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Cel-lules Mare

Auto-renovacio indefinida

Diferenciacid cap a tipus cel-lulars especialitzats.

Classificacio segons el potencial de diferenciacio:

Totipotents, Pluripotents, Multipotents, Unipotents

Classificacio segons l'origen:
* Embrionaries (ESCs)
e Adultes (*SCs)

* Pluripotents Induides (IPScs)

Aplicacions pel tractament de la DM1:

* Immunomodulacié: HSC, MSC (moll de I'os, sang umbilical)

* Regeneracid pancrees endocri (ESC, IPSC, PSC)



Cel-lules Mare Embrionaries

Morula

DAPI INS GCG

g

I-lul

ey
-

nsulina

(P

12% ce

productores d’i

Diferenciacio cap a cel-lules productores d’hormones insulars

d
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Pancreatic Hormone
Definitive endoderm Primitive gut tube Posterior foregut endoderm and expressing
endocrine precursor endocrine cell
Activin + Wnt MActivin FGF10 + CYC RA + CYC + FGF10 +- DAPT; Ex4 +/- Ex4; IGF1; HGF
RPMI + 0% FBS BPMI + 0.2% FBS RPMI + 2% FBS DMEM + 12¢ B27 CMRL + 1% B27
I 1-2 days I 1-2 days | 2—4 days | 2-4 days I 2-3 days | 3+ days '
T
.—-@—*.—*.—*@—»@—*®
OCT4 SoxX17 HNF1B PDX1 NKX8-1 INS
NANOG FGF4 CER HMNF44 HNF8 NGN3 CGC
saxz WNT3 FOXAz HLXBg PAX4 GHAL
ECAD NCAD CXCR4 NKX2-2 88T
PRY

D’Amour KA et al. Nature Biotechnology, 2006




Cel-lules Mare Embrionaries

Diferenciacio de progenitors endocrins cap a cel-lules productores d’insulina. IN VIVO

Stage 1 Stage 2 Stage 3 Stage 4
Definitive Primitive Posterior Pancreatic endoderm
endoderm gut tube foregut and endocrine precursors
ActA + Wnt ActA RA + Cyc +[[EN] No factors
RPMI + RPMI + RPMI + DMEM + DMEM +
0% FBS 0.2% FBS| 2% FBS 1% B27 1% B27
| 1 day | 2 days | 3 days | 3 days | 3 days |
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Kroon E et al. Nature Biotechnology, 2008



Cel-lules Mare Embrionaries

Reptes:
e Optimitzacio dels Protocols de diferenciacio. Reproductibilitat

1. Us de nous compostos quimics “small molecules”. Borowiak M et al. Cell Stem Cell. 2009;

Chen S et al. Nat Chem Biol. 2009; Zhu S et al. Cell Stem Cell. 2009

2. Us de cultius en 3D. Higuchi Y et al. J Cell Sci. 2010

* Diferenciacié completa i/o seleccié de les cel-lules diferenciades.

‘ Seleccid de les cel-lules beta
diferenciades derivades de ESCs

Caracteritzacio de
molécules de superficie



Cel-lules Mare Embrionaries

Reptes:
e Optimitzacio dels Protocols de diferenciacio. Reproductibilitat

1. Us de nous compostos quimics “small molecules”. Borowiak M et al. Cell Stem Cell. 2009;

Chen S et al. Nat Chem Biol. 2009; Zhu S et al. Cell Stem Cell. 2009

2. Us de cultius en 3D. Higuchi Y et al. J Cell Sci. 2010

* Diferenciacié completa i/o seleccié de les cel-lules diferenciades.

e Esborrarla “memoria epigenetica” de la cel-lula d’origen.



Cel-lules Mare Pluripotents Induides
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Cel-lules Mare Pluripotents Induides

Diferenciacid cap a cél-lules progenitores endocrines Ceél-lules

a Stage 1

Stage 2

? Somatiques

1 e Oct4 Kif4
REPROGRAMACIO | Sox2 cMyc

Cel-lules
ue e Pluripotents

B Induides
Il
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Stage 3 Stage 4 Stage 5
Definitive Primitive Posterior Pancreatic endoderm Poly-hormonal
endoderm gut tube foregut and endocrine precursors | endocrine cells
ActA+ WNT | ActA KGF RA + Cyc + Nog No factors
RPMI RPMI RPMI DMEM DMEM
no FBS 0.2% FBS | 2% FBS 1% B27 1% B27
. 1day , 1-2 days 3 days 3 days , 3 days , 3-Bdays |
I T ) 1
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SOK17 HNF1B
NANOG FGF4  CER HNF4A
S50x2 WNT3  FOXA2
ECAD NCAD  CXCR4

PDX1 NKX6-1
HNFG PTF1A
PROX1 NGN3

S0X9 NICX2-2

D’Amour et al. Nature Biotechnology, 2006
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Ceél-lula Endocrina / Progenitora Endocrina

Modificat de www.sigmaaldrich.com



Avantages / Inconvenients vs ESCs

o Utilitzacio de cel-lules somatiques adultes. Permet auto-transplantaments

. Necessaria la induccid de pluripotencialitat. Moll de I'os o corddé umbilical,
. Procés llarg, complex, cost economic elevat “small molecules “,
. Baixa eficiencia de reprogramacio ARNm sintetic (protocol KMOS),
. Utilitzacio de factors oncogenics (kif4, c-myc) miR302/367,
vectors episomics
Reptes:

* Optimitzacio dels Protocols de diferenciacié. Reproductibilitat

1. Us de compostos quimics “small molecules”. Borowiak M et al. Cell Stem Cell. 2009; Chen S et al. Nat Chem Biol. 2009; Zhu

S et al. Cell Stem Cell. 2009
2. Us de cultius en 3D. HiguchiY etal. J Cell Sci. 2010
* Diferenciacié completa o seleccio de les cel-lules diferenciades.

* Esborrar la “memoria epigenetica” de la cél-lula d’origen.

* Evitar mutacions codificants i anomalies epigenétiques

LETTER

Immunogenicity of induced pluripotent stem cells
Tongbiao Zhao!, Zhen-Ning Zhang', Zhili Rong' & Yang Xu'
212 NATURE VOL 474 9 JUNE 2011

doi:10.1038/nature 10135




Cel-lules Multipotents Mesenquimals Estromals
(Cel-lules Mare Mesenquimals)

Origen:
Moll de l'os, sang cordd umbilical, ninxol perivascular, teixit adipds

Caracteritzacio:
CD105+ / CD73+ / CD90+
CD45- / CD34-/CD14- o0 CD11b-/ CD79-0.- 0 CD19- /HLA-DR -

Propietats:
Immunomoduladores (a) inhibicid directa de la proliferacié o diferenciacio cel-lulars
(b) modulacié dels perfils d’expressié de citocines en cél-lules T, B,
Dendritiques, NK i induccio Tregs)

Font de cel-lules productores d’insulina - expressié ectopica de pdx-1.

Stem CELLS
Tissue-Seeciric STEM CELLS

Generation of Insulin-Producing Cells from Human Bone Marrow
Mesenchymal Stem Cells by Genetic Manipulation

OHAD KARNIELL® YAEL IZHAR-PRATO,® SHLOMO BULVIK.” SHIMON EFRAT®

“Department of Human Molecular Genetics and Biochemistry, Sackler School of Medicine, Tel Aviv University.
Ramat Aviv, Tel Aviv, Israel; "Laniado Medical Center, Nethanya, Israel

STEM CELLS 2007:25:2837-2844




Cel-lules Mare Pancreatiques o Progenitors Pancreatics

Formacio de
colonies/pancreatosferes

Isolation of Mouse Pancreatic Ductal Progenitor Cells Expressing CD133
and c-Met by Flow Cytometric Cell Sorting

_ c-met+ / CD133+
YUJI OSHIMA, ™ ATSUSHI SUZUKI,® KANEAK] KAWASHIMO,S MOMOTAROU ISHIKAWA, ™S NOBUHIRO OHKOHCHI,

and HIDEKI TANIGUGH*S i SuprbIaCiO’ ductal

"Resaarch Unif for Organ Regeneration, Conter for Developmental Biology, RIKEN, Chuo-ku, Kobe, Japan; *Graduate School of Comprahensive Hurman Sciences,
University of Tsukuba, Tsukuba, Japan; F0epartment of Aoganarative Modicine, Graduats School of Modicine, Yokohama City Univarsity, Yokohama, Japan;
TDapartment of Surgery, Instifute of Clinical Medicine, University of Tsukuba, Tsukuba, Japan; \Biomatenals Center, National Instituta for Materials Science, Tsukuba,

Japan
GASTROENTEROLOGY 2007;132:720-732

Isolation and characterization of centroacinar/
terminal ductal progenitor cells in adult
mouse pancreas Aldefluor (Aldh1)

Meritxell Rovira?, Sherri-Gae Scott?, Andrew S. Liss®, Jan Jensen®, Sarah P. Thayer®, and Steven D. Leach®’ o 7
Subpoblacio ductal

“Department of Surgery and the McKusick-Nathans Institute of Genetic Medicine, Johns Hopkins University, Baltimore, MD 21205; "Department of Surgery,
Massachusetts General Hospital and Harvard University, Boston, MA 02114; and “Department of Stem Cell Biology and Regenerative Medicine, Lerner
Research Institute, Cleveland Clinic, Cleveland, OH 44195

Aldefluor (+

Communicated by Donald D. Brown, Carnegie Institution, Baltimore, MD, November 12, 2009 (received for review August 26, 2009)
PNAS January 5, 2010 vol. 107 no. 1 75-80

Colony-forming cells in the adult mouse pancreas are RO O g ol
D16 |

expandable in Matrigel and form endocrine/acinar 513
colonies in laminin hydrogel /\
Liang Jin?, Tao Feng? Hung Ping Shih®, Ricardo Zerda®, Angela Luo? Jasper Hsu?, Alborz Mahdavi®, Maike Sander®, SOX9+ / C D 133+ n%;‘ < ! Q \. .{
David A. Tirrell®, Arthur D. Riggs™?, and Hsun Teresa Ku®"1 Subpoblacio' ductal

*Department of Diabetes and Metabolic Diseases Research, “Electron Microscopy Core, and The Irell and Manella Graduate School of Biological Sciences, Rln
Beckman Research Institute of City of Hope, Duarte, CA 91010; *Department of Pediatrics and Cellular and Molecular Medicine, University of California g
at San Diego, La Jolla, CA 92093-0695; and “Department of Bioengineering, and ®Division of Chemistry and Chemical Engineering, California Institute

f Technology, Pasadena, ;
o Technology pasadens, CASTIZ Small Bright Bars= 100 um

Contributed by Arthur D. Riggs, January 29, 2013 (sent for review December 26, 2012)
PNAS Early Edition

Triprotents: ductal, acinar, endocri



Cel-lules Mare Pancreatiques o Progenitors Pancreatics

Diferenciacio de colonies cap a cel-lules endocrines. IN VITRO

1. Rovira et al. PNAS, 2010
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Cel-lules Mare Pancreatiques o Progenitors Pancreatics

Diferenciacio de cél-lules ductals (CA19-9+) cap a cél-lules endocrines.

Differentiation of Affinity-Purified Human Pancreatic
Duct Cells to 3-Cells

Shigeru Yatoh, Rikke Dodge, Tomoyuki Akashi, Abdulkadir Omer, Arun Sharma, Gordon C. Weir, and
Susan Bonner-Weir

Nivells d’expressié del gen d’insulina (% d’illots)
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Cel-lules Mare Pancreatiques o Progenitors Pancreatics

Regeneracio del pancrees endocri. IN VIVO

Pancrees Exocri Arees de Regeneracié Pancreatica
/ AMILASA / KRT20 / NKX6.1
; FRUSY Ly g % p
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20-30% del teixit pancreatic 40% de cel-lules “ductals
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Téllez et al. Endocrinology, 2011; Téllez et al. en revisio



Cel-lules Mare Pancreatiques o Progenitors Pancreatics

Regeneracio del pancrees endocri. IN VIVO

Formacio de noves céel-lules productores d’insulina en arees de regeneracid pancreatica
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Téllez et al. Endocrinology, 2011; Téllez et al. en revisio



Cel-lules Mare Pancreatiques o Progenitors Pancreatics

Reptes:
o Disseny de marcadors especifics de cel-lules progenitores pancreatiques.
* Seleccio de les cel-lules amb potencial per diferenciar-se cap a cel-lules endocrines

* Augmentar el rendiment de la generacio de noves cel-lules endocrines

o Identificacié de molecules que estimulin la diferenciacié in vitro i in vivo



Altres fonts de cel-lules beta pancreatiques

icati Differentiation
Replication of '
preex‘i)sting B-cells : of stem/progenitors
in the ductal epithelium

Differentiation / 4 o
of stem/progenitors transdifferentiation &
(not islet, duct or acinar) to B-cells 3

Endocrine cell conversion (c to B) MafA

Neurog3
DX-1

Modified from Bonner-Weir et al. Nature biotechnology,2005



Transferencia a la Practica Clinica

Generacio de cel-lules productores

d’insulina in vitro

No phenotypic
alteration
-~ e—
Cryostorage o ,,P',,ci",dﬂe"{“ﬂ‘ﬂﬁl B Gatongn
(+)Insulin secretion
(glucose-responsive) l
(+)Proof-of-concept +safety =
established in pre-clinical studies No phenotypic

akeration

. ] . &5~ 4 )
@ (=) Genetic anomalies
(=) Undifferentiated cells remaining

In vitro expansion @3D organization
:@Presewation of plasticity @Exlracellular matrices
() Genetic anomalies /
(?)Preparation of
injection site
(?)Immunosuppressive
regimen
Follow-up Transplantation
Efficacy (+)Diabetes control (?) Injection site
(?)Antibody screening (7) Immunobarrier device +
Immunosuppression protocol

(?)Repeated injections

Sefety (Olmmunosuppression (7)Single or multiple injection(s)

side effects

(?)Biopsies (secondary prevention
of tumorformation)

Lysy PA et al. SCTM, 2011

(Re)Generacio de cél-lules productores

d’insulina in vivo

Differentiation
of stem/progenitors
in the ductal epithelium

Replication of
preexisting 3-cells

Differentiation ;
of stem/progenitors transdifferentiation
(not islet, duct or acinar) to f-cells
Endocrine cell conversion (o to B)

Kate Ris

Eficacia
Vies i sistemes d’administracio
Especificitat

Restabliment del sistema
immunitari




