast
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Cancer Stem Cells
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Where did tumor cells come from?

Differentiation

g i Transformation
1 ‘ l i probability

v v
e-0-0-0-0 0

Self-renewal Q™ (& 2

LT-SC ST-SC Early Late Differen- Differen-
progenitors progenitors : tiating cells tiated cells

v

Proliferation

. . Commitment . L.
Niche —» Expansion —» Differentiation

Cancer Stem Cells & Treatment

Drugs that
kill tumour
stem cells

Tumour loses its
ability to generate
new cells

Drugs that Kill
tumour cells
but not cancer

stem cells Tumour

degenerates

Tumour shrinks
but grows back
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Potency and cell divisions

Replication Origin

DNA Re-replication (S-phase)

T

N

(5=+G2-M-G1)
Endoreduplication
(S=G-S~G)

@
00|

Genome Dupli callonx

Endomitosis
(S+M*+S-M*)

DNA replication and cell

cycle: theme with
variations

25



2018.04.24.

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
rRNAs in frog oocyte
SG of Sciarid flies
chorion genes on X in Drosophila
Tumor cells

Chorion genes in the
follicular cells are amplified

26
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Replication Origin

Re-replication of chorion

genes

ONA Re-replication (S-phase)

e

DNA Rej nlu:mn

/2N

s-Gz-unsn
mmmmmm
4s<6<5<6> (S<M eSorys )

Bed®

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

Figure 6. Detection of gene
. . . . o amphfication in follicle cell nuclei
Minors: diploids, majors: amplified {blue) using BrdU {red). Inset: a
H . A single nucleus showing that BraU
MII’!OI’. 15 hOUI’S Iong expresspn, labeling occurs at only a few
Major: 2-3 hours long expression. ampifying genomic sites

Replication Origin

Regulation of
amplification of the chorion genes

ONA Re-replication (S-phase)

1+
i St 7F ~16-fold
4
Genome Dupiication x
-ty .@ Fatraiorst 'in, ~Gd-Fold
AN
‘-4 #.“
-'-' “I"q.
~ACE3 Oricf ..
=+ —~
3rd chromosome origin
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Amplification goes hand in hand

with chromatin rearrangement

Genomic origin
Inactive
closed chromatin

Amplification origin-
Active
open chromatin

@celcor)  @ecelert)

ORC 1-6 ORC 1-6
=
ACE3 =~/ Ori-p. =/

3 2
5
*. Orc2 .-
. >
e A

>

AcH4/0Orc2

Re-replication of genes

(amplification)

DNA damage
Fragile sites

Activation
of pro-apoptotic genes

¥

Cell Death

2018.04.24.
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Re-replication of genes

(amplification)

lllllll

Defects in cell cycle
regulation of origins

Re-replication Ianam raplication

Checkpolnts

4 X

apoptosis SENOSCONCS
Genome instability

CANCER

Amplification frequency in human neoplasms.
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DHFR amplification in drug-resistent cancer cells

DNA
e D | o — il
ol — 73

i Purine Nucleic acid
Formate + ATP synthesis | synthesis

Methionine

dUMP

Glycine

Homocysteine

5.10-methylene-THF «—— 5-methyl-THF

!

5,10-methenyl-THF 10-formyl-THF

t

TYM: thymidylate synthase, DHF: dihydrofolate, THR: tetrahydrofolate

—Ef>—' Double rolling

circle
replication

Brask induced rapiication
(BIF)

Watanabe et al, Nucl Acid Res., 2011

DACK: induoed by fork arrast DRCH duced by BFB cycles
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Endomitosis

» Endomitosis is a process in which successive S-phases are
interrupted by a gap, during which the cells enter mitosis but
do not complete anaphase and do not undergo cytokinesis.

Duplicated chromosomes produced by endomitosis exist as
discrete units in a single polyploid nucleus or may be
packaged into separate nuclei, depending on the phase at

which mitosis is aborted.

DNA Re-replication (S-phase) £ . , L B
ﬁ - . ¥
@

Genome Duplication
(S~GZ<M<G|)
Endoreduplication
(S+G-5-G) (S*M *S<M )

".

Megakaryocytes
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DNA Re-replication (S-phase)
SN R
DNA Raphﬂl jon §

/ Genome Dup“cauon\
(s-cz-m-cl)

Endoreduplication
(S=G=5-G) (5<M ~s-M )

’;‘0

v

b

Jat,

multiple S-phases without an intervening mitosis and its §¢

accompanying cytokinesis.

Duplicated chromatlds remaln physically associated. Repeated

2018.04.24.
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Endoreduplication

in the ovary of Drosophila

DNA Re-replication (S-phase)

@

DNA Rej p icatio
/ Genome Duplication \7
(s-Gz-M—Gu
ication
(5<G<5<G) ¢5<M <S<M )

Bed®

Follicular cells and nurse cells
in developing follicles

X- chromosome gl ’:

Right arm of
‘V chromosome 2

Asynapsis ‘)‘éﬂ
i
’ Left arm of
& chromosome 2

quhl arm of
chromosome 3

Left arm of

chromosome 3 Wv’

Balbiani
rings (1881)
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Grouping of tissues of Drosophila larvae
Cells/tissues in
Drosophila larvae
Imaginal discs Larval tissues
(diploid) (polyploid)

Histoblasts
(diploid)

Histoblasts are embedded in the larval tissues
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Various cell cycles are in the same organism

Embryo

=

Syncytial
Divisions

Postblastoderm
Divisions

i niiatir
EH‘!!!‘:‘!I Ii!ﬂ!igs‘!i
Endo Cycles

Mervous
Mitatic
Divisions

Larval Instars
Ist 2nd 3rd
o e Y

Endo Cycles/Cell Growth

Archetypal Mitotic Cycles

bdomi :
G2 Arrest

Pupa

Division and
Differentiation

Adult

Gonads

Mitosis
(Stem Cells)

Meiosis

Endo Cycles
{Ovary)

The End
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