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The effect of HapMap on cardiovascular research 
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INTRODUCTION
One person, trillions of cells, 23 pairs of chromo-
somes, 30,000 genes, 3,164,700,000 base pairs—
the complexity is astounding. From taking 
months or years to identify and sequence a 
single gene, we have made leaps and bounds and 
now use DNA chips to identify up to 500,000 
genetic markers in just a few days. Despite the 
dramatic 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.1–4 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.5 

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 
implanta tion, performed by the best inter-
ventional cardiologists with diligent attention 
paid to mechanical and pharmacologic details, 
continue to endure the risk of in-stent re stenosis 
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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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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oral anticoagulants such as warfarin, has been 
associated with increased risk for stroke, vascular 
disease and aortic dissection.47

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.48 We must be 
diligent in recording not only the diagnosis of 
hyper tension or hyper lipidemia, 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 
echo cardiograms, 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,49 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 re stenosis. Individual 
SNPs have been analyzed in the context of the 
HapMap to identify susceptibility haplotypes with 
stronger predictive value than individual SNPs.50 
Confirmation of these findings will be vital and 
should be performed in well-established clinical 
registries.34,51,52 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 

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 cardio vascular 
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 myo cardial 
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.53 
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.3,34,51,52 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 dis coveries 
in areas such as B-cell lymphoma.54 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
■ The recently published Haplotype Genetic 

Map (HapMap) has the potential to increase 
the efficiency and speed, yet decrease the 
cost, of genetic discoveries

■ 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

■ 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 

■ In the 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 

References
1 Altshuler D et al. (2005) A haplotype map of the 

human genome. Nature 437: 1299–1320 
2 Schmidt CW (2003) HapMap: building a database 

with blocks. EHP Toxicogenomics 111: A16
3 The International HapMap Consortium (2003) The 

International HapMap Project. Nature 426: 789–796
4 Thorisson GA et al. (2005) The International HapMap 

Project web site. Genome Res 15: 1592–1593
5 The International HapMap Consortium (2004) 

Integrating ethics and science in the International 
HapMap Project. Nat Rev Genet 5: 467–475

6 Kastrati A et al. (2006) Predictive factors of restenosis 
after coronary implantation of sirolimus- or paclitaxel-
eluting stents. Circulation 113: 2293–2300

7 Di Castelnuovo A et al. (2005) Platelet glycoprotein 
IIb/IIIa polymorphism and coronary artery 
disease: implications for clinical practice. Am J 
Pharmacogenomics 5: 93–99

8 Koch W et al. (2004) Apolipoprotein E gene 
polymorphisms and thrombosis and restenosis after 
coronary artery stenting. J Lipid Res 45: 2221–2226

9 Koch W et al. (2004) Peroxisome proliferator-activated 
receptor gamma gene polymorphisms and restenosis 
in diabetic patients after stenting in coronary arteries. 
Diabetologia 47: 1126–1127

10 Angiolillo DJ et al. (2004) 807 C/T Polymorphism 
of the glycoprotein Ia gene and pharmacogenetic 
modulation of platelet response to dual antiplatelet 
treatment. Blood Coagul Fibrinolysis 15: 427–433

11 Angiolillo DJ et al. (2004) High clopidogrel loading 
dose during coronary stenting: effects on drug 
response and interindividual variability. Eur Heart J 
25: 1903–1910

12 Angiolillo DJ et al. (2004) PlA polymorphism and 
platelet reactivity following clopidogrel loading dose 
in patients undergoing coronary stent implantation. 
Blood Coagul Fibrinolysis 15: 89–93

13 Angiolillo DJ et al. (2004) Platelet aggregation 
according to body mass index in patients undergoing 
coronary stenting: should clopidogrel loading-dose 
be weight adjusted? J Invasive Cardiol 16: 169–174

14 Chen SN et al. (2005) A common PCSK9 haplotype, 
encompassing the E670G coding single nucleotide 
polymorphism, is a novel genetic marker for plasma 
low-density lipoprotein cholesterol levels and severity 
of coronary atherosclerosis. J Am Coll Cardiol 45: 
1611–1619

15 Bezzina CR et al. (2006) Common sodium channel 
promoter haplotype in Asian subjects underlies 
variability in cardiac conduction. Circulation 113: 
338–344

16 Anderson JL et al. (2000) A common variant of 
the AMPD1 gene predicts improved cardiovascular 
survival in patients with coronary artery disease. J Am 
Coll Cardiol 36: 1248–1252

17 Hingorani AD et al. (1999) A common variant of the 
endothelial nitric oxide synthase (Glu298Asp) is a 
major risk factor for coronary artery disease in the UK. 
Circulation 100: 1515–1520

18 Doris PA (2002) Hypertension genetics, single 
nucleotide polymorphisms, and the common disease:
common variant hypothesis. Hypertension 39: 
323–331

19 Samuels ME et al. (2001) Identification of a common 
variant in the lipoprotein lipase gene in a large Utah 
kindred ascertained for coronary heart disease: the 
-93G/D9N variant predisposes to low HDL-C/high 
triglycerides. Clin Genet 59: 88–98

20 Pritchard JK and Cox NJ (2002) The allelic 
architecture of human disease genes: common 
disease-common variant...or not? Hum Mol Genet 
11: 2417–2423

21 Lunetta KL et al. (2004) Screening large-scale 
association study data: exploiting interactions using 
random forests. BMC Genet 5: 32

22 de Bakker PI et al. (2005) Efficiency and power in 
genetic association studies. Nat Genet 37: 1217–1223

23 Lander ES et al. (2001) Initial sequencing and analysis 
of the human genome. Nature 409: 860–921

24 ENCODE Project Consortium (2004) The ENCODE 
(ENCyclopedia Of DNA Elements) Project. Science 
306: 636–640 

25 Waterston RH et al. (2002) Initial sequencing and 
comparative analysis of the mouse genome. Nature 
420: 520–562

26 Stoneking M (2001) Single nucleotide polymorphisms: 
from the evolutionary past. Nature 409: 821–822

27 The International HapMap Project 
[http://www.hapmap.org]

28 Agema WR et al. (2002) A meta-analysis of the 
angiotensin-converting enzyme gene polymorphism 
and restenosis after percutaneous transluminal 
coronary revascularization: evidence for publication 
bias. Am Heart J 144: 760–768

29 Amant C et al. (1997) D allele of the angiotensin 
I-converting enzyme is a major risk factor for 
restenosis after coronary stenting. Circulation 
96: 56–60

30 Rakugi H et al. (1994) Induction of angiotensin 
converting enzyme in the neointima after vascular 
injury. Possible role in restenosis. J Clin Invest 93: 
339–346

31 Wijpkema JS et al. (2006) Restenosis after 
percutaneous coronary intervention is associated 
with the angiotensin-II type-1 receptor 1166A/C 
polymorphism but not with polymorphisms of 
angiotensin-converting enzyme, angiotensin-II 
receptor, angiotensinogen or heme oxygenase-1. 
Pharmacogenet Genomics 16: 331–337

32 Koch W et al. (2006) Association of transforming 
growth factor-β1 gene polymorphisms with 
myocardial infarction in patients with angiographically 
proven coronary heart disease. Arterioscler Thromb 
Vasc Biol 26: 1114–1119

ncpcardio_2006_062.indd   141ncpcardio_2006_062.indd   141 8/2/07   12:39:22 pm8/2/07   12:39:22 pm





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e005000470020005000520049004e005400200050004400460020004a006f00620020004f007000740069006f006e0073002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003300200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice


