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A Promising Future – An Alternative to Electronic Pacemakers 

By Hillary Kao 

 

The human heart is a powerful, muscular pump.  It contracts continuously to circulate 

oxygenated blood throughout the entire body.   

 

The heart is comprised of 3-5 billion specialized cells called cardiomyocytes. Unlike most organs 

of the body, the heart is unable to regenerate itself if any of its cells are damaged, which often 

occurs as a result of cardiovascular diseases. 

 

Cardiovascular disease can also cause arrhythmia, a term used 

to describe an abnormal heartbeat.  Left untreated, 

arrhythmias can cause fainting, shortness of breath, damage 

to other organs, stroke, or sudden cardiac arrest.  There are 

several different types of arrhythmia.  One in particular is 

called sinus node dysfunction, where the heart’s natural 

pacemaker generates an abnormally slow heart rhythm.  This 

type of arrhythmia has a prevalence between 403 and 666 per 

million.  Depending on the severity, doctors may treat such a 

condition by implanting an electronic pacemaker.   

 

An electronic pacemaker is a small battery-operated device 

that generates electrical impulses, which are delivered through 

implant leads, to stimulate the heart to beat at a normal 

rhythm.   

 

Although current pacemakers work quite well, they also have their limitations. 

 

For instance, pacemaker implantation is expensive.  The device itself is about $58,000, but also 

involves costly surgery and hospital stay. 

 

Adding to the cost and inconvenience, pacemakers require ongoing maintenance. Invasive 

surgery is needed for battery replacement (every 5-12 years), in the event of lead failure, or for 

changing short leads in growing pediatric patients.  Not to mention, pacemakers are susceptible 

to magnetic interference, which can disturb or deactivate its function.  

 

Scientists working in the field of regenerative medicine are hopeful that their work will relegate 

pacemakers to ancient medical history. Regenerative medicine involves the use of stem cells to 

“regenerate” lost or damaged tissues. The most multi-faceted type of stem cell is the pluripotent 

Figure 1. X-ray image of an 
electronic pacemaker 
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stem cell (PSC). “Pluripotent” refers to the ability of these stem cells to develop into any cell 

type within the body. 

 

This defining property of PSCs qualifies them as candidates for a wide variety of research and 

potential therapies.  However, their use has been controversial; human embryonic stem cells 

(hESCs) were the first identified source of PSCs.  Many people object to the use of hESCs 

because the derivation process involves early stage human embryos.  

 

In recent years, scientists have found a way to avoid using of hESCs by creating what is known 

as human induced pluripotent stem cells (hiPSCs).  Scientists can generate hiPSCs by 

reprogramming normal skin cells. A few genes (that are usually found in the human egg cell) are 

added to the skin cells, which changes the skin cells into embryonic-like cells that are pluripotent 

and, therefore, have regenerative properties. 

 

There are significant advantages to using hiPSCs in experimentation:   

 

• They are relatively easy to generate. 

• They behave similarly to hESCs in their ability to remodel themselves into any 

specialized cell-type. 

• There are no ethical issues surrounding their use because human embryos are not used in 

the derivation process. 

• Because hiPSCs can be made from a patient’s own skin cells, there are no issues with 

immune rejection.  

 

Because of these advantages, many scientists within the field of regenerative medicine now 

prefer using hiPSCs.  

 

One of these scientists is Dr. Deborah Lieu at the University of California, Davis – Institute for 

Regenerative Cures. She is using hiPSCs to make “pacemaking” heart cells to try to treat 

arrythmia. These specialized heart cells have the ability to control the beating of the heart. Dr. 

Lieu’s ultimate goal is to use hiPSC-derived pacemaking cells to create a “bio-pacemaker” that 

could serve as an alternative to current electronic pacemakers.  

 

The first step is figuring out how to create pacemaker cells from hiPSC cells. To do this, Dr. 

Lieu’s research team must figure out how to mimic conditions within the human embryo that 

guide pacemaker heart cell development. They are doing this by adding specific cocktails of 

small molecules and cell culture media at exact time points to very precisely guide cell 

development.  

 

Once the hiPSC-derived pacemaking heart cells reach maturity, Dr. Lieu and colleagues plan to 

examine them using different experimental analyses. 
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Thus far, most research in this area has focused largely on another type of heart cell called 

contractile heart cells, meaning there is still a lot to be learned about pacemaker cells before they 

can move from the laboratory to patient bedside. 

 

 

Dr. Lieu’s group will use microscopic analysis to examine cell shape and protein configuration 

inside the hiPSC-derived pacemaking heart cells and make comparisons to both normal 

pacemaker cells and contractile cells. They can also measure differences in what types of genes 

are expressed in these cells by quantifying the content of different proteins (which are coded for 

by genes). 

 

It will be particularly critical to examine the electrical 

membrane potential, also called the action potential 

(AP), of the hiPSC-derived pacemaking heart cells. 

Pacemaker heart cells have a distinct AP that is 

different from other regions of the heart. If these 

hiPSC-derived cells are to be used therapeutically, it is 

essential that they retain the normal APs found in 

native pacemaker heart cells.  

 

At present, Dr. Lieu and colleagues continue their 

research.  

 

Once they have successfully generated hiPSC-

derived pacemaking heart cells, they hope their research will be utilized for other applications, 

such as, drug toxicity testing, patient-specific hiPSCs for studying cardiac dysfunctions, and 

personalized medicine.   
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