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The effect of HapMap on cardiovascular research

and clinical practice
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SUMMARY

INTRODUCTION
One person, trillions of cells, 23 pairs of chromo-

The Haplotype Genetic Map (HapMap) is an invaluable resource tothe (... 34 000 genes, 3,164,700,000 base pairs—

cardiovascular researcher, enabling a decrease in cost and an increase i
the efficiency and speed of discoveries in the laboratory. As cardiologists
we need to understand the vocabulary of genomics because the translatigp1

of scientific findings using HapMap could provide insight for improved

care and therapeutic guidance of ouripats. Genomics is the evaluation
of genes as a dynamic system, in which genes interact to influence biolo
pathways, networks and physiology. The HapMap promises to increase
the efficiency of genomics in identifying cardiovascular-disease-related
genes that could become vital for choosing relevant tests and providing

preventative and curative therapies. In this Review, the HapMap will
be described, to provide insight into the relevance of this work to
cardiovascular practice, to clinical research in cardiovascular disease
and to future discoveries in diagnostic and therapeutic modalities.
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REVIEW CRITERIA

A search for original articles published between 1965 and 2006 and focusing on
articles that used the HapMap or haplotypes in regard to cardiovascular disease
was done in MEDLINE and PubMed. The search terms used were “HapMap”,
“haplotype”, “cardiovascular disease” and “genetics”. All papers identified

were English-language, full-text papers. We also searched the reference lists of

identified articles for further papers.
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Phe complexity is astounding. From taking

months or years to identify and sequence a
gle gene, we have made leaps and bounds and
now use DNA chips to identify up to 500,000

enetic markers in just a few days. Despite the
Famatic improvement in processing time,
the genetic variations responsible for many of the
common cardiovascular diseases have remained
elusive. The Haplotype Genetic Map (HapMap)
has recently been published, however, adding to
researchers’ armamentarium by providing an
invaluable resource to increase the efficiency,
decrease the cost and increase the speed of our
genetic discoveries in the laboratory.!=* What
does this development mean for our cardio-
vascular practice? Will the HapMap change the
way we prescribe and use medications and how
we choose devices in the catheterization labora-
tory, as well as improve patient outcome? The
answer to all these questions is probably yes, and
these changes will be seen in the near future with
the advent of the genetic revolution. Genomics
is the evaluation of genes as a dynamic system,
in which genes interact to influence biologic
pathways, networks and physiology. To take
full advantage of the HapMap, we need to learn
the language, understand the implications and
develop unambiguous phenotypes for common
clinical disorders.”

Practicing cardiologists regularly face clinical
scenarios that are likely to have a strong genetic
origin, but for which the molecular basis has
not yet been determined. For example, patients
who undergo successful angioplasty and stent
implantation, performed by the best inter-
ventional cardiologists with diligent attention
paid to mechanical and pharmacologic details,
continue to endure the risk of in-stent restenosis
and subacute thrombosis. Candidate gene
testing of the genes most likely to be involved
has provided some clues to the etiology of in-
stent restenosis and subacute thrombosis, but
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oral anticoagulants such as warfarin, has been
associated with increased risk for stroke, vascular
disease and aortic dissection.*’

Genetics is part of our clinical practice, but we
have yet to exploit this field to improve our patient
care. In the future, it will no longer be enough
to obtain family history; we will carefully record
the clinical phenotype and undertake further
testing based on genetic findings.*® We must be
diligent in recording not only the diagnosis of
hypertension or hyperlipidemia, but also what
medications patients have received, whether treat-
ment was successful, and to what degree. It is also
important to document which side effects they
have experienced, to be thorough when recording
the findings of their cardiac catheterizations and
echocardiograms, and to obtain as much infor-
mation about their family tree as possible. A stan-
dard battery of future clinical tests might include
testing for a group of hypertension haplotypes to
help decide which medicines would be most bene-
ficial; a group of high-risk coronary artery disease
haplotypes to indicate if early, aggressive primary
prevention is required; or a group of haplo-
types that identify patients at risk for subacute
thrombosis after stent implantation.

An example of an ongoing cardiovascular study
in which the HapMap has a major role is the
CardioGene study,*” the primary goal of which is
to identify genetic markers for in-stent restenosis
in bare-metal stent implantation. This study will
provide insight into how genetic markers can
guide therapies in the catheterization labora-
tory and could become a model for how future
projects can be performed on a larger scale. The
CardioGene study was implemented in the fall of
2001 with prospective collection of DNA, RNA
and serum in concert with extensive clinical
phenotyping in almost 500 patients. Genotyping
using the GeneChip® Human Mapping 100K Set
(Affymetrix Inc., Santa Clara, CA) was performed
to identify predictive SNPs in patients with a
susceptibility to in-stent restenosis. Individual
SNPs have been analyzed in the context of the
HapMap to identify susceptibility haplotypes with
stronger predictive value than individual SNPs.>
Confirmation of these findings will be vital and
should be performed in well-established clinical
registries.>*>1->2 Comprehensive studies such as
the CardioGene study are costly, labor-intensive
and logistically difficult but could identify key
genetic markers that will be extremely useful
for clinical practice, and would not be possible
without the HapMap. A key aspect of such studies

REVIEW

www.nature.com/clinicalpractice/cardio

is the collaboration between clinicians and basic
scientists that will help bring the genomic revolu-
tion to patients. Scientific landmarks such as the
HapMap are a further step towards bringing
the bench to the bedside and will help propel
research findings to the clinic.

CONCLUSION

The importance of the HapMap to cardiovascular
research is increasingly clear. Genetic variants
could explain why two patients with similar risk
factors can have extremely dissimilar disease
patterns, why two patients with a similar lipid
profile can respond differently to statin therapy,
why two patients presenting with acute myocardial
infarction can have vastly different risk factor
profiles and why two patients with similar clinical
patterns can receive the same stent and have vastly
different long-term results. Aspirin and clopidogrel
resistance studies are driving the development of
clinically useful bedside diagnostic testing, which
will change the way we use these medications to
treat our patients by titrating dose to response.>>
Registries and databases such as the National
Heart, Lung and Blood Institute Dynamic Registry
and the Framingham cohort, which have linked
clinical data and DNA, are vital to discovery in
cardiovascular genomics.>3*>152 These data-
bases could be poised to gain unique benefit from
the HapMap, which will add a more efficient, less
costly genetic component to the studies. Continued
elegant phenotyping of patients, whether in the
clinical notes in a patient’s medical record or care-
fully recorded in a case report, is vital for genomic
studies, with the goal of identifying the specific
benefit for each patient.

Technology is moving forward quickly.
Currently a DNA chip capable of identifying
500,000 genetic markers is available, which will
increase the ability for SNP testing fivefold, and
further advancements are on the horizon. We are
only beginning to harness the power of genomics
in cardiovascular disease following the discoveries
in areas such as B-cell lymphoma.>* Tools such as
the HapMap are suited to decoding the complex,
ubiquitous phenotypes, and once initial break-
throughs have been made we could begin to
decode the complex disorders common in cardio-
vascular disease. How will the HapMap and the
genomic revolution benefit our clinical practice?
How will it change the way we prescribe medica-
tions and choose devices? The HapMap and the
subsequent genomic advances in its wake will help
us carry out what we do every day, only better.
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KEY POINTS

1 The recently published Haplotype Genetic
Map (HapMap) has the potential to increase
the efficiency and speed, yet decrease the
cost, of genetic discoveries

1 The HapMap is a catalogue of common
haplotypes (i.e. a group of genetic variants, or
genotypes closely linked on one chromosome
and inherited as a unit), which is being used to
find genes associated with human disease

1 Only by elucidating the complex interactions
of multiple genetic variants, which are
weak individually but that together confer
a deleterious phenotype, will we begin to
understand and effectively treat or prevent
processes such as in-stent restenosis and
subacute thrombosis

1 Inthe future, patients’ genomes could be
sequenced and incorporated into their medical
record; an individual’s genome sequence
will then be vital in choosing tests as well as
providing preventative and curative therapies
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