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The importance of genetics to the pathogenesis of myocardial infarction is suggested by the fre-
quent familial clustering of prematuredisease. Yet, studies associating myocar dial infar ction with gene
polymor phisms of vascular proteins (angiotensinogen, angiotensin converting enzyme, angiotensin 11
type 1 receptor, endothelial nitric oxide synthase) and haemostatic factor s (fibrinogen, coagulation fac-
torsll,V,VII and XI11, plasminogen activator inhibitor-1, tissue-type plasminogen activator, platelet
glycoproteins IIb/l11a, la/lla and 1b-1X-V, or methylenetetrahydrofolate reductase) have revealed
conflicting results. Thisishardly surprising, given: 1) the multigenic nature of myocardial infarction,
wher eby single polymor phisms are bound to play at best only alimited rolein the global risk of dis-
ease; 2) the multiple pathogenetic mechanisms of infarction (e.g., atheromatous obstruction, plaque
rupture, thrombosis, vasospasm), each of which islikely influenced by a number of genesand by sev-
eral environmental factors. The simultaneous investigation of a set of polymorphisms and of their
interactionswith environmental factors in extremely homogeneous sets of patientsshould offer a bet-

ter understanding of the contribution of specific genesto therisk of myocardial infarction.

(Ital Heart J2000; 1 (3): 184-193)

Introduction

The multifactorial pathogenesis of my-
ocardia infarction (MI) includes a combi-
nation of environmental and genetic factors.
Therole of inheritance is strongly support-
ed by the predictive value of afamily histo-
ry for premature diseaset. However, because
many genetic traits are likely to influence the
pathogenesis of MI, research in thefield is
admittedly complex.

It isestimated that 15 to 20% of the DNA
sequence of the 50 000-100 000 human
genes varies significantly among individuals,
resulting in multiple aternative forms (al-
leles) for a given locus?. The term poly-
morphism refersto the presence of multiple
aleles at agenelocusin afrequency 1%
within a given population. Polymorphisms
may occur in the coding (exons) or non-
coding parts of genes (introns, 5 and 3
flanking regions) and may be determined
by substitutions, deletions, insertions or un-
equal crossing-over of single bases or of
longer DNA sequences3. When associated
with disease, DNA polymorphisms can be
used as markers. Many polymorphisms per
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se do not determine phenotypic changes,
while others are known to influence the
function or concentration of the encoded
protein. Missense variations are DNA
changes that cause a substitution in the en-
coded amino acid residue3, which may or
may not have afunctional effect.

Candidate genes encode for proteinswith
aknown function which, if altered, may ex-
plain at least in part the pathogenesis of, or
the susceptibility towards, agiven diseases.
Using a population approach to investigate
candidate genes, the frequency of the DNA
marker (on the responsible geneitself or in
close proximity) within the diseased popu-
lation is compared to that of a control pop-
ulation. Examples of candidate genes are
the angiotensin | converting enzyme or an-
giotensinogen genes for arterial hyperten-
sion4, and the apolipoprotein genes for hy-
perlipidemiass.

Anincreased risk of ischemic heart dis-
ease has been associated with polymor-
phisms of genes involved in vascular tone
[angiotensinogen, angiotensin converting
enzyme (ACE), angiotensin 1l type 1 re-
ceptor, endothelia constitutive nitric oxide
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synthase], homocysteine metabolism?, coagulation (fi-
brinogen, factors|l,V, VIl and XI11), fibrinolysis[plas-
minogen activator inhibitor-1 (PAl-1) and tissue-type
plasminogen activator (t-PA)], platelet membrane re-
ceptors (glycoproteinsib/llia, 1alla, 1b-1X-V), lipid me-
tabolism (e.g., apolipoproteins, lipoproteinlipase and
paraoxonase)10.11 and the inflammatory system (inter-
leukin family, tumor necrosis factor-alpha, HLA sys-
tem)12,

Thisarticlewill focus on the association between Ml
and vascular and haemostatic gene polymorphisms and
examine the complexities that characterize this area of
research.

Vascular function

Angiotensinogen. Angiotensinogen is cleaved by renin
to yield angiotensin |, which is then cleaved by the
ACE to yield angiotensin 1. Angiotensin Il constricts
vascular smooth muscle cells and stimulates smooth
muscle cell migration and proliferation, macrophage-
foam cell formation, platel et adhesion and aggregation,
and the synthesis of PAI-1.

Severa polymorphisms of the angiotensinogen gene
on chromosome 113 have been identified. The most in-
vestigated is a missense variant, resulting in a methio-
nineto threonine substitution (M235T); thisvariant has
been associated with higher plasma angiotensinogen
levelst4 which, in turn, are correlated positively with
blood pressure levelst. Among 422 Caucasian patients
with documented ischemic heart disease and 406 con-
trols, TT homozygosity of this variant was reported to
confer an oddsratio (OR), both for coronary artery dis-
ease and M1, of about 215. Subsequent studies, howev-
er, have been inconsistent in relation to coronary artery
disease (Ludwig et al.16 and Gardemann et al.17: posi-
tive relation; Jeunemaitre et a .18: no significant relation)
and to MI (Ludwig et a .16 and Fomichevaet al.19: pos-
itive relation; Gardemann et al.17: no significant relation).

Angiotensin converting enzyme. ACE isaprotease pre-
sent in many tissues, in particular pulmonary vascular
endothelium. It has an important role in cardiovascular
homeostasis, because it converts angiotensin | to an-
giotensin |1 and degrades bradykinin.

The ACE gene, located on chromosome 17, shows
a polymorphism caused by the insertion/deletion (1/D)
of a287 base pair (bp) segment in intron 16. Cambien
et a.20 in the ECTIM study (Etude Cas-T@moin sur
| Infarctus du Myocarde) found that the DD genotype
was associ ated with higher ACE plasmalevelsand was
more frequent in 610 M1 survivors (especially in those
considered at low risk, defined as lean and with low plas-
ma apolipoprotein B levels) compared with 733 control
subjects (p = 0.007). Some?! but not other22 reports
have supported these findings. Anderson et a .23 found
aweak but significant association [OR 1.5, 95% confi-
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dence interval (Cl) 1.0-2.3, p < 0.04] between the DD
genotype and previous MI in 141 women compared
with 338 controls. Gardemann et a .24, among 2267 Cau-
casian men undergoing coronary arteriography, found an
association between the D dlele (ID + DD) and non-fa-
tal Ml in 56 older patients ( 75 years, OR 4.4, Cl 1.7-
11, p<0.01) especialy with low body mass index
but not in younger patients (< 62 years), compared with
controls; conversely, arelation with coronary artery dis-
ease was seen in younger but not in older subjects?4. The
relation between this polymorphism and M1 has recent-
ly been tested in 5000 infarct survivors enrolled in the
ISIS (International Studies of Infarct Survival)-2, com-
pared with healthy spouses or siblings; the OR for ho-
mozygous carriers of the D alldlewas 1.1 (Cl 1.0-1.2),
and did not change substantially in the lean and low
apolipoprotein B subgroups?.

Angiotensin |1 type 1 receptor. Theangiotensin 1 type
1 receptor plays a key role in mediating the vasocon-
strictive and growth-promoting effects of angiotensin 1.
A common polymorphismin the 3 untranslated region
of theangiotensin 11 type 1 receptor gene on chromosome
326 consistsin the substitution of adenine by cytosine at
nucleotide 1166 (A1166C). It is unclear whether this
polymorphism is functional2?. A synergistic effect be-
tween the C alele of the angiotensin |1 type 1 receptor
and the 1/D polymorphism of the ACE gene was observed
in the ECTIM population of 613 MI survivors and 723
controls?8: among subjects with the ACE DD genotype,
theORwas 1.1 in the absence of the C dlele, 1.5for AC
heterozygotes, and 3.9 for CC homozygotes (p < 0.02),
increasing further in the subgroups with low body mass
and low apolipoprotein B level 8. Berge et a .29, among
235 M1 survivors and 384 controls, found CC homozy-
gosity associated with MI in the male subgroup (p =
0.001), especialy in the presence of low body massin-
dex and low apolipoprotein B levels (p < 0.001). Rice et
al .20, among 311 white Caucasian patients with chest pain
and 287 controls, found awesk synergistic relation of the
ACE DD and angiotensin 11 type 1 receptor CC genotypes
with coronary artery stenosis but not with ahistory of M.
Gardemann et al.3L, on the other hand, among 2244
mal e Caucasians with and without significant coronary
artery disease or previous MI, found no significant as-
sociation between the A1166C polymorphism and either
coronary artery disease or Ml.

Endothdlial nitric oxide synthase. Endothelia nitric ox-
ide synthase is present in vascular endothelium, platelets,
and several other cell types that continuously produce
modest amounts of nitric oxide. Endothelium-derived ni-
tric oxideisamajor physiological regulator of systemic
resistance vessels (inhibition of nitric oxide production
decreases|oca blood flow) and also has vasoprotective
effects by sweeping superoxide radicals and by inhibit-
ing platelet aggregation, leukocyte adhesion and smooth
muscle cell proliferation. Impaired nitric oxide func-
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tion may thus contribute to the development of coronary
atherosclerosis and thrombosis.

The endothelia nitric oxide synthase geneison chro-
mosome 732, Ichihara et al.33 identified the presence of
avariant allelein intron 4 (characterized by a27 bp re-
peat) as an independent risk factor for M1 in the Japan-
ese population (455 patients vs 550 controls, respective
prevaence0.14vs0.10, OR 1.5, Cl 1.1-2.1, p = 0.007),
especially in those without traditional cardiovascular
risk factors (OR 2.5, Cl 1.4-4.7, p = 0.0035). Shimasa
ki et al.34, in 285 Japanese infarct survivors and 607
contrals, found a significant association (OR 1.7) between
MI and a missense variant in exon 7 (guanine at nu-
cleotide 894 replaced by thymine, resulting in
Glu298Asp). Anather Japanese study35 of 226 infarct sur-
vivors and 357 controls confirmed the association be-
tween the homozygous TT variant and M| (p = 0.009);
the polymorphism, however, was not related to the sever-
ity of coronary artery disease. In the English CHAOS
(Cambridge Heart Antioxidant Study) reports (the first
one, of 298 patients with positive coronary angiograms
vs 138 hedlthy controls, and CHAOS 1, of 249 patients
with recent M| vs 183 healthy controls), homozygosity
for TT (Asp298) compared with GG (Glu298) was as-
sociated with an OR of 4.2 (Cl 2.3-7.9) for angiographic
coronary artery diseaseand 2.5 (Cl 1.3-4.2) for MI36. In
the ECTIM study, on the other hand the homozygous GG
variant was associated with M1 in the French (OR 1.5,
Cl 1.0-2.0, p < 0.009) but not in the Northern Irish pa-
tients37.

Hyperhomocysteinemia

Homocysteine, a metabolite of methionine, is con-
sidered an independent risk factor for atherothrombot-
ic diseases through its potential cytotoxic effects?. Hy-
perhomocysteinemiais associated with methionine-rich
diets, low intake of vitamin B and folate, impaired renal
function, and gene defects of key enzymes involved in
homocysteine metabolism. Methylenetetrahydrofolate
reductase (MTHFR) catalyzes the reduction of 5,10-
methylenetetrahydrofol ate to 5-methyltetrahydrofol ate,
which serves as a methyl donor for remethylation of
homocysteine back to methionine®.

A common missense variant inthe MTHFR gene on
chromosome 14 [ cytosine replacement by thymine at nu-
cleotide 677 (C677T) causing the substitution of an ala-
nine by valing] resultsin a thermolabile, 150% less ac-
tive, enzyme38. Homozygousindividualsfor thisvariant
have reduced MTHFR activity and increased plasma
homocysteine concentrationsss. Kang et a.3 first re-
ported a 17% prevalence of the TT genotypein 212 pa
tients with proven coronary artery disease compared
with a5% prevalence in 202 control subjects (p < 0.01);
this led the authorsto proposeit as an inherited coronary
risk factor. Several subsequent studies, however, have not
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confirmed this finding (van Bockxmeer et a .40 among
358 patients < 50 years with angiographically docu-
mented coronary artery disease: TT genotypein 10.6 vs
10.5% in 143 controls;, Ma et al.4 among 293 men
from the Physicians Health Study who subsequently de-
veloped MI vs 290 controls: CT vsCC: OR 1.1; TT vs
CC: OR 0.8; Schmitz et al.42 among 190 M1 survivors
and 188 controls: TT vs CC + CT: OR 1.1). Therefore,
despite aclear effect of this gene polymorphism on ho-
mocysteine levels, its association with therisk of Ml is
less clear.

Coagulation

Fibrinogen (factor 1). Fibrinogen, adimeric glycopro-
tein synthesized by the liver, is a major constituent of
platelet aggregates and is converted by thrombin to form
the fibrin clot. Each dimer consists of three chains (A-
o, B-B, and ) encoded by three separate genes located
on chromosome 4. Many studies have consistently shown
an independent associ ation between plasmafibrinogen con-
centrations and the risk of ischemic heart diseased3-46.
Fibrinogen may contribute to atherosclerosis and throm-
bosis by increasing blood coagulability, plasma viscos-
ity, platelet aggregability, and by promoting fibrin de-
position in the vessel wall46. Plasma fibrinogen con-
centrations are influenced by many environmental fac-
tors, including smoking, obesity, lack of exercise, use of
ora contraceptives, trauma, and the acute phase reaction.
The basal levelsand the response to environmental fac-
torsare genetically determined, partly through cytokine-
mediated mechanisms®’.

Most studies have focused on polymorphisms of the
B-fibrinogen chain: two in the 5 promotor region up-
stream of the start of transcription: -148C/T (Hindll1) and
-455G/A (Haelll), and two downstream: G1689T (Bcll)
and Arg448Lys. In particular, the -148C/T polymor-
phismiscloseto an interleukin-6 responsive element and
appears to affect the binding of hepatic nuclear fac-
tors#. Several independent studies*®-50 have reported an
association between the -455G/A polymorphism and
fibrinogen plasma levels (with higher levels associated
with the-455A dlde), but not with therisk of M1 (Scara-
bin et a.4 among 533 patients vs 648 controls from
ECTIM: -455A frequency 19 vs 21%; Green et a.4°
among 123 young M| survivorsvs 86 controls. -455A fre-
quency 25 vs 25%; Gardemann et al.50 among 923 in-
dividual s investigated by coronary angiography: no re-
lation to coronary artery disease or previous Ml).

In a sample of 102 Italian MI survivors selected
from the GISSI (Gruppo Italiano per o Studio della So-
pravvivenzanell Infarto Miocardico)-2 study for having
one or more first degree relatives with ahistory of M1 or
stroke before the age of 65 asignificantly higher preva-
lence of the B2 allele of the Bcll polymorphism was
found compared with 173 controlsst: 28 vs 17%, OR 2.4,
Cl 1.2-4.6, p=0.002. This allele was a so associated with
significantly higher fibrinogen levels.
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Prothrombin (factor 11). Prothrombin, the precursor of
thrombin, is the final zymogen of the coagulation cas-
cade; thrombin activates platelets, converts fibrinogen
into fibrin, amplifies the coagul ation process by activating
coagulation factorsV and V111 and concurrently promotes
anticoagulation by binding to thrombomaodulin and ac-
tivating protein C.

Prothrombin is encoded by a 21-kb gene (on chro-
mosome 11) composed of 14 exons and 13 introns.
Poort et al.52 described a G to A substitution at nu-
cleotide 20210 in the 3 untranslated region; thisregion
is probably involved in gene expression, as carriers of
the variant have higher plasma prothrombin concentra-
tions and are at increased risk of venous thrombosis.
Rosendaal et al.53 found a higher prevalence of the
20210A alele among 79 young women with M1 vs 381
control women (5.1 vs 1.6%, OR 4, ClI 1.1-15); in this
case, therisk was much higher in the presence of smok-
ing (OR 43, Cl 6.7-281) or ametabolic risk factor (OR
34, Cl 5.5-209). Other studies havefailed to confirm the
relation between this variant and M1 (Ardissino et al .54
in 200 infarct survivors < 45 years vs 200 controls:
20210A allelein 5.5vs 4%, OR 1.4, Cl 0.5-3.9; Ridker
et a.55 in 404 healthy male physicians who subsequently
developed M1 vs 1774 controls: p = 0.5).

In contrast, one recent study, investigating 247 pa-
tients presenting with a first acute coronary syndrome
before the age of 65 and 247 matched control s56, found
asignificantly increased prevalence of the 20210A al-
lele among those with afamily history of M1 (OR 3.3,
Cl 1.2-9.1) or without other mgjor coronary risk factors
(OR5.1, Cl 1.2-21).

Factor V. Resistance to activated protein C. Protein
C, aserine protease with powerful anticoagulant prop-
erties, is synthesized by endothelial cells. During nor-
mal haemostasis, protein C is activated on the endothelia
surface by the thrombin-thrombomodulin complex57.
Activated protein C limits thrombin formation by de-
grading coagulation factorsVa and V111857, Resistance
of factor V to the degradation by activated protein C has
been found in 20-50% of patients with venous throm-
bosis (compared to 5% of a general white population)
and is associated with an 8-fold increase in the risk of
venous thrombosiss8-6L, Activated protein C resistance
is easily detected in the laboratory as a poor anticoag-
ulant response of the sample (inadequate prolongation
of the activated partial thromboplastin time) after addi-
tion of activated protein C57. It islargely determined by
amissense variation of the factor VV gene on chromosome
16263 (guanine at nucleotide 1691 replaced by adenine)
causing the substitution of arginine 506 by glutamine
(factor V Leiden). Heterozygous carriership of factor V
Leiden has not emerged as a clear predisposing condi-
tion for arterial thrombosi $54.65.

Factor VII. Factor VII, avitamin K-dependent serine
protease synthesized by theliver, playsapivotal rolein
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tissue factor-induced coagulation. The levels of factor
VII vary widely in the genera population and are in-
fluenced by severa environmental factors, including
use of oral contraceptives, high fat diet, and body
weighté, Factor VII coagulant activity is associated
with both triglyceride and cholesterol levels, and in-
creases immediately after fat assumption, in close as-
sociation with post-prandial hypertriglyceridemiaé?.es,
The increase with age occursin both sexes, being greater
in women (who have lower levels compared to men
before menopause). The Northwick Park Heart Study of
1511 middle-aged men found increased factor V11 co-
agulant activity in plasmato be astrong predictor of ma-
jor coronary eventsso,

Genetic factors strongly influence factor VI plasma
levels and regul ate the response to environmental stim-
uliss.70-73, Three different polymorphisms within the
factor V11 gene (on chromosome 13) explain up to one
third of factor VII plasma variability”t. One of these,
identified by the restriction enzyme Mspl 72, causes agua
nine to adenine substitution, with arginine replacement
by glutamine at position 353 (Arg353GIn or R353Q). An
English study, performed in 123 white Europeans, 123
black Afro-caribbeans, and 142 Gujarati Indians, found
this polymorphism to be strongly associated with fac-
tor VII coagulant levelsin all groups, with GIn353 car-
riers showing levels 20-25% below the group mean?3,
The Gujarati Indians had the highest triglyceride levels
which, however, were positively correlated with factor
VIl levelsonly in Arg353 carriers, an example of gene-
environment interaction?3.

Studies on the association between the Arg353GIn
polymorphism and the risk of M1 haveyielded varying
results: in ECTIM, only a non-significant trend was
found between Arg353 homozygosity and risk of M170.
lacoviello et a.7, among 165 Italian infarct survivors
with a family history of MI or stroke (selected from
GISSI-2) and 225 controls, found a significant relation
between M1 and several factor V11 gene polymorphisms
(the Arg353GIn or R353Q, and those involving the hy-
pervariable region 4 with different length alleles
termed H5, H6 and H7), probably mediated by modifi-
cations of factor VIl plasma levels. In particular, the
GIn353 homozygotes (QQ) and the H7H7 genotypes had
asignificantly lower risk (OR 0.08, Cl 0.01-0.9, and OR
0.22, CI 0.08-0.65, respectively) while the Arg353 ho-
mozygotes (RR) and the H7H5 and H6H5 genotypes
showed the highest risk (p < 0.001). Recently, anintronic
polymorphism (G73A), in linkage disequilibrium with
the Q353 alele, was investigated in 190 M1 survivors
who experienced the event < 45 years and in 179 con-
trols; the A73 allele was associated with lower factor V11
levels and tended to confer protection against Ml (OR
0.5, Cl 0.3-1).

Factor XIII. Factor XIll, a tetrameric protein com-
posed of two A and two B subunits, is activated by
thrombin to form cross-linked fibrin which is morere-
sistant to fibrinolysis. The gene on chromosome 6 isor-
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ganized in 15 exons and 14 introns. A common single-
point missense variation (G—T) in exon 2 of the A
subunit encodes for the amino acid change Val 34L eu near
the thrombin activation site’s. Recently Kohler et al.7”
demonstrated an inverse association between this poly-
morphism and MI: among 398 Caucasian patients who
underwent coronary angiography for suspected coronary
artery disease (with or without previous Ml), matched
with 196 healthy controls, the prevalence of the variant
was 32% in patients with M1, compared to 50% in those
without M1 (p = 0.0009) and to 48% in controls (p =
0.005). Carriers of the T alele with a history of Ml
had higher plasmalevelsof PAI-1 (p = 0.004) and ahigh-
er prevalence of the PAI-1 4G/4G genotype (see below),
apossible example of gene-geneinteraction. Other stud-
ies from Finland”8 and Brazil7® also reported a protec-
tive effect against M1 associated with the T allele.

Platelets

Glycoprotein I1b/l11a. The glycoprotein l1b/llaisahet-
erodimeric platelet membrane surface complex that me-
diates adhesion and aggregation. Its ligandsinclude fi-
brinogen, von Willebrand factor, vitronectin, and fi-
bronectin. A common missense variant in the glyco-
protein I11a gene on chromosome 17 results in the re-
placement of Leu by Pro at position 33 (Leu=PIA1, Pro
=PlA2). Weiss et .80, in a case-control study of 71 pa-
tients with M1 or unstable angina, vs 68 controls, first
showed a significant association between the PIA2 poly-
morphism and acute coronary events. In particular, the
prevalence of the PIA2 polymorphism was 2.1 times
higher among patients than controls (OR 2.8, Cl 1.2-6.4,
p =0.01), and 3.4 times higher in asubgroup of patients
who had coronary events before the age of 60 years (OR
6.2, Cl 1.8-22, p=0.002). Subsequently, Walter et al .81
among 318 patients who underwent coronary stenting
(PIA1/PIA1 80.2%, PIAL/PIA2 19.8%) found asignif-
icant association between PIA2 carriership and risk of
thrombotic occlusion (9.5 vs 1.9%, OR 5.3, Cl 1.6-18).
With the exception of one study by Ardissino et a .54 (of
200 young survivors of Ml vs 200 hedlthy controls)
where the PIA2 resulted significantly related to M1 (OR
1.8, Cl 1.1-3.0), these findings, however, have not been
confirmed by others (the Physicians Health Study®82 of
374 patients with subsequent M1 vs 704 controls, p = 0.4;
the ECTIM study®3 of 620 MI survivors and 700 con-
trols; Joven et al .84 in 250 M1 patients and 250 controls,
p = 0.9; Durante-Mangoni et al.8 in 114 patients with
ahistory of angina-like chest pain admitted for coronary
arteriography, of which 43 with a previous M1 and 71
without, p = 0.6). In particular, a study of 2250 indi-
viduals undergoing coronary angiography found no as-
sociation between the PIA2 alele and M1 in the over-
all population, although, in asubgroup of patientsat low
risk, the PIA2 alele was significantly associated with
severity of diseasess.
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Glycoprotein 1 b-1 X-V complex. The glycoprotein Ibo
isone of four transmembranous platel et surface proteins
(together with the glycoproteins 1bB, IX and V) form-
ing a complex that binds to von Willebrand factor and
to thrombin. Two polymorphisms of the glycoprotein Ibo:
gene have been described: aCto T substitution at codon
145 (Thr145Met)8” and a variable number of tandem re-
peats of 39 bp in the glycosylated regions8 (1, 2, 3 or 4
repeats, designated D, C, B and A alleles, respectively).
Murata et al.8® determined the prevalence of the
Thr1l45Met variant in 91 patients with M| or angio-
graphically documented angina pectorisand in 105 con-
trols; athough no significant difference wasfound in the
total patient sample vs controls, there was a higher
Met145 frequency in the subgroup < 60 years (31.8 vs
16% in controls < 60 years, OR 2.5, p < 0.05). Further
studies haveyielded controversid data: Gonzales-Cone-
jero et al.%0, in acase-control study of 101 patientswith
acute coronary syndromesvs 101 controls, found asig-
nificant association of the Met145 alele (p = 0.038) and
the C/B genotype of the variable number of tandem re-
peats with disease, whereas Ardissino et a.54, among 200
young infarct survivorsvs 200 healthy controls, did not
(for Met145: OR 1.1, CI 0.4-3.3).

Glycoprotein la/lla. The glycoprotein la/lla (also
known as a:2B1 integrin, VLA-2, or CD49b/CD29) isa
heterodimeric platelet membrane protein complex that
mediates adhesion to collagen. Kunicki et al .9 described
two polymorphisms of the glycoprotein la gene, on
chromosome 5, associated with avariable expression of
the platelet surface receptor: the 807T allele (linked
with 873G) was associated with a higher receptor den-
sity compared with the 807C allele (linked with 873A),
athough neither change altered the protein amino acid
sequence. Severa studies have investigated whether the
807T allele carries an increased risk of cardiovascular
disease. Moshfeg et al.92 in a 2:1 case/control study
(177 M1 survivors vs 89 healthy controls) found asig-
nificant association between the TT genotype and Ml
compared with the CC + CT genotypes (OR 3.3, CI 1.2-
8.8, p = 0.02). This was subsequently confirmed by
Santoso et al.?3 who found, among 2237 male patients
undergoing coronary angiography, an increased risk of
Ml in carriers of the 807T alelein the subgroups under
62 years (OR 1.6, Cl 1.1-2.1, p=0.04) or under 49 years
(OR 2.6, Cl 1.3-5.4, p = 0.009), but no relation with the
extent of coronary artery disease. In contrast, Croft et
a .94, investigating 546 infarct survivors and 507 healthy
controls, did not find any significant association with MI,
neither of the TT genotype (p = 0.22) nor of the 807T
dlele (p=0.24).

Fibrinolysis
Plasminogen activator inhibitor-1. Reduced fibri-

nolytic capacity of plasma, mainly related to increased
PAI-1 activity, is common in patients with ischemic
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heart disease®%. PAl-1 isarapid inhibitor of both tis-
sue-type and urinary-type plasminogen activators. In-
creased PAI-1 expression has been demonstrated in ath-
erosclerotic plagues?’. In the prospective epidemiol og-
ica Northwick Park Heart Study of men aged 40-64
years, low fibrinolytic activity predicted the risk of fu-
ture cardiovascular events®3.

The human PAI-1 gene, on chromosome 7, includes
9 exonsand 8 introns. Eriksson et al .98 found the 4G al-
lele of a4G/5G polymorphism in the promoter region
associated with higher plasma PAI-1 activity: although
both alleles bind a transcriptional factor, only the 5G
binds a repressor protein, such that basal PAI-1 tran-
scription is increased in the presence of the 4G allele.
The prevalence of 4G was significantly higher among
94 young male survivors of afirst M1 (< 45 years) com-
pared with 131 controls (63 vs 53%)%. Subsequent
studies have yielded conflicting results. Ossei-Gerning
et al.? found the 4G/4G genotype associated with M|
among 453 subjects (with and without previous MI)
(OR 2.0, Cl 1.1-3.7, p< 0.03), and Iwai et al.100 found
alower prevalence of the 5G/5G genotype among 204
survivors of M1 vs 296 controls (p = 0.003). In contrast,
data from the ECTIM101, the GISSI-2102 or the US
Physicians Health!%3 studiesfailed to show acorrelation
between M| and 4G. A meta-analysist4, including more
than 1500 cases and 2100 controls, showed that carri-
ersof the 4G allele had amodestly increased risk of Ml
(OR 1.2, Cl 1.0-1.5), which became 2-fold in the sub-
group of patients considered at higher risk.

Tissue-type plasminogen activator. t-PA isthe main en-
dogenous profibrinolytic enzyme®. Increased plasma
antigen concentrations have been associated with ahigh-
er risk of cardiovascular events, presumably in relation
to higher PAI-1 levels and to reduced net t-PA activity105,
The t-PA gene, on chromosome 8, shows an |/D poly-
morphism due to an Alu sequence in intron h1%, There
are few and conflicting data about the possible associa-
tion of this polymorphism and the risk of MI: van der
Bom et a.197, in acase-control study of 121 survivors of
M1 and 250 controls from the Rotterdam Study, showed
asignificantly increased prevalence of the insertion se-
quencein cases (OR 2.2, Cl 1.1-4.5); in contrast, Ridker
et d.208 did not find any relation between the Alu sequence
and the risk of M|l among 369 patients vs 369 controls,
considering both adominant (OR 1.0, Cl 0.7-1.1, p=0.8)
and arecessive transmission (OR 1.1, Cl 0.8-1.0); Steeds
et al.109, among 529 English Caucasian patients with
M1 and 525 controls, also found no relation with the risk
of disease (OR 1.0, ClI 0.6-1.4, p = 0.56).

Per spectives and implications
This review highlights the diversity of results gen-

erated by studies of vascular and haemostatic gene poly-
morphisms in patients with MI. In our view, the diver-
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sity stemsfrom the complexity of molecular genetics ap-
plied to amultifactorial disorder such as MI. Some as-
pects of this complexity can be summarized asfollows.

One phenotype - many mechanisms. The multifacto-
rid nature of M1 impliesthat asingleclinica phenotype
can be determined by amultitude of pathogenetic mech-
anisms acting individually if of sufficient intensity
or, more commonly, concertedly, in varying degree. For
MI, some of these mechanisms include thrombosis,
atheromatous obstruction, vasomotion, and vasculitis.

One mechanism - many genes. Each pathogenetic
mechanism for instance, thrombosis will in turn be
influenced by many genes, regulating for example the
dynamics of platelet function and of fibrin formation and
dissolution. Even a single protein may be the result of
different genes (e.g., fibrinogen).

One gene - mild effect. In the pathogenesis of a mul-
tifactorial disease, any one functional genetic variation
will, onitsown, result at most in amild phenotypic de-
fect10, It is hardly surprising, therefore, that for most
studies, the OR for disease conferred by any given poly-
morphism (especially when investigated in unselected
patient groups) has ranged from 1 to 2.

One gene - several polymorphisms. Several poly-
morphismswithin agiven locus may affect the levels of
the protein product. As recently stated by Lane and
Grant!1l, athough clinical studies consistently relate
homocysteine, fibrinogen, factor VII or PAI-1 levelsto
acute coronary events, and genetic studies relate
MTHFR, fibrinogen, factor VIl and PAI-1 polymor-
phismsto plasmalevels, the relation of genotypeswith
disease is less consistent. This is not surprising, con-
sidering that the contribution of asingle polymorphism
to the protein levelsis only afraction of the entire her-
itable variancetll,

Low specificity of DNA markers. In classic mono-
genic disordersasingle gene defect causes full-blown
disease. The relation between diseased phenotype and
mutated genotype is exclusive and fully reciprocal. All
carriers of the mutation will have the disease and, con-
versely, no unaffected individua will be found to have
the mutation3. In contrast, in multifactorial disorders, a
single gene defect, by definition, will not be entirely
causal but will contribute only in part to the pathogen-
esis of, or susceptibility towards, the disease. Not sur-
prisingly, therefore, the same gene defect may exist
within an apparently healthy phenotype, if other co-
causal genesor environmental factors are absent or if pro-
tective elements are present. The specificity of aDNA
marker (i.e., its absence in the healthy phenotype) will
be greatest when cases and controls come from the
same genetic and environmental background and con-
versely will be lowest when the genetic and environ-
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mental heterogeneity among cases and controlsishigh.
Hence, the importance of ensuring a homogeneous
racial and geographical background for cases and con-
trols.

Survival bias. Because M| can berapidly lethal after its
onset, cross-sectional studiesamost inevitably face asur-
vival bias, whereby deadly genesof patientswho dye
at the very onset of disease escape analysist!2.

Interaction with traditional risk factors. An unre-
solved issue is whether the effects of vascular and
haemostatic gene polymorphisms may be enhanced or
obscured by the co-existence of traditional coronary
risk factors. Among patients with afamily history of M,
the risk conferred by genetic components, not surpris-
ingly, appears enhancedst56.74. For the environmen-
tal risk factors (obesity, dydipidemia, smoking, diabetes,
hypertension), analyses of subgroups with and without
these factors have yielded conflicting results?0,33,53,54,56,
In the case of haemostatic gene polymorphisms, when
the risk of disease conferred by the polymorphic vari-
ant is enhanced in the absence of environmental risk fac-
tors33.56 but is reduced in their presence, the following
possibilities are suggested: 1) M1 occurring in the ab-
sence of environmental risk factors recognizesastrong,
genetically-determined, prothrombotic component; 2)
traditiona environmental risk factors are so dominant thet
haemostatic gene polymorphisms provide a neglige-
able contribution to the overall risk11t,

Implications. The diversity of results from current in-
vestigations in thisfield is likely a consequence not so
much of different sample sizes but more importantly of
different selection criteriaadopted for patients and con-
trolsin various studies, with specia reference to clini-
cal presentation, extent of coronary artery disease, age,
race, geographica area, and concomitant risk factors. The
simultaneous analysis of multiple gene polymorphisms
and of environmental factors within very homogeneous
groups (standardized for the above variables) should be
useful to better understand the true contribution of these
factorsto therisk of disease.

Conclusions. The high incidence and potentially dev-
astating consequences of M1 justify al effortsto unravel
the multiple and complex pathogenetic mechanisms of
thisdisease. M1 runs in families and the genetic com-
ponent is substantial. Indeed, a positive family history
isamong the strongest traditional major risk factorst. Not
uncommonly, an obvious cause of disease, in the
form of hypercholesterolemia, hypertension, smoking
and diabetes, is lacking. Conversely, not all hypercho-
lesterolemic, hypertensive, smoking or diabetic sub-
jectsdevelop MI. This suggests that other factors, part-
ly genetic, play arole.

Despite the many complexities, it can be anticipat-
ed that, in due course, molecular genetics will become
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adistinct branch of cardiology and amajor tool to pre-
vent, diagnose and treat cardiovascular diseases, in-
cluding MI.
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