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Pluripotencia i cel.lules mare pluripotents
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Reprogramacio nuclear
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e Cel.lules mare de Reprogramacio induida (iPS)
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ESSAY

30 years: from IVF to stem cells

."\\
Ruth Deech, former chair of Britain's Human Fertilisation and Embryology Authority, reflects  /
on how the science that gave an infertile couple a baby has been extended to saving lives.

i) Evening News

Meet Louise, the world’s
first test-tube arrival

The Nobel Prize In Prsiology or Medicine 2010
Ronert G. Ewards
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The Promise of Stem Cell Research
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» Pluripotent Stem Cells can be obtained from cells
located in the inner cell mass of blastocysts, early
embryos and isolated blastomeres (hESC) and from
nuclear reprogramming (Somatic Cell Nuclear Transfer -
SCNT and induced Pluripotent Stem Cells - IPS)

Pluripotent stem cells: Self renewal/Differentiation
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human Embryonic Stem Cells
(hESC)



REPORTS

Embryonic Stem Cell Lines
Derived from Human
Blastocysts

James A. Thomson,* Joseph Itskovitz-Eldor, Sander S. Shapiro,
Michelle A. Waknitz, Jennifer J. Swiergiel, Vivienne S. Marshall,
Jeffrey M. Jones

www.sciencemag.org SCIENCE VOL 282 6 NOVEMBER 1998
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EMBRYONIC STEM CELLS

] Derived from the inner cell
mass of the blastocyst (ICM)
(day 5-7 of development,

+ 150-200 cells). They give
rise to the 3 germ layers:
ectoderm, mesoderm and
endoderm.

Timelapsegroup Rigshospital Copenhagen and Braedscrup Hospital, Denmark




Nuclear Reprogramming

e Somatic Cell Nuclear Transfer (SCNT)
* Induced Pluripotent Stem Cells (iPS)



e Somatic Cell Nuclear Transfer (SCNT)
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Nuclear transplantation

Activation
“ Blastocyst

Enucleated egg N\ (64 to 200 ceu stage)

trophoblasts

Nuclear Transfer
{SCNT)

Blastocyst

Somatic cell (cross-section)

{from the body:
skin, bonemarrow, etc,) «

Development of specialized cells

Biopsy in Culture

hean muscle cells

Patient

4
neurons

liver cells
Transplantation '
Cells transplanted into patient with
Diabetes, Alzheimers, Parkinson's,
spinal cord injury, Lou Gehrig's Disease,
cancer, cardiovascular disease,

rheumatoid arthritis, ete. pancreatic Islets cells Intestinal cefls

Pluripotent
embryonic stem cells



Human Embryonic Stem Cells Derived hitp://dx doi.org/10.1016/.cell.2013.05.006

by Somatic Cell Nuclear Transfer

Masahito Tachibana,! Paula Amato,? Michelle Sparman,! Nuria Marti Gutierrez,' Rebecca Tippner-Hedges,' Hong Ma,!
Eunju Kang,! Alimujiang Fulati,' Hyo-Sang Lee,1.® Hathaitip Sritanaudomchai,® Keith Masterson,2 Janine Larson,?
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D Plusipotency markers

4 NT hESC were obtained with
optimized SCNT approaches.
Key factors for the success of
SCNT:

Oocyte quality

Adequate exit from meiosis
Oocyte activation by
electroporation

Improved embryo development
with caffeine

- NT hESC displayed normal diploid karyotypes and inherited their

nuclar genome from parental somatic cells

- Gene expression and differentiation profiles are similar to

embryo derived hESC.



Nuclear Reprogramming
* Induced Pluripotent Stem Cells (iPS)



The Nobel Prize in Physiology or Medicine 2012
was awarded jointly to Sir John B. Gurdon and
Shinya Yamanaka "for the discovery that mature
cells can be reprogrammed to become
pluripotent”

SCNT iPS




Induction of pluripotent stem cells from mouse embryonic and
adult fibroblast cultures by defined factors.
Takahashi K, Yamanaka S.

Cell. 2006.

Induction of Pluripotent Stem Cells
from Adult Human Fibroblasts
by Defined Factors

Kazutoshi Takahashi," Koji Tanabe,! Mari Ohnukd,? Megumi Nanta, -2 Tomoko Ichisaka, -2 Kichire Tomoda,?
and Shinva Yamanaka'-234-~

Cell, 2007

Induced Pluripotent Stem Cell Lines
Derived from Human Somatic Cells

Junying Yu,'** Maxim A. Vodyanik,® Kim Smuga-Otto,’ Jessica Antosiewicz-Bourget, ™
Jennifer L. Frane,® Shulan Tian,? Jeff Mie,” Gudrun A Jonsdottir,” Victor Ruotti,”
Ron Stewart,” lgor |. Slukvin,®* James A. Thomson®-~—*

Science, 2007


http://www.ncbi.nlm.nih.gov/pubmed?term="Takahashi K"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Yamanaka S"[Author]

Induced pluripotent stem cells (IPS) generation

* The first iPS cell line generated with 24 factors. (Takahashi K & Yamanaka S. Cell 2006)

* The Classical 4 factors cocktail: Oct4/3, Sox2, c- myc & KIF4 or Oct4/3, Sox2,

Lin28 & Nanog (Takahashi K & Yamanaka S. Cell 2006, Takahashi K et al, Cell 2007, Yu et al,
Science NY, 2007Park et al, Nature 2008)

Stable Karyotype
Methylation of Nanog/Oct4 promoters
Transgene expression silencing
Expression of endogenous pluripotent associated markers
In vitro/In vivo differentiation
Chimera contribution*




Starting cell types ‘ |PS GEN ERATlON
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Fibroblasts e Choice of starting cell types

4 .:ndupesehsmmlcells s
=2 esenchymal stem cel .
2 Dental pulp stem cells e Choice of methods of factor
3 Cord blood cells deli
< Hepatocytes S ry
Amniotic fluid cells
Germtineistemicalls: e Choice of factors
Neural stem cells

,l'i,r“ip:ortant- for embryomc Apoptosis, cell cycle
development: and senescence:
OCT4, SOX2, NANOG, UTF1,  p16MKiAt 53t
- LIN28, SALL4, NR5A2, TBX3,  microRNA, p21
'ESSRB, DPPA4

Delivery modes

Epigenetic regulators:

' Prolrferatnon and cell cycle: histone deacetylase,
- MYC*, KLF4*, SV40LT*, histone demethylase,
REMZ MDM2*, cyclin D1* G9a, DNMT1*

Epigenetic requlators: Signalling pathways:
CHm PRC2 TGFB, WNT, ERK-MAPK

*Potential oncogene
f Potential tumour
| suppressor gene

F. Gonzdlez et al 2011 Nature Reviews | Genetics

e Lentivirus/retrovirus mediated reprogramming methods are
still major approaches for generation of iPS



Characterization of pluripotent stem cells

Merce Marti!, Lola Mulero!, Cristina Pardo!, Cristina Morera!, Meritxell Carrié!, Leopoldo Laricchia-Robbio!,
Concepcion Rodriguez Esteban!-2 & Juan Carlos Izpisua Belmonte!.2
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DIFFERENTIATION

Different cell types have been obtained

e Cardiomyocytes

* Neuronal cells
 Hematopoyetic cells
* Pancreatic cells

* Hepatocytes

* Trophectoderm

* Gametes: oocytes and sperm






Researchers Mitinori Saitou and Katsuhiko Hayashi have learned how |
to mimic the intricate stages of natural germ-cell development and to |
produce sperm and eges in wtro that can be used to create offspring. | The gametes are A fertilized egg is then

harvested and used transplanted into a
for in vitro fertilization. surrogate mother.

Pluripotent stem cells are extracted from early
embryos or induced from somatic cells, These cells The cells then

GAMETES FROM
PLURIPOTENT STEM CELLS

are then converted to germ-cell precursors using develop into mature
key growth factors and other signalling molecules. gameta invivo.

H Embryomc \ 3 Female cells are © Eees are fortlized

stem cells % transplanted into ovaries with a donor sperm o

= ij _I\\ Qg\ i .
‘{ / Epiblast- Primordial @ "1/ \

- = i like cells germ-cell- S o
2 ’\ ‘ pluripotent like cells ;
e/ 5 Male cells are ' Sperm are used to

. transplanted into testes fertilize a d Viable embryos
NATURE | VOL 500 | 22 AUGUST 2013 - ERACONOL=ER ry!

» Reconstitution of the essential first steps of pluripotent stem cell-based gamete
production in vitro has been established (male and female)

« Abnormal methylation patterns and offspring when the process is completed in
In vitro conditions

« Normal healthy offspring with normal methylation patterns of imprinted genes if
gametogenesis is resumed in in vivo conditions (mouse)

* The use of such gametes in ART remains a “distant prospect"

« Stem cell derived gametes can become a valuable resource for research: germ
cell development , epigenetic reprogramming and germline gene modification



Transdifferentiation
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It is possible to convert one differentiated cell type into another
without having to reverse differentiation all the way back to a
pluripotent state by using methods broadly similar to that used to
induce complete reprogramming .



TRANSDIFERENTIATION

Takahashi, Yamanaka

Fbx15-Neo
Octd, Kif4, (low %)
Sox2, Myc ; Plck\
21 days sl |
Fibroblasts Pluripotent stem cells

Vierbuchen et al.

Tau-GFP+
Ascl1, Brn2, (8%)
Myt1| or Zici "\
8 days
Excitatory neuron
aMHC-GFP+
Gata4d, Mef2c, (25%
10 days
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Stuart M. Chambers Cell 2011




In vivo

Stem cell

In vitro

Transdifferentiation

Metaplasia

_/ Fibroblast
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Cell 2012 Cherry et al.



Human Stem Cell Research

- - = UROPERN
and Regenerative Medicine CIENCE
Focus on European policy and scientific contributions OUNDATION

Policy and Regulatory
Framework

Countries can be grouped under five broad categories:

Very permissive allowing even the creation of embryos, for research purposes: Belgium, Sweden,
UK.

_ allowing research only on surplus IVF embryos and prohibiting the creation of

embryos solely for research purposes: Cyrus, Czech Republic, Denmark, Estonia, Finland, France, Greece, Hungary,

Iceland, The Netherlands, Norways, Portugal, Slovenia, Spain, Switzerland, Bulgaria.

Restrictive by default where the legislation is not explicit but national practices are quite restrictive in

practice : Romania, Turkey.

Very restrictive where legislation explicitly bans research on hESCs: Croatia, Germany, Italy, Lithuania,

Slovakia

' Unlegislated | where there is no legislation on hESCs: Austria, Ireland, Luxembourg, Poland.




Human Stem Cell Research

: e UROPERN
and Regenerative Medicine EDE”EE
Focus on European policy and scientific contributions OUNDATION

B \ery permissive

Permissive with restrictions
Restrictive by default

\ery restrictive
Unlegislated

-

National positions on human embryonic stem cell research
policy and regulatory framework in Europe



Spanish Stem Cell Bank

e 36 hESC lines

2 monogenic disease
3 from isolated blastomeres
2 parthenogenetic

e 45 iPS
17 disease iPS

T 5
(=]
© "
- Y
s °
A X H

BaNCO anbaluz pe cLuLas Mabre

PRINCIPE FELIPE
CENTRO DE INVESTIGACION

N4

@)

Centre de Medicina Regenerativa de Barcelena

9
C M R [B] Centro de Medicina Regenerativa de Barcelona

Center of Regenerative Medicine in Barcelona



Generation of Functional Human Control

. - RA  Differentiation

Pancreatic 3 Cells In Vitro A m/ EN 8
3d

Cell, 2014; Pagliuca et al. ‘g* oE 2%, por 2, (R 59, .

. . . Act A KGF KGF Differentiation
Scalable differentiation protocol that generates o RA 7149
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cells from hPSCs in vitro.

Stem cell derived R cells express markers
found in mature 18 cells, flux Ca?* in response
to glucose, package insulin into secretory
granules, and secrete quantities of insulin CRBSGTR 5 (0 30 6 % 10
comparable to adult B cells in response to A P
multiple sequential glucose challenges in vitro. T
Cells secrete human insulin into the serum of i d

mice shortly after transplantation in a glucose- . Er,“rz.‘_rzalfr.[-‘!# | [71%]
regulated manner. Y '
Transplantation ameliorates hyperglycemia in
diabetic mice.
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Disease models
Cell Therapy



IPS cells as model for human disease
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Candidate drugs?
i
Drug or Transplantation studies Cellular studies
genetic screens (disease in vivo) (disease in vitro)

Lee G. Nature Methods 2010

eDisease-Specific iPS cells could represent a substrate for experimental analysis
of disease pathophysiology, a tool for drug screening and a target for gene repair



d0i:10.1038/ nature08129 nature

ARTICLES

Disease-corrected haematopoietic
progenitors from Fanconi anaemia induced

pluripotent stem cells

Angel Raya'~ Ignasa Rodriguez-Piza', Guillermo Guenechea %, Rita Vassena Susana Navarro Natu re’ 2009
Maria José Barrero Antonella Consugllo , Maria Castella Paula Rio*?, Eduard Sleep '~ Fedenco Gonzélez'.

Gustavo Tlscorma Elena Garreta'” Trond Aasen , Anna Ve|ga Inder M Verma®, Jordu Surralles™

Juan Bueren™” & Juan Carlos Izpnsua Belmonte'”
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Cell Therapy: problems to be solved

* Inmunologic rejection

 Tumor formation (Teratomas hESC and iPS)

* Oncogenesis — Insertional mutagenesis iPS

e Differentiation efficiency — Purity of cell populations
 Large scale cell production

* GMP production



ClinicalTrials.gov

A service of the U.S. National Institutes of Health

e Safety Study of GRNOPC1 in Spinal Cord Injury

e Safety and Tolerability of Sub-retinal Transplantation of Human
Embryonic Stem Cell Derived Retinal Pigmented Epithelial
(hESC-RPE) Cells in Patients With Stargardt's Macular
Dystrophy (SMD)

e Safety and Tolerability of Sub-retinal Transplantation of hESC
Derived RPE (MAO9-hRPE) Cells in Patients With Advanced Dry
Age Related Macular Degeneration (Dry AMD)

e Sub-retinal Transplantation of hESC Derived RPE(MAOQ9-
hRPE)Cells in Patients With Stargardt's Macular Dystrophy


http://clinicaltrials.gov/ct2/home

Human embryonic stem cell-derived retinal pigment
epithelium in patients with age-related macular
degeneration and Stargardt’s macular dystrophy: follow-up
of two open-label phase 1/2 studies
Schwartz et al, The Lancet, Sept 2014
Advanced Cell Technology. Retina Division, Jules Stein Eye Institute
* Two prospective phase 1/2 studies to assess the
primary endpoints safety and tolerability of
subretinal transplantation of hESC-derived retinal
pigment epithelium

e 9 patients with Stargardt’s macular dystrophy and
9 with atrophic age-related macular
degeneration.

e 3 dose cohorts (50 000, 100 000, and 150 000
cells) were treated for each eye disorder.

* Transplanted patients were followed up for a
median of 22 months by use of serial systemic,
ophthalmic, and imaging examinations




Human embryonic stem cell-derived retinal pigment

epithelium in patients with age-related macular

degeneration and Stargardt’s macular dystrophy: follow-up

of two open-label phase 1/2 studies
Schwartz et al, The Lancet, Sept 2014

Advanced Cell Technology. Retina Division, Jules Stein Eye Institi

* No evidence of adverse proliferation, rejection, or
serious ocular or systemic safety issues related to
the transplanted tissue.

e 13 (72%) of 18 patients had patches of increasing
subretinal pigmentation consistent with
transplanted retinal pigment epithelium.

* Best-corrected visual acuity, monitored as part of
the safety protocol, improved in 10 eyes, improved
or remained the same in 7 eyes, and decreased by
more than ten letters in 1 eye.

* Vision-related quality-of-life measures increased for

Change in best-come ted vis ual ac ity

Change in best-come ted visua lac ity

general and peripheral vision.
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