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Medical progress has allowed us to un-
derstand a vast number of diseases that can
be diagnosed on the basis of mutations in
one gene causing mutations in one protein
that result in a single disease. However, a
majority of diseases are not inherited in a
simple one-gene Mendelian pattern. We
have now advanced to where one must an-
alyze multiple genes and combine this in-
formation for diagnosis and therapy for dis-
eases involving multiple genetic contribu-
tions. Microarray-based genetic analysis
affords us the potential to apply such infor-
mation to study a patient’s disease suscep-
tibility. A prime target for such analysis is
cardiovascular disease. This brief report
will provide an overview of what microar-
ray-based technology can readily offer us
in the year 2001. Specifically, we will ad-
dress the following issues: 1) human se-
quence variation; 2) use of microarrays in
detection of sequence variation; 3) se-
quence variation in genes involved in
thrombotic disorders.

Human sequence variation 

The human genome consists of 3 billion
nucleotides, and differences in a single nu-
cleotide (single nucleotide polymorphism-
SNP) occur approximately once every 1000
nucleotides1. These SNPs serve as useful
markers for identifying mutations causing
specific diseases. However, SNPs are more
frequently used as markers linked to the risk

of developing a specific disease, but not
themselves contributing to a disease causing
genetic change. Eventually, it will be possi-
ble to screen people to discover their unique
disease susceptibilities2. Therefore, each
SNP can act as a landmark allowing us to
pinpoint a region of interest for investigating
whether a given region is associated with a
specific disease. DNA microarrays, also
called DNA chips, have become powerful
tools in navigating through these DNA land-
marks in both clinical genetics and biomed-
ical research3. They can also be used in a wi-
de variety of applications including monitor-
ing gene expression, diagnosing genetic mu-
tation and analyzing loss of heterozygosity.
Microchip devices provide a relatively sim-
ple means of performing tens to hundreds of
thousands of analytical reactions using a rel-
atively small test instrument. Researchers
using these devices in genomic studies are
assigning function to the estimated 35 000
or so human genes. In addition, data from
the microarray technology is being used to
expand our knowledge and understanding of
genomic DNA sequence variation4.

Use of microarrays in the detection
of sequence variation

A variety of DNA chips capable of dis-
tinguishing single base variations has been
designed and several platforms are now
commercially available. The two common
denominators in SNP chip-based technolo-
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gy are the hybridization of labeled targets and poly-
merase extension of arrayed oligoprobes. More specifi-
cally, DNA chips contain surface-bound probes that are
used in hybridization reactions in a highly parallel fash-
ion. The different methods for producing arrays com-
prise two broad categories: 1) deposition of pre-synthe-
sized probes (antibodies, oligonucleotides, cDNAs,
polymerase chain reaction-PCR products), and 2) in situ
synthesis of peptide and oligonucleotide probes at indi-
vidual locations on the array. Alternative protocols have
also been described that overcome ambiguities in distin-
guishing homozygotes from heterozygotes5. It is antici-
pated that a catalog characterizing human sequence vari-
ations associated with variable phenotypes will be one of
the most valuable resources of the human genome pro-
ject. However, it is of utmost importance to design DNA
microarrays that are easily customizable so that target
samples can be analyzed at multiple loci to meet today’s
demands of genetic analyses of unprecedented volumes
and diversity. In addition, it is critical that the chips be
easy to manufacture and economically advantageous
compared to current established technology. When com-
pared to current laboratory methods, DNA microarray
technology already demonstrates advantages for reduc-
tion in cost, analysis time and reagent consumption. 

An example of SNP/mutation detection employing
an electronic dot-blot like assay is shown in figure 1.
Briefly, DNA is isolated from peripheral blood leuko-
cytes. Following PCR amplification with a forward and
a biotinylated reverse primer, PCR products of a region
encompassing 3 single-base changes corresponding to
positions -654 (C/T), -641 (A/G) and -476 (A/T) in the
promoter region of the protein C gene are analyzed us-
ing the NanoChipTM platform (Nanogen Inc., San
Diego, CA, USA). The system includes a chip reader
(array processor and scanner) and chip loader, and is
based on electronic dot-blot assays which are per-
formed on silicon-based chips manufactured on oxi-
dized silicon wafers using standard microfabrication
technology. Each chip holds 100 microelectrodes
arranged in a 10 � 10 array, and a thin hydrogel per-
meation layer containing streptavidin allows binding of
the biotinylated PCR product strand6. Stabilizers and
either Cy5- or Cy3-tagged oligonucleotide reporters for
each locus are hybridized and the chip is then washed
and imaged. As shown in figure 1, fluorescence signal
ratios of reporter A to B clearly allows the discrimina-
tion between homozygote and heterozygote samples
for the three SNPs in the promoter region of the protein
C gene.
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Figure 1. Detection of three single nucleotide polymorphisms (SNPs) in the promoter region of the protein C gene. Panel A shows the Nanogen Research
System and a NanoChipTM (Nanogen Inc., San Diego, CA, USA). Panels B, C and D show results of 5 samples (labeled 264, 275, 282, 337, and 299) run
in duplicate (2 pads) using the NanoChipTM platform. A and B alleles are shown in green and red channels, respectively. On the left is shown an elec-
tronic image of the array. Results are represented either by bar graphs or numerically in tabular formats. The table includes fluorescent intensity of red
and green channels, the ratio of intensities, and the allele assignment (as indicated by the column entitled Probe Designation).



Sequence variation in genes involved
in thrombotic disorders

Arterial and venous thrombotic diseases have long
been recognized as the major cause of morbidity and
mortality in the western world. However, only recently
has vascular disease been characterized at a genetic lev-
el. The genetic basis of vascular disease exhibits com-
plexity with variable penetrance and strong environ-
mental influence. Vascular disease is clearly not simply
the result of a single Mendelian-inherited gene. Until
recently, the capability of routinely performing numer-
ous genetic analyses was too cumbersome for general
screening purposes. However, with the capabilities of
microarrays, a parallel high-throughput approach is
now feasible for combining information currently ac-
quired from serially performed genetic tests. Such an
approach could be used for evaluating the risk of
thromboembolic disease in high-risk families, in pa-
tients who have already experienced a thromboembolic
complication, in women being placed on medication
containing estrogens, and ultimately for general popu-
lation screening similar to what is currently done for
monitoring cholesterol levels.

Although severe inherited hypercoagulability is
most commonly due to a deficiency of one of the anti-
coagulant proteins such as protein C, protein S or an-
tithrombin III, it is becoming increasingly clear that ad-
ditional genetic mutations and polymorphisms lead to
an increased risk of arterial and/or venous thrombotic
phenomena. Many hypercoagulability-related genetic
variations have been described in the past 6 years in-
cluding polymorphisms/mutations in the genes encod-
ing prothrombin, factor V, factor VII, platelet glycopro-
tein IIIa and methylenetetrahydrofolate reductase7-11.

A clear example of a genetic risk factor is a muta-
tion at nucleotide 1691 encoding amino acid 506 in the
heavy chain of factor V (factor V Leiden)7. This muta-
tion occurs in up to 15% of individuals in selected
northern European populations but in less than 1% of
individuals in most African and Asian populations. It
would be particularly attractive to screen for multiple
polymorphisms/mutations, which, in combination, en-
hance the pathogenicity of common mutations such as
factor V Leiden. Additionally, as we become more
aware of the interplay between genes and environment,
screening may help direct specific advice and therapy
to high-risk individuals whose risk of thrombotic dis-
ease may be selectively enhanced by stimulating fac-
tors such as surgery, the peri-partum period, smoking,
oral contraceptive pills and diet. As the population
ages, thrombosis due to numerous polymorphisms and
environmental stimuli becomes a rapidly increasing
problem as advanced age results in increased disruption
of the smooth antithrombotic vascular endothelial sur-
face.

It is crucial in analyzing polymorphisms specific to
a given ethnicity to have an appropriate population con-

trol. A genetic screen could include genetic tests for
genes that are definitively associated with hypercoagu-
lability and atherosclerotic disease, those which have
been proposed to be associated, and those which are
highly controversial. In addition, two main strategies
could be planned: 1) a case-finding strategy in which
persons are screened who are at increased risk of pre-
mature arterial or venous thrombotic disease on the ba-
sis of personal or family history, and 2) a population-
based strategy where people are screened irrespective
of symptomatology, similar to the current screening for
cholesterol levels. Because the presence of high-risk
DNA polymorphisms is common, the benefit of screen-
ing using a population-based strategy will be great, es-
pecially once appropriate therapeutic guidelines have
been established for the various risks. Below we in-
clude a list of potential genetic targets for evaluating
cardiovascular risk in the arterial and venous circula-
tion.

Relevant genes within the arterial system 

Fibrinogen. Fibrinogen, the molecule whose hydroly-
sis generates a fibrin clot, is a dimeric protein com-
posed of three polypeptide chains (�, � and �) which
are encoded in tandem for three genes on the long arm
of chromosome 4. Increased levels of fibrinogen have
been associated with coronary artery disease and ve-
nous disease. A common variation of a single-base pair
polymorphism in the promoter region of the � fibrino-
gen gene at position -455 has been shown to influence
fibrinogen levels12,13.

Factor VII. Increased levels of factor VII, which com-
bines with the membrane protein, tissue factor, to initi-
ate clotting, have been associated with an increased in-
cidence of coronary artery disease. Two common vari-
ations, a single-base pair polymorphism in the coding
region of factor VII at position 10976 in amino acid 353
(Arg to Glu), and the presence of a decanucleotide in-
sert CCTATACTTC at -323 in the promoter have been
associated with decreased levels of factor VII. Three
other polymorphisms at -402, -401 and -122 have also
been described in addition to a 37 nucleotide variable
number of tandem repeats within intron 79,14.

PlA1 and PlA2. PlA is an allele of the platelet glyco-
protein IIIa, a platelet integral membrane protein of the
integrin family that binds to fibrinogen. Although high-
ly controversial, some studies have shown that the pres-
ence of a single-base change correlates with the pres-
ence of coronary artery disease. Persons positive for
PlA1 have a leucine at position 33 of the mature glyco-
protein IIIa. Persons positive for PlA2 have a proline at
this position, which is the result of a substitution of cy-
tosine for thymidine at position 1565 in exon 2 of the
glycoprotein IIIa gene. A test for this polymorphism
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could potentially be useful in directing therapy as nu-
merous gpIIb/IIIa inhibitor pharmaceuticals are cur-
rently being evaluated. Also, the test could be useful in
blood banking where it is sometimes necessary to test
for the PlA1/PlA2 phenotypes in mothers with throm-
bocytopenic newborns (for neonatal alloimmune
thrombocytopenia), and in patients refractory to
platelet transfusions (anti-PlA1 antibodies due to previ-
ous exposure)10.

5,10-methylenetetrahydrofolate reductase. 5,10-methyl-
enetetrahydrofolate reductase is an enzyme leading to
the degradation of homocysteine, a molecule shown to
greatly influence the presence of coronary artery dis-
ease. A common single-base change corresponding to
position 677 (Ala to Val) in the coding region causes
heat lability of 5,10-methylenetetrahydrofolate reduc-
tase and may be associated with increased incidence of
venous thromboembolic disease11,15.

Apolipoprotein E. The apoE4 allele of apoE is associ-
ated with an increased risk of cardiovascular disease.
Molecular biological tests to identify the presence of
two polymorphisms in codons 112 and 158 aid in es-
tablishing the apoE genotype13,16,17.

Relevant genes within the venous system

Factor V Leiden. Factor V is a procoagulant protein
essential for blood clot formation. A common mutation
at bp 1691 in exon 10 leading to a mutation in amino
acid 506 in factor V, one of the sights at which factor V
is normally degraded by activated protein C and protein
S, causes resistance to activated anticoagulant protein
C, and is highly correlated with an increased risk of
thrombotic disease7.

Prothrombin 3’ untranslated region. Thrombin, the
activated form of the precursor prothrombin, is a vita-
min K-dependent procoagulant enzyme responsible for
catalyzing the formation of a fibrin clot. A single-base
change (G to A) at position 20210 present in the 3’-un-
translated region of prothrombin is associated with pro-
thrombin plasma levels and increased incidence of both
venous and arterial disease. Its presence is highly asso-
ciated with the presence of factor V Leiden in some re-
ports of patients with venous thrombotic disease8.

Protein C promoter polymorphisms. Protein C is a
vitamin K-dependent anticoagulant protein that cat-
alyzes breakdown of the procoagulant factors Va and
VIIIa. Three single-base pair polymorphisms in the
promoter region at -654 (C to T), -641 (A to G) and
-476 (A to T) of the protein C gene are associated with
plasma protein C levels which have been shown to in-
fluence incidence of venous thrombotic disease. Al-
though 27 genotypes of these 3 SNPs are theoretically

possible, only 9 have been biologically observed, 5 of
which occurred in > 95% of individuals18.

Plasminogen activator inhibitor-1 promoter poly-
morphism. The plasminogen activator inhibitor-1
(PAI-1) gene influences the rate of clot lysis and thus
plays a role in the development of thrombotic disease,
particularly related to triglyceride levels and diabetes.
A common single-base insertion in the promoter region
of the PAI-1 gene is associated with a decrease in plas-
ma PAI-1 levels19.

Lipoprotein(a). Lipoprotein(a) acts as an anti-fibri-
nolytic factor by inhibiting clot lysis. Three single-base
pair polymorphisms in the 5’-flanking region of the
apo(a) gene at -771, +93, and +121 are associated with
lipoprotein(a) plasma levels, high levels of which are a
risk factor for thromboembolic disease20.

Thrombomodulin. Thrombomodulin, an integral
membrane protein normally expressed on the lumenal
surface of the endothelium, transforms thrombin from
a procoagulant to an anticoagulant protein. Two poly-
morphisms in the promoter region may constitute a risk
factor for coronary artery disease21.

In conclusion, the microarray age has brought
with it a tremendous capacity for high-throughput,
parallel genetic analysis of numerous genomic se-
quence that will enable us to not only diagnose current
disease but to predict risk of future disease. However,
in so doing we must develop intelligent schemes for
applying the new technology in an appropriate med-
ical scenario.
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