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ALOX5AP gene variants and risk of coronary artery
disease: an angiography-based study
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The aim of this study was to explore the role of variants of the gene encoding arachidonate 5-
lipoxygenase-activating protein (ALOX5AP) as possible susceptibility factors for coronary artery disease
(CAD) and myocardial infarction (Ml) in patients with or without angiographically proven CAD. A total of
1431 patients with or without angiographically documented CAD were examined simultaneously for seven
ALOXS5AP single-nucleotide polymorphisms, allowing reconstruction of the at-risk haplotypes (HapA and
HapB) previously identified in the Icelandic and British populations. Using a haplotype-based approach,
HapA was not associated with either CAD or MI. On the other hand, HapB and another haplotype within
the same region (that we named HapC) were significantly more represented in CAD versus CAD-free
patients, and these associations remained significant after adjustment for traditional cardiovascular risk
factors by logistic regression (HapB: odds ratio (OR) 1.67, 95% confidence interval (Cl) 1.04-2.67;
P=0.032; HapC: OR 2.41, 95% Cl 1.09-5.32; P=0.030). No difference in haplotype distributions was
observed between CAD subjects with or without a previously documented MI. Our angiography-based
study suggests a possible modest role of ALOX5AP in the development of the atheroma rather than in its
late thrombotic complications such as MI.
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Introduction

Interest in unraveling the genetic basis of coronary artery
disease (CAD) has been recently renewed by results
obtained applying powerful approaches such as genome-
wide scan studies.!~3 At variance with classic association
studies involving single-nucleotide polymorphisms (SNPs)
in candidate genes, genome-wide scan studies have the
advantage of discovering new gene(s), without a priori
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hypothesis. A paradigm of the successful use of such
strategies was the identification of arachidonate 5-lipoxy-
genase-activating protein (ALOX5AP) as a susceptibility
gene for myocardial infarction (MI) and stroke.* Interest-
ingly, ALOXSAP encodes the S-lipoxygenase-activating
protein (FLAP), which is an essential regulator of the
biosynthesis of the leukotriene A4 (LTA4).>° Indeed, the
5-lipoxygenase (5-LO)/leukotriene pathway has been inde-
pendently implicated in the pathogenesis of atherosclero-
sis in humans’-® and mice® (reviewed by Zhao and Funk'®).
While not successful in discovering causal variants in
ALOXSAP, the original study by Helgadottir et al* identified
a 4-SNP haplotype, named HapA, as a risk factor for MI
and stroke in the Icelandic population. The Authors were
unable to confirm the result in a cohort of British patients
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with MI; however, in such cohort they reported an
association of another 4-SNP haplotype, named HapB,
with MI risk.* Few subsequent studies on ALOXSAP in
different populations yielded conflicting results. Lohmus-
saar et al'! studied Central European patients with stroke,
finding a significant association for several ALOX5AP SNPs,
including one that was part of HapA. On the other hand,
studies in North Americans failed to show a significant
association with either stroke or MI,'%!3

To date, no genetic—epidemiological data are available
for populations from Southern Europe. Moreover, none of
the previous studies specifically attempted to dissect the
role of ALOX5AP in the atherosclerosis phenotype rather
than in its ‘complication’ phenotype (MI). We therefore
evaluated simultaneously seven ALOXAS5 SNPs and their
reconstructed haplotypes as possible risk determinants for
CAD and MI within the framework of an Italian population
with or without angiographically confirmed CAD.

Materials and methods

Study population

The Verona Heart Project is an ongoing study aimed to
identify new risk factors for CAD and MI in a population of
subjects with angiographic documentation of their cor-
onary vessels. Details about the enrolment criteria have
been described elsewhere.!* In the present study, we
examined data from a total of 1431 subjects, for whom
complete analyses of seven ALOX5AP SNPs (see below)
were available. Of these subjects, 1047 had angiographi-
cally documented severe coronary atherosclerosis (CAD
group), the majority of them being candidates for coronary
artery bypass grafting or percutaneous coronary interven-
tion. The disease severity was evaluated by counting the
number of major epicardial coronary arteries (left anterior
descending, circumflex, and right) affected with >1
significant stenosis (>50%). On the other hand, 384
subjects had completely normal coronary arteries, being
submitted to coronary angiography for reasons other than
CAD, mainly valvular heart disease (CAD-free group).
Controls were also required to have neither history nor
clinical or instrumental evidence of atherosclerosis in
vascular districts beyond the coronary bed. Since the
primary aim of our selection was to provide an objective
and clear-cut definition of the atherosclerotic phenotype,
subjects with nonsignificant coronary stenosis (ie <50%)
were not included in the study. CAD subjects were
classified into MI and non-MI subgroups by combining
data from history with a thorough review of medical
records showing diagnostic electrocardiogram and enzyme
changes, and/or the typical sequelae of MI on ventricular
angiography. An appropriate documentation was obtained
for 1046/1047 (99.9%) CAD patients: from those 624
subjects had a history of previous MI, whereas the
remaining 422 subjects had no history of MI. The
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angiograms were assessed by two cardiologists unaware
that the patients were to be included in the study. Samples
of venous blood were drawn from each subject after
an overnight fast. Serum lipids and the other routine
biochemical parameters were determined as described
previously.'* At the time of blood sampling, a complete
clinical history was collected, including the assessment
of cardiovascular risk factors such as obesity, smoking,
hypertension, and diabetes.

The study was approved by our local Ethical Committee.
Informed consent was obtained from all the patients after a
full explanation of the study.

Genotyping
To make possible comparison with studies in other

populations, we selected seven previously described
ALOXS5AP (GenelD: 241; chromosome: 13q12) SNPs
(SG13S25, SG13S377, SG13S114, SG13S89, SG13S32,

SG13S41 and SG13S35), maintaining their original no-
menclature,* as well as the nomenclature of the recon-
structed haplotypes. The seven SNPs were initially tested by
PCR and restriction analyses (Supplementary Table 1) in a
small group of randomly chosen DNA samples in order to
verify the heterozygosity in the study population. All the
samples were then genotyped in two multiplex reactions
for six SNPs (SG13S377, SG13S41, SG13S32, and SG13S114
in multiplex one, M1; SG13S25, SG13835 in multiplex two,
M2) using LightCycler™ real-time PCR technology based
on fluorescence resonance energy transfer and melting
point analysis. The sequences of primers and probes used
for the six SNPs genotyping with melting point analysis
are shown in Supplementary Table 2. Both primers and
fluorescently labelled probes were synthesized by Sigma-
Proligo (Proligo France SAS). PCR and melting curve
analysis was performed in 20 ul volumes in glass capillaries
(Hoffmann-La Roche). PCR conditions for M1 and M2 are
detailed in Supplementary Tables 3 and 4, respectively.
Cycling and melting curve analysis conditions were
different for the two multiplex reactions, as given in
Supplementary Table 5. As the SG13S89 polymorphism
was not easily detectable in a multiplex reaction, it was
genotyped by PCR and restriction analysis for all the
samples, using the following primers forward (F): 5'-
AAGTGCATCTCAAGGAGGT-3' and reverse (R) 5'-ATTAG
CAGAAGAGCCAAGT-3'.

Statistical analysis

The analyses were performed mainly with SSPS 13.0
statistical package (SPSS Inc., Chicago, IL, USA). Distribu-
tions of continuous variables in groups were expressed as
means+SD. Quantitative data were assessed using the
Student’s t-test. Associations between qualitative variables
were analysed with the y? test or Fisher exact test, when
indicated. Allele and genotype frequencies among cases
and controls were compared with values predicted by



Hardy-Weinberg equilibrium using y? test. To assess the
association with CAD or MI, relative risks associated with
each genotype were calculated separately by univariate
logistic regression and then by multiple logistic regression
adjusted for the traditional cardiovascular risk factors (ie
sex, age, smoking, hypertension, diabetes, total cholesterol,
and triglycerides), assuming an additive, dominant or
recessive mode of inheritance.

Pairwise linkage disequilibrium was examined as de-
scribed by Devlin and Risch.'® Haplotype frequencies
were estimated using R software with haplo.stats package
(R Foundation for Statistical Computing, Vienna, Austria;
ISBN 3-900051-07-0, URL: http://www.R-project.org).'®
The upper and lower bounds of the 95% confidence
interval (CI) were calculated by simulating 1000 random
samples from a population having the haplotype frequen-
cies estimated on the entire sample set. The D' measure was
calculated for each simulated sample. The upper and lower
bounds represent the quantiles corresponding to the 0.025
or 0.975 probabilities of the D' distribution. Haplotype
blocks were defined as proposed by Gabriel et al.'” The
relationship between haplotypes and clinical outcomes
was examined using a generalized linear model regression
of a trait on haplotype effects, allowing for ambiguous
haplotypes (haplo.glm function),'® and adjusting for the
above-mentioned risk factors. Randomization test by
permuting the cases and controls was performed by means
of Monte Carlo method to confirm the results. Haplotypes
present in less than 10 individuals were not considered in
the analyses.

The study power was assessed by means of the Altman
nomogram, after adjustment for the asymmetric distribu-
tion of population subgroups (CAD-free versus CAD; non-
MI versus MI). The study has adequate power (>90%) to
replicate the findings for odds ratios (ORs) greater than 2.0,
which is consistent with those observed in the previous
studies.* For each OR, 95% CIs were calculated. A value of
two-tailed P<0.05 was considered significant.

Results
Table 1a summarizes the clinical characteristics of the
study population stratified according to the presence
(CAD) or absence (CAD-free) of angiographically docu-
mented CAD. As expected, traditional cardiovascular risk
factors were more represented in the CAD group. The
characteristics of the CAD population, divided in two
subgroups according to the presence or absence of a
previous documented MI, are reported in Table 1b. The
genotype frequencies for the polymorphisms tested were
in Hardy-Weinberg equilibrium both in the CAD and
CAD-free groups.

Allele and genotype distributions were similar either
between CAD and CAD-free groups (Table 2a) or within
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Table 1a Clinical characteristics of the study population
stratified according to absence (CAD-free) or presence
(CAD) of angiographically documented CAD

CAD-free CAD

(n=384) (n=1047) P-values
Age (years) 58.7+12.3 61.2+9.8 <0.001*
Males (%) 65.6 79.8  <0.001%
BMI (kg/m?) 25.4+3.5 26.8+3.5 0.936*
Hypertension (%) 40.5 66.3 <0.001*
Smoking (%) 43.9 67.9 <0.001*
Diabetes (%) 6.8 19.2 <0.001*
Total cholesterol 547+1.10 5.54+1.17 0.322*
(mmol/l)
Triglycerides (mmol/l) 1.49+0.67 1.91+0.99 <0.001*

*By t-test; *by #? test.

Table 1b Clinical characteristics of the CAD patients,
with (MI) or without (no-Ml) a previous documented Ml

No-MI
(n=422) MI (n=624) P-values
Age (years) 62.5+89 60.4+10.2 0.002*
Males (%) 75.6 82.7 0.005"
BMI (kg/m?) 27.0+3.5 26.6+3.6 0.583*
Hypertension (%) 72.3 62.1 0.001#
Smoking (%) 62.3 71.7 0.002"
Diabetes (%) 19.3 19.2 0.592*
Total cholesterol (mmol/l) 5.6+1.1 55+41.2 0.677*
Triglycerides (mmol/l) 1.9+09 19+1.0 0.396*
CAD severity
One vessel 243 12.4
Two vessels 26.0 24.1 <0.001*
Three vessels 48.1 61.8
Left main coronary artery 1.7 1.7

*By t-test; *by y? test.

CAD subjects with or without a previous MI (Table 2b).
Results from the regression analyses, assuming additive,
dominant or recessive mode of inheritance, showed no
significant association of the gene variants tested with the
clinical outcomes (data not shown). In general, the SNPs
tested were in linkage disequilibrium, as shown in Table 3.

Considering haplotype analysis, the most frequent
haplotypes were G-T-G-C and G-T-A-G for HapA SNPs and
HapB/C SNPs, respectively, and thus were used as the
referents. The haplotype distributions for HapA SNPs were
similar between CAD and CAD-free subjects (P=0.937). On
the other hand, the haplotype distributions for HapB SNPs
were significantly different between CAD and CAD-free
subjects (P=0.014), as shown in Table 4a. More precisely,
two haplotypes A-A-A-G (HapB) and G-T-A-A (that we
named HapC) were more represented in CAD group (7.5
versus 5.5% and 3.7 versus 1.6%, respectively), and these
associations remained significant also after adjustment for
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Table 2a ALOX5AP genotype and allele distribution in the Table 2b ALOX5AP genotype and allele distribution in
study population stratified according to absence (CAD- the CAD group stratified according to absence (no-Ml) or
free) or presence (CAD) of angiographically documented presence (M) of previously documented Ml
CAD
ALOX5AP genotype No-MI (n=422) MI (n=624) P-values*
ALOX5AP
genotype, %  CAD-free (n=384) CAD (n=1047) P-values* 5G13525
GG 84.6 84.6
§G13525 GA 14.2 15.2 0.107
GG 85.7 84.6 AA 1.2 0.2
GA 13.8 14.8 0.885 G allele 91.7 92.2 0.727
AA 0.5 0.6 A allele 83 7.8
G allele 92.6 92.0 0.682
A allele 7.4 8.0 SG138377
GG 72.0 75.2
$G138377 GA 26.3 23.6 0.509
GG 76.8 73.9 AA 1.7 1.3
GA 20.8 24.6 0.180 G allele 85.2 87.0 0.283
AA 23 1.4 A allele 14.8 13.0
G allele 87.2 86.2 0.530
A allele 12.8 13.8 $G135114
T 37.7 42.6
§G135114 TA 47.4 42.9 0.263
T 42.4 40.6 AA 14.9 14.4
TA 41.7 44.8 0.559 T allele 61.4 64.1 0.222
AA 15.9 14.6 A allele 38.6 35.9
T allele 63.3 63.0 0.921
A allele 36.7 37.0 5$G13589
GG 87.4 87.7
$G13589 GA 12.3 11.9 0.868
GG 86.7 87.5 AA 0.2 0.5
GA 12.8 12.1 0.794 G allele 93.6 93.6 0.936
AA 0.5 0.4 A allele 6.4 6.4
G allele 93.1 93.6 0.727
A allele 6.9 6.4 $G13532
AA 23.9 21.8
§G13832 AC 49.1 50.3 0.719
AA 22.9 22.6 CC 27.0 27.9
AC 51.6 49.9 0.747 C allele 51.5 53.0 0.528
CcC 25.5 27.5 A allele 48.5 47.0
C allele 51.3 52.4 0.620
A allele 48.7 47.6 $G13541
AA 83.4 81.1
$G13541 AG 16.1 17.9 0.515
AA 81.8 81.9 GG 0.5 1.0
AG 17.4 17.3 0.997 A allele 91.5 90.1 0.315
GG 0.8 0.8 G allele 8.5 9.9
A allele 90.5 90.6 0.995
G allele 9.5 9.4 $G135835
GG 81.3 81.7
§G13835 GA 18.7 17.6 0.282
GG 83.9 81.5 AA 0 0.6
GA 15.6 18.1 0.528 G allele 90.6 90.5 0.997
AA 0.5 0.4 A allele 9.4 9.5
G allele 91.7 90.5 0.396 > —
A allele 8. 9.5 *By y“ test or Fisher’s exact test.

*By #° test or Fisher’s exact test.

There was no difference in haplotype distributions
between CAD subjects with or without a previous MI,
traditional cardiovascular risk factors, that is, sex, age, either for HapA region or for HapB region (Table 4c).
smoking, hypertension, diabetes, total cholesterol, and
triglycerides (Table 4b). The significance of the general
model, including genetic factors arranged as haplotypes,

was confirmed after randomization test (P=0.022 for Discussion
general model, P=0.013 for HapB and P=0.021 for HapC, The present investigation in Italian patients provides some
after 1000 permutations). evidence that the ALOX5AP gene might play a role in
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Table 3 Pairwise linkage disequilibrium analysis

R2
§G13525 $§G138377 SG135114 $G13589 $G13532 5G13541 $G135835
D SG13S25 — 0.013 0.045 0.006 0.087 0.007 0.002
SG13S8377 1.000 — 0.185 0.003 0.113 0.007 0.145
SG13S114 0.956 0.834 — 0.072 0.038 0.105 0.026
SG13S89 1.000 0.544 0.774 — 0.050 0.463 0.004
SG13S32 0.969 0.815 0.245 0.882 — 0.093 0.077
SG13541 0.920 0.666 0.770 0.828 0.987 — 0.009
SG13S35 0.529 0.473 0.392 0.790 0.836 0.914 —

D', Lewontin normalized value; R, correlation coefficient.
’

conferring susceptibility to CAD also in South European
populations. Nonetheless, since the statistically significant
association we found was relatively weak, the role of
this gene, if any, seems modest. To put our results into a
more general perspective, we propose the following
considerations.

Comparison with previous studies

The landmark study by Helgadottir et al identified two
different haplotypes as CAD risk factors in populations of
different ancestry. According to the haplotype block
definition proposed by Gabriel et al,'” we observed three
haplotype blocks of two SNPs each (block 1: SG13S25-
SG128377; block 2: SG13532-SG13541; block 3: SG13S41-
SG13S35). Therefore, the SNPs describing HapA or HapB/C
do not define a single haplotype block. This finding is
consistent with what observed by Helgadottir et al.*

In Icelandics (a genetic isolate), the HapA conferred a
nearly twofold risk of ML* This was not confirmed in
British patients, in whom, on the other hand, a different 4-
SNPs haplotype (HapB) was associated with MI. Neither
HapA nor HapB was associated to incident MI in a cohort
of male US physicians.'® To make possible a comparison,
we focused on a standardized set of seven ALOX5AP SNPs,
allowing reconstruction of the same at-risk haplotypes
reported in the literature. With respect to HapA, our results
suggest that this haplotype may not be informative for
risk assessment of CAD in non-Icelandic populations. With
respect to HapB, a modest contribution of this genetic
marker to CAD risk was observed. Haplotype analyses
revealed in our population a nominally significant associa-
tion between CAD and another ALOX5AP haplotype
(‘HapC’), unremarkable in previous studies. Considering
also the low frequency of this haplotype, the relevance of
this finding remains uncertain. The observed differences
among populations are not surprising, and may relate in
part to population-specific differences in allele and haplo-
type frequencies (for a summary of previous studies see
Table 5). For example, the frequency of HapA in Icelandic
controls (9.5%) was well below that observed in North
American (15%), German (15.2%), and our Italian (18.6%)
populations. Moreover, it has to be underscored that we are

dealing with disease-risk-associated haplotypes made of
SNPs with no obvious potential effects on function, whose
association(s) with yet unidentified causal variant(s) in
ALOX5AP may differ between populations with differing
genealogies. In other words, it would not be unexpected to
find in the future different pathogenic ALOX5AP muta-
tion(s), with different frequencies among populations,
arising on different haplotype background. Noteworthy,
a replication study in a Japanese population'® found an
allele frequency of HapA/HapB SNPs too low to conduct
meaningful association. Nevertheless, in that population
haplotypes constructed on the basis of two other intronic
SNPs were significantly associated with MI.

ALOXS5AP, leukotriene pathway, and CAD
pathogenesis

Preliminary functional data by Helgadottir et al indicated
that some at-risk haplotypes were associated to increased
neutrophil release of leukotriene B4 (LTB4). Being LTB4
synthesized from LTA4, it implies that ALOXS5AP variants
might determine proinflammatory gain of functions. The
role of inflammation in CAD pathogenesis is now well-
established (reviewed by Hansson'?). The FLAP protein
encoded by ALOX5AP has an important role in the initial
steps of the biosynthesis of leukotrienes,>® which in turn
have a variety of proinflammatory effects.?® Besides the
ALOXSAP story, genetic evidence for the involvement of
the 5-LO/leukotriene pathway in CAD is accumulating.?! =23
The same Icelandic group recently reported that another
gene involved in this pathway, that is, leukotriene A4
hydrolase, conferred risk of CAD, especially in African
Americans.>! Dwyer et al*® found an association between
promoter variations of the ALOXS gene (encoding 5-LO,
ie the FLAP target) and carotid intima-media thickness
(a preclinical surrogate marker of atherosclerosis). As a
functional counterpart of intriguing genetic studies, a bulk
of animal experiments have linked the 5-LO pathway to
atherosclerosis, although results are sometimes discordant
(critically reviewed by Funk?®). Interestingly, many of basic
researches leading to the ‘lipoxygenases hypothesis’?*2°
points towards an involvement in early events of atheroma
development, through LTB4-mediated migration and
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Table 4 ALOX5AP haplotype distribution in the study
population stratified according to the presence or absence
of angiographically documented CAD (a); ORs with 95%
Cls for CAD for HapB region haplotypes, calculated by
means of haplotype-based logistic regression analysis
adjusted for traditional risk factors for CAD, that is, sex,
age, smoking, hypertension, diabetes, and plasma lipids
(b); ALOX5AP haplotype distribution in the CAD group
stratified according to absence (no-Ml) or presence (MI) of
previously documented myocardial infarction (c)

(a)
ALOX5AP haplotype

CAD-free (%) CAD (%)  P-values*

HapA SNPs (§G13525, SG135114, SG13589, $G13532)

G-T-G-A (HapA)® 18.6 16.9 0.937
G-T-G-C 35.8 37.5
G-A-G-A 22.7 223
G-A-G-C 8.6 8.8
G-A-A-C 5.5 5.5
A-T-G-A 7.4 7.8

HapB/C SNPs (§G135377, SG135114, SG13541, 5673535)
G-T-A-G 58.3 56.8 0.014
G-T-A-A (HapC)® 1.6 3.7
G-T-G-G 1.4 1.1
G-A-A-G 17.1 16.0
G-A-G-G 7.3 7.7
A-T-A-G 1.5 1.0
A-A-A-G (HapB)? 5.5 7.5
A-A-A-A 4.8 4.6

(b)

HapB/C SNPs OR for CAD P-values" P-values™
G-T-A-A (HapC)® 2.41 (1.09-5.32) 0.030 0.021
A-A-A-G (HapB)? 1.67 (1.04-2.67) 0.032 0.013

(@)

ALOX5AP haplotype No-MI (%) MI (%) P-values*

HapA SNPs (§G13525, SG135114, SG13589, $G13532)

G-T-G-A (HapA)? 15.7 17.6 0.587
G-T-G-C 36.6 38.2
G-A-G-A 24.1 21.2
G-A-G-C 8.9 8.8
G-A-A-C 5.7 5.4
A-T-G-A 8.3 7.5
HapB/C SNPs (SG135377, SG13S114, SG13541, SG13535)
G-T-A-G 55.6 57.5 0.547
G-T-A-A (HapC)® 3.5 3.9
G-T-G-G 0.9 1.3
G-A-A-G 17.2 15.2
G-A-G-G 6.9 8.3
A-T-A-G 1.0 1.1
A-A-A-G (HapB)® 8.4 7.0
A-A-A-A 4.5 4.7

*By regression analysis.

#By regression analysis adjusted for sex, age, smoking, hypertension,
diabetes, total cholesterol, and triglycerides.

"By randomization test after 1000 permutations.
“HapA is defined by SG13525, SG135114, SG13S89, and SG13532
SNPs, with alleles G, T, G, A, respectively. HapB and C are defined by
SG13S377, SG135114, SG13541, and SG13S35 SNPs, with alleles A,
A A G, orG,T,A, A, respectively.

Bold characters underscore the haplotypes with a significant different
distribution.
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Table 5 Frequencies of HapA, HapB, and some ALOX5AP
SNPs in studies published so far (in patients with Ml or
stroke) and in our study

Study (author’s Controls
name) (%) Cases (%) P-values
Helgadottir et al,*
Icelandic cohort
HapA 9.5 15.82, <0.0072,
14.9% <0.0018
SG13S114 allele T~ 65.8 70.0° 0.021
British cohort
HapA 16.8 15.12 NS
HapB 4.0 7.5 <0.001
Léhmussaar et al,'
German cohort
HapA 15.2 14.5° NS
SG13525 allele G 90.1 89.4° NS
SG13S114 allele T 65.0 68.5° 0.025
SG13589 allele G 96.0 94.7° NS
SG13S32 allele A 46.7 46.9° NS
Helgadottir et al,*®
Scottish cohort
HapA 14.2 18.4° 0.007
HapB 5.8 6.8° NS
Kajimoto et al,'®
Japanese cohort
SG13S25 allele G~ 99.97 1002 0.557
SG13S377 allele G 81.6 80.0° 0.243
SG13S114 allele T~ 64.7 64.12 0.298
SG13589 allele G 99.2 99.0% 0.603
SG13532 allele A 64.9 65.17 0.428
SG13541 allele A 99.2 98.7% 0.303
SG13S35 allele G 100 1002 —
A162C allele C 48.8 44.7° 0.129
T8733A allele A 43.6 42.6° 0.570
Haplotype 20.0 25.8% 0.003
162A-8733A
Haplotype 23.6 16.9% 0.001
162C-8733A
Meschia et al,"?
North American
cohort
SG13525 allele G 87.9 89.7° 0.200
SG13S114 allele T 57.8 59.1° 0.180
SG13589 allele G 87.4 91.2° 0.150
SG13532 allele A 49.2 51.3P 0.790
Zee et al,"?
US cohort
HapA 14,159 172, 18> 0.460°% 0.710°
HapB 7¢, 79 6% 8°  0.080% 0.470°
SG13525 allele G~ 905, 19 90% 90°  0.890°, 0.470P
SG13S377 allele G 87°, 839 882 87° 0.410%, 0.150°
SG13S114 allele T 68°, 639 68% 63° 0.630°, 0.990°
SG13589 allele G 955, 949 947 94°  0.840%, 0.960°
SG13S32 gllele A 46°, 529 502, 52  0.150%, 0.990°
SG13541 allele A 915,929 912 92°  0.730% 0.680°
SG13535 allele G 91<, 899 932 91°  0.270°, 0.260°
This study, 2006
Italian cohort
HapA 18.6 16.9¢ 0.937



Table 5 (Continued)

Study (author’s Controls

name) (%) Cases (%) P-values
HapB 5.5 7.5¢ 0.014
SG13S25 allele G 92.6 92.0¢ 0.682
SG13S377 allele G 87.2 86.2¢ 0.530
SG13S114 allele T 63.3 63.0° 0.921
SG13S89 allele G 93.1 93.6° 0.727
SG13S32 allele A 48.7 47.6° 0.620
SG13S41 allele A 90.5 90.6° 0.995
SG13S35 allele G 91.7 90.5¢ 0.396

NS, nonsignificant.

“Myocardial infraction.

bStroke.

“Control group for myocardial infraction.

dControl group for stroke.

€Coronary artery disease.

Italic numbers indicate the characteristics of case and control groups.

activation of monocyte/macrophages, as well as lipoxy-
genases-mediated LDL oxidation.

Peculiarities of the present study: strengths and
limitations

Previous studies on ALOXS5AP focused on MI patients versus
controls selected from the general population or from
event-free subjects such as in the prospective Physician’s
Health Study cohort.*'* MI is usually a late thrombotic
complication superimposed on coronary atherosclerotic
plaque rupture,®® so that design of previous studies did
not directly allow to separate a putative specific role of
ALOX5AP in MI rather than in CAD development. Our
alternative experimental design focused on subjects with
angiographically proven CAD, with or without a previous
documented MI. Moreover, the angiography-based design
enabled us to select CAD-free subjects with an objectively
defined control status, a critical issue in genetic association
studies.?” This allowed us to overcome the caveat, common
in Western general populations where atherosclerosis is
endemic, of enrolling controls with substantial coronary
atherosclerotic lesions, although not yet clinically evident.
While our CAD-free subjects cannot be considered a
‘typical’ control group, we feel confident about their
acceptable representativity of the background general
population, being their genotype and haplotype distribu-
tions, not fundamentally different from those observed
in controls from German and US populations (see above).
Since we noted haplotype differences only between the
whole CAD group versus the CAD-free group, and not
between CAD patients with or without MI, our data appear
to be consistent with a more relevant role of ALOX5AP in
atherogenesis rather than in thrombogenesis, according to
many of the above-mentioned biochemical data.

This study suffers of common limitations of genetic
association studies with complex traits.?® Despite the
unbalance between case and controls, it was sufficiently
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powered to detect a predefined effect of ALOXSAP
haplotypes on CAD (see above). On the other hand, we
could not properly analyse some interesting issues such as
a possible stronger effect of ALOX5AP in males than in
females,* because of the limited number of women
enrolled.

Finally, from a possible practical perspective it has to be
taken into account the relatively poor frequency of ‘at-risk’
haplotypes in our population, as well as their modest effect
on the CAD risk.

Conclusions

ALOX5AP represents the paradigm of a new class of
promising genes identified by powerful genome-wide
investigations, which is currently an object of intense
investigations to confirm their role in CAD susceptibility.
Our data neither refute nor strongly support this hypo-
thesis. Adding them to current knowledge, some evidence
on ALOXSAP as a genetic susceptibility factor for CAD has
now emerged in four out of five independent populations
(Icelandic, British, Japanese, and Italian; but not in North
America). Our angiography-based study suggests a possible
role of ALOXSAP/FLAP in the development of the atheroma
rather than in its late thrombotic complications such as
MI. Such a role, if any, appears to be modest. Much further
work is needed to understand the reason(s) for hetero-
geneous results, as well as to identify possible ALOX5AP
pathogenic variations.
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