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� Stem cells self-renew

� Single stem cell differentiates into multiple, functional cell types

Stem cell: definition

� Stem cells functionally reconstitute a given tissue in vivo. 



Stem Cell vs. Progenitor Cells vs. Precursor cell

Selfrenewal

Specification

Stem Progenitor Precursor                     Mature 
Cell Cell Cell Cell
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TERATOMA 

gut kidney

bone brain

The quintessential stem cell: embryonic stem cells
They do not senesce and are pluripotent

+

“chimeric” mouse



Potency of embryonic stem cells

ADAPTED FROM NIH STEM CELL WEBSITE



Enthusiasm surrounding embryonic stem cells

• Does not age and can differentiate to all cell types

• Thus: embryonic stem cells can heal all diseases?

But, scientific and ethical questions surrounding ES cells

• Teratomas (non malignant tumor)

• Allogeneic (from other person)

• Need to destroy early embryos (left over after IVF) 
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• Ages  

• Differentiates in multiple cells but not all cells

Adult stem cells

Adult stem cell is only cell currently used clinically

• Blood stem cell

• Skin stem cell 

• cornea stem cell

• …



� 1958: first cloned frog

� 1997: “Dolly”

� 2002:  from bone marrow, MAPC …

Can one isolate / create more potent stem cells 
from adult tissues?

� 2004-8:  from sperm stem cells

� 2007:  from all tissues: iPS cell



Mouse
Rat

Human

5% O2, 6% CO2

2% FCS

Culture isolation of more potent stem cell 
from bone marrow 
(Multipotent Adult Progenitor Cell)

Endothelium         Liver cell          Astrocyte
Olio/Neuron

CD45-
Sca1-, Thy1-

Oct4
Telomerase+

2% FCS
EGF, PDGF, LIF

JIANG , NATURE 2002; JIANG PNAS 2003; QI PNAS 2003, 
BREYER EXP HEMATOL 2006; ZENG STEM CELLS 2006; 
ROSS, JCI 2006; ARANGUREN BLOOD 2006, SERAFINI J EXP 
MED 2007; ARANGUREN J CLIN INVEST 2008



� 1958: first cloned frog
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� 2002:  from bone marrow, MAPC …

Can one isolate / create more potent stem cells 
from adult tissues?

� 2004-8:  from sperm stem cells

� 2007:  from all tissues: iPS cell



Adult mouse

BDNF
MEF/LIF

Culture isolation of more potent 
stem cell from sperm stem cell

Cardiac muscle

Neuron

Hepatociet 

Adult mouse
Testis

Sperm
Stem cell

Sperm
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� 1958: first cloned frog

� 1997: “Dolly”

� 2002:  from bone marrow, MAPC …

Can one isolate / create more potent stem cells 
from adult tissues?

� 2004-8:  from sperm stem cells

� 2007, …:  from all tissues: iPS cell



Embryonic stem cell-like cells 

created from an adult fibroblast

Oct4
Sox2

Nanog
Klf4

+

YAMANAKA AND COLLEAGUES 2007

THOMSON AND COLLEAGUES 2007

Fibroblast
Keratinocyte

Liver cell
B-cell, 

all cells?

iPS cell



Enthusiasm because of “more potent” adult 

stem cells isolated from postnatal tissues

� Does not age and differentiates in most (all) tissues

� More potent adult stem cells can be used to treat “all” 

diseases?

� May be used in autologous manner?

� No ethical concerns

But, much work to be done to evaluate the extent of 

potency of these more potent cells generated from adult 

tissues



- Cell therapy

The promise of stem cell research

Stem cells

� Understanding 
development

� Drug discovery

� Use to test drug 
toxicity

� Study disease

� Cell therapy

� Tissue engineering
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FGF
BMP

FGFs HGF

TTR

Albumin 
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ATT, Arginase
Cyp450 
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endoderm

HNF1
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Liver
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Wnt3
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EGF
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Endocrine
pancreas

Insulin+
b-cell

Pancreas
endoderm

Ngn3
Neuro-D

Pax4; Maf-A
Nkx2.2; Nkx6.1
Insulin1; Glut2

glucokinase

Pdx1
Ptf1a



Introduce reporter genes: 
possible to do high throughput screens

Protein library

miRNA library

Small molecule library

pApdx1 EYFP

pAgoosecoid BFP

pAAFP RFP

PDX

ES cell

Pancreas
stem cell

definitive
endoderm

AFP

Hepatic
stem cell

GC
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Effect of drugs on 
early developing 
embryo



Stem cells from 
X human donors with
different SNIP profile

Liver cells, neural cells and cardiac muscle 
from X human donors with different SNIP 

profile

High throughput screen for toxicity

Phase I/II studies
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Amyotrophe Lateraal Sclerosis (ALS)

Courtesy Dr W Robberecht

In 90% of patients genetic cause not known



Amyotrophic Lateral Sclerosis (ALS)

In vitro neural cells from mice, rats

Transgenic mice or rats Zebrafish                 

In vitro neural cells from mice, rats

Courtesy Dr W Robberecht



ESC-like cells (iPSC) from patients with ALS:

Fibroblast +Fibroblast +
Oct4, Sox2, Klf4, cMycOct4, Sox2, Klf4, cMyc

iPSC with ALS defectiPSC with ALS defect

Human neurons andHuman neurons and
glial cells with glial cells with 

ALS defectALS defect

Evaluate mechanism of diseaseEvaluate mechanism of disease
Develop therapiesDevelop therapies
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• Tissue replacement

• Stem cell progeny infusion

• Tissue engineering

Stem cells and regenerative medicine

• Trophic effects inducing endogenous repair

• Anti-inflammatory and immunosuppressive effects 



Diabetes

• Loss of insulin producing ccells (type >type II)

• Immunological basis for type I

• Therapy with insulin; but this is palliation, and not a cure

• Cure with pancreas (or islet?) transplantation; but

• Insufficient donors

• Immune complications

• Despite therapy with insulin, vascular complications



• Tissue replacement

• Stem cell progeny infusion

• Tissue engineering

Stem cells and regenerative medicine

• Trophic effects inducing endogenous repair

• Anti-inflammatory and immunosuppressive effects 





But also tumor But also tumor 

(teratomas)(teratomas)



Diabetes

• Despite therapy with insulin, vascular complications

• Cell transplantation to regenerate vessels

• Trophic effects vs. Cell replacement



Transplant 1 million mouse, or
human MAPC In C57BL/6 mice or BalbC 
Nude mice

In some studies 
Mouse BM cells
Human AC133 EPC
EC/SMC committed mMAPC

2

1

Model and Treatment Scheme

1. Laser Doppler for 21 days

2. Swim endurance till 21
Treadmill test till d21

3. Histology

a. Fibrosis, necrosis, regeneration
b. Vascularity
c. Contribution to arteries, capillaries 

and skeletal muscle
ARANGUREN, J Clin Invest 2008 
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Mouse MAPC engraft, and differentiate (in part) to 
SMC, EC and Sk. muscle cells

SMCsECs Sk Muscle

ARANGUREN, J Clin Invest 2008 



Significant functional improvement

ARANGUREN, J Clin Invest 2008 



Significant functional improvement and almost complete lack 
of fibrosis in MAPC treated ischemic limb



MAPC suppress necrosis and fibrosis and significantly enhance 
muscle regeneration in acute ischemia model



Mechanism Incorporation
in vessel

Trophic 
factors

Differentiation Fusion

Undifferentiated
MAPC

VEGF           IGF1

ADAPTED FROM DIMMELER, ZEIHER, AND SCHNEIDER, JCI 2005

Function

Improved
vascularization

Muscle
regeneration

VEGF           IGF1

…



MSC/MAPC/… are immunomodulatory

Use (allegeneic cells) toUse (allegeneic cells) to

1.1. Decrease GVHDDecrease GVHD

2.2. Decrease organ rejectionDecrease organ rejection

3.3. Treat immune disordersTreat immune disorders
1.1. Crohn’s diseaseCrohn’s disease
2.2. Type I diabetesType I diabetes
3.3. Scleroderma, …Scleroderma, …

UCCELLI ET AL, EUR J IMMUNOL, 2006
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