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Terapia celular con células troncales

Bancos de células genotipadas y
producidas bajo condiciones de Good
Manufacturing Practice ( cGMP)

Inner Cell Mass

Blastocyst

Fallo hepéatico
Drug discovery

Artritis
Osteoporosis
Induccion de Roturas de hueso
tolerancia frente
. a antigenos
Diabetes 9
Immunoterapia
contra el cancer .
cardiaco Terapia celular

Parkinson’s
Lesion
medular



Usos de la clonacidn terapéutica

Activation

Donor oocyte Enucleated egg \ Morula

\.. Development

.y

Blastocyst
(64 to 200 cell stage,

\ cross-section)
4 - X
& b

Somatic Cell trophoblasts

Nuclear Transfer
(SCNT)

ALS Skin fibroblast Y | Challenge ALS cells
with various drugs and
, > treatment regimens.
&4. ‘ \\\\s\\\§‘\‘\ - .
E, Propagation
Biopsy Inner cell mass in Culture
¥ 7,
i
i <
; }\ disease
motor neurons b ‘
ALS patient - ‘
’ Pluripotept
Differentiation ~ mPryonic
and selection ~ stem cells

Estudio de los mecanismos

de enfermedades genéticas
ALS mutant motor neurons JGvn



Usos de la clonacidn terapéutica
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Usos de la clonacidn terapéutica
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People in the US affected by diseases that may be helped by
stem cell research

Condition Number of Persons Affected
Cardiovascular diseases 58 Million
Autoimmune diseases 30 Million
Diabetes 16 Million
Osteoporosis 10 Million

Cancer 8.2 Million
Alzheimer's disease 4 Million
Parkinson's disease 1.5 Million

Burns (severe) 0.3 Million

Spinal cord injuries 0.25 Million

Birth defects 150,000 (per year)
Total 128.4 Million

Data from the Patients' Coalition for Urgent Research, Washington, DC
(according to Perry, Ref. 267).



Enfermedades genéticas con células troncales disponibles
obtenidas a partir de embriones
sobrantes de fecundacion in Vitro (14 en total)

Disease (responsible gene) Recapitulated phenotype

Huntington (Huntingtin)

Cystic Fibrosis (CFTR)

X-linked myotubular myopathy (MTM1)
Turner syndrome (Monosomy X)

Fabry syndrome (GLA)

Multiple endocrine neoplasia Type 2 (RET)
Marfan syndrome (FBN1)

Charcot-Marie Tooth Type 1A (PMP22)
Facioscapulohumeral muscular dystrophy
Spino-cerebellar Ataxia type 2 (ATXN2)
Spino-cerebellar Ataxia type 7 (ATXN2)
Fragile-X Syndrome (FRM1)

Myotonic dystrophy type 1 (DMPK)

Lesh-Nihan Syndrome (HRPT1)
Introduction of the mutation by homologous
recombination

Mot determined

Mot determined

Not determined

Not determined

Not determined

Not determined

Mot determined

Mot determined

Mot determined

Mot determined

Mot determined

Extension of FRM1 expression during
early differentiation

Detection of the ribonuclear inclusions
NMDAR1 alternate splicing defect
Defect in neuritogenesis and synaptogenesis
in hESCs-derived motoneurons
Absence of HRPT1 activity

Increased production of uric acid



Objetivo: manipular la totipotencia celular

Reprogramacion celular
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Induction of Pluripotent Stem Cells
from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors

Kazutoshi Takahashi' and Shinya Yamanaka':%*
' Department of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyoto University, Kyoto 606-8507, Japan

2CREST, Japan Science and Technology Agency, Kawaguchi 332-0012, Japan

24 factores de transcripcion candidatos : Ecatl, Dpp5(Esgl), Fbx015, Nanog, ERas,
Dnmt3l, Ecat8, Gdf3, Sox15, Dppa4, Dppa2, Fthll7, Sall4, Oct4, Sox2, Rex1, Utfl, Tcll, Dppa3,
KIf4, b-cat, cMyc, Stat3, Grb2




Creating iPS cells

1 Isolate cells from patient
(skin or fibroblasts); ; - —
grow in a dish
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f : stimulate cells to differentiate into
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Métodos de reprogramacion y tipos
celulares reprogramados

Reprogramming factors/delivery method
Cell type Oct4, Sox2, Kif4, c-Myc, Nanog, Lin28

-

~

Blood cell Plasmids

ﬁ ‘v |/

Hepatocyte  Skin fibroblast Proteins Small molecules

@@
IPS cells
Evaluation Application
i Cell therapy,
drug screening,

disease modeling, The Journal of
reprogramming 7/ Clinical Investigation
mechanism




Criterios para definir la calidad de una célula pluripotente inducida (iPS)

* Immunocitoquimica: células positivas para fosfatasa alcalina y factores de
transcripcion propios de estados pluripotentes (Oct4, KIf3, Sox2, NANOG, etc)

* Pérdida de metilacidon en los promotores enddgenos de genes de pluripotencia
(Oct4, Sox2, Nanog etc).

* Expresion de antigenos de expresion detectables por “sorting”: Tra-1-81(+),
Tra-1-60(+), SSEA3(+) SSEA4(+)

* Habilidad de diferenciarse en las tres lineas germinales (ectodermo,
mesodermo, endodermo) durante la formacidon de cuerpos embrionarios (in
vitro)

 Formacion de quimeras y transmision germinal

* Complementacion tetraploide



Formacion de quimeras y
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Complementacion tetraploide

iPS cells produce viable mice through tetraploid
complementation

Xiao-yang Zhao"**, Wei Li'?*, Zhuo Lv"**, Lei Liu', Man Tong"? Tang Hai', Jie Hao'?, Chang-long Guo'?,
Qing-wen Ma®, Liu Wang', Fanyi Zeng** & Qi Zhou' ,
Electrofusion
4N

Adult mice generated from induced pluripotent stem
cells

Michael J. Boland'*, Jennifer L. Hazen'*, Kristopher L. Nazor'*, Alberto R. Rodriguez®, Wesley Gifford?,
Greg Martin?, Sergey Kuprivanov® & Kristin K. Baldwin'

Cell Stem Cell

Injecticn
of ntESCs

iPS Cells Can Support Full-Term Development
of Tetraploid Blastocyst-Complemented Embryos

Lan Kang,'-2 Jianle Wang,? Yu Zhang,? Zhaohui Kou,? and Shaorong Gao?*

1Graduate Program, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100730, China
2National Institute of Biclogical Sciences, Beijing 102206, China

“Correspondence: gaoshaorong@nibs.ac.cn

DOI 10.1016/].stem.2009.07.001

Cell Research 21, 546-549 (March 2011) | doi:10.1038/cr.2010.164

Viable mice produced from three-factor
induced pluripotent stem (iPS) cells through
tetraploid complementation

Lan Kang, Tong Wu, Yu Tao, Ye Yuan, Jing He, Yu Zhang, Tong Luo,
Zhaohui Kou and Shaorong Gao
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NATURE | NEWS o =

Rudimentary egg and sperm cells made from stem
cells

A feat achieved for the first time in humans could be a step towards a cure for infertility.
David Cyranoski

24 December 2014

Oocyte production from mouse pluripotent stem cells in culture

Katsuhiko Hayashi, Orie Hikabe, Nobuhiko Hamazaki, Go Nagamatsu, So Shimamoto & Norio Hamada

Hayashi's group

Published online 19 October 2016

Article
Reconstitution of the Mouse Germ Cell Specification Pathway

in Culture by Pluripotent Stem Cells

Katsuhiko Hayashi 1+ 3, Hiroshi Ohta 1: 3, Kazuki Kurimoto '+ 3, Shinya Aramaki ! Mitinori Saitou 1: 2 3 &



Mouse and human iPS cells have been generated in a variety of ways

Cell
lype

Mouse

MEFs

MEFs

Hepatocytes and
stomach cells

Neural stem cells

Neural stem cells
B lymphocytes
Hepatocytes
MEFs

MEFs

MEFs

MEFs

MEFs

MEFs

MEFs, TTFs
MEFs, TTFs

Human
Skin fibroblasts

and bone marrow

mesenchymal cells
Skin fibroblasts
Keratinocytes
Peripheral blood cells
Skin fibroblasts

and keratinocytes
Skin fibroblasts
Skin fibroblasts
Embryonic fibroblasts
Embryonic fibroblasts
Skin fibroblasts
Adipose stem cells
Skin fibroblasts

Reprogramming
factors

0.S.KM
0SK
0.SKMor0SK

0SKMorOSK
or0,KMorO,SM
OKorOMorO
0,S KM
0,S.KM
0,SKM
0.S.KM
0,S. KM
0SKMor0SK+VPA
0.K + Bix and BayK
0,S.KM
0,S.K.M
0.K.M + RepSox or
0.K + RepSox

0.S.KMor0SKMTSV

or0SKMNorOSK

0.SKor0S +VPA
0SKMor0SK
0.S.KM
0SKMor0SKMN

OSNLorOSNLMK
0SKMor0OSK
0,S.KM
0.SKM
0. SNLMKSV
0.S.K.M
0,S.KM

Method of Timeline
delivery (wk)
Retroviral vectors 2-3
Retroviral vectors 34
Retroviral vectors 2-3
Retroviral vectors 1-4
Retroviral vectors 2-4
Lentiviral vectors® 2-3
Adenoviral vectors 4-5
Plasmid transient transfection 3-4
piggyBac transposon® 2
Nonviral plasmid transfection 2
Recombinant proteins 4-5
Retroviral vectors 2-3
Plasmid nucleofection 2-3
Single lentiviral vector® 2-3
Retroviral vectors 2
Retroviral vectors 2-5
Retroviral vectors 4
Retroviral vectors 1-2
Retroviral vectors 2
Lentiviral vectors® 3-4
Lentiviral vectors 2-3
Lentiviral vectors* 3-5
piggyBac transposon* 2-4
piggyBac transposon® 2-4
Episomal vectors NR
Lentiviral vectors 2-3
Recombinant proteins® 8

Efficiency

0.01%:~0.050%
0.001%~0.01%
0.5%-3%

0.1%~5%

0.1%-0.2%
0.01%-0.1%
0.0001%-0.001%
0.0001%-0.001%
NR
2.5%
0.002%~0.008%
0.007%-0.02%
NR
0.5%
~1%

0.001%~1%

0.001%-0.01%
1%
0.01%-0.02%
0.002%

0.01%-1%
NR
NR
0.005%-0.01%
0.003%~0.006%
0.2%
0.001%

Genomic Genomic
integration integration
removed

Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
No -

No -
Yes Yes
Yes Yes
No -
Yes No
No -
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes Partial®
Yes No
Yes No
No -
Yes No
No -

Rels.

10, 12-15
56, 65, 98
46
48,99

32,100

22FBLZREBL

2,16,18,19

57
49
50
101

17,20, 33
36
67
66
33
51
32



adencoviruses encoding the
Yamanaka factors

TAT sequence ars
able to reprogram
human fibroblasts

Genaration of Pigoy-BAC Genarafion of iP3 Synthetic
fully transposon cells by addition of modified mRNA
reprogrammed technology is applied purified proves to be
human iP5 cells in the generation of racombinant efficiant in
by fransduction of Ganeration of “zafe” human iP3 proteins tagged with rEproyg ramiming
Son2, Kif4, Oct4 human iPS cells cells in order to a poly-arginine human cells to
and LIM28, tha by non- exciza the exoganous peptide to allow for pluripctency
“Thomson™ intagrafive DMA from the host membrans without the need
factors episomal vectors genoms permaability for transgeneas
2006 2007 2008 2009 2010 2011
[ i
Ganarafion of first First report Minicircle tachnology
Birth of iP5 human iPS calls fully showing iPS proves to be
tachnology. Takahashi reprogrammed with generation by successful on the
and Yamanaka showed the Yamanaka factors transiont generation of “safe”
that a defined set of ovaraxpression of iPS cells
franscription factors tha "r’a!'na naka
{&?Jf“]: 'D[;[;f EEIE 3"':11 Ganeration of fully 'mb'" mouse Generation of the Genoration of
c) is able to reve reprogrammed molse amoryonic first patient-derived | | human iPS calls b
the phE.erty'pE of adult | | iPS calls contributing fibroblasts diseasa-spaciic protein ¥
_ somatic mouse cells to chimerism human iPS calls tranaduction.
into an embryonic stem | |ganaratad by saloction modeling Parkinson HEK203T call
cell-ike state. iPS cells of Oct4 and Manog First-time generation of diseasa by using the lysates
did not give rise to mousa iP5 cells by non- CrafloxP overaxprassing the
chimaras intagrative approaches recombinase system | | Yamanaka factors
involving the use of fused with tha HIV-




Método Caracteristicas/Ventajas/Desventajas
Retroviral Integracion genomica, infeccion células en divisidn, eficiencia generacion iPS
media/alta
Lentiviral Integracion genomica, infeccion de células en division y quiescentes, vectores
policistronicos disponibles, expresion inducible de transgenes, eliminacion
transgenes mediante CRE/loxP, eficiencia generacion iPS alta
Transposon Integracion gendmica, vector policistronico disponible, expresion inducible de

transgenes, eliminacion de transgenes mediante transposasa, potencial para
terapia génica, eficiencia generacion iPS alta

Fago C31 integrasa

Integracion gendmica, vector policistronico, expresion inducible, potencial para
terapia génica, excision de transgenes mediante Cre/loxP, eficiencia generacion
iPS media

Adenovirus Baja posibilidad de integracion gendmica, vector policistronico, potencial para
terapia génica, eficiencia de generacion de iPS baja

Virus Sendai Sin integracion gendmica, eficiencia generacion iPS media/alta

Plasmido Baja posibilidad de integracion, eficiencia generacion iPS muy baja

Plasmido Episomal

Baja posibilidad de integracion, eficiencia generacion iPS muy baja

Proteina Sin integracion genomica, multiples transducciones, eficiencia generacion iPS
muy baja

Minicirculo Baja posibilidad de integracion gendmica, multiples transfecciones, muy baja
eficiencia

mRNA Sin integracion gendmica, multiples transfecciones, alta eficiencia




Reparacion mediante “gene-targeting” del genoma
humano en células iPS

Estrategia vector Delivery homologia | Pros Contras Innovaciones
eficiencia
MOd,'f'C_aC'On_d? . Electroporacion|  5_q13kp Disefio Baja razslzzz?g: de
La técnica original Plasmido Transfeccién facil eficiencia de lec
de gene targetin linearizado p 1-14.6% | gioled : quimicas para la
g ES I? g nucleofeccion 27-40% aggptzr € | targeting mejora de
en mes Cells P clonogenicidad
Féacil de e
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o ambos alelos| de targeting
2-3kb AAV ]
. (33-45%) Deliver L_as proteinas
Mediado por virus HDAAV 0 AAV Infeccion viral eficientz copy Virales pueden Desarrollo de
12-22kb oca inducir una VIrus no
P s respuesta integrativos
HDAdV citotoxicidad ;o
(19-90%)
Plasmidos expresando Experiencia en
Modificacion del X - ingenieria de
Genoma mediante |5\ Junto con Transfeccpr) 1-4kb ZEN | Alta pr%te,fnas Desarrollo de
L Plasmidos linearizados | Nucleofeccion eficiencia de| Mutagénesis la tecnologia
zinc finger nucleasas 1 Infeccid (5-100%) targetin indeseada de i i
con homologia nreccion geting de Zinc fingers

otros lugares e
el genoma




Ceélulas IPS/Modelos animales/Secuenciacion
tercera generacion

Animal models Humanized resource
PATIENTS Gene linkage RESEARCH
to the disorder
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