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The pathogenesis of arterial thrombotic disease involves multiple  of both genetic susceptibility markers and intermediate hemosmic# t potn
genetic and environmental factors related to atherosclerosis and throm-  notypes with-arterial thrombotic discase. We then review the evideg? volved
bosis. Acute thrombosis at the site of a ruptured, lipid-rich atheroscle-  pertaining to the role of specific genetic markers and hemostatic phegs: with th:
rotic plaque is the usual precipitating event in the transition from stable  types in arterial thrombosis. gene I
or subclinical atherosclerotic disease to acute myocardial infarction ton fra
(MI), stroke, or peripheral arterial occlusion (1). Pathologic studies of  general Issues Related to Study Design and mutatio
coronary arteries in acute MI suggest that the acute thrombosis likely  |nferpretation of Results able to
involves activation of both platelets and the coagulation system, - 1o the |
Following atherosclerotic plaque rupture, platelets initially adhere to Case-control und cross-sectional studies assess the relationshiy .3 mbute »
exposed subendothelial von Willebrand factor (vWF) and coflagen  between phenotypic markers (c.g., plasmta coagulation factor. jew
through the glycoprotein Ib/IX receptor complex and the glycoprotein ~ and the occurrence of arterial thrombotic discase. Howeves, ) CoagL

Ta/lla receptor complex, respectively. The attachment of platelets to the  studies cannot establish a temporal order, and therefore canaot ex
vascular subendothelium (platelet adhesion) induces a series of intra-  the possibility that a hemostatic phenotype is a-consequencs Y 8 Fibrino:
cellular signaling events that result in platelet activation. The binding of ~ disorder (e.g., duc to accompanying tissue injury or inflammion§ S i

fibrinogen and vyWF to the conformationally active form of the glyco- ~ Even in prospective cohort studies, the observed associaﬁohiﬂ Plasn
protein 1Ib/Tlla receptor results in platelet cohesion or aggregation, and  confounded by subclinical atherosclerosis. which may- contribe wsociate
further propagation of the platelet thrombus. Plaque rupture also results ~ both the hemostatic phenotvpes as well as the clinical ammh siudies o
in exposure of subendothelial tissue factor, which initiates the coagula-  addition, plasma levels of hemostatic fuctors are someltimes cof ” shero-th
tion cascade, and leads to the generation of thrombin and formation of ~ with each other and-also are influenced by other cardiovascolst Bl 8 = the hi:
a fibrin clot. While arterial thrombi traditionally are considered to be  factors (e. g., obesity, hyperlipidemia, smoking), that may fusther o S e lowe
composed predominantly of platelets, accumulating evidence suggests found an apparent relationship between the hemostatic marku-iﬂ B dcase
that certain arterial thrombotic disorders (e. g., transmural or “Q-wave”  of disease. For thesc reasons, the most convincing evidence of & ¢ . twn, play
MI) are associated with greater activation of the coagulation system, relationship between a hemostatic phenotype and the occureence S8 and umoo
which results in occlusive thrombi that are relatively rich in fibrin (2)...  arterial thrombotic discase is inferred from clinical trials that M f wute ph;
Prevention of arterial thromboic ‘diseases, such as myocardial in-  strate that altering the phenotype (. g.. lowering plasma levels ol - Creaciv,
farction and ischemic stroke, has focused on identification and mod-  hemostatic factor) reduces disease. ;| b tha
ification of traditional cardiovascular risk factors, such as smoking, Another means of circumventing some of the spuriousem ¥ wbuie (o
hyperlipidemia, hypertension, and obesity, that are related: to athero-  that can result from the use of intermediate hemostatic phenotypes ® S X< high!
sclerosis. However, approximately 30% of MI occur in individuals  to analyze genetic variants that are known to be related to e, smok
without traditional cardiovascular risk factors (3). Since antithrombotic ~ variation. The advantage of studying genetic variants is that they g ssessey
agents such as aspirin have been shown to be beneficial in primary and ~ “fixed at birth”, and therefore clearly precede disease onset s WA CRNE. %t s
secondary prevention of arterial thrombosis (4), attention has shifted in  confounded by other behaviorat and environmental cardio E Atecent )
recent years to the characterization and evaluation of novel phenotypic ~ factors or subclinical atherosclerosis. However, molm_'. . . Humap
markers of cardiovascular disease, involving lipoprotein metabolism,  ologic studies evaluating potential genetic susceptibility markers I "- baag Y.
the coagulation and fibrinolytic systems, and inflammation (5, 6). In  their own set of limitations. and different studies evaluating ¢ ' ®io,
addition, the identification of molecular variants within the genes en-  genetic marker often yicld conflicting results. Comparison 06 KEUE Sy W sever,
coding proteins involved in the pathogenesis of thrombosis has led to  among studies is hampered by differences in study designl!‘ - . Aviduy|
their evaluation as genetic gusceptibility markers in epidemiologic teristics of case patients and control subjects, variation of e 3 :’:dwith

studies of arterial thrombotic disease. In this review, we briefly discuss ~ quencies among different populations, as well as the coa

some general issues related to the studies that examine the associations — heterogeneity of the clinical endpoints of coronary heart

and peripheral ancrial occlusion. These complex disolﬂﬂ_’_

) volve the effects of multiple genes interacting with the -
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otic disease may only be demonstrable within a certain sub-
:'AQ:a result, large sample sizes may be required to demon-
jstically stable estimatc of effect. particularly for alleles or
subgroups that arc uncommon within the population. «

Mﬁ not subject to confounding by other behavioral and envi-
risk factors, population siudies of genctic variants are subject
ing by ethnicity, i.¢.. population admixture or “population
p". Thus, a spurious association may arise if the frequency
pﬁc.mmker and the frequency of arterial thrombotic disease
iy according to genetic ancestry. This is most likely to be the
ahpically heterogencous populations, and can be accounted for
fic analyses that asscss genctic linkage as well as association.
mssible reason for & positive association in some studies but
sothers is that the genctic marker of interest is not directly in-
disease susceptibility, but rather is in linkage disequilibrium
e actual causative mutation located in the same gene or another
g wearby. Depending on the population history and the recombina-
i fraction, the genctic marker may be associated with the causative
on in some populations but not in others. Therefore, it is prefer-

1

fanctional consequences of the mnolecular defect and that con-

tertile have ~2-fold increased risk compared to those in
fertile. . Fibrinogen may contributc 1o arterial thrombotic
. number of mechanisms. including increased fibrin forma-
a-viscosity, platelet ageregation, and vascular endothelial
muscle proliferation (7). On the other hand, fibrinogen is an
reactant, and the association of clevated fibrinogen and
Btive protein levels with risk of arterial thrombotic disease sug-
t the inflammation that accompanics atherosclerosis may con-
toincreased fibrinogen levels (103, Plasma (ibrinogen levels are
ly correlated with other cardiovascular risk factors, such as
oking, diabetes, and estrogens (7. 11). Bezafibrawe, an agent that

both.fibrinogen-lowering and lipid-modilying properties, was

ctated with an overall reduction of anterial thrombotic events in
Bt clinical trial of patients with coronary heart discase (12).-
fibrinogen is composed of 3 pairs of poly peptide chains, a,
enceded by 3 separate genes clustered on chromosome 4q.
¢ syathesis of the fibrinogen @-chain s raic-limiting (13),
B~chain polymorphisms have been associated with inter-
ariation in plasma fibrinogen levels. The - 435 G/A substi-
the promoter region of the (thrinogen $-chain has been
st extensively. The —455A allele is present in about 20% of
ation, who have ~10% higher [ibrinogen levels compared to
th the GG genotype (14). The relationship between the ~455
fibrinogen variant and risk of arterial thrombotic disease is
ial. with some case-control studies observing an association
yand other farge studies finding no association (18, 19). These
tent findings cast doubt on a direet cause-and-cflect relation-
ieen fibrinogen levels and anterinl thrombotic disorders.

assess genetic markers that are well-characterized with respect

Factor VII

Factor VII is a vitamin-K dependent coagulation protein, which
upon activation, binds to tissue factor present in damaged vascular sub-
endothelium and initiates coagulation. In the Northwick Park Heart
Study, a prospective study of over 1,300 middle-aged men, plasma

. factor VII activity levels were associated with fatal, but not non-fatal,

ischemic heart disease (20). However, sevéral subsequent prospective
studies have failed to confirm the association between factor VII levels
and risk of coronary heart disease (21-23). Factor VII is also unrelated
to risk of venous thrombotic disease (24). Plasma factor VII levels are
determined by multiple environmental factors, including age, gender,
body mass index, dietary fat, and triglyceride level (25). In addition,
several intragenic factor VII polymorphisms which influence plasma
factor VII levels have been described. These include an Arg353Gln
substitution that is associated with decreased factor VII secretion
in vitro and lower factor VII levels (26). An Italian case-control study
of you\rig\adults with familial MI observed an inverse association with
homozygosity of the factor VII GIn353 allele (OR = 0.08, 95% CI =
0.01-0.9) (27). In contrast, several other case-control studies involving
either young men (28) or a broader age range (29-31) found no associ-
ation between the Arg353Gln polymorphism and risk of MI or stroke.
Thus; the evidence to date does not support factor VII at either the
phenotypic or genotypic level as an important risk factor for arterial
thrombotic disease.

Factor VIIf ‘and von Willebrand Factor

Increased plasma levels of factor VIII activity, von Willebrand fac-
tor (vWF) antigen, and vWF activity have been associated with incident
fatal and non-fatal arterial thrombotic events in prospective studies
involving healthy middle-aged (22, 23, 32, 33) and elderly (34) popula-
tions. In some studies, the associations were independent of other
cardiovascular risk factors. In most prospective studies of patients
with underlying atherosclerotic disease, vVWF levels have been indepen-
dently associated with risk of acute thrombotic events (10, 35, 36).
Factor VIII and vWF circulate as a complex, and plasma levels of these
two factors are highly correlated with each other. Thus, elevated fac-
tor VIII/VWF levels may be either a marker of atherosclerosis (i.e.,
endothelial dysfunction and vascular injury) or contribute directly to
fibrin formation (factor VIII) or shear-induced platelet adhesion and
aggregation (vWF). The demonstration that congenital factor VIII defi-
ciency is associated with decreased mortality from ischemic heart dis-
ease (37, 38), as well as the association of elevated factor VIII levels
with venous thrombotic disease (39), support the hypothesis of a direct
effect of factor VIII concentration on the occurrence of thrombotic
events. Factor VIII levels are also influenced by ABO blood group, and
individuals with blood group non-O have both higher factor VIII levels
and higher incidence of coronary heart disease compared to individuals
with blood group O (32, 40). Further evaluation of factor VIII and
cardiovascular risk awaits elucidation of other genetic determinaats of
increased factor VIII levels (41). '

Factor X111

Factor XIII is a transglutaminase that forms covalent bonds between
adjacent fibrin monomers, and thus stabilizes a fibrin clot. Factor XIII
circulates as a zymogen composed of 2 catalytic A subunits and 2 car-
rier B subunits. Thrombin cleavage of a 37-amino-acid N-terminal
peptide results in activation of the catalytic subunit. A Val34Leu poly-
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morphism of the catalstic subunit is Tecated 3 amme acid residues from
the thrombin cleavage site. and the less common Feud b allele has been
associated witl increased plasima factor XHI activiey fevels (12, 13,
Paradoxically. several recent studies suggest that the “high activity”
Leu34 allele may be associated with a decreased risk of MIidd, 45,
ischemic anerial stroke (461 and venous thrombotic discase (471, as
well as an increased risk of hemorrhagic stroke ¢4y, The mechanism
for the apparent antithrombotic effect of the factor XIHF Vall.eudd
substitution may involve an increased rate of conversion of facior X1
to activated lactor XH1 by thrombin that results in an aliered cross-
linked fibrin clot siructure (491,

Levels of other Coagulation Factors

Recently. clevated levels of factor V. but not factor X or prothrom-
bin, were associated with oceurrence of M1 after adjusting for other risk
factors (5(h. Because of the retrospective nature of this study, one can
not distinguish whether increased factor V activity is a cause rather than
a consequence of ML To our knowledge. the associations o fevels of
coagulation Tactors X1 X, and IX. V. and prothrombin with arterial
thrombotic discase have not heen asseased in prospective studies.

Inherited Thrombophilic Disorders
Protein C. Protein S. Antithrombin Deficiency

It is well-established that congenital deficiencies of protein C. pro-
tein S, and antithrombin are associated with an increased risk of venous
thrombotic discase. Whether congenital defieiencies of these naturally-
occurring coagulaion inhibitors are associaled with increased risk of
arterial thrombotic discase is less clear 131,523, In a pooled analysis
of & small series of arterial cerebral infarction in predominantly young
patients {n = 31 1). deficiencies of protein S. protein C. and antithrom-
bin were noted in 11.9%. 2.24% and 2.2 of cases. respectively (53,
However. in many .ol these studies. interpretation of results is limited
due to small numbers of subjects. lack of controls, lack of follow-up or
family studics W document inherited vs. acquired deliciency. and pop-
ulation admixtare. More recent studies of unselected voung adults with
acute cerebral ischemia suggest thar acute. transient or acquired deli-
ciencies ol the nawrallv-oceurring anticoagulants are not uncommon.
but that true congenital deficiencies are rare (54-36). Several recent
pediatric series suggest that protein C or protein S deficiency may be
present in as many as 3-157 of children with ischemic stroke (57-591.
However. in some cases true congenital deficiency has not been clearly
documented. and other pediatric studies have not conlirmed these asso-
ciations (6. 61). Taken together. the evidence suggests that deficien-
cies of natural anticoagulants are likely 10 be associated with arterial
thrombotic discase, particularly in very voung individuals with acute
cerebral ischemia. However, since the prevalences of these deficiencies
are low even among voung patients. they account for a small proportion
of cases.

Activated Protein C Resistance and Fuctor V Leiden

Resistance to the anticoagulant efect of activated protein C is most
commonly due to a nucleotide G1691A mutation in the gene encoding
factor V that results in an Arg506Gin mutation tfactor V Leiden). This
mutation occurs at the initial activated protein C cleavage site within
the factor Va heavy chain and results in a prothrombotic state because

ol o reduced rate of factor Vo iactivation. Factor V Leiden is the mog

roii
common genetic factor associated with rish of venous lhromboembu& :
disease, and is found in approximately 3- 55 of the C auca»mnpopd’, Pr
tion 162, 63). F ilic.
A relationship betwieen factor V Leiden and arterial thrombotip g F qucle
case was lirst suggested by Holm et al. (64). who reported two gene
women tages 33 and 34 vears) with M and homozygosity for factee) was i
Gln306. However. most subsequent studies have failed to showyg diseas
association hetween fuctor V J.eiden and coronary discase or el its pre
MI (63-71), even among patients who developed acute coros: As
dromes al a young age (72-74). In contrast, Roserdaal et al, (T8) : G2
ed a higher risk of non-fatal M1 among young female carriers a{ky_ sial I
tor V Leiden (OR 24, 95¢% C1 1.0-5.9) that was particularly:k the pr.
among smokers (32-fold increased risk compared to nonshy arter «
women without the factor V mutation). In a large. casc—conlrolmﬂ}-!} muli;li!
middic-aged-to-elderly Dutch men, Doggen et ai. (76) also fepoii a2 tical pe
increased risk of MT associated with heterozy gosity for factor V. iy by the
(OR 1.1:95% CHO.8 2.2) that was most pronounced in men Wllhﬂ I,Zm_ I
cardiov ascutar risk factors. & studic
While factor V Leiden is not a risk factor for ischemic stmhg were ¢
middlc-aeed w clderly patients. (66, 68. 71, 77), some studiss. 2080C14
vounger aduldts €< 45-30 vears) indicate a higher prevalence of ficiie beoader
Leiden in stroke cases than controls (36), but most show no associste’ eporte
{(78-8(h. In an Halian study (56). the risk of stroke associated wid the age
(actor ¥ Leiden mutation was stronger in women than men, mifdly
smaller North American study of exclusively young womesfg 6 fold
association (80). In children. recent data suggests that factog; smoking
may account for approximately 207 of cases of -ischemb of 78 w(
{58-60. &1). 4-fold i
The relationship between factor V Leiden and pcnphdﬂe ws gre;
occlusive disease has been examined in three case-control nsk fact
two studies, the frequency of factor V Leiden camershlp The r
among cascs. w hichis higher than the population prevalené thrombir
In contrast. a larger Austrian study of 336 patients. with ML9T) g
arterial occlusion and 300 controfs observed a similar freqben 1 Case-(
factor V Leiden mutation between cases (85 ) and controls (3 - old) with
Taken together. the cumulative results of studies examin_ing' sascular
tionship of factor V Leiden and incident arterial thrombotie S cntrol o
suggest that factor V Leiden is not a major cardiovasculas risk$ w35 a8sx
“hut may assume increased importance in ceriain patlenlm #nerial
panticularly children with arterial stroke and young women wit ol 388 ton (6],
cardiovascular risk factors. Alternatively. the positive findings -9 2ruthror|
only a few of the published studies suggests the possibility of e B elderhy
positive association due to population admixture. Addllwﬂﬂ_ﬂ Taken
tion studies involving larger numbers of subjects and fa E Sombiy
studies that assess genetic linkage will be n.qmrcd fo M“ sexsed
iSsues. . |Wortanc:
There is some evidence that activated protein Cresmw | Xte cerof
ence the risk of arterial thrombotic discase even in the M.,
factor V Leiden mutation (85, 86). In a cross-sectional sudy .
men and women. carotid and femoral artery atherosclerosis 1 'ﬁhlen

prevalent athero-thrombotic disease were associated with &
response 10 APC (86). In this study. less than 50% oflhe

, i E.“"ﬂprm(,
APC resistance were carriers of the factor V Leiden mutaf )

ing that other genctic and environmental factors may- Glympr.
APC resistance phenotype as well as to the risk of L ﬁbﬂnol_
discase (86. 87). However. the evaluation of a phenomlc o ¥ ligang.
context of a cross-sectional study raises the issue of “Mns P,

%20“

resistance is a consequence rather than a cause of the o
thrombosis. :




in fibrin formation and thrombosis. A G to A trangition in

i 20210 within the 3° untranslaied region of the prothrombin
g socigted with elevated circulating prothrombin levels, and

lfidelitiﬁed as & risk factor for venous thromboembolic
J.. This mutation is present in about 2% ol Caucasians. but

aty alence increases from Northern to Southern Europe (89).

9 with factor V Leiden, the relationship between the prothrombin
"pont- {0k mutation and risk of arterial thrombotic diseasc is conlrover-
ffa imost of the published studics. there was no association between

high eace of the 20210A allele and risk of acute ML or coronary
sking disense (90-94). While these results suggest that the prothrombin
dvddf oa is not a major risk factor for coronary heart disease. the statis-
od an : of many of these studics to deteet an association is limited
ciden ﬁ'x{aﬂ'vdy low frequency of the mutation in the general popula-
ather < a pooled analysis of 1.115 paticnts and 1.888 conirols from

Faliadics, Franco et al. noted a significant association in the studics that
ke in orfined 1o patients with MI (OR = 2.5: 95% CT 1.5 -4.3). but no

¢s i ott in the pooled analysis of studies that included cases with a

tor ¥ range of athero-thrombotic discase (93). In the largest single
ation dase-control studv of paticnts with M1 (560 patients under

ugha 450%) increased risk of M1 that increased substantially 10
nd no the presence of traditional cardiovascular risk factors such as

hypertension (76). Similarly. in a small case-control studs
45 years old with acute MI, Rosendaal et al. reported a
Sed risk of MI associated with prothrombin 20210A that
nhanced in the presence of smoking or other metabolic

2. In

-20% jority of studies examining the relationship between pro-
83). it G20210A and ischemic arterial siroke in young adults (36.

therad i older subjects (90, 94) have been negative. The exeeption is

Siwith ischemic arterial stroke who did not have waditional cardio-
rele- glar risk factors (OR = 5.1, 95% CI = 1.6-16.3) (78). In a case-
sease  SRaiol study of 148 pediatric paticnts. the prothrombin 20210 alicle
atof, gsociated with a 5-fold increased risk ol spontancous ischemic

oups. § stroke (58), but two smaller pediatric studics found no associa-
other B1). A recent case-control study found no association of the
mong 3 ombin 20210A allele with risk of peripheral arterial occlusion in
false- 8 ly patient population (84).

ocia- 3 together, the results of these studics suggest that the pro-
hased ] bt 20210A mutation may be associated with a modestly in-

these sk of arterial thrombotic discase that mav assume particular

nce in certain subgroups. such as voung womcen with Ml or

influ- 3 sbrovascular events in children.

"SNet Recaplor Polymorphisms
cased - _

oeste ein 11b/11la
w0 ‘u oprotein [1b/1Ha (integrin oy, 3,) is the platelet surface receptor
lbo“’:

hogen. von Willebrand factor (vWF). and several other adhe-
figands. The glvcoprotein [la subunit consists of tho common
ns, PLA (HPA-Lad and PLA (HPA-1b). This dimorphism is due
Tto C nucleotide substitution involving nucheotide 1563 within
2 of the glycoprotein 1Ha gene. and resulis in a Leu33/Pro3d
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substitution that is associated with a conformational change in the
N-terminal disulfide loop of glycoprotein [1a relative to the librinogen
binding site (98). The allele frequency of the PLA- variant ranges from
~10 10 18 percent in Caucasian populations. ~8 in Adtican popula-
tions. and 1$ viratly absent in Asian populations.

In 1996. Weiss et al. reported that the frequeney of carrving at leat
one copy of the PLA- allele was twice as high in 71 hospitalized paticnts
with MI or unstable angina 139.4¢) compared with 68 hospitalized
control subjects (19.19) (OR = 2.8: 95% Cl=1.2 6.4) 199, When the
analysis was restricted to the subgroup of patients under the age of 60
the relanive risk of acote coronary disease associated with the PLY-
allele increased 0 6.2 (95 Cl = L8 -22.4). Since this initial repon.
there have been over 20 additional observational studies that have
examined the relationship between the PLA/PLY polvmorphism of
alyeoprotein Hla and risk of acute or stable coronary artery discase.
While a few of these studies have confirmed the association between
the PLA allele and increased risk of carlv-onset coronans heant discase
(73, 100-102 . the majorits have not. The negaiive suudies include the
Sinmvobhving at teast 300 cases t103-1071. However. comparison ol the
results among studies is complicated by differences i definition of
coronary disease. selection of control subjects, and study design. Thus.
negative results observed in some studies might be expected if the asso-
ciation is confined 10 younger patieats with MI and/or to specific sub
groups. such as women (102). cigareue simokers (731, individuals with
pre-existing coronary atherosclerosis (1015, or individuals with addi-
tional genetic predispositions { 108).

OF the published stndies that have assessed the relationship besween
PLA and ischemic stroke. one (109) observed an association only
in subgroups of patients under ihe age of 50 (OR = 1.08: 93% ('
1.00- 2821 and in non-smokers 1OR = 2.37: 954 CI 1.19 4.74). and
another only in a small subgroup of women (n = [8) who were white
and had an identifiable ctiology (1100 In contrast. 1wo other studics
invoiving a broader age range of both men and women (H 1. 112), and
astucy of male physicians (1063 found no association between the PLY
variant and risk ot ischewic stroke.

The assessment of the relationship between the PELA genetic variant
of glycoprotein Ha and risk of arterial thrombotic discase is also ham-
pered by the lack of a clearly detined effect on platelet function. W hile
some studies have demonstrated that PLA-positive platelets displas in-
creased in vitro platelet reactivity compared 1 PL Y -negative platelets
(HE3 11 others have not (1S, 1163, The association between PLLY-
and an increased thrombotic endencey is also supported by experiments
using stable cell lines overexpressing the PLA and PLY poly morphic
forms of elvcoprotein Hb/Ha (117). as well its a recent autopsy study in
which the presence of the PLA- alfele wats associated with an increased
frequency of acute coronary thrombosis and complicated atherosclerot-
ie plaques in men with fatal M1 (118).

In summary. both the clinical and experimental data assessing the
role of the PL- variant of ghvcoprotein 1la in arterial thrombotic dis-
case have vielded conflicting results. Additional molecular genetic and
functional analvsis of the platelet glveoprotetn Hb/Ia receptor, as well
as sudies involving larger numbers of subjects that allow stratification
by other cardiovascular risk lactors. will be required 10 resolve these
issues.

Glycoprotein la/lla

Glveoprotein To/lla timeerin o ) is the major platelet collagen
receptor. and s responsible for platelet adherence 1o exposed vasenlar
sthendothelium, Several single nucleotide polymorphismis within the
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glycoprotein Ja (a, integrin) subunit of the glycoprotein la/lla receptor
have been described. Two silent single nucleotide polymorphisms.
C807T and G873A are in complete linkage disequilibrium with each
other. as well as with several other single nucleotide polymorphisms
located in the adjoining introns (119. 120). Among normal individuals.
there 1s a 5-10 fold variation in the surface level of glycoprotein lw/lla
that correlates with collagen-induced platelet adhesion and aggregation
in vitro. The nucleotide 807T variant of glycoprotein la is associated
with increased platelet elycoprotein [a/lla receptor levels and in-
creased collagen-induced platelet adhesion compared to the 807C allele
(119-121). The mechanism of the association between the 807T allele
and increased receptor density is unknown. The 807T allele may be
linked to another polymorphism within the glycoprotein la gene in-
volving a regulatory element that controls gene transcription levels or
mRNA stability.

The prothrombotic tendency of the glycoprotein la 807T allele is
supported by four recent case-control studies. In a study of 2,237 con-
secutive German men undergoing coronary angiography, Santoso et al.
{122) reported a higher frequency of the 807T allele in individuals who
had suffered an MI compared to those without MI (OR 1.57; 95% CI
[.14-2.13) that was most pronounced in obese men under the age of
49 (OR 4.92: 95% CI 1.71-14.2). In a smaller case-control study,
Moshfegh et al. reported a 3-fold increased risk of MI in individuals
who carried two copies of the 807T allele compared to individuals who
possessed the CC or CT genotype (OR 3.3; 95% CI 1.23-8.83) (123).
Similarly, the 807T allele was associated with a 2-3 fold increased risk
of ischemic stroke in men under the age of 50 (124) and women under
the age of 45 (125). In contrast to these 4 positive studies, Croft et al.
reported no association between glycoprotein C807T and risk of MI.
either overall (OR 0.88. 95% CI 0.74-1.05). in younger individuals, or
in subgroups defined by other risk factors (126). Corral et al. also re-
ported no association between the 807T allele and risk of either acute
coronary heart disease or ischemic stroke in a middle-aged to elderly
study population (121). Furthermore, it should be noted that the fre-
quency of 807TT homozygotes among the control group of one of the
positive studies (5.6%) was considerably lower than other published
population studies (123). [n summary, preliminary results suggest that
the 807T variant of glycoprotein Ia may be a genetic risk factor for
early-onset arterial thrombotic disease, but further studies involving
larger numbers of subjects, as well as further characterization of the
mechanism responsible for increased receptor levels, are required to
settle this issue.

Ghcoprotein Ib/IX

Glycoprotein Ib/IX receptor is the major platelet receptor for von
Willebrand factor. Two polymorphistos that affect the amino acid se-
quence of the glycoprotein Ib heavy chain (glycoprotein Iba) have been
described. The first, an ACG to ATG substitution at codon 145, results
in a Thr/Met dimorphism that is responsible for the human platelet anti-
gen (HPA)-2 system. The second is a size polymorphism that results
from a variable number of tandem repeats (VNTR) of a [3-amino-acid
sequence (Ser399-Thrd 1 1) that is present in either one (D), two (C),
three (B), or four (A} copies (127). The HPA-2 and VNTR polymor-
phisms are in strong linkage disequilibrium with each other. The
HPA-2 Thri45Met dimorphism results in a protein conformational
change in a region adjacent to the vWF binding region of glycopro-
tein [ba. but an effect on in vitro platelet function or von Willbebrand
factor binding has not been demonstrated (128, 129). The VNTR poly-
morphism involves the macroglycopeptide region of glycoprotein Ibe,
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with the addition of each repeat resulting in an increased distp, .
between the ligand binding region and the platelet surface. While it .
been hypothesized that this distance variation may affect platelet v
ceptibility to shear-induced activation (127), this has yet to be demop.
strated experimentally.

Despite the lack of an associated prothrombotic phenotype, severy
case-control studies have noted a 2-3 fold increased risk of core.
nary heart disease or stroke associated with the Met145 (HPA-2b o
VNTR-B allele. particularly in younger patients (130-132). In contray,
Ardissino et al. did not find an association between the HPA-2 poh-
morphism and premature MI in a case-control study involving pre.
dominantly men (73), Two other studies did not observe an association
between HPA-2 or VNTR genotypes and risk of ischemic stroke g
older patient populations (109, 112).

Other Hemostatic Factors

Fibrinolytic System

The fibrinolytic system consists of the circulating proensime
plasminogen, which is converted to plasmin by the plasminogen activ.
tors. tPA and urokinase. Plasminogen activator inhibitor-1 (PAL-1} 1,
major inhibitor of the fibrinolytic system, and 1s synthesized by .
variety of cell types, including platelets, endothelial cells. and vasculr
smooth muscle cells. Data from several prospective studies indicate &
association between plasma levels of various fibrinolytic markers 11 ¢
tPA antigen, PAI-1 activity and antigen levels, and fibrin degradatioe
products) and risk of arterial thrombotic disease (133-137). The pres
ence of increased levels of PAI-I mRNA in atherosclerotic plague
(138) and the association of elevated plasma PAI-1 levels with wh
clinical atherosclerosis (139) also suggest a role for impaired fibrinoh
sis in the occurrence of athero-thrombotic disease. However, this 1o
is complex: inhibition of fibrinolysis may promote thrombosis, ¢
also may inhibit matrix metalloendopeptidase activation and vascuis
smooth muscle proliferation. which may alter atherosclerotic plagw
stability (140).

The interpretation of cardiovascular epidemiologic studies of it~
olytic markers is complicated by several other factors. Plasma tPA e
gen and PAI-1 activity levels are highly correlated. in part becie ™
tPA antigen assay measures both free tPA and tPA complevsd”
PAI-1. which increases in patients with high PAI-1 levels due v %
layed clearance (141). Measurement and interpretation of plasn e
PAI-1 activity levels are particularly problematic due to diumat ="
tion, spontaneous transformation of PAI-1 to an inactive or e
form at neutral pH, and the potential for release of PAI-1 from phitei:
these necessitate special measures during blood collection and w3
processing (142). PAI-1 is also an acute phase reactant. and Clrt‘ilfel:?»-
levels are influenced by a number of hormones and cytohies (195
creased PAI-1 levels are also correlated with obesity. hy permsuli™=
and hypertriglyceridemia, (i.e., the “insulin resistance \ymlrek
Thus, in most epidemiologic studies, the association betwcen R
tPA levels and risk of arterial thrombotic disease may be conter-
by these other cardiovascular risk factors.

The 4G allele of the 4G/5G polymorphism located within & ;1
moter region of the PAI-1 gene has been associated with I
cytokine-induced gene transcription in vitro (143) due dn'fcrcnu.z;‘f'w‘ﬁ
ing of a transcriptional repressor (144). and increased pla-rs ! “,
levels 1n most studies (140). While several case-control spde ”
demonstrated an increased risk of M or coronary artery dnea £
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PRESLIS 3G altele (144-146), these findings have not been con-
m,:& m ~everal larger studies (147-149). A meta-analysis of nine
. that mcluded 1521 cases and 2,120 controls indicated an over-
2 b inereased risk of Ml associated with the 4G allele (OR 1.23,
- (g 1 14-1.45) (150). However, the increased risk was confined to
o o pyroup of case- -control studies in which both cases and controls
yea: Loken from “high- risk™ populations.

s, g SSfUINC

yomasstemme 18 d sulfur-containing amino acid that is formed as an
gorsadan compound during methionine metabolism. Congenital
+, sectlnurid. 4 rare autosomal recessive metabolic disorder, is asso-
L with very high levels (>100 pmol/L) of fasting plasma total
- eine. and 18 often accompanied by premature thrombotic
g‘;_\: mohing the coronary, cerebral, and peripheral arteries. Mild
soeromecy stefnemia (i.e., >15 wmol/L) is not uncommon in the
~erdd popultion. and is associated with a variety of acquired and
-=en, Lators, Including increasing age, male sex, cigarette smoking,
=5 comumption of nutritional factors (folate, vitamin B, vitamin
5. rend] fuilure. and heterozygous deficiencies of enzymes involved
+ semocysteme metabolism (151, 152). The adverse effects of
seaowkeine include vascular endothelial injury, smooth muscle
»feration. oxidation of low-density lipoprotein cholesterol, and in-
L saton of o prothrombotic vascular endothelial microenvironment
SIS

Since the very high levels of plasma homocysteine that accompany
K segenital homocystinuria are strongly related to risk of arterial throm-
v disease, some degree of association with mildly elevated levels is
2 plausible. There have been a number of case-control and cross-
n .- Fetonal studies that indicate that mild hyperhomocysteinemia is asso-
my - Feedwith an increased risk of coronary heart disease, cerebrovascular
ue e+ Biene, and peripheral vascular disease (153-155). However, it should
zaoted that homocysteine levels may increase following acute arte-
bl thrombosis (156, 157), which complicates the interpretation of
< ey in which levels are measured retrospectively. Prospective
whes asessing the risk of arterial thrombotic disease associated with
eated homocysteine Jevels have yielded mixed results with most
bdes showing a weak or no association (154. 155). The strongest
: wuations have tended to occur in studies involving subjects with
- Jrewsting cardiovascular disease. This raises the issue of whether the
Foted homocysteine levels are a consequence rather than a cause of
Filinical atherosclerosis.
; §Mld hyperhomocysteinemia has been associated with a thermola-
" Fevariant of MTHFR that is due to a C to T transition at nucleotide
. § Homozygosity for the C677T MTHFR variant is present in 5% to
£t of Caucasians. A recent meta-analysis of 23 case-control studies
¢ Jading over 12,000 subjects concluded that homozygosity for the
“Frwolabile MTHFR variant is not associated with risk of cardiovas-

v disease. However. based on the association of MTHFR and
ysteine levels, the predicted relative risk of the thermolabile

arisk of this magnitude. Ongoing randomized clinical trials of
and B vitamin supplementation to reduce plasma homocysteine
b should provide more definitive answers to the public health
bons surrounding homocysteine and risk of athero-thrombotic

Lipoprotein (a)

Lp(a) is a complex serum lipoprotein composed of an LDL particle
linked by its surface apolipoprotein (apo) B-100 via a disulfide bond to
a unique and highly polymorphic glycoprotein. apo(a) (159). Apo(a)
shares extensive structural homology with plasminogen, and consists of
a non-functional serine protease domain, a variable number of multiple
repeats of kringle 1V, and a single copy of kiingle V. The variable
number of kringle [V repeats is due to varying number of copies within
the apo(a) gene. and results in at least 35 different molecular weight
isoforms.

Plasma Lp(a) levels are largely genetically determined (160). and
vary inversely with apo{a) isoform size. Levels increase in patients with
renal disease, and are lower i white populations compared to African
Americans (161). In contrast to plasma LDL levels. Lp(a) fevels are
unaffected by diet. physical activity, and most lipid-lowering agents.
On the other hand, estrogen replacement therapy and high-dose niacin
can lower plasma Lp(a) levels.

Experimental evidence suggests that Lp(a) may contribute to the
occurrence of arterial thrombotic disease through effects on both
atherosclerosis and thrombosis (159). Oxidized Lp(a) can be internal-
ized by macrophages and contribute to delivery of cholesterol to sites
of vessel injury. Because of its structural similarity to plasminogen.
Lp(a) inhibits plasminogen binding to fibrin and endothelial cells
(162). and thereby interferes with fibrinolysis and promotes thrombosis
(163). Lp(a) accumulates in atherosclerotic lesions, and has been impli-
cated in the progression of coronary atherosclerosis (164). Lp(a) may
also impair endothelial function and induce smooth muscle prolifera-
tion.

Despite these experimental data. clinical data supporting the
role of Lp(a) as a cardiovascular risk factor are controversial.
A number of studies have shown an association between elevated
Lp(a) levels and increased risk of coronary. cerebrovascular, and
peripheral arterial disease (161, 165. 166). However, like homo-
cysteine, Lp(a) levels increase following an acute thrombotic event.
Thus, retrospective studies may not be able to discern whether
elevated Lp(a) levels are the cause or consequence of cardiovascular
disease, and prospective studies have yielded conflicting resuits
(167-174). Based on the cumulative epidemiologic data. if an associa-
tion between Lp(a) levels and cardiovascular exists, the effect is
likely to be small and confined to a small proportion of the popula-
tion with the very highest serum levels (175), onset at a young age
(170) or those with additional dyslipidemias (167, 174, 176, 177).
Further evaluation of the significance of apo(a) isoform size on the
occurrence of athero-thrombotic disease (171, 177) as well as other
genetic mechanisms that underlie Lp(a) heterogeneity (178) may lead
to improvements in the use of Lp(a) as a determinant of cardiovascular
risk,

Thrombomodulin

Thrombomodulin 1s an endothelial ceil surface receptor for thrombin
that functions as an anticoagulant by greatly accelerating thrombin-
induced activation of protein C. A soluble, truncated form of thrombo-
modulin circulates in plasma, but its significance is unknown. [n a large
prospective case-cohort study. decreased plasma thrombomodulin
levels were associated with an increased risk of MI (179). Some reports
have suggested that several rare polymorphisms within the thrombo-
modulin promoter and coding sequence may be related to risk of M1
{180-182).
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Recommendations for Screening

Despite the proliferation of epidemiologic studies. increased fibrino-
gen level remains the only hemostatic biomarker that has been clearly
identified as a risk factor for arterial thrombotic disease. And even for
fibrinogen one may question the causality of the assoctation. The deci-
sion whether to perform screening for a hemostatic marker, however,
should be based on whether screening offers a cost-effective way of
identifying individuals who would benefit from treatment. Therefore,
screening of plasma fibrinogen is generally not advocated because
levels are favorably affected by modification of other risk factors (e. g..
smoking cessation, exercise, and post-menopausal hormone replace-
ment therapy) and because a beneficial effect of lowering fibrinogen
level on cardiovascular risk has yet to be demonstrated. There is some
epidemiologic and biologic evidence that elevated plasma levels of
factor VIII. homocysteine. and Lp(a), as well as several genetic hemo-
static variants (factor V Leiden, factor XIII Leu34, prothrombin
G20210A, the PL** variant of glycoprotein IIla, and glycoprotein [a
807T) are related to the occurrence of arterial thrombosis. However,
there is currently no evidence that screening for any of the above hemo-
static markers either within the general population or among subgroups,
such as individuals who develop arterial thrombotic disease at a young
age. would have any prognostic or therapeutic consequences. Several
inherited conditions associated with venous thrombosis (deficiencies of
protein C. protein S or antithrombin, factor V Leiden, and prothrombin
G20210A) are not as important in the overall occurrence of arterial
thrombosis. except possibly in subgroups such as the very young or pre-
menopausal women. Thus, evaluation of these disorders in the setting
of arterial thrombosis may be considered in young patients once more
likely candidates (lipid disorders, hyperhomocystenemia, lupus anti-
coagulant/antiphospholipid antibody syndrome) have been excluded.
or in MI patients without significant coronary atherosclerosis (183). In
addition, a thrombin time and fibrinogen level should be obtained in
these young patients to exclude congenital dysfibrinogenemia, another
rare cause of both venous and arterial thrombophilia (184).

Conclusion

With the progression of the human genome project and the recent
focus on identification of inter-individual genetic variation, the poten-
tial for evaluating the relationship between functional variants of candi-
date genes, associated prothrombotic phenotypes. and risk of arterial
thrombotic disease will greatly increase. Several guidelines for future
studies that evaluate novel hemostatic markers should be considered.
First, molecular epidemiologic studies should focus on genetic muta-
tions that are associated with clearly defined effects on hemostatic
function and that contribute significantly to inter-individual phenotypic
variation. Second. examination of homogenous populations and pre-
cise. well-defined clinical outcomes should enhance the ability to detect
associations. For example, hereditary determination by as yet unidenti-
fied genetic factors may be particularly important in MI that occurs at
younger ages and in women (185). Furthermore, restriction to ethnical-
ly homogeneous populations or eliciting detailed information regarding
genetic ancestry from study subjects should minimize the problem of
false positive associations arising from population admixture. In addi-
tion, any preliminary associations observed in population-based studies
should be complemented with family-based studies that provide evi-
dence that the marker of interest is genetically linked to the disease
(186). Third, large sample sizes will be required to provide enough
statistical power to assess the interaction of genetic susceptibility mark-
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ers with other genetic and environmental risk factors. Undoubiedy,
other candidate genes and associated functional polymorphisms i
volved in arterial thrombotic disease will continue to be identiiy
Integration of knowledge involving novel hemostatic bromarkers a1 1j,
genetic, biochemical, and clinical-epidemiologic levels should lead
significant developments in understanding the pathophysiology of ane
rial thrombotic disease, the assessment of cardiovascular risk, and
targeting of specific antithrombotic therapies to high-risk individugls
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