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1.  Cadaveric tissue - limited

2.  Duct-associated progenitors
- activated after damage to hepatocytes or beta cells

3.  Fetal liver or pancreatic cells - limited

4.  Trans-differentiation from other cell types   

5.  ES cells or induced pluripotent cells

Needs and Sources of Cells 

- acute liver failure
- genetic liver disease - type I diabetes 



Developmental Programming  
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Reconstituting Organogenesis in Vitro

Matsumoto et al. 2001 Science



Reconstituting Organogenesis in Vitro

Matsumoto et al. 2001 Science



Pancreatic Development From ES Cells  



Liver Development From ES Cells  



hepatocyte beta cell

- secrete serum proteins
- secrete bile
- metabolize nutrients

and toxicants (P450s)

- glucose-stimulated
insulin secretion (GSIS)

Goals for Stem Cell Differentiation  
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foregut
endoderm

hES cells

Kroon et al. 2008:
- insulin nonexpressing,

generated glucose-responsive
cells long after transplant

Problem of Incomplete Programming  
Despite Complete Potential 

D’Amour et al. 2006:

- insulin expressing,
adherent to dish,
not glucose responsive

occasional
teratomas



foregut
endoderm

hES cells

Kroon et al. 2008:
- insulin nonexpressing,

generated glucose-responsive
cells long after transplant

Utility of Generating Tissue Architecture  

Jiang et al. 2007:
- insulin expressing,

glucose responsive
in nonadherent clusters

D’Amour et al. 2006:

- insulin expressing,
adherent to dish,
not glucose responsive



Principle of Co-Differentiation  
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Matsumoto et al. 2001; Lammert et al. 2001, 2003; Yoshitomi et al. 2004



endothelial

hepatoblasts
afp+, alb1+

Gouon-Evans/Keller (2006) Nat. Biotech.

Co-Differentiation in ES Cell Cultures  

select for endoderm
and liver markers

mES cells
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Patient-Specific Cell Therapy   

parthenogenesis



iPS cells

individual with
genetic disease,

cancer disposition,
tumor

biopsy
gene

transduction

study the onset of
genetic disease,
cancer in vitro;
tailored drugs

liver cells
lung cells

pancreas cells

Disease-Specific Cells for Research  
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Special Roles of the Vasculature
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Blood Vessel Cells Needed for
Early Pancreatic Development

Yoshitomi & Zaret (2004) Development



Transwell
co-cultures

dorsal
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aorta

Yoshitomi & Zaret (2004) Development

Co-Culture of flk-1-/- Dorsal Endoderm & Aorta
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Endothelial Cell Lines for Co-Culture Experiments

species

tissue

antigen
expression 

eEND.2

mouse

cavernous 
hemangioma

von Willebrand
factor

bEND.3

mouse

brain 
endothelioma

ICAM-1
VCAM-1

HUVEC

human

umbilical 
vein

factor VIII

HUAEC

human

umbilical 
artery

factor VIII

Control cell lines:   3T3 cells,   293T cells



Ptf1a induction assay:

flk-1-/- dorsal endoderm

+
endothelial cell lines

contact + contact -
conditioned

medium

Endothelial Cell Lines Induce Ptf1a



Search for Endothelial Factors that Induce Ptf1a

stage 3:  conditioned,
serum-free medium

Experimental Stages:

1 - optimum medium
for each cell line

2 - common medium

3 - minimal DMEM
for 2 days:
- clarify,
- 0.2 μm filter
- store -80oC



Biochemical Fractionation of Secreted Proteins

conditioned,
serum-free medium

size fractionation

molecular charge
separation

molecular charge
separation

size fractionation

assay for induction
of pancreatic differentiation

proteomic analysis of
biochemical fractions



Licensing and Collaborations with Industry

secreted proteins
from endothelial cells

biochemical fractions stored

secreted proteins
from fibroblast/stromal cells

protein I.D.'s in each fraction known

use fractions in functional screens
in the pharmaceutical/biotech setting
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