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Loi de bioéthique (révisée en 2004):

1. Interdit le clonage (thérap. et repro.)

2. Interdit la production et I’ utilisation d’ embryons surnuméraires pour la recherche médicale
3. Autorise sous dérogation I’ utilisation de lignées ES humaines a visée thérapeutique

4. Autorise sous dérogation la dérivation de lignées ES humaines a visée thérapeutique a partir
d’ embryons surnumeraires.
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« Clonage reproductif » :
(Dolly 1998)
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Comment reprogrammer une cellule somatique en cellule plutipotente?

- mélange cellulaire: fusion cellulaire
- transfert de noyau: noyau ES dans cellule somatique (allogénique)

- Reprogrammation génique: induced pluripotent stem cells:
Yamanaka (Kyoto) 2006 in mice

Criblage de genes de pluripotence sur dest broblastes (combinaison de cocktails)

SOX-2 Lt
Klf-4
c-myc

\> 21-30

jours

tératome



Obtention of autologous pluripotent cells:
TheiPStechnical breakthrough

ES derivation



Derivation of IPS cdlsfrom human f broblasts

Oct4/Sox2/K f4/c-myc

Oct4/Sox2/Nanog/Lin28

Retroviral Reseeding Colony
transduction on feeder picking up

ES medium + bFGF

(Yamanaka et al, Cell, 2007)



Pluripotency of IPS cdlls:
2- Teratoma

(Daley et al, Nature 2008)



Pluripotency of (murine) iPS cédlls:
3- Chimeric mice/ger mline transmission

Nanog-GFP iPS Chimera Oct4-GFP iPS Chimeras

Chimerax WT
016 (Jaenisch, Cell Sem Cell 2007)

DGM virus

c-myc virus

Octd4-GFPneo
allele

Blastocysts E10 embryos

(Jaenisch, Nature 2007)



Comment reprogrammer une cellule somatique en cellule plutipotente?

SOX-2 A
KIf-4 ;
c-myc

v

tératome

IPS de souris en 2006

IPS humaines en 2007. Conf rmé par 2 labo US
utilisation derétrovirus et c-myc oncogene

eff cacitétrésfaible (0.05%)

Entre 2007 et 2010:
- IPSsansinsertion rétrovirale (adénovirus, protéines recombinantes, molécules chimiques,...
- amélioration de |’ eff cacité (de 0.05 a 1%)

- reprogrammation de différentstypes cellulaires et de cellules de patients




IPS

—

blastocyst

oocyte :
|  c-myc
| | | : KkIf-4
ectoderm mesoderm endoderm oct-4
: SOX-2
embryonic stem cells : (nanog)
Self renewal : (LIN 28)
Pluripotent .
NP 2 V :
neurons dermis (fibroblasts)- e N
epidermal muscle pancreas
\4 cornea adipocytes liver
mammary endothelial intestine
Cell therapy glands hematopoeitic thymus
Cdlular modd: - Céllular proliferation (c-myc, KIf4)
- Embryonic development - Chromatin remodeling (K1f4)
- Toxicological tests - Reactivation of ES cell genes (oc-4/sox-2)
- Drug design - Establishment of EStranscriptomal

circuitry



Pluripotency of IPS cells:
6- Gene expression
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Fibroblast

Direct reprogramming

Cellular proliferation

i

Chromatin remodeling

Reactivation of ES cell genes

Establishment of ES

transcriptional circuitry
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Table 2

Reprogramming factors

Factor Description

Expression

Function

Digpensible/Replaceable
for IPS generation?

Octd POU-domain containing

transcription factor

Sox2  SAY, HMG-box
DMA-binding protein

KIf4 Member of the Kruppel-like
factor family of transcription

c-Myc  Basic helix-loop-helix
transcription factor

Manog Divergent homecsdomain
protein

LIN2E Putative RNA-binding

protein

COocytes, fertilized embryo, ICM,
epiblast, ES cells, EC cells,
and germ cells

Oocytes, ICM, epiblast, germ cells,
multipotent cells of extra-embryonic
ectoderm, cells of neural lineage,

brachial arches, and gut endoderm

Enriched in the gut, skin, and
ES cells; also expressed in
cells of the blood such as

B cells and monocytes

Begins at the morula stage and to
varying degrees in proliferating cells
throughout development; multiple
tissues including the heart, liver,
intestine, spleen, kidnay, lung,

and mammary gland

Morula, 1CM, epiblast, ES calls,
and germ cells

Cooyte, zygote, blastocyat and 1o
varying degrees during
crganogenesis; in adult, expressed
in the bone, liver, and gonads

Crucial for the maintenance of
pluripatency;, homodimernzes and
hetercdimerizes with other co-factors
such as Sox2 to regulate the ES

cell state; deletion in ES cells results
in loss of pluripotency and embryonic
lethality (blastocyst stage)

Regulates the pluripotent state;
deletion in ES cells results in loss

of pluripotency; deletion in mouse
results in embryonic lethality (ES.5)
because of faillure to maintain epiblast

Tumor SUPEresacr OF oncogens

that functions in regulating cell
differentiation, cell growth, and cell
cycle; deletion in the mouse leads to
death postnatally because of skin
barrier deficiencies; mice also have
an intestinal and hematopoictic
phenotype

Involved in cell cycle progression,
apoptosis, and cellwlar transformation;
loss of function in mouse leads to
embryonic lethality (E10.5) because of
defects in growth/cardiac and neural
development; c-Myc null ES cells have
impaired tumor progression

Mancg is an important regulator of
ES cell pluripstency and germ cell
development; deletion in the mouse
results in embryonic lethality (ES.5)
and Nanog null ES cells lose
pluripotency

May regulate translation or stability of
mANA during differentiation; regulator of
developmental timing; localizes to
P-bodies (sites of mANA and miRkA
regulation)

Mo

Yies, Soxl, Somxd,
Sox15, and Sox18

can replace Sox2

with reduced efficiency

Yes; KIf2 reprograms
with a similar efficizncy

Yes, not necessary
but affects kinetics
and efficiency,
replaceabla with
MW-Myec, L-Myc to
similar efficiencies

Yes, replaced by
c-Myc and Kif4 in
numan study and

not reguired for
reprogramming in either
numan or mouse

Yes, improves
efficiency of
reprogramming in
combination with
Manog, Octd, and Sox2

> pluripotency

> Cell cycle

pluripotency

?
RNA stability,
L et-7¢ miR
processing
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- Reduced eff ciency - Increased specif city
- Delayed reprogramming - No tumor



Pas de problemed’ éthique

neurogener ative
disease

cellulesde
patients

Autogreffe (?)

IPS

A résoudre;
1. extinction des genes
2. c-myc
3. épigénétique??
4. colt
5. allogénique (comme sang)

neurones




L ow eff ciency of reprogramming

- Differentiated hES cells
C_DA45+ cdlls, T broblasts-like) (0.1%)

Eff ciency
- Fetal cells of
VIR90, Detroits51...) reprogramming

- Neonatal foreskin cells

- Adult dermal T broblasts (0-0.02%o)

Mouse B cells (3.3%): quite eff cient?
(MEF: 0.5%)



Cell type

Reprogramming factors/delivery method
Octd4, Sox2, Kif4, c-Myc, Nanog, Lin28

Blood cell

Hepatocyte  Skin

) ==

Plasmids
)
fibroblast Proteins Small molecules
IPS cells
Evaluation Application
Cell therapy,

drug screening,
disease modeling,
reprogramming
mechanism




Recombinaison homologue (KO)

::,.-' n eOR

loxP loxP

———> thérapie genique non insertionnelle ?



anémie a hématies falciformes, drépanocytose

@) Normal red blood cells

Marmal
rad blood -
e,  cell (RBC) g

RBCs flow freely
within blood vessel

Abnormal, sickled, red blood cells
|sickle cells)

Sickle calks
blocking

Sticky sickle celis




Treatment of Sickle Cell Anemia
Mouse Model with iPS Cells
Generated from Autologous Skin

Jacob Hanna,® Marius Wernig,? Styliani Markoulaki,® Chiao-Wang Sun,?
Alexander Meissner,® John P. Cassady,® Caroline Beard, Tobias Brambrink,
Li-Chen Wu,® Tim M. Townes,®* Rudolf Jaenisch3*

Science, 2007

transplantation ris guérie
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iPS en CSH

Corps
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3) IPS differentiation (hB*/Hp?)

Souris malade
« drépanocytaire humanisée »
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Proof-of-principle of therapeutic potential of iPS

HbA
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HbSS
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2 2

Control hS/hpA

(1) Obtention of
autologousiPS
1 Culture fibroblastes

de la queue hpB*/hp*

MLV - Oct3/4, Sox2,
kif4 c-myc (IaxP)

Untreated hpS/hpS

Tératomes
Chimeres

(7/100 hlustucystes}

‘ Caryotype 40XY

2 Obtention clones pluripotents
iPS h3°/hP*(24 clones)

* Adénovirus cre --> délétion c-myc vir
* Remplacement hf3® par hf}*
(72 clones, 1 correctement ciblé)

(2) Correction by homologous
recombination




Dystrophyc Epidermolysis Bullosa

- (®) ©

I8
Coll. VI
DEB keratinocytes ;—> R- DEB keratinocytes

DEB-f broblasts ~——___

H.R
DEB-f broblasts ——— DEB-IPS ;—> R-1PS > R-iPS-derived T broblast
. _ (coll. VI1I)
DEB-keratinocytes A resoudre % R-iPS-derived keratinocyt
1. c-myc, rétro,... 7l erived keralinocytes
(coll. VI1I)
2. HR effect?

3. épigénétique (ageing) ??
4. colt




Cellular models: Human AEC-iPS (R304W)

AEC-ES  _stroma BMP-4>ect0derm mutp63 ernal
cells -serum (K8/K18) 1

(K5/K14)




Céllular models: Human AEC-iPS (R304W)

loxP — E P
Y/ -EEmH oca KA HiresHISoxom L emyc

ED (R304W)
f broblasts

v

H. van Bokhoven

ED-ipSs Stroma BMP-4 ectoderm

>
-serum (K8/K18)
Nature Medicine 8, 282 - 288 {2002) PRIMA-1
dei: 10,1038/ nm0302-282
(#
Restoration of the tumor suppressor function to P \L

mutant p53 by a low-molecular-weight compound -

Klas Wiman (Sweden) \/\

Isabelle Petit



Céllular models: Human AEC-iPS (R304W)

ED (R304W)
f broblasts
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H. van Bokhoven

ED-iPS

v

j7 -serum

PRIMA-2

Nature Medicine 8, 282 - 288 {2002)
doi:10.1038/nmO302-282

Restoration of the tumor suppressor function to
mutant p53 by a low-molecular-weight compound

KlasWiman (Sweden)
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