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Abstract: Lymphotoxin-o (LTA) is a cytokine involved in inflammatory reactions. NFKBIL1 is a regulator
of the NF-kB complex. The study investigated the associations of LTA 804 C>A and NFKBIL1-63 T>A
polymorphisms with the use of statin and acetylsalicylic acid (ASA) treatment in relation to myocardial
infarction (MI). The study population comprised of 600 Finnish individuals who underwent coronary angiography
volunteering for the Angiography and Genes Study. Genotypes were detected by the TagMan 5’ nuclease assay.
We found a interaction between the LTA genotype (p=0.002) and the NFKBIL1 genotype (p=0.012) and statin
treatment in relation to MI. Subjects with the LTA AA or the NFKBIL1 AA genotype were at a 2.77 (95%
CI:1.22-6.24) and 2.85 (95% CI:1.22-6.66) times higher risk, respectively, of suffering an MI when compared to
other genotypes among statin non-users. ASA treatment also modulated associations between LTA and NFKBIL1
genotypes and MI (p=0.015 and p=0.028 respectively). The NFKBIL1-A-LTA-A haplotype showed a 61% increase
in the risk of MI compared to the NFKBIL1-T-LTA-C haplotype among statin non-users. Anti-inflammatory
medication modifies the genotype-related risk of MI, suggesting that subjects with LTA and NFKBIL1 AA
haplotype might especially benefit from the treatment.
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1 Introduction

Increasing evidence suggests that atherosclerosis is an inflammatory disease [1]. Cytokines
contribute both to the atheroma formation and rupture which can result in myocardial
infarction (MI) [1]. Aspirin and statin treatment, shown to decrease the risk of MI by
affecting thrombogenesis and cholesterol levels [2]. Inflammation in the coronary wall
begins with an endothelial injury which increases the adhesiveness of endothelium to
leukocytes and platelets. As the inflammation continues, macrophages and lymphocytes
migrate from the blood, multiply within the lesion [1] and release cytokines such as
lymphotoxin-a (LTA). LTA (also called tumour necrosis factor-3) is secreted by acti-
vated T-lymphocytes and acts as a modulator in the immune response. LTA initiates a
local vascular inflammatory response and contributes to the progression of atheromatous
plaques by stimulating adhesion molecule production, thrombogenesis, smooth muscle
cell proliferation, platelet activation and the release of vasoactive agents [3]. The LTA
gene is located in the major histocompatibility complex (MHC) class III region in chro-
mosome 6 which harbours many immunologically relevant genes [4-6]. It has a common
804 C-to-A polymorphism in exon 3 which causes a threonine-to-asparagine substitution
at codon 26 (26 T/N). This functional polymorphism has previously been connected to
an increased risk of MI [7].

The inhibitor of the xB-like (IKBL or NFKBIL1) gene lies next to the LTA gene
in the HLA class III region of the same chromosome [8]. The biological function of
the NFKBIL1 protein is unclear, but its similarity to IxBa in the sequence and cellular
localization presumes an analogous function. IkBa regulates the nuclear localization of
NF-xB which stimulates the transcription of many immunologically and inflammatorily
relevant genes, including LTA and other cytokines [9-11]. Polymorphism in the promoter
area of NFKBIL1 (-63 T>A) could affect the transcriptional activity of the gene, and it
has also been connected to the risk of MI [7].

This cross-sectional study was designed to study whether the LTA 804 C>A or the
NFKBIL1 -63 T>A polymorphisms, or their haplotypes, are associated either directly or
through an interaction with commonly used anti-inflammatory medication — i.e., statins
or acetylsalicylic acid (ASA)—with the severity of coronary artery disease or the risk of
MI in 600 Finnish subjects who underwent a coronary angiography examination because
of clinically suspected coronary artery disease.

2 Subjects and methods

2.1 Subjects

The Angiography and Genes Study (ANGES) comprises a prospective series of patients
referred to the Tampere University Hospital from September 2002 to March 2004 for
coronary angiography because of chest pain and clinically suspected CAD. The study
group consisted of 600 Finnish individuals (393 men and 207 women, mean age 62.4 +
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10.5). All patients were interviewed by a study nurse, and general information—including
age, sex, body mass index (BMI), alcohol use, smoking, medication as well as traditional
risk factors of atherosclerosis and MI—was collected systemically with a questionnaire
(Table 1). Information about previous surgical operations and Mls was collected from
patient records at Tampere University Hospital. The Ethics Committee of the Tampere
University Hospital approved the study, and written informed consent was obtained from
each patient.

2.2 Laboratory measurements

Blood samples for biochemical analyses were collected into tubes containing EDTA, af-
ter the subjects had fasted overnight. Plasma was separated by centrifugation (2000
rpmin, 20 min) and stored frozen at -80°C until analysis. Plasma triglycerides as well
as total and high-density lipoprotein cholesterol (HDL-C) concentrations were analysed
with a Cobas Integra 700 automatic analyser with reagents and calibrators, according to
the manufacturer’s recommendations (Hoffmann-LaRoche Ltd, Base, Switzerland). Low-
density lipoprotein cholesterol (LDL-C) concentrations were calculated using Friedewald’s
formula [12].

2.3 LTA and NFKBIL1 genotyping

DNA was isolated from lymphocytes with a commercially available kit (Qiagen Inc. Va-
lencia, CA). DNA samples were genotyped by employing the 5 nuclease assay in com-
bination with specific fluorogenic TagMan MGB probes using the ABI Prism 7900HT
Sequence Detection System (Applied Biosystesm, Foster City, CA, USA). The nucleotide
sequences of primers and allele-specific wild-type and variant probes, labelled with the
reporter dyes FAM or VIC, were deduced from sequences deposited in the GenBank
database and synthesized in accordance with Applied Biosystems. PCR reaction con-
taining genomic DNA, 1 X Universal Master Mix, 900 nM of each primer and 200 nM
of each probe was performed in 96-well plates using the standard method. Endpoint
readings of the fluorescence generated from each probe during the PCR amplification
were measured with the allelic discrimination analysis module, resulting in clear identifi-
cation of three genotypes for both genes [13]. Negative and positive controls and random
duplicates were used as a quality control.
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2.4 Angiography measurements and the diagnostic criteria of MI

Selective coronary angiography by femoral or radial route was performed in all patients
by digital x-ray equipment. The left coronary artery was evaluated from at least four
projections (left and right anterior oblique, anteroposterior cranial and caudal), and the
right coronary artery (RCA) from at least two projections. A significant stenosis in
the coronaries, including the left main coronary artery (LMCA), was defined as > 50%
diameter obstruction of the coronary artery lumen diameter according to the American
Heart Association classification system.

The site of the culprit lesion in patients with acute coronary syndrome was determined
by the presence of total or subtotal occlusion; if this was not present, then by the presence
of residual thrombus or an ulcerated lesion; if these also were not present, then by the
severity of stenosis alone. Any disagreement between the investigators was resolved by
consensus.

The clinical diagnosis of MI was based on Finnish guidelines. The criterion of MI in-
cludes clinical symptoms like chest pain, electrocardiographic findings such as ST-segment
elevation and biochemical marker tests measuring troponin I and creatinekinase [14].

2.5 ASA and statin treatment

Subjects were administered ASA in daily dose of 75-150 mg according to the recommen-
dation of European guidelines in CVD events prevention [16]. Two most commonly used
statins were simvastatin and atrovastatin. Daily dose of simvastatin varies from 20 mg to
80 mg and daily dose of atrovastatin from 10 mg to 40 mg. When survey interview was
done most subjects had used ASA and statins for several months.

2.6 Statistical analysis

Categorical variables were compared using the chi-square test, and the odd ratios were
calculated using logistic regression analysis. Confounding factors—including age, sex,
total cholesterol, HDL-C, BMI, smoking (yes/no), diabetes mellitus (yes/no) and drug
treatments—were taken into account by adding them into the regression analysis as co-
variates. The continuous variables were compared between genotype groups using analysis
of variance (ANOVA) or after adjusting the analysis with covariates (ANCOVA).

The use of statins and ASA were added to the models because they both have anti-
inflammatory effects, although the main indication for the use of statins is the need to
lower LDL-C [15]. Interactions between genotypes and medicines were investigated by
multinominal regression analyses after dividing the subjects into two groups: subjects
who had used ASA or statins and subjects who had not.

Haplotype analyse phase was resolved by applying E-M algorithm, after which the
frequencies of different haplotype combinations were estimated from the saturated model
(i.e., in which the polymorphisms of the two loci were found to be in linkage disequi-
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librium). Haplotype-specific odds ratios (OR) and their confidence intervals (CI) were
calculated comparing the haplotypes which entail of the common alleles with haplotypes
comprising the polymorphic alleles for the different outcome variables.

Analyses were conducted using the statistical software STATA (version 8.0, STATA
Corporation, Texas, USA) and SPSS (version 11.5, SPSS Inc., Chicago, 1L, USA). A

p-value of less than 0.05 was considered statistically significant.

3 Results

3.1 Descriptive data

The NFKBIL1 genotypes were distributed as follows: TT 252 (42.5%), TA 271 (45.3%),
and AA 73 (12.2%). For LTA, the distribution was: CC 239 (39.8%), CA 281 (46.8%), and
AA 80 (13.3%). With regard to both genotypes, we sought to focus on AA homozygotes,
i.e., the risk genotype, and therefore we pooled both the NFKBIL1 TT and TA genotypes
(T-allele carriers) as well as the LTA CC and CA genotypes (C-allele carriers) into one
group and compared these groups to NFKBIL1 AA or LTA AA homozygote groups. All
genotypes were, however, also analysed separately. Both genotype distributions followed
the Hardy-Weinberg equilibrium. The characteristics of the subjects by the LTA and
NFKBIL1 genotype groups are presented in Table 1. The LTA genotype information was
available from 600 subjects, NFKBIL1 genotype information from 596 subjects. In LTA
genotype group information about MI’s was available from 584 subjects and in NFKBIL1
group from 583 subjects. Statin and ASA information was available from 599 subjects in
NFKBIL1 group and from 600 subjects in LTA group. No differences in these baseline
characteristics between genotype groups were found when subjects with MI or without MI
were analyzed separately (data not shown). There was a significant association between
MI and angiographic findings. If there was a stenosis (> 50%) in three or more of coronary
arteries subjects were likely to have had myocardial infarction when comparing to group
in which there was no stenonis found (p<0.001). However we failed to determine an
association between genotype and angiographic findings. For the LTA or NFKBILI loci
there were no differences between genotype groups regarding these variables. 356 (59.3%)
subjects used both statin and ASA medication. No other anti-inflammatory drug usage
was reported.

3.2 LTA and NFKBIL1 genotype interactions with statins in relation to
MI

When we analyzed all subjects regardless of their medication use, no statically significant
relation between MI and LTA or NFKBIL1 genotypes was detected. However, both the
LTA and NFKBIL1 AA genotype subjects tended to have a higher risk of MI, although
the association was not statistically significant.
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In the further analysis (Table 2), we found a significant LTA genotype-by-statin treat-
ment interaction (p=0.002) in relation to MI. In statin non-users with the LTA AA geno-
type, the odds ratio for MI was 2.77 (95% CI 1.22-6.24, p=0.025) when compared to
C-allele carriers. In a similar analysis for statin users, subjects with the AA genotype
were not at an increased risk to develop an MI. In fact, statin therapy reduced the risk of
MI among these AA homozygotes to a lower level (OR 0.49, 95% CI 0.25-0.97, p=0.039)
than it did among the C-allele carriers. In addition, we found a significant NFKBIL1
genotype-by-statin treatment interaction (p=0.012) in relation to MI. In statin non-users
with the NFKBIL1 AA genotype, the risk of MI was almost three times higher (OR 2.85,
95% CI 1.22-6.66, p=0.015) when compared to the T-allele carriers. Again, in statin
users, the same genotype was not associated with a risk of MI (p=0.290).

3.3 LTA and NFKBIL1 genotype interactions with ASA in relation to
MI

Similarly to statin treatment, we found a statistically significant NFKBIL1 genotype-
by-ASA interaction with MI (p=0.028). Among the patients who had not used ASA,
NFKBIL1 AA genotype carriers had an odds ratio of 3.75 (95% CI 1.14-12.39, p=0.030)
for MI when compared to other genotypes. Among the ASA users, the AA genotype was
not associated with an increased risk of MI (p=0.502). Furthermore, we found an LTA
genotype-by-ASA interaction with MI (p=0.015). Among ASA non-users, subjects with
the LTA AA genotype had an odds ratio of 3.01 (95% CI 1.02-9.17, p=0.046) for MI
when compared to the subjects who carried the C-allele. However, in ASA users, the AA
genotype was not associated with increased risk of MI (p=0.126). (Table 2)

3.4 Haplotype analyses

Haplotypes analysis showed that the two polymorphisms were tightly in linkage disequi-
librium (-2 log likelihood value between saturated and unsaturated models = 850.90 with
1 d/f, p < 0.00001).

The NFKBIL1-A-LTA-A risk haplotype showed a 61% increase in the risk of MI
(OR 1.61, 95% CI 1.21-2.82, p<0.05) when compared to the NFKBIL1-T-LTA-C control
haplotype among statin non-users, but no such association was found among the statin
users. The risk of MI was particularly high among the non-users of both ASA and statin
in the risk haplotype group, compared to the control haplotype group (OR 7.57, 95%
CI 2.36-34.52, p=0.001). The risk of MI was not elevated among subjects using both of
these medications.

4 Discussion

The use of statin and/or ASA medication is very common among subjects with CAD and
MI, but the interaction analysis between genotypes and inflammatory drugs have usually
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been neglected in genetic association studies in the field of cardiovascular diseases. The
aim of the present study was to examine the interactions between the LTA 804 C>A
and NFKBIL -63 T>A polymorphisms, haplotypes and anti-inflammatory medication
in relation to the risk of MI in Finnish middle-aged or elderly subjects. In our study,
we could not determine a direct association between LTA and NFKBIL1 genotypes and
MI, but instead we found a strong interaction between these genotypes and the use of
anti-inflammatory drugs, ASA and statins, in relation to MI.

Inflammation in atherosclerosis can lead to atheroma formation and rupture of plaque,
which can result in thrombosis and MI [1]. Activated inflammatory cells secrete inflamma-
tory cytokines, which are active in processes that weaken the connective tissue framework
of the plaque’s fibrous cap [17, 18]. When the rupture occurs, the core of the plaque filled
with lipid droplets and smooth muscle cells leaks to circulating blood. This initiates
platelet aggregation, which is almost immediately followed by coagulation. These events
finally lead to the formation of thrombus [17, 19].

LTA is involved in many inflammation processes, including stimulation of adhesion
molecule production, thrombogenesis and smooth muscle proliferation [6]. The LTA gene
804 C>A polymorphism, leading to the asparagine-to-threonine substitution at codon
26, has been reported to be functional and involved in the development of postoperative
sepsis and subsequent complications [20, 21]. In addition, this polymorphism has been
previously associated with coronary artery disease risk factors, i.e., hyperinsulinaemia
and fastened glycemia [22]. The relation between LTA polymorphisms and MI has not
been extensively studied. Padovani et al. found that the 4252 A—G polymorphism in
the LTA gene increases the risk of MI in smokers and that the -308 G—A polymorphism
may, in turn, increase the risk of MI conferred by obesity [3]. Ozaki et al. showed evidence
that 804 C>A polymorphisms of the LTA gene affect susceptibility to MI in the Japanese
population and that the subjects carrying the AA genotype are at an increased risk of
MI [7]. In line with this study, the European multicentre PROCARDIS study found an
association of the LTA 804 A allele with coronary artery disease [23]. In our study, we
found a similar connection between the LTA 804 AA genotype and MI in subjects who
did not use medications which may affect the inflammatory process. In subjects who used
ASA or statins or both, the genotype association was not significant, even though the
tendency existed. Our results suggest that LTA is involved in cascades of atherosclerosis
but that its effects can be counteracted by the use of anti-inflammatory or lipid lowering
drugs.

NF-kB complex is known to be a regulator of cell responses, and it seems certain that
this complex is involved in the development of atherosclerosis and other cardiovascular
diseases by inducing transcription factors and adhesion molecules [10, 24]. The NF-xB
complex is inhibited by I-kappa-B proteins which inactivate NF-kappa-B by trapping
it in the cytoplasm. Phosphorylation of serine residues on the I-kappa-B proteins by
kinases marks them for destruction via the ubiquitination pathway, thereby allowing
activation of the NF-kappa-B complex. The activated NF-xB complex translocates into
the nucleus, binds DNA and activates gene transcription. NFKBILI1, also known as



246 S. Hoyssé et al. / Central European Journal of Medicine 1(3) 2006 237249

IKBL, may interact with members of NF-xB [8], which makes the role of NFKBIL1
important in NF-£B inhibition/activation responses. NFKBIL1 and its polymorphisms in
the promoter region (-63 T>A and -263 A>QG) are involved in resistance to type 1 diabetes
in the Japanese population [25]. Ozaki et al. showed that the -63 T>A polymorphism
slightly decreased the transcriptional activity of the NFKBIL1 gene, indicating a possible
functional role of this polymorphism [7]. Therefore, it may be hypothesized that the
NFKBIL1 AA genotype decreases NFKBIL1 transcription, which in turn makes the NF-
kB pathway more active, thus enhancing the inflammatory processes of atherosclerosis.
This would explain the association that was found in the present study between the
NFKBIL1 -63 AA genotype and MI among medication non-users.

The LTA and NFKBIL1 genes are both located in chromosome 6p, which harbours
many immunologically relevant genes in the HLA class III region. The other genes in
this particular region seem to be highly polymorphic both in their promoters and exons,
and they may be in linkage disequilibrium with the LTA or NFKBIL1 polymorphisms
studied [26]. Since LTA and NFKBIL1 genes lie next to each other in this region, it is not
surprising that, in the present study, NFKBIL and LTA polymorphisms exhibited strong
linkage disequilibrium and thus formed a risk haplotype (i.e., NFKBIL1-A-LTA-A) for
MI among subjects who did not use aspirin or statins

In our study, we found a strong interaction between LTA and NFKBIL1 gene poly-
morphisms and the use of statins or ASA in relation to MI. The risk of MI was partic-
ularly high among the non-users of both ASA and statin who carry the risk haplotype
(NFKBIL1-A-LTA-A) when compared to the control haplotype carriers. Statin and ASA
both reduced this genotype-related risk, leading to similar odds ratios for MI among AA
homozygotes and carriers of the other genotypes. These results imply that the risk allele
carriers would benefit greatly from the use of anti-inflammatory or lipid lowering drugs.
The main reasons for using statins in hyperlipidemia are related to their ability to reduce
cholesterol levels. Statins inhibit HMG-CoA reductase and the body’s own cholesterol
synthesis. This, in turn, increases LDL uptake to cells, leading to decreased LDL con-
centration in plasma. However, statins have biological functions beyond LDL cholesterol
level reduction, including anti-inflammatory effects. These so-called pleiotropic effects
may offer protection against atherosclerotic plaque growth and the precipitation of acute
events [27, 28]. On the other hand, ASA inhibits platelet aggregation, which is mainly
based on blocking thromboxane A2 synthesis in platelets. Understandably, this benefi-
cial mechanism of ASA helps in the prevention of coronary artery thrombosis [29, 30].
It seems likely that the use of these anti-inflammatory drugs can counteract the weaker
inflammatory effects of the genotypes studied.

The major limitation of the present study is the lack of data on the duration of the
subjects’ medication therapy. We do not know for how long the subjects have been using
ASA or statins, or how regular their use has been. Therefore, this study is a cross-
sectional study containing both long-term users and subjects who have failed to use their
medication regularly. Moreover, we cannot eliminate the possibility that the polymor-
phisms studied and MI may be related to each other through a linkage disequilibrium
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with other nearby polymorphisms. Another limitation is the scale of the study. The
study population (n=600) is rather small when dealing with a heterogeneous disease like
myocardial infarction. Furthermore, as the cohort consisted of real patients that under-
went to angiographic examination due to different clinical indications, majority of the
study subjects have cardiac risk profile (i.e. preexisting CAD). Though using actual car-
diac patients as study population can be clinically considered as a strength, these facts
naturally limit the generalization of results.

In conclusion, our results suggest that both the 804 C>A LTA and 63 T>A NFK-
BIL1 polymorphisms are involved in the inflammatory processes occurring in advanced
atherosclerotic plaques. According to our results, carriers of the AA genotype of the
LTA and NFKBIL1 genes are at increased risk to have an MI if they do not use statin
or ASA therapy. Among statin and ASA users, however, the risk is similar for the AA
homozygotes and the carriers of the other genotypes. This implies that particularly the
carriers of the AA haplotype are likely to benefit from regular use of ASA and statins
in preventing MIs. According to our results, it would, therefore, be important to find
those younger but still asymptomatic subjects with increased, genetically determined risk
for MI in the early stage of disease progression and treat them effectively with statins
or ASA, or with their combination. Large-scale, genotype-stratified statin and ASA in-
tervention trials in relation to MI and coronary end-points are, however, required before
such treatment recommendations can be issued.

Acknowledgment

This study has received financial support from grants by the Medical Research Fund of
Tampere University Hospital, the Finnish Foundation for Cardiovascular Research, the
Academy of Finland (grant number 104821), the Emil Aaltonen Foundation as well as
the Elli and Elvi Oksanen Fund of the Pirkanmaa Fund under the auspices of the Finnish
Cultural Foundation.

References

[1] R. Ross: “Atherosclerosis—an inflammatory disease”, N. Engl. J. Med., Vol. 340(2),
(1999), pp. 115-126.

2] G. Stoll and M. Bendszus: “Inflammation and atherosclerosis: novel insights into
plaque formation and destabilization”, Stroke, Vol. 37(7), (2006), pp. 1923-1932,
Epub 2006 Jun 1.

[3] J.C. Padovani, A. Pazin-Filho, M.V. Simoes, J.A. Marin-Neto, M.A. Zago and R.F.
Franco: “Gene polymorphisms in the TNF locus and the risk of myocardial infarc-
tion”, Thromb. Res., Vol. 100(4), (2000), pp. 263-269.

[4] T. Spies, G. Blanck, M. Bresnahan, J. Sands and J.L. Strominger: “A new cluster of
genes within the human major histocompatibility complex”, Science, Vol. 243(4888),
(1989), pp. 214-217.



248

S. Hoyssé et al. / Central European Journal of Medicine 1(3) 2006 237249

[5]

[10]

[11]

[12]

[13]

[14]

[19]

[20]

G. Messer, U. Spengler, M.C. Jung et al.: “Polymorphic structure of the tumor
necrosis factor (TNF) locus: an Ncol polymorphism in the first intron of the human
TNF-beta gene correlates with a variant amino acid in position 26 and a reduced
level of TNF-beta production”, J. Ezp. Med., Vol. 173(1), (1991), pp. 209-219.
N.L. Paul: Ruddle NH. Lymphotozin, Ann. Rev. Immunol., Vol. 6, (1988), pp. 407—
438.

K. Ozaki, Y. Ohnishi, A. lida et al.: “Functional SNPs in the lymphotoxin-alpha
gene that are associated with susceptibility to myocardial infarction”, Nat. Genet.,
Vol. 32(4), (2002), pp. 650-654.

M.R. Albertella and R.D. Campbell: “Characterization of a novel gene in the human
major histocompatibility complex that encodes a potential new member of the I
kappa B family of proteins”, Hum. Mol. Genet., Vol. 3(5), (1994), pp. 793-799.

J.I. Semple, S.E. Brown, C.M.Sanderson and R.D. Campbell: “A distinct bipartite
motif is required for the localization of inhibitory kappaB-like (IkappaBL) protein
to nuclear speckles”, Biochem. J., Vol. 361(Pt 3), (2002), pp. 489-496.

S. Ghosh, M.J. May and E.B. Kopp: “NF-kappa B and Rel proteins: evolutionarily
conserved mediators of immune responses”, Ann. Rev. Immunol., Vol. 16, (1998),
pp- 225-260.

F. Chen, V. Castranova, X. Shi and L.M. Demers: "New insights into the role of
nuclear factor-kappaB, a ubiquitous transcription factor in the initiation of diseases”,
Clin. Chem., Vol. 45(1), (1999), pp. 7-17.

W.T. Friedewald, R.I. Levy and D.S. Fredrickson: “Estimation of the concentra-
tion of low-density lipoprotein cholesterol in plasma, without use of the preparative
ultracentrifuge”, Clin. Chem., Vol. 18(6), (1972), pp. 499-502.

K.J. Livak: “Allelic discrimination using fluorogenic probes and the 5" nuclease as-
say”, Genet. Anal., Vol. 14(5-6), (1999), pp. 143-149.

P. Palomaki, H. Miettinen, H. Mustaniemi et al.: “Diagnosis of acute myocardial
infarction by MONICA and FINMONICA diagnostic criteria in comparison with
hospital discharge diagnosis”, J. Clin. Epidemiol., Vol. 47(6), (1994), pp. 659-666.
M.H. Shishehbor, M.L. Brennan, R.J. Aviles et al.: “Statins promote potent sys-
temic antioxidant effects through specific inflammatory pathways”, Circulation, Vol.
108(4), (2003), pp. 426-31, Epub 2003 Jul 14.

C.H. Hennekens: “Update on aspirin in the treatment and prevention of cardiovas-
cular disease”, Am. J. Manag. Care., Vol. 8, Suppl. 22, (2002), S691-S700.

P. Libby: “Inflammation in atherosclerosis”, Nature, Vol. 420(6917), (2002), pp. 868
874.

P.T. Kovanen, M. Kaartinen and T. Paavonen: “Infiltrates of activated mast cells
at the site of coronary atheromatous erosion or rupture in myocardial infarction”,
Circulation, Vol. 92(5), (1995), pp. 1084-1088.

R.T. Lee and P. Libby: “The unstable atheroma”, Arterioscler Thromb. Vasc. Biol.,
Vol. 17(10), (1997), pp. 1859-1867.

V. Kahlke, C. Schafmayer, B. Schniewind, D. Seegert, S. Schreiber and J. Schroder:



S. Hoyssé et al. / Central European Journal of Medicine 1(3) 2006 237-249 249

[21]

[22]

[23]
[24]

[25]

“Are postoperative complications genetically determined by TNF-beta Ncol gene
polymorphism?”, Surgery, Vol. 135(4), (2004), Vol. 365-373 discussion 374-375.

S. Schroeder, N. Borger, H. Wrigge et al.: “A tumor necrosis factor gene polymor-
phism influences the inflammatory response after cardiac operation”, Ann. Thorac.
Surg., Vol.75(2), (2003), pp. 534-537.

J. Braun, W. Marz, B.R. Winkelmann, H. Donner, K. Henning Usadel and K. Baden-
hoop: “Tumour necrosis factor beta alleles and hyperinsulinaemia in coronary artery
disease”, Eur. J. Clin. Invest., Vol. 28(7), (1998), pp. 538-542.

“A trio family study showing association of the lymphotoxin-alpha N26 (804A) allele
with coronary artery disease”, Fur. J. Hum. Genet., Vol. 12(9), (2004), pp. 770-774.
T. Wang, X. Zhang and J.J. Li: “The role of NF-kappaB in the regulation of cell
stress responses”, Int. Immunopharmacol., Vol. 2(11), (2002), pp. 1509-1520.

T. Yamashita, K. Hamaguchi, Y. Kusuda, A. Kimura, T. Sakata and H. Yoshimatsu:
“IKBL promoter polymorphism is strongly associated with resistance to type 1 dia-
betes in Japanese”, Tissue Antigens, Vol. 63(3), (2004), pp. 223-230.

A. Yamada, S. Ichihara, Y. Murase et al.: “Lack of association of polymorphisms of
the lymphotoxin alpha gene with myocardial infarction in Japanese”, J. Mol. Med.,
Vol. 82(7), (2004), pp. 477-483, Epub 2004 Jun 3.

R.S. Rosenson: “Pluripotential mechanisms of cardioprotection with HMG-CoA re-
ductase inhibitor therapy”, Am. J. Cardiovasc. Drugs., Vol. 1(6), (2001), pp. 411
420.

T. Miida, S. Hirayama and Y. Nakamura: “Cholesterol-independent Effects of Statins
and New Therapeutic Targets: Ischemic Stroke and Dementia”, J. Atheroscler.
Thromb., Vol. 11(5), (2004), pp. 253-264.

M.S. Lauer: “Clinical practice. Aspirin for primary prevention of coronary events”,
N Engl. J. Med., Vol. 346(19), (2002), pp. 1468-1474.

“Collaborative meta-analysis of randomised trials of antiplatelet therapy for preven-
tion of death, myocardial infarction, and stroke in high risk patients”, BMJ., Vol.
324(7329), (2002), pp. 71-86.



	Introduction
	Subjects and methods
	Subjects
	Laboratory measurements
	LTA and NFKBIL1 genotyping
	Angiography measurements and the diagnostic criteria of MI
	ASA and statin treatment
	Statistical analysis

	Results
	Descriptive data
	LTA and NFKBIL1 genotype interactions with statins in relation to MI
	LTA and NFKBIL1 genotype interactions with ASA in relation to MI
	Haplotype analyses

	Discussion


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


