
Problem: Damaged heart cannot form (many) new heart cells  

Therapy: Add stem cells to damaged heart; stem cells differentiate into heart cells

Problem: Transplanted stem cells do not differentiate efficiently into heart cells

Therapy: Differentiate stem cells into heart cells before you transplant them

Aim: Identify molecules that can increase conversion of stem cells into heart cells



Why?



Deposition of fibrous tissue can lead to 

congestive heart failure

The good guys The bad guys
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What?



How?

Model system

Reporter assay:

Gives you the results



P19 cells growing in monolayer are trypsinised 

and plated into bacterial-grade dishes in the 

presence of 1% DMSO as differentiation-

inducing agent.  

Cells are maintained as aggregates for 4 days, 

after which they are re-plated into tissue 

culture-treated dishes and grown in the 

absence DMSO.  Cardiac muscle cells appear 

by day 6 and beating of the myocytes may 

become visible by day 9.
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Schematic representation of P19 cell differentiation into muscle.  
Differentiation is initiated by allowing the cells to aggregate in suspension in the presence 

of DMSO.  Cells are plated into bacterial-grade dishes which prevent adherence of cells to 

the dish and promote aggregation.  Aggregates are re-plated into tissue culture-treated 

dishes after 4 days and allowed to differentiate into cardiac muscle cells.  

Low frequency differentiation



Reporter assay

• Atrial naturetic factor (ANF) promotor

– ANF is cardiac specific

• Luciferase gene

– When activated it makes cell glow

– Can be picked up with a luminometer

– Will only be activated in heart cells that 

activate the upstream ANF promotor via 

expression of cardiomyocyte-specific 

transcription factors
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CSTF = Cardiomyocyte-Specific Transcription Factor



35 000/40 000

600/ 7000

Blue vs Purple

= 5-7 fold 

increase

P19 cells usually 

need to form EB 

for differentiation

Blue bars: 

Control – no induction

of cardiomyogenesis

Purple bars: induced with  

1% DMSO and EB formation



Are you sure?

What about ESC?

Use 

immunohistochemistry 

as secondary assay

A & F: Myosin heavy chain: green

B: GATA-4: red

C: MEF2: red

D: Nkx2.5: red

E: MHC (green) and MEF2 (red)

Nuclei are blue

A-E: ESC

F: P19 cells



Cardiogenol A-D = Pyrimidine analogues

C4

C2



Potency and toxicity

Cardiogenol C is most potent.

Effective concentration (EC50) 

is 0.1uM for inducing 

differentiation.

That means that 0.1uM gets 

50% of the cells to differentiate 

into heart cells 

(cardiomyocytes)

Toxicity only evident at 25uM 

(much higher than EC50) 

Looked at MHC and GATA-4 as 

well as beating of cells.



So, how is this different to other work 

and why is it important?

No aggregation required

Differentiation more efficient

Novel and better mechanisms for differentiation 

and better therapies for heart disease


