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Modern therapy for cardiac arrhythmiasModern therapy for cardiac arrhythmias

• Pharmacotherapy
– Variably effective, bedeviled by proarrhythmia

• Radiofrequency Catheter Ablation
– Potentially curative, but less reliable for most common 

h h iarrhythmias
• Implantable Devices

– Palliative for bradyarrhythmias, life-saving for 
tachyarrhythmias
Lifelong commitment to repeated procedures significant– Lifelong commitment to repeated procedures, significant 
expense, potentially catastrophic complications

• Gene therapy? Cell therapy?Gene therapy? Cell therapy? 



Potential Advantages ofPotential Advantages of
Biological TherapyBiological Therapy

• Highly Localizable
• Therapeutic action responsive to• Therapeutic action responsive to 

endogenous signal transduction
• Avoidance of implantable hardware
• Reversible by conventional therapyReversible by conventional therapy
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GoalGoal
To create a biological pacemaker

I. Stem cell therapyI. Stem cell therapy
human embryonic stem cells
h d l di llhuman adult cardiac stem cells

II. Gene therapypy
Kir2.1AAA
HCN channel/cell fusionHCN-channel/cell fusion
Kv1.4-based synthetic pacemaker channel



Human embryonic stem cells

morula blastocyst hESC Embryoid
b dbody

…..…..
Optional:

Lentiviral transduction for 
stable genetic engineeringstable genetic engineering



ObjectiveObjective
• Do spontaneously beating hEBsp y g

(BioPacemakers) integrate with recipient 
tissue?

Strategy

tissue?

Strategy
• GFP-transduced hESCs differentiated in 

vitro into EBs
• Beating cardiac mass microdissected and• Beating cardiac mass microdissected and 

transplanted onto quiescent rat heart cell 
monolayers



GFP-hEB coupled with a monolayer of NRVMsGFP hEB coupled with a monolayer of NRVMs



Synchronous electrical activity in the human 
EB and rat cardiomyocytes: MEA study 



Optical-mapping: isolated heart
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Alternative cell source:Alternative cell source:
Cardiac stem cells and Cardiospheres

• Cardiac stem cells (CSCs)
– Spontaneously shed from explants
– Can regenerate heart muscle

• Cardiospheres (CSps)
– Multicellular spherical clusters derived from CSCsp
– Partially-differentiated in vitro

• Unique advantages for cell transplantationUnique advantages for cell transplantation
– Autologous
– Cardiogenic– Cardiogenic
– Can be induced to beat spontaneously



Harvest and grow cardiospheres
Explants (1)Biopsy Cardiospheres (5)Cardiosphere

f i ll (4)-forming cells (4)
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Spontaneous rhythmic electrical 
activity from a cardiosphere



Electrophysiology of  cardiosphere



Li it ti ith t ll thLimitations with stem cell therapy

• Stem cells present risk of teratomas, immune 
rejectionrejection

• Gap-junctional coupling may or may not be stable 
llong-term

• Frequency tuning desirableq y g
• Most injected cells may not reside at the site of 

ll i j ti <30% R AB t l St C llcell injection: <30%, Rosen AB et al. Stem Cells 
2007.
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Conversion of ventricular myocytes into 
k llpacemaker cells:

Kir2.1 dominant negative strategyg gy

Miake, Marbán & Nuss, Nature 419:132-133, 2002
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BioPacemaker by somatic cell fusion
If

I f If

Upon stimulus

If
HCN1-fibroblast cardiomyocyteHCN1-fibroblast cardiomyocyte

PEG-assisted cell fusion
If If If

I f

heterokaryonIfIf



BioPacemaker by somatic cell fusionBioPacemaker by somatic cell fusion

in vitro
in vivo

in vitro
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Cell fusion converts 
di k llcardiomyocytes to pacemaker cell

Myocyte fused with 
control fibroblast

6-days post cell fusion: 
myocyte + GFP-fibroblast

Myocyte fused with 
HCN1-fibroblast100 ms

20
 m

V



If from in vivo PEG-induced heterokaryons

1

HCN1-GFP-fibroblasts
-12 ± 2 pA/pF at -130 mV (n=9)

1

GFP-fibroblasts
-0.2 ± 0.5 pA/pF at -130 mV (n=7)
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BioPacemaker activity by in vivoy y
somatic cell fusion
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BioPacemaker by somatic cell fusion

• Convenient cell source: stem cells not required
• No reliance on gap junctions
• Cell fusion with ventricular myocytes• Cell fusion with ventricular myocytes

– Allows the fused cells to stay at the site of cell 
i j tiinjection

– Could achieve precise location and stable activity 
of BioPacemaker.
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Pacemaker activity in SPC-transduced 
adult ventricular myocytes
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BioPacemaker: SummaryBioPacemaker: Summary

l ll d b d l i1. Novel, cell- and gene-based alternatives to 
electronic pacemakers

2 Stem cells or fibroblasts or HEK293 cells2. Stem cells or fibroblasts or HEK293 cells

3. Kir2 suppression, HCN, SPC, triple-gene 
vector



BioPacemaker: Next stepso ce e : Ne s eps
Autonomic regulation: HCN-channel constructsg

Optimization of permutations of genes, cells and 
f iengraftment strategies

Stability of therapyStability of therapy
e.g. fusion approach stable for at least 3 months.

Bio-safety: minimal risk for inflammation and 
neoplasiap

Adv, AAV, lentivirus
helper-dependent adeno virus
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Bi kBiopacemaker

• Rationale:
Demonstrable clinical need– Demonstrable clinical need

– Proximity to endocardium allows 
b i t di i j tiaccess by intracardiac injection

– Phenotypic changes readily 
quantifiable

– Adverse effects can be rescued by                 
conventional electrophysiological 
methods


