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ranks #4 in the nation. (continued on page 2)

“The beating of the heart 
is essentially based upon 
a coordinated program of 
ion channels opening and 
closing,” explains Dr. Marx. 
“Ion channels are the key 
for regulating so much 
of what the heart does, 
including initiating and 
controlling its contractions, 
electrical activity, and 
pumping action. With the 
heart so dependent upon 
ion channels, we are trying 
to make a difference in 
treating some of the basic 
cardiac diseases by studying these small, little 
‘machines’ that command so many of the heart’s 
functions.”
	 Dr. Marx and his colleagues had previously 
demonstrated that specific sequences within the ion 
channel recruit regulatory proteins that modulate 
the ion channel function in normal and pathologic 
conditions. They are now pursuing studies focused 
on the regulation of ion channels by macromolecular 

complexes – the naturally 
occurring machines inside 
cells. “We are seeking to 
understand the molecular 
components and functional 
implications of macromo-
lecular complex formation 
of the large conductance 
calcium-activated potassium 
channel and the L-type volt-
age gated calcium channel,” 
notes Dr. Marx.
    Their work has had sig-
nificant impact in under-
standing the triggers of fatal 
cardiac arrhythmias and 

mechanical dysfunction in heart failure. Current 
investigations are very likely to impact the under-
standing of control of peripheral blood pressure by 
the sympathetic nervous system.
	 According to Dr. Marx, the heart poses a unique 
set of challenges for basic researchers. “It’s actually 
impossible to grow adult cardiac myocytes in a 
culture,” explains Dr. Marx. “They either die or 

Opening New Channels of Research in Heart Disease

Computer illustration showing ion channels (blue) 
embedded in a cell membrane (yellow). Ion channels are 
pore-forming proteins that help establish and control the 
small voltage gradient across the plasma membrane of all 
living cells by allowing the flow of ions (purple) through 
them down their electrochemical gradient.

Heart disease remains the leading cause of death for both men and women in the United States and 

worldwide. Sudden cardiac death claims the lives of 350,000 Americans each year and about 2,220 

people die from heart failure, heart attacks, heart valve problems, and other cardiac conditions every 

day. Many of these events occur as a consequence of inherited arrhythmias that cause dysfunction of 

ion channels, or channelopathies. 

Steven O. Marx, MD, Director, Cardiology Fellowship Program, NewYork-Presbyterian/Columbia 

University Irving Medical Center, and Geoffrey S. Pitt, MD, PhD, Director, Cardiovascular Research 

Institute at Weill Cornell Medicine, together and individually, are making major contributions to 

understanding the role of ion channels in normal and pathological conditions in the heart. Dr. Marx 

and Dr. Pitt first began working together at Columbia when they were both on faculty there. Their 

collaborations continued when Dr. Pitt moved to Duke University as Director of its Ion Channel Research 

Unit and today, they have two major collaborative grants and several papers emanating from their labs 

involving sodium channels in the heart and the brain and calcium channels in the heart.
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Opening New Channels of Research in Heart Disease  (continued from page 1) 

they de-differentiate so that they no longer 
are similar to native heart cells. That’s why 
many of us use animal models, creating 
various transgenic and knockout mice to 
study electrophysiologic and contractile 
properties.”
	 The work of Dr. Marx, Dr. Pitt, and 
their research teams with transgenic mouse 
models has enabled them to manipulate the 
ion channel profile to study how the heart 
works under normal conditions, mechanisms 
of disease, in particular, arrhythmias, and 
approaches for repair or treatment. In fact, 
by creating transgenic mice with various 
mutations, the researchers were able to achieve 
an unprecedented and massive increase in 
throughput. This allowed them to study 
how the calcium channel is regulated in the 
heart related to heart rate and contractility with “paradigm shifting 
results,” which they describe in a paper published in the August 22, 
2017 issue of the Proceedings of the National Academy of Sciences.
	 The research challenged the four-decade-old theory on the 
mechanism related to the fight or flight response that releases 
adrenalin from the body and causes the heart to beat stronger or faster. 
“It’s always been known that the calcium channel in the heart is one 
of the proteins that changes, but the mechanism by which it changes 
has been quite controversial since it was first discovered,” says Dr. Pitt, 
a co-author on the study. “But Dr. Marx’s lab essentially finally put to 
bed the idea that this protein was modified through phosphorylation, 
the leading hypothesis for many years. They were able to show defini-
tively that this is unlikely to be the case.”
	 Dr. Pitt’s research has produced many important findings in 
understanding the structure and function of ion channels and their 
regulatory subunits in the heart and brain. His groundbreaking 
work in electrophysiology, biochemistry, and structural biology has 
illuminated several mutations that lead to inherited channelopa-
thies, such as ventricular tachycardia and epilepsy, and has begun 
to point to potential therapies for such conditions. His lab has also 
helped define mechanisms underlying diseases such as congenital 
heart defects and other neurological disorders such as ataxia.
	 “In particular, we seek to understand the disease processes in 
order to eventually develop therapies to correct abnormal electrical 
activity that is due to mutations in the ion channel proteins,” says 
Dr. Pitt. “The ion channels that regulate electrical activity are 
prevalent not only in the heart, but also in many other tissues, 
most commonly, for example, in the brain. Individuals with 
mutations in these genes can get epilepsy – which you can think 
of as an arrhythmia in the brain – or certain neuropsychiatric 
disorders. Even though I’m a cardiologist, I actually spend a fair 
amount of time looking at neuropsychiatric and neurodegenerative 
disorders as they relate to the dysfunction of these proteins.”
	 Dr. Pitt’s quest to discover the underlying genetic cause of the 
ion channel abnormalities not only has potential for targeting 
therapy for patients, but also has implications for family members. 
“If we can identify the specific mutation that’s driving this process 
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we can offer the family the opportunity for genetic testing,” he 
says. “Children can be told that they never have to worry, even 
though their mom or dad has it, because they did not inherit 
that mutation. On the other hand, if the child or a relative has 
the mutation, we can hopefully offer screening, other types of 
management, or therapeutic opportunities to help them.”
	 Ion channels are one of the more druggable classes of proteins, 
notes Dr. Pitt. “There are a lot of drugs already on the market to 
treat cardiac arrhythmia, to treat epilepsy, and to treat pain that 
target an ion channel,” he says. “That demonstrates that there are 
opportunities to develop new medications to fix the abnormal 
ion channel. And in a number of cases, we’ve been able to pull a 
drug off a shelf that’s being used for treating something else once 
we understand what the particular mutation is doing to cause 
problems to that ion channel.”

Dr. Steven O. Marx Dr. Geoffrey S. Pitt
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The research of Andrew R. Marks, MD, Chair, Physiology 
and Cellular Biophysics, at Columbia University Irving Medical 
Center, has contributed fundamental insights into the molecular 
mechanisms regulating contraction of normal and failing cardiac 
muscle, molecular triggers of cardiac arrhythmias, and coronary 
artery in-stent restenosis. Many of his discoveries originate in 
research into ryanodine receptors (RyRs)/calcium release channels.
	 RyRs/calcium release channels – first visualized in 1988 by 
Joachim Frank, PhD, using electron microscopy, and cloned in 
1989 by Dr. Marks – belong to a family of intracellular channels 
that control muscle contraction. The two major types, RyR1s 
and RyR2s, are found in skeletal muscle cells and heart muscle 
cells, respectively. Leaky RyRs have been implicated in a variety 
of conditions, including age-related muscle weakness, muscular 
dystrophy, and heart failure.
	 In 2016, using high-resolution electron microscopy, Dr. Marks  
and his colleagues Wayne A. Hendrickson, PhD, and 
Joachim Frank, PhD, professors at Columbia University 
Department of Biochemistry and Molecular Biophysics, 
uncovered new details of the structure and function of the 
RyR1 intracellular channel, which controls the contraction 
of skeletal muscle. In the two years since, the ability to see 
the channel in such detail has been helping Dr. Marks and 
his colleagues further elucidate how the channel functions in 
normal conditions and how it malfunctions in disease states. 
“Most important, these insights have greatly improved our 
ability to design new drugs to treat a range of muscle diseases,” 
says Dr. Marks, who is also the founding director of the Clyde 
and Helen Wu Center for Molecular Cardiology at Columbia.
	 The process toward disease begins when the brain sends a 
signal to a skeletal muscle cell, changing the voltage across the 
cell membrane. The voltage change activates RyR1 channels, 
which are located in a calcium-storage organelle called the 
sarco/endoplasmic reticulum. When activated, the channels 
open the organelle’s floodgates and release calcium into the cell 
body, triggering muscle contraction.
	 In a previous study, published in Nature, Dr. Marks and his 
team used an advanced electron microscopy (EM) technique 
called cryo-EM, combined with computer modeling, to determine 
the 3-D structure of the RyR1 channel in its closed state in which 
no calcium is allowed out of the sarco/endoplasmic reticulum. 
	 The 2016 study provided the first images of the RyR1 
channel in the open state, as well as in various conformations 
in which it has changed shape but not yet opened. “Rather 
than having a static picture of the channel, we could now make 
movies of a sort showing how various parts of the molecule 
are moving around,” adds Dr. Frank, who, in 2017, shared the 
Nobel Prize in Chemistry for the pioneering contributions he 
has made to advancing visualization techniques, including 
cryo-EM, of biological molecules. 
	 “With this information, we can begin to understand how 
ligands regulate ryanodine receptor activity,” says Oliver B. 
Clarke, PhD, a postdoctoral fellow at the time of the study 
and now an Assistant Professor of Physiology and Cellular 

Biophysics at Columbia. “This may eventually help us develop 
improved therapeutics to treat diseases where RyR-mediated 
Ca2+ ‘leak’ is a contributing factor.”
	 Dr. Marks has already developed drugs that target mal-
functioning RyR channels. Studies have shown that these drugs 
can increase muscle force in animals with age-related muscle 
weakness or Duchenne muscular dystrophy and improve heart 
function in animals with heart failure. 
	 In the two years since the 2016 study results were published 
in Cell, Dr. Marks and his colleagues have continued to build 
on their work. Most recently, they have demonstrated that RyR 
PKA hyperphosphorylation, which causes “leaky” channels, 
can deplete sarcoplasmic reticulum calcium and trigger fatal 
cardiac arrhythmias, and they identified the ryanodine receptor 
calcium leak in circulating B-lymphocytes as a novel biomarker 
that can be used for monitoring response to pharmacologic and 
mechanical therapy for congestive heart failure.

Dr. Andrew R. Marks and Dr. Joachim Frank 
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A number of inherited heart disorders can often affect more than one person in a single family and 
at any age. These disorders can cause arrhythmias and, if undetected, can lead to sudden cardiac 
death. The more common ones include atrial fibrillation, Brugada syndrome, catecholaminergic 
polymorphic ventricular tachycardia, and Long and Short QT syndromes. Bruce B. Lerman, MD, Chief 
of the Division of Cardiology and Director of the Electrophysiology Laboratory, NewYork-Presbyterian/
Weill Cornell Medical Center, and Geoffrey S. Pitt, MD, PhD, Director of the Cardiovascular Research 
Institute, Weill Cornell Medicine, and their colleagues have particular expertise in identifying and 
managing these familial diseases, offering genetic counseling, and providing targeted treatment.


