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n 1961, philanthropist Fred Bugher, under the guidance of his lawyer Nelson
Adams, established the Henriette B. and Frederick H. Bugher Foundation, dedicated to funding cardiovascular research within the District of Columbia. On
Fred’s passing, Adams—an inaugural trustee of the Foundation—saw to it that
much of his fortune was allocated to his family’s organization. With the foundation’s resources drastically increased, the Board of Trustees decided the scope
should be increased as well. Rather than being limited to the nation’s capital, they
contacted the American Heart Association (AHA) to seek guidance on how best to
contribute to the fight against heart disease. In response to this request, the AHA,
led by Dr Howard Morgan, took a refreshing view that would, in part, change the
direction of cardiovascular research and management of heart disease in this country and internationally for decades to come. The AHA traditionally funds cardiovascular research selected by the peer review committees from applications submitted
by investigators. In general, less than one third of the research applications can
be funded. The usual response to a donor was to accept financial contributions
to maintain this level of funding for the ongoing research portfolio. However, the
Bugher Foundation wanted something novel and more engaging on a sustained
basis. This stimulated Howard Morgan and his AHA colleagues to think outside the
box. There was on the horizon the techniques of molecular biology and recombinant DNA. These techniques appeared to offer significant advantage over conventional techniques and were being embraced in the basic research disciplines and
to a minor extent in cancer research. The cancer research community recognizing
these techniques are DNA-based knew they would be essential to the core of cancer research, namely, the pursuit of abnormal cell growth.
The cardiovascular community, particularly adult cardiology, had neither the
training nor education to embrace these techniques. Trainees in cardiovascular
medicine were already overburdened with the time requirements to become proficient in the skills demanded for invasive and noninvasive clinical technologies. The
diagnostic cardiac catheterization laboratory was transitioning to include therapeutic procedures because of the blossoming of percutaneous coronary interventions, such as angioplasty for coronary artery disease (CAD) and catheter-based
therapeutic interventions for the treatment of arrhythmias. There was also a fundamental barrier, namely, the heart, a terminally differentiated organ does not
proliferate which raised concern as to whether these molecular techniques, primarily applicable to cell growth, would be appropriate to advance cardiac research.
Last, there was the practical point of view as to whether trainees would further
increase the duration of their training for procedures which may not have clinical
application. Nevertheless, the AHA was convinced that these techniques had be
a part of the future armamentarium necessary in the fight against cardiovascular
disease. The trustees of the Bugher Foundation were ecstatic at the suggestion of
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setting up centers to train cardiologists and scientists in
applying the techniques of molecular biology to cardiovascular disorders. The centers were referred to as the
AHA-Bugher Centers for Molecular Biology in the Cardiovascular System. The first 3 centers were funded in
1986 and 3 more centers added in 1991.1 Funding for
the centers was >$9 million which enabled the training
of 120 fellows in the new research of cardiovascular
molecular biology. This effort produced many of the
future leaders of today. Molecular cardiology received
national and international recognition with the establishment in 1989 of the first of a series of Keystone
Symposia devoted to molecular cardiology.2 This was
followed by annual symposia at the national cardiovascular meetings, including AHA, American College
of Cardiology, and European Society of Cardiology. In
1993, the first textbook, Molecular Basis of Cardiology,
was published, authored by investigators from the Bugher Centers.3
It was soon appreciated that these techniques
of molecular biology were essential in our pursuit to
understand physiology and pathophysiology. After all,
the heart replaces itself every 3 to 4 weeks (eg, myosin,
the main contractile element of the heart, has a halflife of 3–5 days and accounts for 36% of the weight of
the heart). Cardiac hypertrophy is the normal compensatory growth response of the heart to most forms of
stress, such as hypertension or myocardial infarction. All
forms of growth, whether maintenance or compensatory, are initiated and directed by DNA, hence a prerequisite to their understanding is the application of these
techniques.
The recombinant DNA techniques initiated the
genetic engineering of the first genetic recombinant
cardiac drug, tissue-type plasminogen activator. This
drug revolutionized the treatment of myocardial infarction, reducing its acute mortality to 4% to 5%.4 Discovery of proprotein convertase subtilisin/kexin type 9
(PCSK9)5 and identification of a family with a mutation
in PCSK9 associated with familial hyperlipidemia led
to the development and approval6 by Food and Drug
Administration of a new class of drugs referred to as
PCSK9 inhibitors.7 This potent and novel therapy markedly decreases plasma low-density lipoprotein cholesterol and reduces cardiac morbidity and mortality.8
A low lying fruit was genetics, which led to the chromosomal mapping of the first gene responsible for
familial hypertrophic cardiomyopathy8,9 and cloning of
the gene in 1990.10 This ushered in a golden age for
cardiovascular single-gene disorders, including atrial
fibrillation, dilated cardiomyopathies, arrhythmogenic
right ventricular cardiomyopathy, and Wolff–Parkinson–White Syndrome.11,12 Most of these single-gene
disorders are autosomal dominant, with only one half
of the offspring having the mutant gene. The clinical
application is almost self-evident; genetic screening

would immediately exclude half of the offspring from
the need for periodic cardiac follow-up and would also
assure these individuals that they could not pass on the
mutant gene to their children. Individuals with the gene
and the potential to develop the disease are also better
managed.
In 2007, these techniques enabled the discovery of
the first genetic risk variant (9p21) for a cardiovascular polygenic disorder, namely, CAD, the number one
killer in the world.13,14 Currently, >90 genetic risk variants have been discovered that predispose to CAD.15
We know from these studies that genetic risk for CAD
is directly related to the number of risk variants rather
than the intensity of any one risk variant. Second, only
one third of these genetic risk variants mediate their
risk for CAD through known conventional risk factors,
such as cholesterol or hypertension, indicating that
there are other mechanisms contributing to the pathogenesis of CAD. Third, genetic risk stratification for
CAD is mostly independent of conventional risk factors
and more discriminatory than conventional risk factors.16,17 Fourth, the genetic risk score is independent
of age, and because one’s DNA does not change in
one’s lifetime, risk stratification for CAD can be determined at any time throughout one’s lifetime. The latter
feature could induce a paradigm shift in primary prevention based on genetic risk stratification of asymptomatic individuals.18
Discovery of genetic variants mediating risk for CAD
makes possible the widespread use of the power of
Mendelian randomization. Using this technique, it is
possible to assess the causality, safety, and to some
extent efficacy of a lifetime exposure to a particular
genetic risk variant without confounding factors. In a
large Case Control Association Study, a genetic variant
associated with increased plasma high-density lipoprotein cholesterol did not protect against heart disease.19
The lack of protection from CAD of plasma high-density lipoprotein cholesterol has now been confirmed in
several studies.20 The average time for a cardiovascular
drug from concept to market is ≈12 years, and the cost
is >$2 billion.21 Application of this technique has the
potential to reduce both the time and cost required for
approval of a new drug. Using Mendelian randomization, one can determine a priori whether the drugs’ target is indeed causal of the disease. An example of the
application of Mendelian randomization in determining a drug target was recently illustrated for the drugs
varespladib (Anthera Pharmaceuticals) and darapladib
(GlaxoSmithKline), inhibitors of secretory phospholipase A2 and lipoprotein-associated PL A2, respectively.22–24 It was observed that secretory phospholipase A2
and lipoprotein-associated PL A2are consistently present in coronary atheromatous plaques, and hence their
inhibition would potentially be beneficial. Three clinical
trials, costing millions of dollars, were performed, and
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all were negative. A Mendelian randomization study
performed before the completion of the third clinical
trial showed that phospholipase A2 is only a marker
and not causative of coronary plaques. The Mendelian
randomization study predicted the clinical trial should
show no benefit.25–27 Selection of a drug target proven
to be causative by Mendelian randomization should
significantly decrease the time and cost required to
develop and evaluate cardiovascular drugs. A large
part of the cost is the high efficacy failure rate because
of selection of targets associated with the disease but
not causative.
A major research and therapeutic thrust of the 21st
century is the administration of pluripotent stem cells
to regenerate the human myocardium—regenerative
medicine. A decade of basic and clinical research28 has
led to the successful delivery of human stem cells to
the heart, proving that cell therapy is feasible and safe.
However, incorporation and proliferation of these cells
have not been achieved and remain a future goal. The
success or failure to regenerate the human heart is likely to be a distinguishing feature of the 21st century. As
we conquer more diseases, such as CAD, regenerating
organs such as the heart will become an even greater
barrier to improving the quality of life and prolonging
one’s lifespan.
The techniques of molecular biology have become
routine in cardiovascular research laboratories throughout the world. The impact of their application on the
management of cardiac patients is particularly evident
in drug development, the management of inherited
disorders, and prevention and treatment of CAD. The
future application of genetic risk stratification for prevention and treatment of CAD together with utilization
of the genetic risk variants as drug targets for development of novel therapy is likely to markedly attenuate
the pandemic of CAD.
The AHA is to be congratulated on their 1986 decision and the dominant role it has played in the past 3
decades.
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