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Tissue engineering

Directed differentiation

Cell isolation

iPS generation

Cardiomyocyte proliferation

Resident stem cells

Delivery
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Mobilisation and homing

Which stem cells for cardiac repair and modelling?

Bone marrow-derived cells
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Use of embryonic stem cell derivative models. Cell factory and industrialisation tools for stem cells

1. New in vitro model system for cardiomyocyte and endothelial development
and pathophysiology

• Long lived hESC-CM in culture – beating clusters maintained for > 1 year

• Human genotype

• Amenable to genetic manipulation 

• hESC-CM and hESC-EC have many of the characteristics of adult counterparts

• High throughput measurement screening systems with hESC-CM and hESC-EC can
match genomics in rate of discovery

2. Stem cell models for drug toxicity testing

• Pharma seeking in vitro models with improved clinical predictivity

• Government/pharmaceutical partnerships

• pharma to give compounds which failed in clinical trials 

• aims to reduce attrition of compounds going from animal to clinical studies

• despite clearance from animal models open protocols for high throughput 
assays on hESC derivatives

• validation with respect to current cellular models

3. Therapeutic applications



HUMAN PLURIPOTENT STEM CELLS

Cardiomyocytes
Endothelial cells

Smooth muscle cells



Differentiation of endothelial cells from human embryonic stem cells

H7 ESC floating EB

4 days 13 days                        FACS

Matrigel        low adherent plate                         gelatin                                                               gelatin 

Endothelial growth medium-2

CD31+ culture

MEF-CM

EB outgrowth



Human embryonic stem cell-derived endothelial cells
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Pattern-recognition receptors: Toll-like receptors

from Netea MG, van der Meer JW. NEJM 2011



Toll-like receptor-related pathways in human embryonic stem cell-derived endothelial cells
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adult endothelial cells

adult endothelial cells

m
R

N
A

 le
ve

ls
m

R
N

A
 le

ve
ls





Isolated human embryonic stem cell-derived heart muscle cells

Földes et al. JMCC. 2010
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Use of human embryonic stem cell derivatives
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Cellular hypertrophy of hESC-CM in response to phenylephrine

Földes et al. JMCC. 2010
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Cellular hypertrophy of hESC-CM in response to phenylephrine

Phenotypic and biochemical assays on hESC-CM by arrayscan:
Structural proteins
Signalling molecules and nuclear translocation processes
Sarcomeric organisation

Földes et al. JMCC. 2010



cytoplasm

nucleus

Cell growth 
Cytoskeletal organisation

Cell proliferation
Cell cycle

Apoptosis
Hypertrophic gene program
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Földes et al. JMCC. 2010

Adrenergic stimuli 
Cyclic stretch
Angiotensin II

Signalling pathways in hESC-CM hypertrophy
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Small molecule inhibitors of putative hypertrophy pathways in hESC-CM



induced pluripotent
stem cells

adult
human 
cells

drugs
in clinical trials cardiovascular

cells

in vitro 
disease modelling

genetic and 
pharmaceutical
screen

Oct3/4, Sox2, 
Klf4,c-Myc

Activin A
BMP4



Challenges and limitations of the technology for hESC-CM and hESC-EC use

Relative to use of adult/neonatal models challenges remain in 

terms of

• hESC-CM maturation over long time periods

• Mixed cardiac phenotype: cultures with atrial-ventricular-nodal

hESC-CM / arterial-venous-lymphatic hESC-EC

• Mixture with non-cardiovascular cells

• Automated assays and high throughput methodologies 

for acute contractile/calcium/electrical effects
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